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ABSTRACT
Children with genodermatoses are at an increased 
risk of developing behavioural disorders which may 
impart lasting damage on the individual and their 
family members. As such, early recognition of childhood 
mental health disorders via meticulous history taking, 
thorough physical examination, and disorder-specific 
testing is of paramount importance for timely and 
effective intervention. If carried out properly, prompt 
psychiatric screening and intervention can effectively 
mitigate, prevent or even reverse, the psychiatric sequela 
in question. To that end, this review aims to inform the 
concerned physician of the manifestations and treatment 
strategies relevant to the psychological sequelae of 
genodermatoses.

INTRODUCTION
When confronted with disease, the treating physi-
cian is required to harbour an appreciation of the 
full breadth of symptomatological manifestations 
to deliver holistic care. Of the genetic diseases, 
the genodermatoses are peculiar in their propen-
sity for cutaneous and behavioural sequelae in 
affected individuals. The rationale behind the 
coexistence of both sequelae lies in the ‘brain–skin 
connection’. Simply put, cutaneous manifestations 
may trigger pathological psychological responses 
while psychiatric disorders may exhibit cutaneous 
features. When managing genodermatoses, physi-
cians will often overlook pathological psychiatric 
manifestations despite their deleterious effect on 
personal and social functioning. Psychiatric disor-
ders associated with genodermatoses mirror their 
idiopathic counterparts and include obsessive–
compulsive disorder, anxiety, depression, develop-
mental disorders (attention-deficit/hyperactivity 
disorder (ADHD) and intellectual disability (ID)) 
and autism spectrum disorder (ASD).1 To shed light 
on this often-neglected aspect of genodermatoses, 
this review attempts to summarise all the possible 
childhood mental health disorders associated with 
the genodermatoses (table 1, figure 1) and the avail-
able disease-specific therapeutic modalities on offer.

AUTISM SPECTRUM DISORDER
ASD is a staple psychiatric condition with a prev-
alence of 4–10 per 10 000 individuals.2 The clas-
sical ASD presentation is that of developmental 
difficulties, arising by the age of three. These diffi-
culties include mild to severe impairment in social 
interactions, marked sustained challenges in verbal 
and non-verbal communications and stereotyped 
behaviours and interests.

The exact cause of ASD remains elusive. The 
superfluous proliferation of neurons during 
embryogenesis has been incriminated in the patho-
genesis of ASD.2 This overproliferation of short-
distance cortical interactions impairs the function 
of large-scale cortical interactions that link brain 
regions. In theory, this leads to the early manifes-
tations of ASD. Many genetic factors have been 
linked to the development of ASD. In about 10% 
of the cases, distinct genetic defects can be linked to 
many of the genodermatoses under review.2

Fragile X syndrome
Fragile X syndrome (FXS) is the most common 
monogenic cause of ID and ASD. Expansion of 
CGG repeats to more than 200 copies in the fragile 
X mental retardation 1 gene which leads to its 
methylation and transcriptional silencing. Clini-
cally, this manifests with the classical elongated face, 
protruding ears and macroorchidism which typi-
cally become prominent during early adolescence. 
FXS can also exhibit cardiac, neurological (seizures) 
and other systemic abnormalities (table 1).

Behavioural manifestations are strongly associ-
ated with FXS and include attention deficit, hyper-
activity, tactile defensiveness, aggressiveness and 
sleep problems.3 Autistic-like behaviours such as 
stereotypical hand movements (hand flapping and 
biting) and poor eye contact have been observed 
as well, but only 15%–28% of these patients fulfil 
the diagnostic criteria of ASD.3 Shyness and social 
anxiety are more prominent in females, whereas 
hyperactivity, attention deficit and impulsivity are 
more often observed in male patients. Aggressive 
behaviour is mainly noted in the adolescent period, 
which usually improves later in life.

With no curative treatment available, current 
therapeutic modalities focus primarily on symptom 
management. The metabotropic glutamate receptor 
(mGluR) pathway has been identified as a possible 
target; this fostered the clinical use of mGluR5 
antagonists such as mavoglurant. Despite the pres-
ence of encouraging data in mouse models, post 
hoc analysis of clinical trials fail to replicate the 
improved behavioural symptoms in FXS with the 
use of such agents.4

Interestingly, the endocannabinoid system is 
emerging as a novel target for ASD. Reduced endo-
cannabinoid activity has been implicated in the 
pathophysiology of ASD in FXS mouse models.5 
Translating these results to the clinical realm, Tarta-
glia et al treated one child and two adults with 
FXS with cannabidiol (32.0–63.9 mg daily) and 
reported improvement in social avoidance, anxiety, 
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Table 1  Genodermatoses with psychiatric manifestations

Disease Gene/mode of inheritance

Clinical findings

Cutaneous findings Psychiatric manifestations

Lysosomal storage disorders

Nieman-Pick disease (type C) (NPC)
(OMIM 257220)

NPC1
(AR)

Multiple café au late macules. Behavioural problems, psychomotor 
deterioration, psychosis, seizures, ID, 
cataplexy.61

Hunter syndrome
(OMIM 309900)

Iduronidate sulfatase (XLR) Coarse facial features, flesh-coloured 
pebbly papules, hypertrichosis, dermal 
melanocytosis.

Behavioural problems such as hyperactivity, 
severe expressions of frustration (often 
interpreted as aggressive behaviour), 
destructiveness, lack of fear, and sleep 
disturbances.62

Metachromatic leukodystrophy
(OMIM 250100)

Arylsulfatase A
(AR)

Rarely ichthyosis.63 Psychosis with disorganised thought, 
delusions, auditory hallucinations (confused 
with schizophrenia).64

Other metabolic disorders

Smith-Lemli-Opitz syndrome
(OMIM 270400)

7-dehydrocholesterol reductase (DHCR7)
(AR)

Anteverted nostrils, ptosis of the eyelids, 
microcephaly, bitemporal narrowing, 
small chin, toe syndactyly, cleft palate, 
photosensitivity.65

ASD, ID, language impairment, self-injury 
(biting of the wrist or the thenar eminence), 
irritability, sleep-cycle disturbance, and 
opisthokinesis.66

Cerebrotendinous xanthomatosis
(OMIM 213700)

CYP27A1
(AR)

Xanthomas (tendon, tuberous), jaundice. Hallucinations and delusions, behavioural 
changes (agitation, aggression), suicidal 
attempts, depression.67

Darier disease
(OMIM 124200)

ATP2A2
(AD)

Hyperkeratotic papules coalescing into 
warty plaques in a seborrheic distribution, 
acrokeratosis verruciformis of Hopf, 
palmar keratosis/pits, cobblestoning 
of oral and anogenital mucosa. 
Nail changes include red and white 
alternating longitudinal bands, V-shaped 
nicks at distal nail plate, subungual 
hyperkeratosis.

Epilepsy, intellectual impairment, mood 
disorders (depression, suicide attempts, 
bipolar disorder, schizophrenia).44 45

Wilson disease
(OMIM 277900)

ATP7B
(AR)

Hyperpigmentation of lower legs, blue 
lunulae, anetoderma, xerosis, acanthosis 
nigricans, subcutaneous lipomas, 
dermatomyositis.

Personality disorders (abnormal, antisocial 
behaviour, irritability, disinhibition, etc.).
Mood disorders (bipolar disorders, 
depression, suicidal attempts).
Psychosis and other psychiatric alterations 
(rarely: psychosis, anorexia, sleep 
disturbances, etc). Cognitive impairment.
Acute exacerbation with the onset of 
chelation therapy but eventually improves.64

Lesch-Neyhan syndrome
(OMIM 300322)

HPRT1
(XLR)

Gouty arthritis, injured skin, orange 
crystals in the diaper.

ID, behavioural disturbances emerge 
between ages 2 and 3 years. Persistent 
self-injurious behaviour (biting the fingers, 
hands, lips and cheeks; banging the head or 
limbs) and aggression towards others (biting, 
spitting, swearing).68

Phenylketonuria
(OMIM 261600)

Phenylalanine hydroxylase
(AR)

Diffuse hypopigmentation, eczema, 
sclerodermoid changes, blonde hair, blue 
eyes, urine, and skin with mousy odour.

Severe behavioural disturbances 
(mannerisms, hyperactivity, signs of anxiety), 
psychotic, autistic, and aggressive disorders), 
ID. Related to phenylalanine levels.52

Homocystinuria
(OMIM 236200, 236250)

Cystathionine B-synthase deficiency
(AR)

Light skin and hair, marfanoid features, 
recurrent thromboembolic events.

Depression, maladaptive personality 
traits, obsessive compulsive, tendencies, 
behavioural disturbance.64

Methylenetetrahydrofolate reductase 
deficiency
(AR)

Recurrent thromboembolic events, no skin 
features.

Psychosis (withdrawal, hallucinations, 
delusions and catatonia). Symptoms improve 
with pyridoxine and folic acid.64

Porphyria Variable Photosensitivity, no skin lesions in AIP. Anorexia, anxiety, depression, psychosis, 
hallucinations69 Associated with abdominal 
pain, red urine in AIP.

Hartnup disease
(OMIM 234500)

SLC6A19
(AR)

Photosensitivity (pellagra-like rash), 
atrophic glossitis.

Psychosis, anxiety.

Others

Fragile X syndrome
(OMIM 300624)

FMR1
(XLD)

Elongated face, large and protruding 
ears, excessive joint laxity, double-jointed 
thumbs, flat feet, skin softness, and hand 
calluses.

ASD, attention deficit, ID,70 self-injurious 
behaviour (biting), aggression (hitting and 
kicking).3 71

Continued
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Disease Gene/mode of inheritance

Clinical findings

Cutaneous findings Psychiatric manifestations

Prader- Willi syndrome
(OMIM 176270)

SNRPN
NDN
(AD)

Distinctive facial features (narrow 
forehead, almond-shaped eyes, a 
triangular mouth).

Self-injurious behaviour (rubbing and 
scratching), excessive interest in food, skin 
picking, difficulty with a change in routine, 
temper tantrums, obsessive and compulsive 
behaviours, mood fluctuations.71

Angelman syndrome
(OMIM 105830)

UBE3A
(AD)

Coarse facial features with a large 
mandible and open-mouthed expression, 
wide-spaced teeth, frequent drooling, 
excessive chewing/mouthing behaviour, 
fair skin and hair, increased sensitivity 
to heat.

Happy demeanour with frequent laughter/
smiling, easily excitable personality, uplifted 
hand-flapping, or waving movements, 
reduced behavioural adaptive skills despite 
proactive social contact. Aggression 
(grabbing and pulling), self-injurious 
behaviour can be seen.71 72

Smith-Magenis syndrome
(OMIM 182290)

RAI1 (deletion) Characteristic facial features which 
become more prominent with age. A 
broad, square-shaped face with deep-set 
eyes, full cheeks, and a prominent lower 
jaw. flattened mid-face and nasal bridge. 
Downward-turned mouth with a full, 
outward-curving upper lip.

Repetitive self-hugging (unique), compulsive 
licking of fingers and flipping pages of books, 
aggression, self-injurious behaviour, anxiety, 
temper tantrums, ADHD.71

Potocki-Lupski syndrome
(OMIM 610883)

Duplication of 17p11.2 Broad forehead, down slanted palpebral 
fissure, triangular face, open bite, wide 
mouth, dental crowding.

Attention problems, hyperactivity, or 
withdrawal, autistic features, bipolar disorder 
or anxiety disorder, ID.73

Lowe syndrome
(OMIM 309000)

OCRL
(XLR)

Long face, sparse fine hair, full cheeks, 
deeply set eyes, prominent ears, skin 
neoplasms.

Self-injurious behaviour (inserting objects), 
repetitive behaviour, depressive symptoms.71

Cri-du-Chat syndrome
(OMIM 123450)

Chromosome 5 p deletion Round face, microcephaly, epicanthus, 
hypertelorism, low-set ears, preauricular 
skin tag, high-pitched cry, small hands.

Self-injurious behaviour, autistic features, 
anxiety, aggression.71

Turner Syndrome (45, X) Short stature, broad chest, webbed neck, 
low-set ears, gonadal dysgenesis.

ADHD, OCD, anxiety.74

Down Syndrome Trisomy 21 Upslanting palpebral fissures, epicanthic 
folds, short neck, alopecia areata, 
atopic dermatitis, elastosis perforans 
serpiginosa, protruding tongue.

Depression, anxiety disorders, dementia/
Alzheimer’s disease, ADHD, ASD, obstinacy, 
obsessiveness, stubbornness, hyperactivity, 
self-damage, abuse, panic, and conduct 
disturbances.75

Williams-Beuren syndrome
(OMIM 194050)

Deletion on chromosome 7q11.23 Broad forehead, a short nose with a 
broad tip, full cheeks, and a wide mouth 
with full lips.

Deficits in visuospatial orientation, verbal 
and linguistic defects, ADHD, anxiety, 
hypersocialization, mild ID.70

Klinefelter syndrome 47, XXY Reduced facial and body hair, tall stature, 
increased frequency of certain entities (X-
linked genodermatoses, leg ulcers, male 
breast cancer and gynecomastia).76

Anxiety, depression, ASD, impaired social 
skills, behavioural problems (emotional 
immaturity, impulsivity, ADHD, limited 
problem-solving skills.77

Velocardiofacial or 22q11.2 Deletion 
syndrome
(OMIM 611867)

22q11.2 deletion
(AD)

Characteristic facial features (elongated 
face, almond-shaped eyes, wide nose, and 
small ears), a deep groove in the upper 
lip, cleft palate.

ADHD, increased risk of schizophrenia, 
anxiety, ASD, mood disorders (major 
depression and bipolar disorder) and 
psychotic disorders.78

Pitt-Hopkins syndrome
(OMIM 610954)

TCF4
(sporadic)

Short stature, small hands and feet, a 
single crease across the palms of the 
hands, flat feet, distinctive facial features 
(thin eyebrows, sunken eyes, high nasal 
bridge, a pronounced double curve of 
the Cupid’s bow, a wide mouth, widely 
spaced teeth, thick and cup-shaped ears).

Aggression, self-injurious behaviour, 
moderate to severe ID, hyperventilation and 
breath-holding, excitable demeanour (hand-
flapping movements, smiling, laughing), ASD, 
sleep disturbances, seizures.79

Cornelia de Lange
(OMIM 122470)

NIPBL
(AD)

Hirsutism, cutis marmorata, characteristic 
facial features (low anterior hairline, 
arched eyebrows, synophrys, anteverted 
nares, maxillary prognathism, long 
philtrum, thin lips and ‘carp’ mouth), 
bluish discoloration of the facial 
skin, trichomegaly, low-pitched cry, 
clinodactyly.

Autistic features, self-injurious and repetitive 
behaviour, ID and seziures.71

Rett syndrome
(OMIM 312750)

MECP2
(XLD)

Easy bruising, blister formation, joint 
contractures (from self-injurious 
behaviour).

Loss of verbal abilities, social withdrawal, 
autistic-like behaviours.70

Table 1  Continued

Continued
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sleep, feeding, motor coordination, language skills and sensory 
processing.6

PTEN hamartoma tumour syndrome
Cowden and other PTEN-related syndromes are also associated 
with ASD. PTEN hamartoma tumour syndrome (PHTS) is an 
autosomal dominant disorder that encompasses a spectrum of 
disorders with overlapping clinical features caused by a muta-
tion of the PTEN gene. The most common PHTS phenotype is 
Cowden syndrome (CS). CS is characterised by multiple hamar-
tomas of ectodermal, mesodermal, and endodermal origin, 
manifesting as facial papules, oral papillomatosis, acral and 
palmoplantar keratoses (table 1).2 Macrocephaly, developmental 
delay, autism, seizures and hypotonia are among some of the 
neurological complications. While the literature on ASD in CS 
is scant, available reports unanimously recommend PTEN gene 
testing when faced with patients exhibiting autistic behaviour 
and extreme macrocephaly.2

The PTEN tumour suppressor protein plays an important role 
in regulating neural stem/progenitor cells in vivo and in vitro. 
Mice lacking PTEN demonstrated structurally abnormal enlarged 
brains secondary to enlarged neural cell size and increased cell 
proliferation.7 Furthermore, PTEN ablation in postmitotic 
neurons of the murine cortex and hippocampus revealed hyper-
trophic dendrites with an abnormal abundance of synapses; 
these mice displayed macrocephaly and autistic-like behaviours 
including social behaviour and learning deficits as well as anxiety 
and seizures.8 Along the same line of thought, targeted treatment 
modalities have been attempted as well. When used in PTEN 
mutant mice, rapamycin was shown to reduce anxiety, improve 
social behaviour, seizures and macrocephaly.9 While promising, 
these findings are yet to be replicated in CS patients.

Tuberous sclerosis
Tuberous sclerosis (TSC) is a rare complex genetic disorder with 
multisystem involvement. The most characteristic manifestations 
include seizures, ID, hypomelanotic macules and angiofibromas. 

In similar fashion, Tsc1 and Tsc2 loss, both implicated in TSC, 
have been shown to be associated with the development of ASD. 
The loss of these proteins leads to excess mechanistic target of 
rapamycin (mTOR)1 signalling that regulates several processes 
including synaptic protein synthesis.10 In addition, knocking 
out Tsc1 or Tsc2in Purkinje cells in mice causes an autistic-like 
phenotype with social impairment and ritualistic behaviours.11 12

Neuropsychiatric disorders are present in about 90% of TSC 
patients. The spectrum of the TSC-associated neuropsychiatric 
disorders (TAND) includes autism, attention deficit disorder, 
aggressive behaviours and others. Chief among these sequelae 
is ASD, which can affect up to 20%–60% of the cases.9 Patients 
with mutations in TSC2 and those who suffer from epilepsy or 
infantile spasms are at a higher risk of developing ASD. Hence, 
early detection of patients with subtle seizures, via close elec-
troencephalography (EEG) monitoring, may allow early seizure 
control and prevention of long-term cognitive and behavioural 
consequences such as ASD.13 Additional recommendations 
include screening for TAND annually and a comprehensive eval-
uation done at ages 0–3, 3–6 months, 6–9, 12–16 and 18–25 
years.14

With regard to possible therapeutic modalities, the recent 
advances made in uncovering the role of mTOR signalling in ASD 
provided the rationale for using rapamycin, an FDA-approved 
mTOR inhibitor, in the treatment of TSC-related lymphangi-
oleiomyomatosis and neuropsychiatric manifestations. True to 
form, a mouse model demonstrated that rapamycin can improve 
and even reverse learning and memory impairment in mice 
heterozygous for Tsc2.9 Furthermore, rapamycin was also shown 
to restore normal cerebral oxygen consumption in a rat model 
with TS and autism.15

Smith-Lemli-Opitz syndrome
Smith-Lemli-Opitz syndrome (SLOS) is an autosomal recessive 
inborn error of cholesterol metabolism syndrome that results 
from mutations in the 7-dehydrocholesterol reductase gene. 
Neurocognitive manifestations of this syndrome include ID, 

Disease Gene/mode of inheritance

Clinical findings

Cutaneous findings Psychiatric manifestations

Cowden syndrome
(OMIM 158350)

PTEN
(AD)

Trichilemmomas, acral keratoses, oral 
papillomas, acanthosis nigricans, lipomas.

ASD2

Tuberous sclerosis (TSC)
(OMIM 613254)

TSC1
TSC2
(AD)

Ash-leaf macules, facial angiofibromas, 
shagreen patch, fibromas (gingival and 
subungual), cafe-au-lait spots, dental 
enamel pits.

Deficits in memory, attention, and executive 
function, ASD,
ID.70 Factors for ASD are epilepsy, infantile 
spams, and mutations in TSC2.

Sturge-Weber syndrome (OMIM 185300) GNAQ Facial port-wine stain. Mood disorder, disruptive behaviour disorder 
(violence or aggression toward others and 
self- injurious behaviours), and adjustment 
disorder.80 The presence of seizures is a risk 
factor for behavioural disorders.81

Neurofibromatosis I (OMIM 162200) NF1
(AD)

Neurofibromas, cafe-au-lait spots, axillary 
or inguinal freckling (Crowe’s sign).

Attention-deficit/ hyperactivity disorder, 
autistic traits and autistic spectrum 
disorder, learning and memory disabilities, 
visuospatial deficits.70

Ataxia- Telangiectasia
(OMIM 208900)

ATM
(AR)

Telangiectasia of the skin and mucosa, 
multiple cafe-au-lait spots, abnormal/light 
hair, skin aplasia.

Deficits in attention, verbal fluency, and 
memory.82

Hypomelanosis of Ito
(OMIM 300337)

X-linked, somatic mosaicism Mosaic hypopigmentation along the lines 
of Blaschko, anodontia.

ASD, learning disabilities, self-injurious 
behaviour, sleep problems seizures, ID.83

.ADHD, attention-deficit/hyperactivity disorder; AIP, acute intermittent porphyria; ASD, autism spectrum disorder; FMR1, fragile X mental retardation 1; ID, intellectual disability; 
NF1, neurofibromatosis type 1; OCD, obsessive compulsive disorder; XLR, X-linked recessive.

Table 1  Continued
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Figure 1  Each syndrome is associated with one or more mental health disorders. This figure aims at providing psychiatrists and dermatologists with 
a summary of the reported disorders. ADHD, attention deficit hyperactive disorder; ASD, autism spectrum disorder; MTHFR, Methylenetetrahydrofolate 
reductase; PKU, phenylketonuria.
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behavioural disturbances and autistic-like symptoms. Despite 
the high prevalence of autistic behaviours, the diagnosis of ASD 
needs to be established with caution since most of SLOS patients 
have severe ID.

Attempts to improve symptoms in patients with SLOS target 
the accumulation of toxic metabolites via pharmacological inter-
vention. Statins have proven effective in reducing the toxic accu-
mulation of 7-dehydrocholesterol by crossing the blood–brain 
barrier and inhibiting HMG-CoA reductase upstream of the 
7-dehydrocholesterol reductase. Simvastatin, the most lipophilic 
statin, was deemed safe and improved aspects of behaviour.16

Despite the role excess 7-dehydrocholesterol plays in the 
pathogenesis of SLOS, the body is nevertheless deprived of 
cholesterol and its physiologically precious functions. As such, 
the standard treatment is cholesterol replacement as soon as the 
condition is diagnosed with most benefit noted when treatment 
is initiated in infancy and early childhood. At a starting dose of 
40–50 mg/kg/day and escalating up to 150 mg/kg/day for main-
tenance treatment, cholesterol replacement therapy results in 
improved speech, sociability, communication and interactivity 
and reduced autistic and aggressive behaviour, temper and 
trichotillomania. Curiously, supplemented cholesterol exerts its 
positive neuropsychiatric effects despite its inability to cross the 
blood–brain barrier.17 18

General management strategies
The management of ASD has changed significantly over the 
years. The American Academy of Paediatrics recommends that 
all children be screened for possible ASD at the age of 18 and 
24–30 months.19 This surveillance must be heightened in the 
discussed genodermatoses. These syndromes frequently have 
other comorbidities that complicate screening for ASD. Such 
challenge includes the confusion between shy and autistic-like 
behaviour. Shy children often avoid eye contact and communi-
cation with strangers, but, unlike children with ASD, they do not 
display this behaviour with familiar individuals. Another setback 
is the coexistence of ID and attention problems with ASD, 
which can also limit the quality of the screening tools. None-
theless, one should keep in mind that a single diagnostic tool is 
not sufficient for establishing a formal diagnosis. In some cases, 
multidisciplinary evaluation can be required and includes early 
referrals for intensive behavioural intervention, for communica-
tion needs and suitable interventions, for occupational therapy 
and for identification, and subsequent management, of poten-
tial learning disorders. The use of psychopharmaceuticals can 
be an adjuvant modality to the aforementioned interventions. 
Risperidone and aripiprazole have been found to be effective 
in the treatment of ASD-related behaviours such as self-injury, 
aggression and irritability. Other medications include selective 
serotonin reuptake inhibitors, and psychostimulants, none of 
proven efficacy.19

ATTENTION-DEFICIT/HYPERACTIVITY DISORDER
ADHD is a chronic and highly prevalent neurodevelopmental 
disorder characterised by inattention and/or excessive activity 
and impulsivity that can create a substantial burden for the 
individual and surrounding community. Since it often arises 
in childhood, it can affect academic, social and occupational 
functioning. This requires interventions that focus on learning 
difficulties, academic support and psychoeducation. Medication-
based treatment modalities are efficacious and are divided into 
psychostimulants and non-stimulants. Among the psychostim-
ulants, methylphenidate and amphetamine are the most highly 

used.20 There are conflicting concerns regarding the effect of 
stimulants on the growth of children.21 Most studies have shown 
no clinically significant height deficits by adulthood. Nonethe-
less, it is recommended to track growth parameters for these chil-
dren and adjust the treatment plan accordingly. Another concern 
is the increased likelihood of cardiovascular events associated 
with the use of psychostimulants in those with pre-existing heart 
conditions. Most of these concerns should be considered when 
treating children affected with genodermatoses as some entities 
exhibit growth-related and cardiovascular sequelae that can be 
potentially exacerbated with catastrophic results. Non-stimulant 
medications include norepinephrine transporter inhibitor, atom-
oxetine, and the α−2 agonists. These have lower responses and 
are reserved for patients who either respond poorly or have 
intolerable side effects to the psychostimulants.20

Neurofibromatosis type 1
Neurofibromatosis type 1 (NF1) is an autosomal dominant 
disorder with an incidence of approximately 1 in 3000 live 
births.22 NF1 arises due to a mutation in neurofibromin and 
demonstrates characteristic cutaneous findings including neuro-
fibromas, café-au-lait macules, axillary freckling and Lisch 
nodules (table 1). Patients with NF1 have an increased risk of 
developing juvenile myelomonocytic leukaemia and extracuta-
neous tumours. The most common complications, affecting up to 
80% of NF1 children, involve cognitive and behavioural deficits. 
Approximately 38% of children with NF1 suffer from ADHD 
and about 29% have ASD.22 Patients with NF1 also suffer from 
learning difficulties, although severe intellectual impairment is 
reported in less than 5%. There is also increased likelihood of 
seizures, headaches and sleep disturbances.

Focusing on the ADHD in NF1 patients, a better under-
standing of the underlying disease mechanisms led to the repur-
posing of particular treatments. One example is lovastatin. Aside 
from its HMG-CoA reductase inhibitor activity, it has success-
fully alleviated spatial learning and attention impairments in 
NF1+ mouse models by downregulating the hyperactive RAS 
pathway, a salient aspect of NF1+ pathophysiology0.23 Clini-
cally, lovastatin managed to increase synaptic plasticity and miti-
gate attention deficits in NF1 patients.24 Nonetheless, it failed to 
cause significant improvement in the visuospatial learning and 
sustained attention of affected children. Another helpful medi-
cation is methylphenidate; children with NF1 had improved IQ 
testing scores after its use.22 In contrast, another study showed 
that NF1 children were more inattentive and oppositional on 
methylphenidate than children who were not. More studies are 
needed to corroborate the effects of lovastatin and methylpheni-
date on the NF1-related behavioural deficits.

AGGRESSION AND SELF-INJURIOUS BEHAVIOUR
Self-mutilation is the act of inflicting physical damage on oneself 
by the use of nails (clawing), teeth (biting) or external objects 
(knives, sticks, etc). Aggression is manifested in feelings of anger 
that might result in hostile behaviour towards others. Strikingly, 
the presence of self-mutilation and aggression are known to 
co-occur in the general population and in a number of psychi-
atric disorders. As proof, Sahlin et al note a near twofold risk of 
violent crime among self-harming individuals despite adjusting 
for psychiatric comorbidity and demographic features.25 While 
the pathophysiology of self-mutilation and aggression is multi-
factorial and beyond the scope of this review, these features can 
be appreciated in a number of genodermatoses.
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Lesch-Nyhan syndrome
Lesch-Nyhan Syndrome (LNS) is an X-linked disorder that results 
from a deficiency in the purine salvage enzyme, hypoxanthine-
guanine phosphoribosyltransferase. Individuals with LNS suffer 
from hyperuricaemia, gout and dystonia.

Neuropsychiatrically speaking, LNS presents with develop-
mental delay in the form of hypotonia and delayed motor devel-
opment in crawling and walking that appear by 3–6 months of 
age ultimately culminating in mild ID. By the age of 3 years and 
persisting into adolescence, self-injurious behaviours, a charac-
teristic of LNS, manifest most commonly in the form of self-
biting but can also display head banging, fingernail manipulation 
and psychogenic vomiting.26 Self-injury occurs despite an intact 
pain sensation, awareness of the urge to mutilate and attempts 
to control this compulsive behaviour. Moreover, LNS patients 
are compulsively aggressive and may pinch, grab, hit, or verbally 
assault others; aggressors may apologise afterwards and exhibit 
remorse.26

Management of LNS-specific self-injurious behaviour pres-
ents a formidable challenge. Non-pharmacological behavioural 
modalities can be initially attempted. In one descriptive study 
on the management of neurobehavioural aspects of LNS subjects 
in three patients, caregivers agreed on three successful strategies 
during episodes of violence towards self or others: (1) displacing 
objects in the subject’s immediate vicinity, (2) employing phys-
ical restraint and (3) attempting distraction.27 Conversely, purine 
replenishment via oral supplementation with S-adenosylmethi-
onine, a precursor of the purine pathway, was also tried in five 
children with LNS with significant reduction in self-injury and 
aggressive behaviour and mild reduction of dystonia.28

Hunter syndrome
Hunter syndrome (HS) or mucopolysaccharidosis type 2 is an 
X-linked disease arising from a deficiency of the iduronate-2-
sulfatase enzyme. As the aforementioned enzyme is a hydrolase 
responsible for the degradation of glycosaminoglycans (GAGs), 
its absence results in abnormal deposition of GAGs in multiple 
tissues, leading to the distortion and dysfunction of the involved 
organ. Before the age of 6 months, patients with HS might be 
diagnosed by recurrent ear infections, hernias and/or progressive 
hepatosplenomegaly. Skeletal and joint manifestations, recur-
rent respiratory infections, flesh-coloured pearly interscapular 
papules and coarse facies might also be present.29

The neuropsychiatric manifestations of HS are of increased 
significance due to their importance in differentiating between a 
distinct attenuated and severe phenotype. In the normal pheno-
type, intelligence is preserved and behavioural disturbances are 
mild to moderate; on the other hand, the severe phenotype is 
characterised by neural parenchymal involvement manifesting 
in ID and earlier and more profound behavioural sequelae.30 
Behaviour problems including hyperactivity, aggression, and 
sleeplessness may first appear around 18 months and peak at 
ages 5–9 with resultant destructiveness, aggressiveness, restless-
ness and temper tantrums.30 Oftentimes, behavioural manifes-
tations may be misconstrued attempts by HS to communicate. 
For example, caregivers of patients with HS have reported 
frustration-driven outbursts when children fail to relay their 
needs or desires.31 In addition, purposeful collision with others 
has been seen in patients with HS. Caregivers have reported that 
these physical invasions of personal space, frequently misap-
praised as aggressive behaviours, are means to initiate inter-
action.31 Thus, communication deficits might be a significant 
driving force for some of the stereotypical HS behaviours.

With regard to psychiatric management, behavioural tech-
niques such as rewarding good behaviour with social praise 
or a tangible reward, such as a food item, might be attempted. 
Roberts et al note the degree to which severe HS patients are 
motivated by food as they demonstrate oral fixation.30 Pharma-
cological treatments include enzyme replacement therapy (ERT) 
with idursulfase which was found to decrease cellular GAG 
accumulation and thus improve respiratory symptoms and joint 
mobility within 18 months of administration; however, cogni-
tive and behavioural changes are not expected, as ERT does not 
cross the blood–brain barrier.32

General management strategies
As previously mentioned, behavioural strategies, such as those 
mentioned above, remain the first-line management modality. 
When these fail, pharmacological modalities can be employed. 
Second-generation antipsychotics (SGAs) have proven effec-
tive in mitigating aggression and self-injurious behaviour. In 
a study on 20 institutionalised adults with ID and aggression, 
self-injurious behaviour or a combination of both, olanzapine 
(mean dose=9.1 mg/day) significantly decreased the deleterious 
behaviours in question; however, significant weight gain during 
the first 6 months of treatment was also noted.33 Other pharma-
cological options with fewer evidence include topiramate, cloni-
dine, riluzole and naltrexone.34

PSYCHOSIS
Psychosis is a psychiatric phenomenon that represent a distorted 
perception of reality. Clinically, this can present as delusions, 
hallucinations and/or disorganised thought/speech. Aetiologi-
cally speaking, psychosis can result from a medical illness, medi-
cation, or illicit substance use, and/or psychiatric illness. The 
prototypical psychiatric disorder manifesting psychosis is schizo-
phrenia with a lifetime incidence of 0.3%–0.7% worldwide.35

While the pathophysiology of psychosis is complex and 
multifactorial, abnormal accumulation of a noxious metabolite 
in the central nervous system and its disruption of cortical and 
subcortical association pathways related to reality testing and 
behavioural/emotional regulation partly underlies a significant 
number of genodermatoses exhibiting psychotic manifestations.36

Porphyria
Porphyrias are inherited disorders that arise due to mutation-
driven enzymatic defects of heme biosynthesis with resultant 
accumulation of toxic heme intermediates. Clinical presenta-
tions vary widely and include dermatological manifestations 
such as severe photosensitivity, erosions, bullae, scarring, milia 
formation, hyperpigmentation and hypertrichosis in photodis-
tributed areas as well as hepatic symptoms (hepatomegaly, injury, 
even cirrhosis) and haemolytic anaemia.

In acute intermittent porphyria (AIP), characteristic neurovis-
ceral attacks with abdominal pain, paralysis, sensory disturbances, 
anxiety, psychosis and altered mental status are known to occur 
in response to certain culinary, pharmacological and hormonal 
triggers. Occasionally, the attack will be solely psychiatric and 
simulate a schizophrenic episode.37 Other times, sudden changes 
in behaviour such as aggression or impulsivity may ensue.38 The 
treating physician should be attentive to these subtleties as AIP 
patients have been frequently misdiagnosed as having schizo-
phrenia or certain personality disorders. This misdiagnosis can 
result in the deleterious administration of neuroleptics such as 
valproate and phenobarbital, themselves porphyrinogenic; the 
ensuing exacerbation might lead to the patient being labelled as 
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‘treatment resistant’ with resultant admission into a long-term 
care psychiatric facility.38 As such, screen for porphyrias in a 
patient with cyclical pain and psychiatric symptoms. Halting the 
attack is achieved with intravenous hemin while prevention is 
achieved through the avoidance of known triggers of AIP such 
as barbiturates, phenytoin, phenobarbital, carbamazepine, oral 
contraceptive pills, alcohol and certain dietary foodstuffs.

Niemann-Pick disease type C
Niemann-Pick disease type C (NPC) is an autosomal recessive 
inherited sphingolipidosis characterised by a genetic defect in 
sphingomyelinase leading to abnormal accumulation of sphin-
gomyelin in multiple organs. Clinically, NPC is characterised by 
progressive neurodegeneration (dystonia, dysphagia, dysarthria 
and ataxia), hepatosplenomegaly and insomnia.

The psychiatric manifestations of NPC are present in 72% of 
NPC patients and are frequently overlooked or misdiagnosed, 
leading to delays in diagnosis by up to 6 years.39 In his seminal 
work on NPC, Bonnot et al reported cognitive and memory 
impairment in 90% of NPC patients studies while psychosis was 
the predominant psychiatric manifestation (62%), followed by 
behavioural disturbances (52%) and mood disturbances (38%).39 
A closer inspection of the psychiatric symptoms yielded delusions 
(47% of patients), visual (36%) and/or auditory hallucinations 
(31%) in NPC patients with psychosis. NPC, thus, demonstrates 
schizophrenia-like psychosis in addition to visual hallucinations, 
which is atypical for schizophrenia and helps in increasing clin-
ical suspicion for NPC.40 Concerning the cognitive disturbances 
in NPC, executive dysfunction followed by memory disturbance, 
visuospatial deficits, and aphasia were the most common features 
noted to be qualitatively affected.40

Once diagnosed, the psychiatric manifestations of NPC are 
notoriously difficult to manage. Bonnot et al also found that 
38% of NPC patients failed psychiatric pharmacotherapy with 
antipsychotic medications (55% of treatment failures), anticon-
vulsants (18%) and dopamine agonists (14%).39 On the other 
hand, Miglustat (Zavesca, Brazaves) is an iminosugar molecule 
that reversibly inhibits glycosphingolipid synthesis and is indi-
cated for the management of the neurological manifestations of 
NPC. True to form, it has been shown to delay the neurological 
manifestations in NPC such as dysarthria, dysphagia, dystonia 
and cognitive decline, yet the effect on psychiatric sequelae was 
not clarified.41 Miglustat showed the greatest benefit in patients 
with late-onset disease (late childhood or juvenile/adult onset) at 
a dose of 300 mg three times daily in patients 12 years and older 
administered over a period of 12–60 months.41

General management strategies
When managing psychosis, pharmacotherapy is usually the first-
line modality to be employed; however, non-pharmacological 
interventions can also be considered. cognitive–behavioural 
therapy has shown benefit in in diminishing the impact of symp-
toms and mitigating disturbances in intrinsic thinking that under-
lies delusions. Alternatively, psychotherapy can be attempted but 
is most pertinent in specific cases where the psychosis is present 
in a milder form with no associated disorganisation of thought 
process. Conversely, psychotherapy can be employed as an 
adjunct to pharmacological therapy to further improve patient 
outcome. Moreover, family interventions have also been success-
fully used in tandem with pharmacotherapy, especially early in 
the disease course, to promote compliance to treatment; it also 
has the added benefit of involving family members, a support 
system, in the treatment plan.42

Pharmacologically speaking, antipsychotics are the staple 
treatment for psychosis irrespective of aetiology. A meta-analysis 
comparing SGA with their first-generation counterparts (FGA) 
in psychosis was carried out and revealed superiority efficacy for 
five SGA (clozapine, amisulpride, risperidone and olanzapine) 
over FGAs.43 While the study concerned psychosis in the context 
of schizophrenia, it can nevertheless suggest a preference for SGA 
use in genodermatoses-related psychosis. The side effects of anti-
psychotics are significant and worthy of attention. Hyperpro-
lactinaemia, anticholinergic, antiadrenergic and extrapyramidal 
side effects are less likely, but still possible, in SGAs compared 
with FGAs. The SGA clozapine can lower the seizure threshold 
while all antipsychotics, except for ziprasidone and aripiprazole 
can trigger weight gain and impaired glucose tolerance.42

MOOD DISORDERS
Mood disorders is an umbrella term that encompasses multiple 
psychiatric entities, chief of which are major depression and 
bipolar disorder. Major depression involves symptoms of very 
low mood (sadness), presence of suicidal ideation, decreased 
concentration, changes in energy, changes in sleep and loss of 
interest as well as changes in appetite for a period of at least 
2 weeks. On the other hand, bipolar disorder involves depres-
sive episodes alternating with manic and/or hypomanic episodes. 
Manic episodes are functionally impairing and are charac-
terised by distractibility, impulsivity, an inflated self-esteem, 
flight of ideas, pressured speech, decreased need for sleep 
and psychomotor agitation; hypomanic episodes are similar, 
although milder in terms of functional impairment with a lack of 
psychotic features. Both disorders entail an impairment in social 
and occupational function. The pathogenesis of both entities 
involves imbalances in neuronal transmitters that are beyond the 
scope of this article. A number of genodermatoses can manifest 
mood-related behavioural sequelae or can be associated with a 
co-morbid mood disorder.

Darier’s disease
Darier’s disease (DD) is an autosomal dominant disorder occur-
ring secondary to a mutation in the ATP2A2 gene (encoding 
SERCA2, a calcium ATPase of the endoplasmic reticulum) 
with pathognomonic mucocutaneous findings such as keratotic 
papules in a seborrheic distribution and longitudinal erythrony-
chia. Insufficient function of SERCA2 leads to abnormal calcium 
signalling that subsequently leads to a loss of suprabasilar kerat-
inocyte adhesion and keratinocyte apoptosis.

Despite the heavier focus on its dermatological manifesta-
tions, DD has been robustly associated with multiple neuro-
psychiatric disorders. Using standardised neuropsychiatric 
measures, Gordon-Smith et al uncovered a 50% lifetime rate 
of mood disorders in 100 patients with DD, including major 
depression (30%) and bipolar disorder (4%)44; moreover, the 
neuropsychiatric burden of DD was exemplified by the presence 
of suicide attempts in 13% of patients.44 Furthermore, Cederlöf 
et al found that patients with DD had a 4.3-fold higher risk of 
bipolar disorder and a 2.3-fold higher risk of developing schizo-
phrenia.45 Episodes of these psychiatric manifestations do not 
coincide with episodes of cutaneous flares; this undermined the 
widely held belief that the stress from cutaneous sequelae were 
directly involved in the appearance of the psychiatric manifes-
tations. In an effort to link psychotic manifestations in DD to 
the pleiotropic effects of ATP2A2, Nakamura et al noted that 
mutations causing ATP2A2 gene disruption (vs ATP2A2 muta-
tions unrelated to channel function) were associated with the 
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presence of psychoses along with DD.46 These findings along 
with the presence of the ATP2A2b isoform of the channel in the 
brain lend credence to the notion of a pleiotropic effect of loss-
of-function mutations of ATP2A2. Unfortunately, no DD-spe-
cific management modalities targeting behavioural sequelae have 
been reported.

Wilson’s disease
Wilson’s disease (WD) is an autosomal recessive disorder that 
arises due to a mutation in the ATP7B gene. This gene encodes 
a copper transporting protein that, when mutated, results in 
abnormal accumulation of copper in various organs, including 
the liver, basal ganglia and other vital organs. The resultant clin-
ical manifestations of WD are eclectic but encompass hepatic 
damage leading to cirrhosis and failure, progressive neurological 
abnormalities (dystonia, tremors and Parkinson-like sequelae) 
and haemolytic anaemia.

Abnormal copper accumulation in the central nervous system 
can also result in neuropsychiatric manifestations. An apprecia-
tion of the psychiatric sequelae is important as they constitute the 
presenting symptom in 30% of patients with WD.47 Zimbrean 
and Schilsky found that psychosis was the presenting symptom 
in 36.11% of patients followed by depression (22.2%), person-
ality changes (8.3%) and learning related problems (8.3%); an 
average delay of 2.42 years between the advent of psychiatric 
symptoms and the diagnosis of WD.48 This delay arises as these 
patients are frequently assumed to have an idiopathic primary 
psychiatric disorder and started on neuroleptics. Once neurolog-
ical symptoms emerged, treating physicians assumed the neuro-
leptics were to blame causing further delay.48 Eventually, up to 
100% of patients with WD manifest a psychiatric symptom.47 
Over the course of the disease, mood disturbances become the 
most common psychiatric manifestation with a prevalence of 
up to 60%.47 This elevated frequency is partly explained by 
the patient’s awareness of, and distress to, the chronicity of the 
disease as well as the physical limitations imposed by the neuro-
logical deficits while a decrease in serotonergic deficits in the 
basal ganglia, thalamus and hypothalamus might offer a path-
omechanistic explanation for these manifestations.47 Bipolar 
disorder is also more frequent in WD than in the population, at 
a rate of 14%–18% with frontal lobe lesions incriminated in the 
emotional lability, aggression, euphoria and disinhibition seen 
in those patients.49 Other neuropsychiatric disturbances seen 
in WD include cognitive decline, psychosis, and behavioural 
disturbances.47

In terms of management, the traditional management modal-
ities in WD have proven ineffective or deleterious in managing 
associated psychiatric sequelae. Paradoxically, copper chelation 
via D-penicillamine and trientine, a staple of WD management, 
leads to worsening of neurological symptoms within the first 6 
months.50 Liver transplantation has also been shown to shorten 
survival time in WD patients with psychiatric symptoms.51 Ulti-
mately, management of WD-related mood disorders will have to 
mirror those of their idiopathic counterparts mentioned below, 
with added attention to hepatic and neurological pharmacolog-
ical side effects.

Phenylketonuria
Phenylketonuria (PKU) is an autosomal recessive disorder charac-
terised by a genetic defect in phenylalanine hydroxylase leading 
to an abnormal accumulation of phenylalanine and subsequent 
phenyl ketones. The latter results in damage to the skin and CNS 

manifesting as ID, seizures, fair complexion, musty body odour 
and eczema.

Neuropsychiatric manifestations in PKU are broad and rely 
heavily on whether timely phenylalanine-restricted dietary 
modifications were initiated. In untreated children with PKU 
and high serum phenylalanine levels, behavioural problems were 
the most notable psychiatric manifestations. Bone et al found 
behaviour deviancy rates represented by mannerisms, hyperac-
tivity, aloofness and anxiety of 24% by parent assessment and 
40% by teacher assessment.52 In adults, the predominant psychi-
atric disturbances are depression and anxiety. Proof of the afore-
mentioned comes from a retrospective cohort study by Bilder 
et al, involving 3715 individuals with PKU. Depression was 
demonstrated in 19.5% while anxiety was seen in 15.6% of test 
subjects; these findings exceeded rates of 11.8% and 9.2% seen 
in the general population for depression and anxiety, respec-
tively.53 Psychotic disorders such as schizophrenia and bipolar 
affective disorder, while not the most common PKU-specific 
psychiatric sequelae, nevertheless occur at higher frequencies 
than in the general population.53 The accumulation of phenyl-
alanine is deleterious to the development of the central nervous 
system. Neurological damage begins at birth, and translates to 
a 4-point decline in the IQ score for every delay of 4 weeks 
in starting treatment; therefore, phenylalanine-restricted diet 
initiated as early as possible is the mainstay of PKU treatment 
and can prevent the profound and irreversible ID seen in PKU 
patients.54 This restrictive diet should be lifelong as diet discon-
tinuation in adolescence was found to promote ID in adulthood 
and increased medical and behavioural problems.55 Furthermore, 
autism was reported in patients with PKU who received late 
treatment but was absent from patients treated early.56 While the 
mainstay of PKU management lies on phenylalanine-restricted 
diet for proper disease control and prevention, pharmacological 
options are also present. The advent of sapropterin, an FDA-
approved drug that was shown to significantly reduce the serum 
phenylalanine concentration and to improve the tolerance of 
phenylalanine in the diet, has allowed for more relaxed dietary 
restrictions and subsequently a higher quality of life in PKU 
patients.57 In addition to its favourable safety profile, saprop-
terin (starting dose: 10 mg/kg/day, maintenance dose: 20 mg/
kg) has demonstrated efficacy by reducing inattentive behaviour 
within 4 weeks of treatment.58 Alternatively, pegvaliase (initial 
dose: 2.5 mg/week for 4 weeks reaching 20 mg/day), a subcu-
taneously administered FDA-approved pegylated phenylalanine 
ammonia lyase, also reduces serum phenylalanine levels and has 
been shown to improve inattention and mood with long-term 
treatment.59

General management strategies
To address mild depressive sequelae in the aforementioned 
disorders, an acceptable initial step is the use of psychotherapy 
which might help in decreasing the burden of depression and in 
promoting the development of good coping strategies that helps 
the patients adapt to the presence of a chronic illness in his/her 
life.

In comparison to the milder forms, moderate-to-severe 
mood-related manifestations are more likely to require phar-
macological intervention along with psychotherapy. Psycho-
tropic medications have, thus, been employed to address the 
variety of mood-related psychiatric phenotypes: selective sero-
tonin reuptake inhibitors (such as citalopram 20–40 mg/day, 
escitalopram 10–20 mg/day and sertraline 50–200 mg/day) and 
electroconvulsive therapy are recommended for the treatment 
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of depression.47 For mania, first-line treatment is dependent on 
patient age; the combination of lithium and a first or SGA is 
considered as the first line in adults while monotherapy with 
a SGA is initially recommended in paediatric mania. Caution 
must be exercised as certain psychotropic medications might 
injure the susceptible liver and worsen neurological symptoms 
via extrapyramidal symptoms. To that end, the antipsychotic 
drugs olanzapine (5–15 mg/day) and aripiprazole (10–30 mg/
day) are viable options with low risk of extrapyramidal symp-
toms and relatively good safety profile.60 Concerning alter-
natives that sidestep the issue of hepatotoxicity, paliperidone, 
the metabolite of risperidone is not hepatically metabolised; 
its elimination by urinary excretion precludes dose adjustment 
in mild-to-moderate cases of hepatic impairment. Despite the 
well-established safety of paliperidone in patients with mild-to-
moderate hepatic impairment, safe paliperidone use in patient 
with genodermatoses is yet to be proven. Robust studies are 
required before definitively recommending paliperidone as a 
safe and effective option in the management of psychosis in the 
genodermatosis population.

CONCLUSION
By calling attention to the abnormal behavioural patterns and 
mental health disorders that can afflict children with genoder-
matoses, we invite the reader to fully appreciate the neuro-
psychiatric aspects of genodermatoses and to incorporate the 
behavioural dimension in the management plan. Timely identifi-
cation of mental health disorders can potentially rescue genoder-
matoses sufferers from the detrimental consequences on familial 
and social functioning. Conversely, the identification of psychi-
atric conditions can unearth a possible underlying genoderma-
tosis and can guide parental counselling with regard to future 
pregnancies.
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Main message

	⇒ Mental health disorders can be linked to many inherited 
cutaneous disorders and can cause significant morbidity to 
the affected children.

	⇒ Timely diagnosis can assist in early interventions.
	⇒ This study reviews all the genodermatoses that can develop 
behavioural and psychiatric changes, emphasising on the 
cutaneous manifestations, the associated disorders and 
possible therapeutic modalities.

	⇒ This study provides a reference which assists in early 
diagnosis, promoting early intervention in the appropriate 
cases.

	⇒ Future research to identify modes of pathogenesis-specific 
early interventions is warranted.

Current research questions

	⇒ Are patients with genodermatoses at a higher risk of 
developing psychiatric sequela?

	⇒ Which syndromes in dermatology warrant a referral to a 
psychiatric specialist?

	⇒ What interventions are available for behavioural disorders 
associated with inherited skin conditions?
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Self-assessment questions

1.	 Sturge Weber, Hunter and Fragile X syndromes are associated 
with autism spectrum disorder.

2.	 A protein-restricted diet can reduce the risk for psychiatric 
and behavioural symptoms in patients with homocystinuria.

3.	 Copper chelation in Wilson’s Disease improves the 
neurological symptoms early on in the course of treatment.

4.	 mTOR signalling has been implicated in the development of 
autism spectrum disorder in patients with tuberous sclerosis.

5.	 Pyrimidine replenishment leads to significant reduction in 
self-injury in patients with Lesch-Nyhan syndrome.
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