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Autism – is it genetic? 

- If one twin meets a strict definition of autism: 

 70% of identical and 5% of fraternal twins  

 would have autism 

 

- If one twin meets a broad definition of autism (ASD): 

 90% of identical and 10% of fraternal twins  

 would have autism 

 

- Genetic & Environmental components 



MYTH: 
- Autism is a causative diagnosis 

 

 

FACT: 
- Autism is a description of symptoms and signs 

(descriptive diagnosis) 

 

- Autism as a part of a particular genetic defect 

 (causative diagnosis) 



Benefits of a true diagnosis 

Preventive role: 

 Various organs may be affected and can be 
treated before any complications occur 

 

Recurrence risk estimate: 

 Empowers parents in their decision to have 
another child or prenatal diagnosis 

 

Treatment 



Chromosomal Microarray (SNP array) 

Fragile X 

Metabolic 

Mitochondrial DNA 

Whole Exome/Genome Sequencing 

Testing 



Genetic causes of Autism 

Chromosomal ~ 20-25% 

Fragile X ~ 3% 

Single genes ~ 15-20% 

Mitochondrial/Metabolic ~ 20-25% 

All ~ 60-70% 



- 21 year-old-female 

- Autism/ID 

- Congenital deafness 

- Deaf brother 

- Karyotype/FraX – normal 

Chromosomal 

Chromosome 13q12 deletion 
Paternal (GJB6) 

Hearing loss gene (recessive) 

Chromosome 1p21 duplication  
De novo (30 genes) 

Autism locus 

Chromosome 13q12 mutation 
Maternal (GJB2 gene del35G) 

Hearing loss gene (recessive) 

Digenic hearing loss 

Autosomal recessive  



Chromosomal 

13-year-old female 

CHD 

Dysmorphic features 

Essentially averbal 

Autism 

Severe ID 

Karyotype – trisomy 21 

Microarray:  
Chromosome 15q11.2 deletion 

Maternal 



- Autism 

- Developmental delay 

- Facial gestault 

- Macrocephaly 

- Overgrowth 

Single Gene Disorder 

Sotos syndrome 
NSD1 gene deletion 



Fragile X 

Most common cause of inherited ID in males 

 

1/2500-4000 males, 1/5000-8000 females 

 

Autism – up to 50%  

 

IQ 20-60 (normal is >70), speech delay 

 

FMR1 gene testing – 99% sensitive 



Mitochondria & Autism 

Solid evidence indicating disturbance of mito energy 
metabolism in some autistic patients 

 

7% to 64% of autistic children have mito dysfunction 

 

Regression, waxing/waning energy levels, easy 
fatigability, or multiple organs affected unexplained by 
other etiology 

 

Developmental regression and autism after vaccination 
in a 19-month old girl (Hannah Poling) who was found 
to have mito complex I & III deficiency 



Mitochondria & Autism 

 Molecular Psychiatry 17:290–314 (2012) 

112 children with autism and mito  

Delay (51%), Regression (52%), Seizures (41%), GI 
(74%), female (39%), high lactate (78%), pyruvate (45%) 

Much higher in autism & mito compared with general 
autism population 

 

 JAMA 304:2389-96 (2010) 

Patients aged 2 to 5 years (364 autism, 289 control) 

Oxphos capacity, mtDNA mutations, lactate/pyruvate 

Children with autism were more likely to have 
mitochondrial dysfunction, mtDNA overreplication, and 
mtDNA deletions than typically developing children 



MYTH: 

- All mitochondrial diseases are severe 

 

FACT: 
- There is a very wide clinical variability with onset 

from conception to adulthood, asymptomatic to 

debilitating, one family member vs many… 



Clinical: Waxing and waning, Regression & 

progression, Low energy & easy fatigability 
 

Metabolic markers in blood and urine 

 

Mitochondrial and nuclear DNA testing 

 

Whole Exome/Genome sequencing 

Mito workup 



Mito treatment 

Regular Nutrition 

Regular Exercise/Therapy 

Optimized vitamin cocktail 



G-tube metamorphosis 



G-tube metamorphosis 







 



G-tube metamorphosis 



 



 



Exercise 

Physical & Occupational therapies 

 

Regulate activities 

 

Take breaks to rest before feeling exhausted 

 

Extra dose of vitamins before sports 



Mito treatment 

CoQ10, MitoQ, Lipoic, Folinic, etc. 

EPI-743/Bendavia (trials ongoing) 

Dysautonomia/Pain (Neurontin, Elavil, Lyrica) 

Antiemetics (Zofran/Phenergan cream) 

Prokinetics (Domperidone/Iberogast) 

Behavior/Memory (Vayarin/Namenda) 

IV infusions (D10, NS) 

IM injections (methyl-B12, folinic, NAC) 

Compounded and optimized individually 

Level in plasma & leukocytes 



3-year-old female 

Autism 

Extreme hyperactivity 

Very poor eye contact 

Developmental delay 

After 3 months of vitamins: 

Longer attention span 

Better eye contact 

Improved development 



Before & After IV dextrose 



5-year-old male 

Regression & Autism at 13 mo (MMR) 

Mito complex I deficiency 

Low energy & fatigue 

 

Vitamin cocktail started at 4½ yo 

Cognitive skills & language advanced 

Fatigability decreased 

Lost diagnosis of autism at 5 yo 





Brothers with autism & mito 

mtDNA mutation 

boys, mother & grandmother 





5-year-old female 

Autism 

Developmental delay 

Hypotonia 

Easy fatigability 

Waxing/waning energy 

5-hour day naps 

Complex III deficiency 

Vitamins improved energy 

levels & academic skills and 

reduced sleep requirement 



7-year-old male 

Developmental delay 

Autism 

Regression 

Seizures 

Diffuse pain 

Fatigability 

Ptosis 

Immunodeficiency 

Treatment increased energy 

Academic skills improved 



 



 







6-year-old female 

Developmental delay 

Autism 

Low energy 

Irritable bowel 

Face flushing 

Fatigability 

Treatment increased energy 

Academic performance advanced 





5-year-old male 

Developmental delay 

Autism 

Carnitine deficiency 

Regression 

Hydrocephalus 

Low energy 

Fatigability 

Treatment corrected carnitine 

Fatigability decreased 

Cognitive skills advanced 





Summary 

Genetics plays an important role in etiology of Autism 

 

Chromosomal, single-gene and metabolic causes 

 

Mitochondrial dysfunction accounts for a significant 
proportion of autistic patiens and allows for effective 
and safe treatment 

 

Genetic diagnosis aids early prevention, counseling 
on recurrence risks and appropriate treatment 


