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Who Am I?

 DNP Johns Hopkins
 C-PNP University of Texas at Austin 
 Certified Clinical Nutritionist
 Pediatric Primary Care Mental Health 

Specialist  
 Institute of Functional Medicine 

Certified Practitioner
 Founder/owner of Neuronutrition

Associates 2015
 Specialization: pediatric functional 

medicine, neuro focused, nutrition
 Mom of two, wife, nature lover, dog 

lover 

“Let your mind be open, but not 
so open your brain falls out.” 

Johns Hopkins 
University 

Institute of 
Functional Medicine 

Clinical Experience
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Learning Objectives 
1. Discover key concepts in pediatric integrative and 

functional medicine
2. Explore underlying pathologies with common pediatric 

mental health disorders
3. Discover ways to approach patient evaluation and 

assessment
4. Learn evidence-based nutraceuticals and integrative 

therapies for OCD, anxiety, depression, and ADHD
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IM & FM often used together

Integrative Medicine
• Asks the question what ELSE 

can I use for this condition 
outside of allopathic training? 
• Mind body therapies
• Energy work
• Nutraceuticals
• Herbs
• Exercise
• Diet

• Asks the question WHY this 
condition exists?
• What was the trigger?
• What are the underlying 

imbalances?
• What mediates and 

perpetuates this condition?
• WHY, WHY, WHY, WHY???

Functional MedicineVS. 

What is Functional Medicine?

A biological systems-based approach to treating 
the root cause of illness by looking at the 

interactions between the genetic, environmental, 
and lifestyle factors of an individual. By shifting 

the traditional disease-centered focus of medical 
practice to a more patient-centered approach, 

functional medicine addresses the whole person, 
not just an isolated set of symptoms.
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Mediators 
cytokines, prostanoids, nitric oxide, kinins, 
hormones, neurotransmitters, free radicals

Antecedents 
experiences, past illness, occupational exposure, 

nutrition, lifestyle

Triggers
microbes, allergens, trauma, toxins, etc.

Feed-
forward

cycle

*Used with permission from The Institute for Functional 
Medicine (IFM), the global leader in Functional Medicine 
and a collaborator in the transformation of healthcare. 
IFM is a 501(c)(3) nonprofit organization that believes 
functional medicine can help every individual reach their 
full potential for health and well-being. Under no 
circumstances may the whole or any part of the materials 
be translated into another language, nor may you create 
derivative or other works without IFM’s prior written 
permission (for permission please 
contact permissions@ifm.org).

• N of 1 medicine (systems biology)
• Paradigm shift in approaching chronic disease
• Prescriptions are not the only solution (no single 

”pill” for an ”ill”)
• Requires critical thinking, creativity, patient 

collaboration  
• New set of tools in your provider toolbox
• You don’t always find the “why”,  but you have a 

framework for looking for it
• Complimentary to allopathy, not exclusive to it    

Pearls of Functional Medicine 

• Where are your patients starting on this continuum?

• Where are you on the continuum?

• How can we start to shift towards optimal health?
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Systems Biology: Five Core Areas of Focus 
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Immune (Defense 
& Repair)

Gut (Assimilation & 
Elimination)

Nutrition (Energy 
Balance & Deficit)

Genetics (Cellular 
Communication & 

Function)

Toxicity 
(Biotransformation 

& Elimination) Family System
Growth & Development

Mental & Emotional
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Nutrition 
(Energy Balance & 

Deficit)

Address Nutrition FIRST
Nutrition 101: Basic Principles 

• Increase consumption of fruits, veggies, legumes, proteins 
• Eat whole foods, unprocessed, and unrefined
• Limit added sugars, always avoid high fructose corn syrup
• Meals should aim for a combination of fats, proteins, 

carbohydrates (rich in fiber and antioxidants)
• Water consumption should = half your body weight in ounces 
• All calories are not equal or the only thing to count for weight loss 
• Children often suffer from having low variety (selective eating) 

and low quality (nutritional density) in their diets
• Nutrition is one factor, absorption is another 
• Emotional/spiritual factors effect nutrition
• Parents beliefs about nutrition are key to successful change 
• Access to food is not equal across diverse populations 
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Common Nutrient Deficiencies in Children  
• Iron- low energy, pale 

appearance, diet heavy in dairy, 
restless sleep
• Zinc- brittle ridged nails, picky 

eater, poor immune resilience
• Magnesium- constipation, 

muscle aches and pains, anxiety, 
poor sleep
• Fatty Acids/Omega- low 

cholesterol, dry skin, poor 
satiety, dry eyes
• B Vitamins- anemia, poor 

methylation
• Vitamin D- “asymptomatic”, 

frequent or more severe 
illnesses, depression 

Iron Deficiency 
• AAP defines anemia if hemoglobin concentration of less than 11.0 g/dL for 

both male and female children aged 12 through 35 months; universal 
screening at 12 months 

• 4 months of age, breastfed infants should be supplemented with 1 mg/kg 
per day of oral iron beginning at 4 months of age until appropriate iron-
containing complementary foods

• Vitamin B12 or folate deficiency can result in a low Hb concentration; 
preterm infants, BF infants, picky eaters, vegan/vegetarians, chronic illness 
and chronic inflammation are risk factors for iron/mineral deficiency 

• Iron deficiency can alter structural and metabolic components of the brain 
involved in memory and learning (hippocampus, basal ganglia, and cerebral 
cortex) by impairing oligodendrocyte functioning, myelin synthesis, brain 
energy utilization, and neurotransmitter metabolism

• Test to consider: CBC, Iron/IBC, ferritin 
• 3mg/kg/day of elemental iron x 1-3 months for replacement; avoid dairy, 

give with citrus
18

The WHO Iron Replacement Recommendations 
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Replacement for all ages is 3 
consecutive months 

• 10 mg to 12.5 mg of elemental iron 
daily age 6 to 23 months who were 
born at term

• 30 mg of elemental iron daily for 
children age 24 to 59 months

• 30 mg to 60 mg daily for children 5 
to 12 years of age and for 
menstruating, non‐pregnant 
female adolescents
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Iron References

Centers for Disease Control and Prevention (CDC). Recommendations to prevent and control 
iron deficiency in the United States. MMWR Recomm Rep 1998;47:1-29.

Robert D. Baker, Frank R. Greer, The Committee on Nutrition; Diagnosis and Prevention of 
Iron Deficiency and Iron-Deficiency Anemia in Infants and Young Children (0–3 Years of 
Age). Pediatrics November 2010; 126 (5): 1040–1050. 10.1542/peds.2010-2576

Baker RD, Greer FR. Diagnosis and prevention of iron deficiency and iron-deficiency anemia in 
infants and young children (0-3 years of age). Pediatrics 2010;126:1040-50.

World Health Organization. Guideline: daily iron supplementation in infants and children. 
Geneva, Switzerland: World Health Organization,2016.

Finkelstein JL, Herman HS, Guetterman HM, Peña‐Rosas JP, Mehta S. Daily iron 
supplementation for prevention or treatment of iron deficiency anaemia in infants, children, 
and adolescents. Cochrane Database Syst Rev. 2018 Dec 17;2018(12):CD013227. doi: 
10.1002/14651858.CD013227. PMCID: PMC6517129.
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Clinical Benefits of Zinc
• Zinc binds to proteins in the brain and contributes to how the brain is 

structured, develops, and how it functions

• Lower levels of serum zinc have been associated in population studies to 
correlate with 28% higher levels of depression; replacing zinc has been 
shown efficacious in reducing or alleviating depressive symptoms 

• Zinc levels in patients with attention disorders are likely to be low

• In a double-blind, placebo-controlled trial, they replaced zinc in children with 
ADHD, and it significantly reduced hyperactivity, impulsivity, and impaired 
socialization compared to placebo

Bilici M, Yildirim F, Kandil S, Bekaroğlu M, Yildirmiş S, Değer O, Ulgen M, Yildiran A, Aksu H. Double-blind, placebo-controlled 
study of zinc sulfate in the treatment of attention deficit hyperactivity disorder. Prog Neuropsychopharmacol Biol 
Psychiatry. 2004 Jan;28(1):181-90. doi: 10.1016/j.pnpbp.2003.09.034. PMID: 14687872.

Food Sources  Mg/serving   % of DV 
Oysters 74.0 673
Beef 5.3-7.0 48-64
Crab 6.5 59
Lobster 3.4 31
Pork 2.9 26
Beans 2.9 26 

• Vegetarians and picky eaters are at increased risk for deficiency
• Side effects- GI upset- take with food, intranasally (anosmia)
• Watch the UTL and recheck lab values over time 

https://ods.od.nih.gov/factsheets/Zinc-HealthProfessional/#en2
Reference: https://naturalmedicines.therapeuticresearch.com/databases/food,-herbs
supplements/professional.aspx?productid=982#effectiveness
Ghoreishy, S.M., Ebrahimi Mousavi, S., Asoudeh, F. et al. Zinc status in attention-deficit/hyperactivity disorder: a systematic 
review and meta analysis of observational studies. Sci Rep 11, 14612 (2021). https://doi.org/ 10.1038/ s41598-021-94124-5

Zinc Continued

• Magnesium has been shown to have neuroprotective effects, 
preventing post-hypoxic brain injury by blocking the excess 
release of glutamate in the calcium channel

• Extracellular magnesium is critical to both maintaining nerve 
and muscle electrical potentials and transmitting impulses 
across neuromuscular junctions 

• Plays an essential role in more than 300 
cellular reactions

Magnesium

Reference:
Slutsky I, Abumaria N, Wu LJ, Huang C, Zhang L, Li B, Zhao X, Govindarajan A, Zhao MG, Zhuo M, Tonegawa S, Liu G. 
Enhancement of learning and memory by elevating brain magnesium. Neuron. 2010 Jan 28;65(2):165-77. doi: 
10.1016/j.neuron.2009.12.026. PMID: 20152124.

Clinical Benefits of Magnesium

• Activates nerve channels in the brain that are fundamental to the 
process of learning, memory, and function

• Lowers excitatory neurotransmitter glutamate in the brain; high 
glutamate can contribute to agitation, irritability, treatment 
resistant depression, headaches, insomnia, anxiety, and inattention

• A study evaluating over 100 children with ADHD, found that 95% of 
them were magnesium deficient

• Improves executive function and cognitive processing; can reduce 
hyperactivity, aggression, and inattention
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• Dietary sources of magnesium include legumes, whole grains, 
vegetables (especially broccoli, squash, and green leafy 
vegetables), pumpkin*, chia seeds, and nuts (especially almonds 
and cashews)

• Multiple different salt forms: magnesium threonate enhances 
memory and learning (crosses BBB more easily); citrate for 
bowels; glycinate for body

• Picky eaters at risk for deficiency; Epsom salt (mg sulfate) baths are 
alternatives to oral administration

References:
Clerc P, Young CA, Bordt EA, Grigore AM, Fiskum G, Polster BM. Magnesium sulfate protects against the bioenergetic 
consequences of chronic glutamate receptor stimulation. PLoS One. 2013 Nov 13;8(11):e79982. doi: 
10.1371/journal.pone.0079982. PMID: 24236167; PMCID: PMC3827425.
Hemamy, M., Pahlavani, N., Amanollahi, A. et al. The effect of vitamin D and magnesium supplementation on the mental 
health status of attention-deficit hyperactive children: a randomized controlled trial. BMC Pediatr 21, 178 (2021). 
https://doi.org/10.1186/s12887-021-02631-1

*pumpkin seeds have the highest magnesium content; 1oz =168 mg

Vitamin D Deficiency

• Risks for Vitamin D deficiency: lower D food intake, limited 
exposure to sunlight, poor kidney conversion to active form, or 
limited GI absorption
• Prolonged and severe vitamin D deficiency can be manifested as 

rickets; failure of bone tissue to become properly mineralized
• Some associations between low D and depression; however 

mixed results in the literature (sunshine exposure and mental 
health)?
• Ideal range of 25-hydroxyvitamin (D3) >50ng/ml up to 100ng/ml
• Toxicity may occur when levels are > 150ng/ml

26

NIHODS Vitamin D UTL Recommendations
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References: 
Manson JE, Brannon PM, Rosen CJ, 
Taylor CL. Vitamin D Deficiency - Is 
There Really a Pandemic? N Engl J 
Med. 2016 ;375(19):1817-1820.
Anglin RES, Samaan Z, Walter SD, 
McDonald SD. Vitamin D deficiency 
and depression in adults: Systematic 
review and meta-analysis. The 
British Journal of Psychiatry 
2013;202:100-7.
https://ods.od.nih.gov/factsheets/Vi
taminD-HealthProfessional/ 
Retrieved Feb 2, 2023. 

25 26

27 28



Essential Fatty Acids 

• The two major classes of polyunsaturated fatty acids (PUFAs) are omega-3s and 
omega-6s; omega-3s (which contain EPA and DHA) play important roles in the 
body as components of the phospholipids that form the structures of cell 
membranes

• High concentrations of DHA are present in the cellular membranes of the brain and 
retina. DHA is important for fetal growth and development (until 2 years of age)

• The AAP recommends breastfeeding women consume 200–300 mg DHA. This can 
be accomplished by consuming 1-2 servings of fish (such as salmon, herring, 
sardines, and trout, those lower in mercury) per week to guarantee a sufficient 
amount of DHA in breast milk

29

Reference: National Institute of Health Office of Dietary Supplements; 
https://ods.od.nih.gov/factsheets/Omega3FattyAcids-HealthProfessional/

References: 
Lewis M, Ghassemi P, Hibbeln J. Therapeutic use of omega-3 fatty acids in severe head trauma. Am J Emerg
Med. 2013;31:273.e5–8.
Wu A, Ying Z, Gomez-Pinilla F. The salutary effects of DHA dietary supplementation on cognition, neuroplastisity, and 
membrane homeostasis after brain trauma. J Neurotrauma. 2011;28:2113–22.
Pu H, Jiang X, Wei Z, Hong D, Hassan S, Zhang W, Liu J, Meng H, Shi Y, Chen L, Chen J. Repetitive and Prolonged Omega-3 Fatty 
Acid Treatment After Traumatic Brain Injury Enhances Long-Term Tissue Restoration and Cognitive Recovery. Cell Transplant. 
2017 Apr 13;26(4):555-569. doi: 10.3727/096368916X693842. Epub 2016 Nov 24. PMID: 27938482; PMCID: PMC5531869.

• Provides antioxidation support 
• Counteracts oxidative damage
• Limits excitation 
• Protects membranes
• Aids in neurogenesis 
• EPA/DHA readily cross the BBB

Therapeutic Effect of Omegas

Omegas and Brain Pathology

References:
Liao Y, Xie B, Zhang H, He Q, Guo L, Subramanieapillai M, Fan B, Lu C, McIntyre RS. Efficacy of omega-3 PUFAs in depression: A 
meta-analysis. Transl Psychiatry. 2019 Aug 5;9(1):190. doi: 10.1038/s41398-019-0515-5. Erratum in: Transl Psychiatry. 2021 Sep 
7;11(1):465. PMID: 31383846; PMCID: PMC6683166.
Omega-3 fatty acid supplementation in severe brain trauma: case for a large multicenter trial
J Neurosurg Volume 133 • August 2020

Omega 3 fatty acids have evidence for treating brain and mental 
health disorders such as ADHD, depression, brain injury and autism. 

Omega replacement therapy should follow 3 basic principles:
1. Higher EPA/DHA ratio (2:1) in most brain related pathologies 
except for young children (<2 years old), and TBI, then DHA should be 
higher
2. The duration of therapy to see efficacy is an average of 3 months 
3. The general dose no less than 1 gram/day for children 6-12, and at 
least 2 grams/day for those 12 and older

Omega 3 Fatty Acid Recommendations 

32

Chang JP, Su KP. Nutritional Neuroscience as Mainstream of Psychiatry: The Evidence- Based Treatment Guidelines for 
Using Omega-3 Fatty Acids as a New Treatment for Psychiatric Disorders in Children and Adolescents. Clin 
Psychopharmacol Neurosci. 2020 Nov 30;18(4):469-483. doi: 10.9758/cpn.2020.18.4.469. PMID: 33124582; PMCID: 
PMC7609218.

ADHD Autism Major Depressive Disorder

Reference:
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Gut 
(Assimilation & 

Elimination)

• Weed the garden- address dysbiosis-
bacterial, fungal, protozoal; antigenic/allergic 
foods

• Seed the garden- pre and probiotic rich 
foods (fermented foods, garlic, asparagus, 
banana, honey, kefir, yogurt, onions)

• Grow the garden- fiber, both insoluble and 
soluble (cucumbers, apples, beans, legumes, 
nuts, seeds)

References: Fasano A. Zonulin, regulation of tight junctions, and autoimmune diseases. Ann N Y Acad Sci. 2012;1258:25-33. 
doi:10.1111/j.1749-6632.2012.06538.x.
Valdes A M, Walter J, Segal E, Spector T D. Role of the gut microbiota in nutrition and 
health BMJ 2018; 361 :k2179 doi:10.1136/bmj.k2179

Balancing The Gut

• IgE verses IgG testing 
• Most common dietary triggers- gluten, dairy, egg, nuts, soy
• Intolerances- histamines, nightshades, dyes, additives, high 

FODMAP, glyphosate (pesticides)
• Non celiac gluten sensitivity verses true celiac 
• Many food intolerances; evaluate for increased 

intestinal permeability
• Mom and baby are one - they must be on

the same diet if breast feeding 
• Gold Standard: 21-day elimination diet  

Food Allergy/Intolerance Exploration

Guo H, Jiang T, Wang J, Chang Y, Guo H, Zhang W. The value of eliminating foods according to food-specific immunoglobulin 
G antibodies in irritable bowel syndrome with diarrhoea. J Int Med Res. 2012;40(1):204-10. doi: 
10.1177/147323001204000121. PMID: 22429360.
Leonard MM, Sapone A, Catassi C, Fasano A. Celiac Disease and Nonceliac Gluten Sensitivity: A Review. JAMA. 2017 Aug 
15;318(7):647-656. doi:10.1001/jama.2017.9730. Review.

N-of-1 diet (5 Rights)
• Right patient (readiness, 

appropriateness)
• Right goals for current health 

status 
• Right timing and duration 
• Right dose of core components
• Right nutritional plan

Types of Nutrition Plans: 
Autoimmune Paleo Diet 
*Mediterranean Diet 
Low FODMAP Diet 
Keto Diet 
Specific Carbohydrate Diet
Carnivore Diet 
Gluten Free Diet 

What is the right 
nutrition plan?

* Likely the most widely accepted across all populations and specialties 

33 34

35 36



RX Enteragam is a serum derived bovine immunoglobulin/protein isolate 
packaged as a prescription medical food. 

• Efficacy in SIBO, IBD, IBS
• Binds to: LPS, C Diff Toxin (A & B), Candida Albicans, Gliadin, E coli, 

H. Pylori, Staphylococcus, Klebsiella Pneumonia, Salmonella 
Typhimurium, Serratia Marcescen, and more

• FDA approved for ages 6 months and older

Reference:
Open Journal of Gastroenterology, 2014, 4, 329-334 Published Online October 2014 in SciRes. 
http://www.scirp.org/journal/ojgas http://dx.doi.org/10.4236/ojgas.2014.410047 

Bovine immunoglobulins have 
been shown to improve IBS 
symptoms in children down to 6 
months. The mechanism of action 
is binding microbial components 
(such as yeast, dysbiotic bacteria, 
and food antigens), helping the 
GI tract achieve homeostatic 
balance, improving tight junction 
protein expression, and nutrient 
and water absorption. 

Reference: Horgan A, Maas K, Henderson A, Detzel C, Weaver E. Serum-derived bovine immunoglobulin/protein isolate binds 
to pathogen-associated molecular patterns. Poster presented at: Federation of American Societies for Experimental Biology; 
April 26-30, 2014; San Diego, CA.
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Immune 
(Defense & Repair)

Immune Activation in Mental Health  

40

• In neuropsychiatric illnesses, the immune system plays a pivotal role
• The microbiota-immune axis is the central mediator of the gut brain 

connection 
• The more inflammation a patient has, the more likely their genetic 

predisposition for mental health manifestations may occur 
• A striking example of this is PANDAs/PANs
• Uncontrolled and chronic inflammation (TNFa, IL6) can be a key part 

of the pathogenesis of severe mental health disease 

Konuk N, Tekin IO, Ozturk U, Atik L, Atasoy N, Bektas S, Erdogan A. Plasma levels of tumor necrosis factor-alpha and 
interleukin-6 in obsessive compulsive disorder. Mediators Inflamm. 2007;2007:65704. doi: 10.1155/2007/65704. Epub 2007 
Feb 27. PMID: 17497035; PMCID: PMC1847475.

References: Fung TC. The microbiota-immune axis as a central mediator of gut-brain communication. Neurobiol Dis. 
2020 Mar;136:104714. doi: 10.1016/j.nbd.2019.104714. Epub 2019 Dec 14. PMID: 31846737.

Khandaker GM, Zammit S, Burgess S, Lewis G, Jones PB. Association between a functional interleukin 6 receptor genetic 
variant and risk of depression and psychosis in a population-based birth cohort. Brain Behav Immun. 2018 Mar;69:264-
272. doi: 10.1016/j.bbi.2017.11.020. Epub 2017 Dec 2. PMID: 29197507; PMCID: PMC5871397.
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What is PANDAs and PANS?
PANS (“Pediatric Acute-onset Neuropsychiatric Syndrome”) is a clinically defined 
disorder characterized by the sudden onset of obsessive-compulsive symptoms 
(OCD) or eating restrictions, concomitant with acute behavioral deterioration in 
at least two designated domains. Comorbid PANS symptoms may 
include: anxiety, sensory amplification or motor abnormalities, behavioral 
regression, deterioration in school performance, mood disorder, urinary 
symptoms and/or sleep disturbances.

PANDAS (“Pediatric Autoimmune Neuropsychiatric Disorders Associated with 
Streptococcal Infections”) is a subset of PANS

PANS does not require a known trigger, although it is believed to be triggered by 
one or more pathogens.

Reference: PANDAS Physician Network. https://www.pandasppn.org. Retrieved 2/1/23. 

Hypothesis of PANs Etiology 
• Overactive or under active immune systems 
• Poor regulatory control over inflammation
• Autoimmune inflammatory activation  
• Microglial activation (aggressive immune cell activation in brain)
• Development of n-methyl D-aspartate (NMDA) antibodies
• mTOR signaling pathway gene mutations and/or mTOR 

dysregulation- might be responsible for immune disturbance, 
microglial activation and mitochondrial dysfunctions at the same 
time

Reference:
Elshahawi HH, Taha GRA, Azzam HME, El Ghamry RH, Abdelgawad AAM, Elshiekh MAAA. N-Methyl-d-aspartate (NMDA) 
receptor antibody in relation to autism spectrum disorder (ASD): presence and association with symptom profile. Middle 
East Curr Psychiatry. 2021;28(1):62. doi: 10.1186/s43045-021-00141-5. Epub 2021 Nov 1. PMCID: PMC8557968.

Throat culture, anal culture 
Influenza A & B
Candida
Mycoplasma
ASO (strep)
DNASE (strep)
EBV
Varicella
Lyme
Bartonella
Borrelia
Babesia
Ehrlich chaffeensis (Lone Star Tick)

COVID
Pneumococcal antibodies 
Coxsackie A and B 
HSV-1
HHV-6, 7
HSV-2
Parvo B-19
CMV
Chlamydia pneumonia
Immunoglobulin panel (IgG, 
IgA, IgM)
Heavy metals (lead, mercury, 
arsenic)

PANs Blood Work Up
Let the history guide you, but ALWAYS check for strep 

IgM= Active Infection, IgG=Past Infection (or vaccine exposure)

• Don’t EVER delay treating strep (don’t be afraid of antibiotics)
• Ask for a throat swab (rapid) and culture
• Check for anal strep signs
• ALWAYS change out your toothbrush 2 days after beginning treatment
• If you have chronic strep in your family, members need evaluation
• Sometimes tonsillectomy helps (especially with disordered sleep, big tonsils)

Medications to be considered, depending on the child:

• Antibiotics 
• Antifungals 
• Antivirals 
• Antiparasitics
• Anti-inflammatories 
(steroids, NSAIDs)

Treating PANs

• IVIG 
• Immunomodulating drugs (rituximab)
• Serotonin agents/SSRIs 
• Emerging: Medications to regulate 

mTOR (mTOR inhibitors)

*Be aware when 
an illness 
comes, 
worsening 
autism is 
unlikely, PANs is 
more likely if 
there are classic 
PANs 
symptoms.
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Genetics 
(Cellular 

Communication 
& Function)

Genetic Vulnerability in PANs
Tumor Necrosis Factor Alpha  
• proinflammatory cytokine 

that is highly expressed in the 
brain and can easily cross the 
blood-brain barrier

• Elevated levels associated 
with AE, tics, OCD

• Homozygous polymorphism 
detected in 86.5% of patients 
with PANs but zero in controls

Mannose-Binding Lectin 2
• Gene that regulates proteins that 

recognize and bind to sugars 
(mannose, fucose, and glucose) on 
surfaces of bacteria, viruses, and 
yeast.

• Once bound, the lectin pathway of 
the complement system is activated, 
and an immune 
response/inflammation is induced

• SNPs can lead to 24-30% LESS MBL2
• PANs is 14.5x more likely to have 

SNP

Genetic Vulnerability In Depression 

47

5-Hydroxytryptamine Receptor 1A (HTR1A/lower serotonin signaling)
Individuals with this SNP over downregulate the production and release of 
serotonin, resulting in lower serotonin in various regions of the brain, which is 
associated with depression.
G allele associated with generalized anxiety disorder and major depression (OR = 
2.82)
5-Hydroxytryptamine Receptor 2A (HTR2A/lower GABA, higher cortisol, and 
lower serotonin)
This SNP encodes a serotonin receptor that modulates many other 
neurotransmitters throughout the body. It is associated with higher cortisol 
and lower GABA. Antidepressants bind to HTR2A antagonistically to help in 
depression via mechanisms beyond serotonin levels. 
A allele associated with increased response to SSRI and SNRI antidepressants (OR = 
1.92)

Genetic Vulnerability in OCD and Anxiety 

48

Solute Carrier Family 1 Member 1 (SLC1A1/higher glutamate)
Individuals with this SNP are prone to higher glutamate. Glutamate is a 
neurotransmitter that can irritate and overexcite the brain. Glutamate in excess 
can contribute to OCD such as nail-biting, skin picking, and hair pulling.

Neuropeptide S Receptor 1 (NPSR1/increased hyper-alertness and anxiety)
Individuals with this SNP tend to have overactive "wakefulness" in the brain that 
can induce anxiety and panic, increased flushing response, and increased 
histamine release during times of stress
10x greater NPSR1 activation; excessive arousal, anxiety, fear, and panic
Catechol-O-Methyltransferase (COMT/increased adrenaline)
Individuals with this SNP have a reduced ability to break down catecholamines 
such as adrenaline, norepinephrine, and dopamine. Increased levels of  
catecholamines can result in anxiety.

Increased risk of "hoarding" (OR = 2.14) and "ordering" (OR = 2.01)

Increased risk for panic disorder (OR = 2.38)
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Genetic Vulnerability in Attention Disorders

49

Dopamine Beta-Hydroxylase (DBH/lower norepinephrine, higher dopamine)
Individuals with this SNP are prone to have lower levels of norepinephrine 
(attention, concentration, and behavioral control) and higher dopamine (drive 
for reward, impulsivity, and increased movement).
2 DBH genes- if both have mutations can increase risk of ADHD by 15x 

Cadherin-13 (CDH13/decreased remodeling of the brain, higher GABA, and 
lower adiponectin)
This SNP is associated with less ability to "remodel" or break down old cell-cell 
connections in the memory center of the brain. This makes learning new 
materials more difficult.
Increased risk of ADHD (OR = 2.24)

50

Genetic References
Luleyap HU, Onatoglu D, Yilmaz MB, Alptekin D, Tahiroglu AY, Cetiner S, Pazarbasi A, Unal I, Avci A, Comertpay G. 
Association between pediatric autoimmune neuropsychiatric disorders associated with streptococcal infections disease 
and tumor necrosis factor-α gene-308 g/a, -850 c/t polymorphisms in 4-12-year-old children in Adana/Turkey. Indian J 
Hum Genet. 2013 Apr;19(2):196-201. doi: 10.4103/0971-6866.116116. PMID: 24019622; PMCID: PMC3758727.
Çelik GG, Taş DA, Tahiroglu AY, Erken E, Seydaoğlu G, Ray PÇ, Avci A. Mannose-Binding Lectin 2 Gene Polymorphism in 
PANDAS Patients. Noro Psikiyatr Ars. 2018 Oct 25;56(2):99-105. doi: 10.29399/npa.22811. PMID: 31223240; PMCID: 
PMC6563857.
Molina E, Cervilla J, Rivera M, Torres F, Bellón JA, Moreno B, King M, Nazareth I, Gutiérrez B. Polymorphic variation at the 
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Toxicity 
(Biotransformation 

& Elimination) 

How do our children become 
toxic?

Total toxic exposure
-Ability to biotransform
-Ability to excrete toxins
=TOTAL TOXIC LOAD
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Could Toxicity Be Playing a Role?

What is the pesticide and chemical load in their diet? Phalates? BPA? 
Glyphosate?

What are they putting on their skin? Parabens, dyes, aromatic 
amines?

Is their water clean? Heavy metals (arsenic, mercury, lead) 
contaminates? 

Are they living in a home contaminated with mold? Smoke? 
Pollution? VOCs?

Do they have genetic susceptibilities to not detox well?
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Rahman MM, Shu YH, Chow T, Lurmann FW, Yu X, Martinez MP, Carter SA, Eckel SP, Chen JC, Chen Z, Levitt P, Schwartz J, 
McConnell R, Xiang AH. Prenatal Exposure to Air Pollution and Autism Spectrum Disorder: Sensitive Windows of Exposure 
and Sex Differences. Environ Health Perspect. 2022 Jan;130(1):17008. doi: 10.1289/EHP9509. Epub 2022 Jan 18. PMID: 
35040691; PMCID: PMC8765363.
Rachel Morello-Frosch, Lara J. Cushing, Bill M. Jesdale, Jackie M. Schwartz, Weihong Guo, Tan Guo, Miaomiao Wang, Suhash
Harwani, Syrago-Styliani E. Petropoulou, Wendy Duong, June-Soo Park, Myrto Petreas, Ryszard Gajek, Josephine Alvaran, 
Jianwen She, Dina Dobraca, Rupali Das, and Tracey J. Woodruff
Environmental Science & Technology 2016 50 (22), 12464-12472
DOI: 10.1021/acs.est.6b03492

• We can pass environmental 
toxicants to our newborns.  Cord 
blood has shown higher levels of 
toxicants than mothers blood

• Prenatal exposure to air pollution 
can increase risk for ASD 

• Lack of antioxidants (glutathione) 
impairs your ability to eradicate 
environmental pollutants 
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• Common toxic heavy metals include lead, arsenic, mercury, 
aluminum, and cadmium

• Low blood lead levels (<5μg/dL) have been associated with 
inattentive and hyperactivity symptoms and learning 
difficulties in school-aged children. 

• The CDC does not recommend treatment under 5 μg/dL . 
Reference: 
Kim Y, Cho SC, Kim BN, Hong YC, Shin MS, Yoo HJ, Kim JW, Bhang SY. Association between blood lead levels (<5 μg/dL) and 
inattention-hyperactivity and neurocognitive profiles in school-aged Korean children. Sci Total Environ. 2010 Nov 
1;408(23):5737-43. doi: 10.1016/j.scitotenv.2010.07.070. Epub 2010 Sep 9. PMID: 20825975.

Oxidative Stress From Toxicity 

• Organophosphate (insecticide) exposure 
may contribute to ADHD prevalence

• Phthalates (plastic products) have been 
associated with aggression, conduct 
problems, attention problems, depression, 
externalizing problems, and emotional 
control

Bouchard MF, Bellinger DC, Wright RO, Weisskopf MG. Attention-deficit/hyperactivity disorder and urinary metabolites 
of organophosphate pesticides. Pediatrics. 2010 Jun;125(6):e1270-7. doi: 10.1542/peds.2009-3058. Epub 2010 May 17. 
PMID: 20478945; PMCID: PMC3706632.
Kim et al. (2009). Phthalates Exposure and Attention-Deficit/Hyperactivity Disorder in School-Age Children. 
Biological Psychiatry, 66(10), 958-963

References:
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Decreasing Toxicity Basics 

• Filter water 
• Eliminate plastics 
• Filter air 
• Avoid pesticides,     
insecticides, and fertilizers 
• Choose organic food when 
feasible (EWG Dirty Dozen)
• Avoid eating large fish from 
the ocean 
• Buy wild caught seafood  
when feasible  
• Buy cleaner products 
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Nutraceuticals 

How can we use them 
clinically?

What has evidence and 
efficacy?

How can we use them to 
support epigenetics?
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Supplements to Support 
Glutamate/GABA Balance in OCD 

and Anxiety 

• Amino acid antioxidant

• Decreases neuronal
glutamate release

• Decreases irritability

• Can reduce motor or 
vocal tics 

N-Acetyl-L-Cysteine (NAC)

References:
McQueen, G., Lally, J., Collier, T. et al. Effects of N-acetylcysteine on brain glutamate levels and resting perfusion in 
schizophrenia. Psychopharmacology 235, 3045–3054 (2018). https://doi.org/10.1007/s00213-018-4997-2
Dean, O., Giorlando, F., & Berk, M. (2011). N-acetylcysteine in psychiatry: current therapeutic evidence and potential 
mechanisms of action. Journal of psychiatry & neuroscience : JPN, 36(2), 78–86. https:// doi.org/10.1503/ jpn.100057

• Can reduce OCD

• Helps increase 
glutathione

• Protects upper airways

• Antiviral, supports 
influenza infections
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Dose Matters!
Glutamate 
modulation 

dose is typically 
2400mg/day NAC is an RX in inhaled and 

injection forms, however 
oral is over the counter

Clinical Benefits of L-theanine 
• Non protein amino acid found in green tea that is the component responsible 

for the promotion of relaxation

• Binds to and down regulates glutamate receptors (that cause excitability in the 
brain) and can increase GABA receptor sensitivity, which can help increase 
calmness in the brain 

• In a clinical trial, after four weeks of l-theanine, stress related symptoms 
decreased, and cognitive function and verbal fluency scores increased

• Another study demonstrated after administration of 200mg of L-theanine, a 
significant increase in alpha (calming) brain waves were noted after 40 minutes

SUNTHEANINE® is a patented 
form of l-theanine that is patented 
for its enzymatic process that 
results in an enantiomerically 
pure l-thenanine. This is not an 
extract of green tea but rather is 
produced via a patented process 
that mimics the natural process in 
green tea leaves, resulting in a 
100% pure L-isomer-theanine.

Read the label closely… are you getting the right form?

Reference: Nathan PJ, Lu K, Gray M, Oliver C. The neuropharmacology of L- theanine(N-ethyl-L-glutamine): a possible 
neuroprotective and cognitive enhancing agent. J Herb Pharmacother. 2006;6(2):21-30. PMID: 17182482.

Supplements to 
Support Increasing 
Serotonin in 
Depression and 
Anxiety 
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Address Methylation • Children with genetic mutations (MTHFR, MTRR, BHMT ) 
in their folate pathways have been associated with 
ADHD behaviors.

• Activated folate is a key precursor in serotonin and 
dopamine synthesis. 

• Methyl folate and folic acid are NOT the same thing
• Dosages of methyl folate to consider are between 1-

15mg QD-BID for ADHD and depression support. 
• Supporting B’s for methylation should include cofactors 

such as B12, B6, and B2
References:
Saha T, Chatterjee M, Verma D, Ray A, Sinha S, Rajamma U, Mukhopadhyay K. Genetic variants of the folate metabolic 
system and mild hyperhomocysteinemia may affect ADHD associated behavioral problems. Prog Neuropsychopharmacol
Biol Psychiatry. 2018 Jun 8;84(Pt A):1-10. doi: 10.1016/j.pnpbp.2018.01.016. Epub 2018 Jan 31. PMID: 29407547.

Clinical Benefits of B12
(methylcobalamin and hydroxycobalamin)

• Required for the development of the nervous system, to make healthy red 
blood cells, and to support DNA synthesis and repair

• Deficiencies in B12 can lead to problems such as pernicious anemia, chronic 
fatigue, developmental delays, mood disorders, and high homocysteine

• B12 metabolism is complex, and genetically inherited, and individuals can have 
problems with absorption and transport of B12, so often they require 
exponentially more B12 than the RDA

• Both methylcobalamin and hydroxycobalamin have been studied in children 
with developmental delay and autism, and found to improve metabolic 
dysfunction as well as decrease autistic symptoms

Clinical Benefits of B6
• Helps regulation of the nervous system by facilitating the development of 

neurotransmitters, such as GABA, serotonin, and dopamine

• Genetic mutations can impair the way B6 is metabolized in the body, such as 
rapid clearance or inactivation, leading to less bioavailability (more common in 
patients with ADHD and seizure disorders)

• Deficiencies in B6 have been correlated with seizure disorders, high 
homocysteine (impaired methylation), autism, depression, MSG reactivity, 
carpel tunnel syndrome, cardiovascular disease, kidney stones, and asthma

• Supplementing with B6 and magnesium has reduced hyperactivity and 
aggression in children with ADHD
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Clinical Benefits of Methyl Folate 
(L-5-methyltetrahydrofolate)

• Over half the population has genetic mutations in their folate genes, 
preventing optimal break down of synthetic folate, or plant derived folate, 
into bioactive forms best for the brain and nervous system 

• Deficiencies in methylated folate can raise the biomarker homocysteine, 
which high levels are correlated with depressive disorders

• Homocysteine is also a toxicant to blood vessels, damaging the structure of 
the vasculature, which then prompts the body to build unwanted plaque to 
repair that damage 

• Methyl folate has been shown to be an effective single agent for depression 
in addition to enhancing SSRI efficacy 

Clinical Benefits of Folinic Acid
• The forgotten form of folate in the supplement world, typically you 

can only find <1mg in formulations, if it is there at all

• Same ingredient as the RX drug Leucovorin 

• Essential for many processes in the body such as DNA and gene 
regulation

• Folinic acid can improve speech and language in children

• Has demonstrated to reduce symptoms of autism, shown to 
improve cognitive function (IQ) and memory in adults 

Clinical Benefits of 5-HTP
(L-5-Hydroxytryptophan)

• Amino acid that is the precursor of the mood regulating neurotransmitter 
serotonin and is made from L-tryptophan

• Bioavailable to the brain and body because it does not have to be converted by 
the enzyme tryptophan hydroxyls 

• Patients who have taken 5-HTP for depression have seen improvements in their 
symptoms and have shown increased rates of depression remission

• In adults, 5-HTP was demonstrated to be equally as effective to those taking it 
for depression as fluoxetine (otherwise known as Prozac)

Clinical Benefits of Saffron Extract
(Crocus Sativus) 

• Proposed mechanism of action for this herbal extract is its role in inhibiting 
serotonin re-uptake

• Several double-blind, randomized, placebo-controlled clinical trials have shown 
saffron can improve mild to moderate depression

• One study showed the same efficacy using saffron as compared to a 
prescription antidepressant medication (Celexa or Citalopram) 

• In a randomized, double blinded study, they gave children the stimulant 
medication, methylphenidate (also known as Daytrana or Quillivant), or saffron 
to treat ADHD, and after 6 weeks, they demonstrated the same efficacy in 
treatment 
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SATIEREAL® is a saffron 
extract (crocus sativus) 
from the stigma of 
the saffron flower. This 
is a highly concentrated, 
standardized, patented 
and propriety extract of 
saffron (standardized to 
>0.3% safranal) used in 
clinical research.

Nutrient References 
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Ghajar A, Neishabouri SM, Velayati N, Jahangard L, Matinnia N, Haghighi M, Ghaleiha A, Afarideh M, Salimi
S, Meysamie A, Akhondzadeh S. Crocus sativus L. versus Citalopram in the Treatment of Major Depressive 
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Supplements to 
support ADHD 

French Maritime Pine/Pycnogenol- Plant compound consisting 
of phenolic acids, catechin, taxifolin and procyanidin 
Given to 61 children over four weeks (1 mg/kg/day) showed 
improvement in ADHD symptoms. 

Standardized Bacopa Monnieri Extract- Ayurvedic herb used in 
India- 31 children were given 225 mg/d for a period of 6 months  
and showed improvement in ADHD 

Trebatická J, Kopasová S, Hradecná Z, Cinovský K, Skodácek I, Suba J, Muchová J, Zitnanová I, Waczulíková I, Rohdewald P, 
Duracková Z. Treatment of ADHD with French maritime pine bark extract, Pycnogenol. Eur Child Adolesc Psychiatry. 2006 
Sep;15(6):329-35. doi: 10.1007/s00787-006-0538-3. Epub 2006 May 13. PMID: 16699814.

Dave UP, Dingankar SR, Saxena VS, Joseph JA, Bethapudi B, Agarwal A, Kudiganti V. An open-label study to elucidate the 
effects of standardized Bacopa monnieri extract in the management of symptoms of attention-deficit hyperactivity disorder 
in children. Adv Mind Body Med. 2014 Spring;28(2):10-5. PMID: 24682000.

Plant Compounds for ADHD

References:
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Phosphatidylserine (PS)
• Natural phospholipid in the brain that appears to increase levels 

of acetylcholine, norepinephrine, serotonin, and dopamine. 
• Children ages 4-14 were given 200mg of PS for 2 months and had 

significant improvement in their symptoms of ADHD.
• Double blinded RCT in 2012 showed significant improvement 

when giving 150mg of PS daily for 15 weeks compared to placebo

Hirayama S, Terasawa K, Rabeler R, Hirayama T, Inoue T, Tatsumi Y, Purpura M, Jäger R. The effect of phosphatidylserine 
administration on memory and symptoms of attention-deficit hyperactivity disorder: a randomised, double-blind, placebo-
controlled clinical trial. J Hum Nutr Diet. 2014 Apr;27 Suppl 2:284-91. doi: 10.1111/jhn.12090. Epub 2013 Mar 17. PMID: 
23495677.
Manor I, Magen A, Keidar D, Rosen S, Tasker H, Cohen T, Richter Y, Zaaroor-Regev D, Manor Y, Weizman A. The effect of 
phosphatidylserine containing Omega3 fatty-acids on attention-deficit hyperactivity disorder symptoms in children: a 
double-blind placebo-controlled trial, followed by an open-label extension. Eur Psychiatry. 2012 Jul;27(5):335-42. doi: 
10.1016/j.eurpsy.2011.05.004. Epub 2011 Jul 31. PMID: 21807480.

References:

Supplements to consider for ADHD
• Omega-3 Fatty Acids  
• Magnesium (threonate or glycinate if accessible)
• Zinc
• Supporting methylation
(B6, methyl & folinic acid, B12, B2)

Additional Considerations:
• PS  
• Pycnogenol – Marine Pine Bark
• Bacopa 

*Combinations work best in my clinical experience* 

Labs to Consider
Homocysteine 
B6, B2, MMA/B12
RBC Folate 
RBC Magnesium
RBC Zinc 
Vitamin D
TNFa
Iron/IBC
HsCRP or CRP
Thyroid studies 
Essential fatty acid profile, cholesterol
Food related allergies and sensitivities (both IgE and IgG)
Gut dysbiosis- candida, gram negative flora, parasites, SIBO
Infections (PANs work up)
ANA with reflex
Toxic heavy metals (lead, mercury, arsenic)

Prescribing Supplements 

Supplements more likely to be effective when you know 
how to prescribe them. This means you need:

• The right dose
• The right timing
• The right patient 
• The right indication 
• The right product 
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Think of RX for supplements like RX for drugs

Quality matters, there is nuance in pediatrics

 Delivery methods (size, taste)
 Research based (age ranges)
 Clinical effectiveness (ingredient synergism, 

the right nutrient form)
 Safety (dosing for age ranges)
 Quality (sourcing, 3rd party testing, purity, 

potency)

• Focus on possible sources of 
inflammation (diet, gut, environment)

• Consider infection could be playing a 
role

• Support antioxidants and repletion of 
nutrients 

• Support detoxification (elimination)
• Support methylation 
• Nutraceutical strategies to support 

healthy neurotransmission 
• Give your plan time to be effective 

Pulling It All Together 
• Restoring balance in the brain is 

multifactorial 
• Focus on nutrition as the 

foundation to health 
• Genes play a role in brain 

pathology, but they are not the 
exclusive etiology, and can be 
supported through epigenetics 

• Nutraceuticals can be effective 
when used scientifically (the 5 
rights)
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