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Learning Objectives

• Review definitions and the concept related to 
CIM.

• Discuss models for understanding CAM/CIM 
interventions potential mechanisms of action 

• Review several promising Biomedical/CAM 
treatments relevant to Autism Spectrum 
Disorders

Key Points
• Families commonly seek alternative and complementary 
biomedical treatments for their children with NDDs

• A potential rationale for biomedical treatments for NDDs 
is their potentially beneficial effect on epigenetic 
processes, which are increasingly demonstrated to have 
a role in the gene x environment interactions that 
underlie the development of NDD

• Three agents with a rationale for use with NDDs, at least 
1 RCT showing efficacy and safety data include 
melatonin, omega-3, folate and micronutrients

• Additional agents with promise include NAC, 
methylcobalamin (methyl B12), and digestive enzymes
Hendren RL. Child Adolesc Psychiatr Clin N Am. 2013;22(3):443-456. Cheng 
JX, et al. Adolesc Med State Art Rev. 2013;24(2):446-464. Lofthouse N, et al. 
Autism Res Treat. 2012;2012:870391. 



CAM/CIH
• CAM is “a group of diverse medical and health care 

systems, practices, and products that are not 
generally considered to be part of conventional 
medicine” (NCCAM now NCCIH)

• 12% of children and adolescents in the US use CAM
(Birdee et al., Pediatrics, 2010; https://nccih.nih.gov/health/integrative-health)

• Up to 74% of children recently diagnosed with autism 
use CAM (Hanson et al., JADD, 2007) 

• The main reasons for choosing CAM given were 
related to concerns with the safety and side effects of 
prescribed medications. (Hanson 2007) 

https://nccih.nih.gov/health/integrative-health

Talking with Families about 
Biomedical/CAM Treatments

• Ask family members if they have considered biomedical/CAM 
treatments and which ones they might be considering

• Discuss reasons people consider biomedical/CAM treatments, 
including thoughts that they might be safer because they are 
“natural” and the wish for health promoting agents

• Discuss research evidence and where to find it, eg, 
www.pubmed.gov

• Recommend agents with more evidence and caution against 
agents with little evidence and concerns about safety, eg, 
chelation

• Recommend a practitioner with expertise in the area of 
biomedical/CAM treatments in your region or suggest Autism 
Research Institute www.autism.com 

• Caution about how promising new treatments often do not 
hold up to good studies in all of medicine

• Ask that family let you know what they are using and how it is 
working for them

Potential Biomedical/CAM 
Treatments 

• Actos
• Acupuncture
• Animal Assisted Therapy
• Antibiotics
• Antifungals (Diflucan, Nystatin)
• Antiviral (Valtrex)
• Amino Acids
• Auditory Integration Therapy (Music Therapy)
• Chelation
• Chiropractic
• Cholestyramine
• CoQ10

Lofthouse, N. et al Autism Research & Treatment, 2012;
https://nccih.nih.gov/health/atoz.htm

Potential Biomedical/CAM 
Treatments (cont)

• Craniosacral Therapy
• Curcumin
• Cyproheptadine
• DHEA
• Digestive Enzymes
• Dimethylglycine (DMG, TMG)
• Fatty Acids (Omega 3)
• 5 HTP
• Folic/folinic Acid
• Glutathione
• Gluten/Casein Free Diet
• Food Allergy Treatment



Potential Biomedical/CAM 
Treatments (cont)

• Hyperbaric Oxygen (HBOT)
• Iron Supplement
• Inflixmab (Remicade)
• Immune Therapies
• IVIG
• L-Carnosine
• Magnesium
• Melatonin
• Methyl B12
• NAC
• Naltrexone
• Neurofeedback

Potential Biomedical/CAM 
Treatments (cont)

• Oxalate (low) Diet
• Oxytocin
• P5P
• Probiotics
• Ribose and NADH
• SAMe
• Secretin
• Sensory Integration Therapy
• Specific Carbohydrate Diet
• St. John’s Wort
• Steroids
• Transfer Factor

Potential Biomedical/CAM 
Treatments (cont)

• Vitamin A
• Vitamin B3
• Vitamin B6/Mag
• Vitamin C
• Zinc

Model for Neurodevelopmental 
Disorder Etiology

• First hit - Genetic neurodevelopmental 
vulnerability

• Second hit - environmental “stressor” and 
interaction between the two

• Third hit - Restricted development



Translating from ““““Terroir ”””” Model Translating Levels of 
Intervention

Level 4

Level  1

Level  2

Level 3

Gene-Environment Interactions and 
Endophenotype

Level 2

• Immune abnormalities/inflammation
• Oxidative stress
• Disturbed methylation
• Mitochondrial dysfunction
• Free fatty acid metabolism
• Excitatory/inhibitory imbalance
• Hormonal effects
• Microglia
Goines P, et al. Curr Opin Neurol. 2010;23(2):111-117. James SJ, et al. Am J Clin
Nutr. 2009;89(1):425-430. Frye RE, et al. Pediatr Res. 2011;69(5 Pt 2):41R-47R. 
Manji H, et al. Nat Rev Neurosci. 2012;13(5):293-307. Bell JG, et al. Br J Nutr. 
2010;103(8):1160-1167. Rubenstein JL. Curr Opin Neurol. 2010;23(2):118-123. 
Harony H, et al. Neurosignals. 2010;18(2):82-97. Cunningham CL. J Neurosci. 
2013;33(10):4216-4233.



A New Paradigm (Levels 3 & 4)

Mumper E. North American Journal of Medicine and Science. 2012;5(3):180-184.

• Significant subsets of people with autism have intestinal
inflammation, digestive enzyme abnormalities, metabolic
impairments, oxidative stress, mitochondrial dysfunction,
and immune problems that range from immune deficiency
to hypersensitivity to autoimmunity

• In many cases, improvement of autistic symptoms is
achieved by a combination of nutritional recommendations,
prescription medications, and addressing the underlying
medical conditions seen in these individuals

Can Autism be Prevented? (Levels 3 & 4)

• Autism Research Institute
www.autism.com/prevention
• My Child without Limits
http://www.mychildwithoutlimits.org/understand/autism/can-
autism-be-prevented/
• David Berger, MD Pediatric Practice
http://www.ageofautism.com/2012/05/dr-david-berger-on-
mimizing-autism-incidence.html

• Maureen McDonnell’s recommendations
http://pathwaystofamilywellness.org/Informed-Choice/what-
can-be-done-to-prevent-autism-now.html

Parenting from before Conception

Lane M, et al. Science. 2014;345(6198):756-760.

• Recent studies reveal that parental history and
experiences also exert effects through epigenomic
information not contained in the DNA sequence, including
variations in sperm and oocyte cytosine methylation and
chromatin patterning, noncoding RNAs, and mitochondria

• Transgenerational epigenetic effects interact with
conditions at conception to program the developmental
trajectory of the embryo and fetus, ultimately affecting the
lifetime health of the child



Autism Risk (Levels 1 & 2)

Schmidt RJ, et al. Am J Epidemiol. 2014;180(9):890-900. Gore AC, et al. Endocr Rev. 2014;35(6):961-
991. Schieve LA, et al. Ann Epidemiol. 2014;24(4):260-266. Lyall K, et al. Int J Epidemiol. 
2014;43(2):443-464. 

• Older women who are deficient in iron have a 5 times
greater risk of having a baby with autism

• Prenatal steroid perturbations increase risk

• Preterm birth, small for gestational age, and Cesarean
delivery associated with increased risk

• Diabetes, weight, autoimmunity, infection. age

• Higher maternal intake of certain nutrients and
supplements reduce risk with best evidence for
periconceptual folic acid and includes omega-3, vitamin D,
antioxidants, iron and breastfeeding

Can Autism be Prevented? (Levels 3 & 4)

Mumper E. North American Journal of Medicine and Science. 2013;6(3):134-144. Mumper E. North 
American Journal of Medicine and Science. 2012;5(3):180-184.

• Practice Based Study - Autism may be impacted by
environmental toxicants, breastfeeding duration, gut flora
composition, nutritional status, acetaminophen use, and
use of antibiotics and/or frequency of infections

• Minimize toxicant exposure; max breastfeeding; probiotics,
nutritional counseling; limit antibiotics; minimize
acetaminophen; discuss vaccine schedule

• Out of 294 general pediatric patients followed since 2005
there were 0 new cases of autism

• Other strategies include probiotics, vitamin D3, folinic acid,
and omega-3s

P2i – Preconception to Infancy

• Step-by-step guidance, based on hard science, that can
dramatically increase a woman’s odds of delivering a full-
term baby who will not suffer from chronic disorders like
ADHD, cancer, serious allergies and autism. The goal of
the P2i initiative is to positively affect one million babies’
lives in five years.

• P2i’s new Center of Excellence (COE) at U of Georgia in
Atlanta headed by Dr. José F. Cordero to open 1st Quarter
2017 to play a key role in ensuring safe pregnancies via
the P2i Best Practices.

• www.ForumP2i.com

Neuroimaging

Labs
• Metabolic panel – glucose and

LFTs

• CBC, differential and
sedimentation

• Ferritin, total Fe, TIBC, % Fe sat

• Magnesium (RBC)

• Vitamin D3 – look at both 1,25
(OH) and 25 (OH)

• Lipid panel

• Vitamin C

• Vitamin C

• Selenium

• Zinc/copper (RBC

• Fat soluble vitamins

• Lead screening

• Serum amino and urine organic
acid if indicated

• Cholesterol – lipid panel if
indicated

• RBC folate, vitamin B12

• TSH
CBC = complete blood count; Fe = iron; Fe sat = iron saturation; LFTs = liver function tests; RBC = red 
blood cell; TIBC = total iron-binding capacity.

Neurodevelopmental 
Biomedical Assessment



Melatonin

• Endogenous neurohormone causes drowsiness, establishes
circadian rhythms and synchronization of peripheral
oscillators, and is produced from serotonin

• Review and meta-analysis of 35 studies reported that of 18
treatment studies, there were 5 RCTs (N = 61, 2 to 10
mg/day) where sleep duration (44 min, ES = .93) was
increased, sleep onset latency was decreased (39 min, ES
= 1.28), but nighttime awakenings were unchanged

• Adverse effects were minimal to none

• May also benefit social communication impairments and
stereotyped behaviors or interests

Tordjman S, et al. Int J Mol Sci. 2013;14(10):20508-20542. Rossignol DA, et al. Dev Med Child Neurol. 
2011;53(9):783-792.

Vitamin D
Vitamin D Council

• “Ecological Evidence” – Northern latitudes, rainfall, skin pigment. 
Low levels of vitamin D reported

• Vitamin D activates serotonin-synthesizing gene

• Vitamin D is a “potent neurosteroid”

• UCSF study

– 25(OH)D at or below 30 ng/mL

– Initial loading dose of 10,000 IU of D3, then 300/IU/kg of vitamin D3

– Target level 90 ng/mL

– Safety measured by 25(OH)D and calcium level, tremor, weakness,
fatigue, diarrhea, anorexia, headache confusion, psychosis

Jia et al. Pediatrics, 2014; Patrick RP, et al. FASEB J. 2014;28(6):2398-2413. McGrath J, et al. Trends 
Neurosci. 2001;24(10):570-572.

Methyl B12 Study
UCSF (Autism Speaks)

• 53 children between the ages of 3 and 7 years enrolled in
study at UCSF funded by Autism Speaks

• Eligible children randomly assigned to 8 weeks of
treatment with methyl B12 at 75 ug/kg given SubQ every 3
days

• Primary outcome measure CGI-I and the mean at 8 weeks
was significantly better (lower) in the methyl B12 group
(2.4) compared to the placebo group (3.1) (95% CI 1.2 to
0.2, P = .005

• Clinical improvement in CGI-I was significantly correlated
with methionine (P = .05), decreases in SAH (P = .007),
and improvements in SAM/SAH (P = .007)

Hendren RL, et al. Journal of Child and Adolescent Psychopharmacology (in Press) . 
ClinicalTrials.gov Identifier: NCT01039792. 

NAC in Children with Autism

• NAC is an glutamatergic modulator and an antioxidant

• 12-week, double-blind, randomized, placebo-controlled
study of NAC in children with autistic disorder

• NAC was initiated at 900 mg daily for 4 weeks, then 900 mg
twice daily for 4 weeks, and 900 mg 3 times daily for 4
weeks

• 33 patients (31 male, 2 female; aged 3.2 to 10.7 years) were
randomized

• Oral NAC was well tolerated with limited adverse effects

• Compared with placebo, NAC resulted in significant
improvements on ABC-I (F = 6.80; P < .001; d = .96)

Hardan AY, et al. Biol Psychiatry. 2012;71(11):956-961.



UCSF-IAN Omega-3 Results

• 863 e-mail invitations

• 118 responded

• 57 met eligibility criteria from 28 states

• Recruitment completed in 6 weeks

• 57 teachers contacted and agreed to participate

• 100% completion rate, study finished in 12 weeks

• Results

– Omega-3: ABC-H: -5.3 points

– Placebo: ABC-H: -3.4 points P = .38, ES = .26

• Implications

– Internet is a powerful tool for clinical trials

– Sample size insufficient to judge efficacy of omega-3

IAN = Interactive Autism Network.
Bent S, et al. J Am Acad Child Adolesc Psychiatry. 2014;53(6):658-666. 

Vitamin/Mineral Supplement and ASD

• RCT of oral vitamin/mineral supplement for 3 months with
141 children and adults with ASD

• Improved the nutritional and metabolic status of children
with autism, including improvements in methylation, GSH,
oxidative stress, sulfation, ATP, NADH, and NADPH

• The supplement group had significantly greater
improvements than did the placebo group on the Parental
Global Impression-Revised Average Change (P = .008),
Hyperactivity (P = .003), and Tantrumming (P = .009)

ATP = adenosine-5'-triphosphate; NADH = nicotinamide adenine dinucleotide; NADPH = 
nicotinamide adenine dinucleotide phosphate.
Adams JB, et al. BMC Pediatr. 2011;11:111.

Diet

• Inconsistencies between parent reports and the results of
clinical trials for a gluten-free casein-free diet in children
with autism with no RCT showing benefit

• Several studies suggest a relationship between non-celiac
gluten sensitivity and autism

• Detailed metabolic screening in a Greek cohort of ASD
patients revealed biomarkers (urine 3-hydroxyisovaleric
acid and serum b-OH-b) in 7% (13/187) of patients for
whom biotin supplementation or institution of a ketogenic
diet resulted in mild to significant clinical improvement in
autistic feature

• Specific carbohydrate diet
Cheng JX, et al. Adolesc Med State Art Rev. 2013;24(2):446-464. Catassi C, et al. Nutrients. 
2013;5(10):3839-3853. Spilioti M, et al. Front Hum Neurosci. 2013;7:858. Autism Network for Dietary 
Intervention. www.autismndi.com/news/advanced-dietary-interventions/the-specific-carbohydrate-
diet-scd.html#.U4NJisZ216k. Accessed June 25, 2014.

Microbiota Modulate Behavioral and Physiological
Abnormalities Associated with Neurodevelopmental Disorders

• Demonstrate GI barrier defects and microbiota alterations in
the MIA mouse model that is known to display features of
ASD

• Oral treatment of MIA offspring with the human commensal
Bacteroides fragilis corrects gut permeability, alters
microbial composition, and ameliorates defects in
communicative, stereotypic, anxiety-like, and sensorimotor
behaviors

• Support a gut-microbiome-brain connection in a mouse
model of ASD and identify a potential probiotic therapy for
GI and particular behavioral symptoms

MIA = maternal immune activation.
Hsiao EY, et al. Cell. 2013;155(7):1451-1463.



Pancreatic Digestive Enzymes

• Enzyme deficiencies in children with autism result in an
inability to digest protein

• The inability to digest protein affects the production of amino
acids essential for brain function

• RCT completed but not published

• Biomarker – fecal chymotrypsin

ClinicalTrials.gov Identifier: NCT00881452, NCT00912691.

Adult Autism Tx Study

Presented at: 13th Annual International Meeting for Autism Research (IMFAR); May 17, 2014. Abstract 
176.111. 

• VANILLA (Vasopressin Antagonist to Improve Social
Communication in Autism) study (Level 3)

• Works by blocking a brain receptor of the vasopressin
receptor that is associated with control of stress, anxiety,
affection, and aggression

• Finished 4 stages with 154 high functioning ASD males
ages 18 to 45 years. Participants take either 1.5 mg or 4
mg or 10 mg or placebo daily for 12 weeks

• Study recently closed and 2 new studies opened – one for
adolescents and another for adults

Other Treatments for ASD (Levels 2 & 3)

ABC = Aberrant Behavior Checklist; SRS = Social Responsiveness Scale; CGI-I = Clinical Global Impression 
Improvement Scale. Singh K, et al. Proc Natl Acad Sci U S A. 2014;111(43):15550-15555. Aoki Y, et al. Brain. 
2014;137(Pt 11):3073-3086.

• Sulforaphane: After 18 weeks, participants receiving placebo
experienced minimal change (<3.3%), compared to those
receiving sulforaphane showed improvement of behavior:
34% for ABC (P < .001); 17% for SRS (P = .017); CGI-I (P =
.015 - .007). Upon discontinuation, total scores on all scales
rose toward pretreatment levels

• Oxytocin: Behaviorally, oxytocin significantly increased the
correct rate in inferring others’ social emotions. At the neural
level, the peptide significantly enhanced the originally-
diminished brain activity in the right anterior insula during
inferring others’ social emotions (P = .004), but not in the
dorsomedial prefrontal cortex during inferring others’ beliefs
(P = .858).

Other Considerations

THC = tetrahydrocannabinol; CBD = cannabidiol.
Hollander E, et al. Am J Psychiatry. 2012;169(3):292-299. Krueger DD, et al. Neuron. 2013;78(3):408-
410. Han S, et al. Nature. 2012;489(7416):385-390. Adams JB. Vitamins & Minerals. 2015;4(1). 
http://autismnrc.org/assets/images/PDF%20Files/vitaminmineral-supplements-for-children-and-
adults-with-autism-2376-1318%201000127.pdf. Accessed June 16, 2015.

• Mitochondrial function

• Medical marijuana/THC/CBD and the endocannabinoid
systems (Level 4)

• GABA-A (Level 3)

• Vitamins and Mineral Supplements (Level 2)

– Relatively high doses of Vitamins B1, B2, B3, B5, B6, B12, biotin, folate, C,
D, and K

– Folate instead of folic acid

– MSM (a good source of sulfate which is low in many ASD)

– Low-dose lithium (more than 100× below the levels when it is used as a 
psychiatric medication



Integrated Approach to 
Autism Treatment

Hendren RL. Child Adolesc Psychiatr Clin N Am. 2013;22(3):443-456. 

• Medical – genetic, neurology, GI, other medical symptoms

• Ancillary – speech, OT

• Behavioral

• Treat associated symptoms – pharmacology

• Biomedical assessment and treatments – melatonin,
omega-3, vitamin D3, probiotics, digestive enzymes
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