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PILOT STUDY

Context: Autism spectrum disorder (ASD) is currently 
on the rise, now affecting approximately 1 in 68 children 
in the United States according to a 2010 surveillance 
summary from the Centers for Disease Control and 
Prevention (CDC). This figure is an estimated increase 
of 78% from the figure in 2002. The CDC suggests that 
more investigation is needed to understand this 
astounding increase in autism in such a short period.
Objective: The aim of this pilot study was to determine 
whether a group of children with ASD exhibited similar 
variations in a broad array of potential correlates, 
including medical histories, symptoms, genetics, and 
multiple nutritional and metabolic biomarkers. 
Design: This study was a retrospective, descriptive 
chart review. 
Setting: The study took place at the University of 
Kansas Medical Center (KUMC).
Participants: Participants were 7 children with ASD 
who had sought treatment at the Integrative Medicine 
Clinic at the medical center.
Results: A majority of the children exhibited an elevated 
copper:zinc ratio and abnormal vitamin D levels. 
Children also demonstrated abnormal levels of the 

essential fatty acids: (1) α-linolenic acid (ALA)—
C13:3W3, and (2) linoleic acid (LA)—C18:2W6; high 
levels of docosahexaenoic acid (DHA); and an elevated 
ω-6:ω-3 ratio. Three of 7 children demonstrated abnormal 
manganese levels. Children did not demonstrate elevated 
urine pyruvate or lactate but did have abnormal 
detoxification markers. Three of 7 patients demonstrated 
abnormalities in citric acid metabolites, bacterial 
metabolism, and fatty acid oxidation markers. A majority 
demonstrated elevated serum immunoglobulin G (IgG) 
antibodies to casein, egg whites, egg yolks, and peanuts. 
A majority had absent glutathione S-transferase (GSTM) 
at the 1p13.3 location, and 3 of 7 children were 
heterozygous for the glutathione S-transferase I105V 
(GSTP1). A majority also exhibited genetic polymorphism 
of the mitochondrial gene superoxide dismutase A16V 
(SOD2). 
Conclusions: The findings from this small group of 
children with ASD points to the existence of nutritional, 
metabolic, and genetic correlates of ASD. These factors 
appear to be important potential abnormalities that 
warrant a case control study to evaluate their reliability 
and validity as markers of ASD. 
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Autism spectrum disorder (ASD) is currently on 
the rise, now affecting approximately 1 in 68 
children in the United States according to a 2010 

surveillance summary, “Prevalence of Autism Spectrum 
Disorders,” from the Centers for Disease Control and 
Prevention (CDC).1 This figure is an estimated increase of 
78% when compared with surveillance data from 2002. 
The CDC’s report suggests that more investigation is 
needed to understand this astounding increase in autism 
in such a short period.
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Despite extensive research on autism, its etiology 
remains unknown. However, evidence suggests that pre- 
and postnatal insults, genetics, environmental factors, 
nutritional issues, and metabolic abnormalities may all 
play a role. Studies have described metabolic 
abnormalities, including mitochondrial dysfunction, 
impaired transmethylation and transsulfuration 
pathways, oxidative stress, immune dysfunction, 
gastrointestinal (GI) pathology, and nutritional 
disorders.2-8 

Several reviews have outlined the medical problems 
in ASD to help improve treatment plans.7,9-11 Current 
treatment includes behavioral therapies that, on average, 
cost $40 000 to 60 000 per child per year, in addition to 
annual medical costs of approximately $10 709.1 It is 
imperative to identify autism early and to understand the 
etiology and potential associated metabolic abnormalities 
in hopes of finding cost-effective treatments that improve 
quality of life.

Several studies have focused on the metabolic, 
nutritional, immune system, and genetic abnormalities, 
but each focused on only a few biomarkers. The aim of 
the current pilot study was to evaluate and describe 
multiple metabolic biomarkers in a single group of 
children with ASD, who presented for treatment at the 
Integrative Medicine Clinic at the University of Kansas 
Medical Center (KUMC). Biomarkers may be helpful in 
subgrouping children and in identifying nutritional and 
metabolic abnormalities that may be treatable.12 

In the current study, the primary hypothesis was that 
patients with a diagnosis of ASD would show similar 
variations in medical history, symptoms, genetics, 
nutrition, and metabolism. The identification of specific 
metabolic and nutritional derangements may help shape 
the current research agenda, which may subsequently 
influence recommendations in ASD treatment and 
management.

Methods
Participants 

Charts of 9 patients who had received treatment for 
symptoms of ASD through the Integrative Medicine 
Clinic at KUMC were reviewed. Patients were included if 
they (1) had received a diagnosis of ASD and (2) were 
receiving treatment at the clinic. The research team had 
no knowledge as to whether patients were currently 
receiving care at another integrative treatment center or 
had received it in the past. The laboratory markers were 
done prior to the treatment, because insufficient data 
were available to include posttreatment laboratory 
markers. Charts of 2 patients were excluded because they 
had no formal diagnosis of ASD; therefore, 7 cases were 
included in the study. 

Data Collection
The current retrospective chart review was approved 

by the institutional review board of KUMC. A data 
collection instrument (Appendix A) was created by the 
authors using Microsoft Word (Microsoft Corporation, 
Redmond, WA, USA) to standardize data collection. It 
was used to review the current charts from the Integrative 
Medicine Clinic of all patients who had a formal 
diagnosis of ASD and were aged 25 and younger at the 
time of their initial visits. Paper-based medical charts 
and electronic medical records were reviewed inside the 
clinic’s office suite by the study’s investigators. 

The data collection instrument targeted data on 
patients’ characteristics, results from their medical 
symptom questionnaires and laboratory tests used 
during their initial visits, information from their 
individualized treatment plans, and results from their 
posttreatment laboratory tests and medical symptom 
questionnaires. Data were transferred by hand from the 
data collection instrument to a Microsoft Excel 
(Microsoft Corporation, Redmond, WA, USA) database. 
Also, a second investigator double-checked the accuracy 
of the recording of information on the data abstraction 
sheets, making sure that it agreed with the data on the 
charts. In addition, all units of measure were transformed 
uniformly in the database. 

To preserve patients’ anonymity, a list of eligible 
charts was created using patients’ names prior to chart 
selection during the period of data abstraction. From that 
pool of eligible charts, some were chosen at random and 
assigned a study number from a second list, and the 
patients’ names were erased from the list of potential 
charts. These lists were kept separately, with no link 
between patients’ names and the study’s findings in the 
database. Only the study’s investigators had access to 
patients’ names or other identifying information after data 
abstraction was complete. 

Statistical Analysis
The study was a descriptive one that summarized 

the data abstracted from the integrative medicine charts. 
Comparisons of pre- and posttreatment data were not 
conducted due to the small sample size and the prevalence 
of missing posttreatment data. A neurotransmitter 
analysis was excluded because neurotransmitter testing 
performed at baseline could not be interpreted without 
follow-up testing. Tests measuring blood histamines, 
blood counts, iodine, and gluten genetics and those 
providing a gene analysis for methylenetetrahydrofolate 
reductase (MTHFR) were also excluded due to 
insufficient data. A data variable was examined and 
reported only if at least 3 patients had data for that 
variable.
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Results
A total of 7 patients, aged 7 to 18 

years, were included in the current 
retrospective chart review (Table 1). 
Three of the patients had received 
magnetic resonance imaging (MRI) that 
was intended to assist in evaluation of 
possible brain abnormalities that might 
contribute to autistic traits (Table 2). 

The following tables show data only 
when a majority of the patients had 
values for a specific factor and a majority 
of those were abnormal. The patients for 
whom the investigators did not have data 
were removed. A denominator of less 
than 7 indicates missing data variables. 

Medical History. A majority of 
patients had medical problems and 
comorbid disorders—anxiety, problems 
relating to others, problems adapting to 
new situations, and verbal problems 
(Table 3). 

Dietary Supplements and 
Medications. A majority of patients 
were on fatty acid supplements and a 
pharmaceutical medicine (Table 4).

Family History. A majority of 
patients had a maternal history of 

Table 1. Patients’ Characteristics and Demographics (n = 7)

Characteristics Results
Age range 7-18 y
Gender 5 male, 2 female
Ethnicity 2 white, 1 Hispanic, 4 unknown
Education 7 had completed kindergarten; additional formal 

education—3 had completed 2 y; 1 had completed 5 y; 
1 had completed 12 y; and 1 had completed 13 y

Residence 2 in Missouri; 6 in Kansas
Gestational age Ranged from 35-43 wk
Maternal age Mean age was 31 y; range was 28-36 y
Handedness 3 right handed; 4 unknown handedness

Table 2. Evaluation of Autism Following Algorithm

Evaluation Results
Mean age at ASD diagnosis 3.3 y
Fragile X 2 did not have fragile X; 5 unknown 
Microarray analysis 2 did not have microarray; 5 unknown 
Exome analysis 2 did not have exome analysis; 5 unknown 
MRI 3 received MRI; 2 had no MRI; 2 unknown
Ophthalmologic examina-
tion

1 received exam; 1 did not have exam;  
5 unknown

Cardiology evaluation 2 received exam; 5 unknown
Audiology evaluation 1 received exam; 6 unknown

Abbreviations: ASD, autism spectrum disorder; MRI, magnetic resonance 
imaging. 

Table 3. Medical Problems and Comorbid Disorders

Medical History Resultsa

Anxiety 6/6
Problems relating 5/5
Problems adapting 5/5
Verbal problems 5/5

aA denominator < 7 indicates missing data for some 
patients; findings were included for factors only if 
more than 50% of patients were positive.

Table 4. Dietary Supplements and Medications

Dietary Supplements Results
Fatty acid supplements 4/7
Other—antifungal, insulin, nasal 
fluticasone spray, low-dose naltrexone, 
oxcarbazepine, lamotrigine, lansoprazole, 
piroxicam, acetaminophen

5/7

Table 5. Family History of Patients

Family History Resultsa

Maternal seasonal allergies 4/7
Extended paternal heart disease 4/6

aA denominator < 7 indicates missing data for some 
patients; findings were included for factors only if 
more than 50% of patients were positive. 

seasonal allergies and an extended paternal history of 
heart disease (Table 5).

Health Profile. A majority of patients had a family 
history that was positive for anxiety (Table 6).

Review of Symptoms. A majority of patients 
complained of rhinitis (runny nose/congestion), 
environmental allergies, diarrhea, and constipation 
(Table 7).

Biomarkers. All metabolic biomarkers are reported in 
Table 8. A majority of patients showed an elevated copper:zinc 
ratio and low levels of vitamin D (25-OHD), as represented 
by the note in Table 8. People with low levels of vitamin D 
(25-OHD) are defined as those at risk of a vitamin D 
deficiency, with a level lower than 20 ng/mL, and of a vitamin 
D insufficiency, with a level between 21 and 29 ng/mL.13 Of 
note, 3 of the 7 children were found to have abnormal 
manganese levels; for 2 children, the levels were unknown.

Serum Fatty Acid Profile. Serum fatty acids for patients 
are shown in Table 9. A majority of patients had abnormal 
levels of linoleic acid (LA)—C18:2W6, an essential fatty acid. 
A majority of patients had a high ω-6:ω-3 ratio. 

Urine Organic Acids/Toxin Profile. Urine organic 
acids for patients are shown in Table 10. Participants did 
not demonstrate elevated urine pyruvate or lactate but did 
have abnormal detoxification markers, as represented by 
the note. Only 3 of 7 patients demonstrated abnormalities 
in citric acid metabolites, bacterial metabolism, and fatty 
acid oxidation markers. 
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Table 6. Medical Symptom Questionnaire (MSQ)—
Number of Patients Who Scored 3 or Above in a Category

Health Profile Resultsa

Anxiety 4/4
aA denominator < 7 indicates missing data for some 
patients; findings were included for factors only if more 
than 50% of patients were positive.

Table 7. Review of Systems—Number of Patients 
Who Had a Positive Review of Systems Under a 
Category

Review of Systems Resultsa

Rhinitis 4/6
Environmental allergies 5/6
Diarrhea 4/6
Constipation 4/6

aA denominator < 7 indicates missing data for some 
patients; findings were included for factors only if 
more than 50% of patients were positive. 

Table 8. Metabolic Biomarkers via Blood Worka 

Biomarkers

Results
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Copper 1 1 5 0
Zinc 0 1 6 0
Copper:zinc ratioa 4a 1a 2 0
CoQ10 level 0 0 7 0
CoQ10 reduced percentage 0 1 5 1
B1 0 0 5 1
B2 0 1 5 1
B3 0 1 5 1
B5 1 0 3 3
B6 2 0 3 2
RBC magnesium 0 1 5 1
RBC manganesea 2a 1a 2 2
TSH 0 0 5 2
Homocysteine 1 1 3 2
B12 1 0 4 2
Folate 0 0 6 1
Selenium 0 0 6 1
Vitamin Da 0 4a 3 0
Vitamin A 2 0 4 1

Abbreviations: CoQ10, coenzyme Q10; RBC,  
red blood cell; TSH, thyroid-stimulating hormone.
aBiomarkers for which a majority of patients showed 
abnormal levels. 

Table 9. Comprehensive Serum Fatty Acid Panel

Serum Fatty Acid Profile

Results
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Hexadecenoic acid, C16:1W9 1 0 4 2
Palmitoleic acid, C16:1W7 0 1 4 2
γ-Linolenic acid, C18:3W6 0 0 5 2
α-Linolenic acid, C18:3W3a 2 1 2 2
Linoleic acid, C18:2W6a 4a 0 1 2
Vaccenic acid, C18:1W7a 0 3 2 2
EPA, C20:5W3 1 0 4 2
Arachidonic acid, C20:4W6 2 0 3 2
H-γ-Linolenic, C20:3W6 0 1 4 2
Arachidic acid, C20:0a 0 3 2 2
DHA, C22:6W3a 3 0 2 2
DPA, C22:5W6 0 2 3 2
DPA, C22:5W3 0 1 4 2
DTA, C22:4W6 0 1 4 2
Docosenoic acid 0 1 4 2
Nervonic acid, C24:1W9 0 1 4 2
Triene:tetraene ratio 0 1 4 2
Total saturated acid 0 0 5 2
Total monounsaturated acid 0 0 5 2
Total polyunsaturated acid 2 0 3 2
Total ω-3 1 0 4 2
Total ω-6 2 0 3 2
Total fatty acids 0 0 5 2
ω-6:ω-3 ratioa 5a 0 0 2

Abbreviations: EPA, eicosapentaenoic acid; DHA, 
docosahexaenoic acid; DPA, docosapentaenoic acid; 
DTA, docosatetraenoic acid.
aSerum fatty acids for which a majority of patients 
showed abnormal levels. 
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Immunoglobulin G Food Antibodies. Table 11 
shows that a majority of patients showed elevated levels of 
immunoglobulin G (IgG) antibodies to casein, egg whites, 
egg yolks, and peanuts.

Genetic Panel of Transsulfuration and 
Transmethylation and Redox Metabolism. All genetic 
markers within this panel are shown in Table 12. A majority 
of patients had absent glutathione S-transferase (GSTM) at 
the 1p13.3 location, and 3 of 7 were heterozygous for the 
glutathione S-transferase I105V (GSTP1). A majority also 
exhibited a genetic polymorphism of the mitochondrial, 
superoxide dismutase SOD2 (A16V) gene.

Discussion
The current study analyzed several biomarkers to 

identify trends in children with autism prior to initiation 
of individualized biomedical treatment at KUMC’s 
Integrative Medicine Clinic. 

Copper:Zinc Ratio
The copper:zinc ratio was elevated in a majority of 

individuals with autism in this study. Recent evidence 
based on a case control study comparing 60 children with 
ASD in a Chinese Han population and 60 age-and-
gender-matched children without ASD demonstrated that 
mean serum copper levels were significantly higher in 
children with ASD than in the controls.14 That study also 
found that mean serum zinc levels were significantly 
lower in the children with ASD than in controls, resulting 
in an elevated copper:zinc ratio. Copper is a trace mineral 
important in angiogenesis, hematopoiesis, oxidative stress, 
and neurotransmission.15,16 However, copper can be toxic 
to the nervous system and the liver, as demonstrated in 
Wilson’s disease and Alzheimer’s disease.17,18 Copper by 
itself has been shown to induce oxidative damage in the 
phospholipid membranes of children with autism.19

Zinc is an essential trace mineral that participates in 
at least 300 enzymatic reactions and is used by 2000 
transcription factors involved in gene expression.20 It is 
involved in immune function,21,22 growth and endocrine 
imbalance,23-25 and brain development and neurotransmitter 
homeostasis.26 An elevated copper:zinc ratio—greater 
than a 1:1 ratio—has been reported in other behavior 
disorders, such as aggression.27 An elevated copper:zinc 
ratio also has been shown to be associated with elevated 
inflammatory markers, including interleukin 6 (IL-6), 
erythrocyte sedimentation rate (ESR), and C-reactive 
protein (CRP).28 Adjusting copper:zinc ratios to 1:1 should 
be further evaluated as a potential therapeutic modality 
for children with ASD. 

Vitamin D
Vitamin D was found to be low in the current study’s 

patients with autism. The study followed US Endocrine 
Society Guidelines for low vitamin D levels, which define 
vitamin D deficiency and insufficiency as levels below  

Table 10. Urine Organic Acids/Toxicity Panel

Urine Organic Acids/Toxin 
Profile

Results
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Pyruvate 0 0 4 3
Lactate 0 0 4 3
Citric acid metabolitesa 3 0 1 3
Detoxification markersa 4a 0 0 3
Bacterial Metabolism markersa 3 0 1 3
Fatty acid oxidation markersa 3 0 1 3
Pyroglutamate 1 1 2 3

aToxins for which a majority of patients showed 
abnormal levels. 

Table 11. IgG Food Antibody Panel

Food Sensitivities Results
Casein 4/7
Egg Whites 4/7
Egg Yolks 4/7
Peanuts 4/7

Abbreviation: IgG, immunoglobulin G. 

Table 12. Transmethylation/Transsulfuration Genetic 
Panel

Genetic Panel Yes No Unknown
GSTM (absent) 1p13.3a 4a 1 2
GSTP1 (L105V)a 3 2 2
    Heterozygousa 3 2 2
    Homozygous 0 5 2
GSTP1-A (A114V) 1 4 2
    Heterozygous 1 4 2
    Homozygous 0 5 2
COMT (V158M) 2 3 2
    Heterozygous 1 4 2
    Homozygous 1 4 2
SOD2 (A16V)a 4a 1 2
   Heterozygous 1 4 2
   Homozygousa 3 2 2

aGenetic markers for which a majority of patients 
showed abnormal results. 
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20 ng/mL (50 nmol/L) and levels between 21 and  
29 ng/mL (52.5-72.5 nmol/L), respectively.12 Vitamin D 
does not function as other vitamins do, because most of it 
is manufactured by the skin when exposed to ultraviolet 
(UVB) radiation.29 

An ecological study demonstrated that ASD incidence 
increased with lower UVB exposure.30 Seasonal variations 
also existed, with children diagnosed with autism being 
more commonly born in spring-summer, perhaps 
suggesting that they received less vitamin D in utero from 
the mother.31 Maternal vitamin D deficiency is also a risk 
factor for ASD, because it has a negative effect on the 
neurodevelopment that occurs in utero.31-34 Higher 
vitamin D levels in pregnancy were associated with 
improved neuropsychological development.35

Unlike other vitamins, it is difficult to obtain vitamin 
D in the diet unless individuals are eating one that consists 
mostly of wild-caught fresh fish, eggs, and a plethora of 
fortified cereals, milk, and juice products. However, 
vitamin D levels may also be insufficient in states of 
overutilization, such as with oxidative stress, prevalent 
among children with ASD.3,6-8,36 Vitamin D deficiency has 
been identified in children with ASD.37-39 However, a study 
that evaluated nutritional status in children with ASD in 
Arizona did not find a difference in vitamin D levels 
between the ASD and the control groups.7 This negative 
finding is also consistent with a study by Molloy et al40 that 
found vitamin D deficiency among 61% of an entire 
cohort when comparing vitamin D levels among 
participants with ASD without a restricted diet, 
participants with ASD and a casein-free diet, and 
unaffected controls. 

Vitamin D plays a crucial role in neurodevelopmental 
disorders because the active form of vitamin D (1,25 OH) 
acts as a neurosteroid. In fact, low vitamin D levels in 
autistic children are negatively correlated to scores on the 
childhood autism rating scale (CARS).41 The vitamin D 
receptor has been shown to be expressed more prominently 
in dopaminergic areas of the brain, which may be 
consistent with evidence that altered dopamine 
neurotransmission existed in autistic patients.32,42 Ames 
and Patrick43-45 hypothesized that vitamin D regulates 
tryptophan metabolism and mediates production of 
serotonin, both of which are altered in children with ASD. 
In a review of the literature, Cannell and Grant46 proposed 
that vitamin D plays multiple roles in ASD, including 
repairing DNA damage, reducing inflammation, 
preventing autoimmunity, and preserving mitochondrial 
function. This finding may imply that vitamin D levels 
need to be further evaluated with interventional trials in 
children with autism, as vitamin D homeostasis is 
significantly involved in neuropsychiatric illness.

Red Blood Cell Manganese
The current study found abnormalities in red blood 

cell (RBC) manganese. Manganese was either low or 

elevated in 3 of the 7 patients; values for 2 patients were 
unknown. Tests for levels of RBC manganese report 
intracellular RBC levels, which are considered to be a 
good measure of manganese status in the long term.47 

Manganese is a trace mineral and cofactor that is involved 
in mitochondrial metabolism. It is a cofactor for superoxide 
dismutase in the mitochondria.48 Superoxide dismutase 
buffers free radicals by catalyzing superoxide radicals into 
hydrogen peroxide, which is then removed by glutathione.49 

It is interesting to note that the majority of the autistic 
patients in the current study also had homozygous 
superoxide dismutase polymorphisms. This polymorphism 
leads to poor transport of superoxide dismutase into 
mitochondria and could potentially cause a manganese 
elevation because it becomes underutilized.50 In addition, 
elevated manganese is linked to neurotoxicity through 
mitochondrial disruption and oxidative stress.51,52 These 
mechanisms may be the underlying reasons why elevated 
levels of manganese are associated with intellectual 
dysfunction in children.53 However, one case-control 
study of 55 children with ASD and 44 neurotypical 
children did not find a significant association between 
manganese and risk of ASD.7 To identify nutrient therapies 
that could potentially help children with autism, a closer 
look at RBC manganese and its relationship with 
superoxide dismutase polymorphisms should be evaluated 
in future studies. 

Fatty Acid Profile
In the current study, a majority of the patients had 

elevated ω-6 polyunsaturated fatty acid (PUFA) LA (n-6). 
The ω-6:ω-3 ratio (n-6:n-3) was also elevated. The role of 
PUFA in neurodevelopment is becoming clearer through 
relatively new research. The brain and nervous tissue rely 
on ω-3 fatty acids, specifically docosahexaenoic acid 
(DHA) and eicosapentaenoic acid (EPA), for structural 
purposes and cell signaling.54 Hypotheses have been 
generated that PUFA plays a large role in ASD and that its 
supplementation may improve patients’ outcomes.55,56 

Elevated n-6:n-3 ratios above 4-6:1 have been 
associated with neuroinflammation, which is considered 
to be a possible underlying etiopathogenesis in autism.57 
In several studies, patients with ASD exhibited an elevated 
n-6:n-3 ratio and a decreased n-3 fatty acid compared with 
intellectually impaired controls.58,59 Eric Fombonne, MD, a 
world-renowned authority on autism, and his colleagues 
reported no incidence of autism from 1991 through 2006 
among an Inuit population with very high fish 
consumption.60 Due to mercury contamination, pregnant 
women and women planning to become pregnant are 
advised to avoid several types of fish, which are good 
sources of ω-3 fatty acids EPA and DHA.61 According to 
the Food and Drug Administration (FDA), approximately 
75% of women do not meet the requirements for eating 2 
to 3 servings (8-12 oz) of fish during pregnancy as of 
2014.62 In addition, a study by Bloomingdale et al63 showed 
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that women did not receive advice that they should try to 
eat fish that is low in mercury. However, that study 
indicated that they were willing to eat more when advised 
by their obstetricians on which fish are safe to eat. EPA 
and DHA supplements are not advisable at this point in 
time due to reported methodological limitations of related 
studies and poor clarity on the benefits from randomized 
controlled trials (RCTs) on ω-3 supplementation.64,65 

One study using n-3 supplementation showed 
improvement in autistic behavior in 20 of 30 autistic 
children who were on a supplement of DHA and evening 
primrose oil.66 However, in a Cochrane review, no quality 
evidence was found that supplementation with ω-3 fatty 
acids is effective for improving symptoms of ASD.67 The 
beneficial effects of ω-3 fatty acids should continue to be 
reconsidered due to the paucity of studies selected in this 
Cochrane review, because 6 of the 8 trials did not meet the 
randomized, placebo-controlled standards. Evidence 
exists that dietary ω-3, DHA, enhances cognitive 
development, such as increasing sustained attention.68 

The balance of n-6 and n-3 fatty acids is important for 
normal and healthy development throughout life.69 
However, the disruption of the food supply has changed 
the n-6:n-3 ratio. Evolutionarily, the intake of LA and 
α-linolenic acid has provided a ratio of 1:1, whereas today 
it is approximately 16:1 as a result of increased intake of 
vegetable oils and livestock fed a diet rich of grains, all 
sources of ω-6.57 This diet leads to an overproduction of 
proinflammatory mediators that may affect neurologic 
function. In a thorough review, van Elst et al55 explained 
that decreasing the ratio of n-6:n-3 early in life influences 
neuroplasticity. This finding may be reason enough to 
advise families of children with ASD on a thorough 
dietary intake and to encourage an increased consumption 
of healthy fatty acids, such as butter from grass-fed 
animals, olive oil, and safe fish and seafood. It may prove 
beneficial to evaluate the comprehensive fatty acid profile 
of children with autism and encourage use of that 
laboratory marker in future interventional clinical trials.

Genetics and Autism
Children with autism have demonstrated an abnormal 

transsulfuration pathway that involves a major redox 
buffer, called glutathione.3 The current study found that a 
majority of the autistic patients had genetic polymorphisms 
in GSTM, and 3 of 7 patients were heterozygous for 
GSTP1, with values for 2 patients being unknown. 
Glutathione S-transferase is the enzyme that binds 
glutathione to electrophilic substances in phase II 
detoxification. Glutathione protects against oxidative 
stress through its antioxidant and detoxification capacities, 
which may be affected in the pathophysiology of autism.7,70 

James et al3 found a borderline association with the null 
genotype for glutathione S-transferase (GSTM1) in 
patients with autism. However, the GSTP1 ILR105VAL 
polymorphism was not found to be significantly associated 

with autism.71,72 To the current research team’s knowledge, 
GSTP1 ALA114VAL has not been studied in the autism 
population. Enzyme polymorphisms involved in 
transsulfuration pathways that play a role in buffering 
oxidative stress may demonstrate utility as a biomarker 
involved in the etiopathogenesis of ASD. 

Superoxide Dismutase
The current study demonstrated that a majority of 

patients had a polymorphism in manganese superoxide 
dismutase (MnSOD) 2 (A16V). MnSOD is important in 
maintenance of mitochondrial function because it protects 
against oxidative stress through dismutation of superoxide 
radicals. The research team found that the A16V 
polymorphism, in which valine is substituted for alanine 
in the mitochondrial targeting sequence, is partially 
retained in the inner-membrane import pore, and its 
messenger RNA is rapidly degraded, thus exhibiting lower 
activity than its alanine MnSOD variant.50,73 Several 
studies did not find a significant association between 
SOD2 activity and autism, but failure of antioxidant 
enzymes can lead to oxidative damage, which may be an 
underlying risk factor in autism.5,59

Abnormal Detoxification Markers
A majority of patients exhibited abnormal 

detoxification markers included in the urine metabolic 
panel, including para-hydroxyphenyl lactate, orotate, 
pyroglutamate, benzoate, and hippurate. Elevated levels of 
hippurate and benzoate may indicate poor phase II 
detoxification via glycine conjugation. Orotate is also a 
measure of ammonia metabolism due to its role in the 
urea cycle.74 Abnormal levels of pyroglutamate can indicate 
an impairment of glutathione metabolism and a depleted 
glutathione status. A systematic review of 39 studies was 
conducted evaluating detoxification in ASD, specifically 
the glutathione metabolism pathways, and the review 
found evidence of an association between lower, reduced 
glutathione levels and ASD in children.75 

Environmental toxins can dramatically alter the 
neurodevelopment of a child. Speculation has occurred 
that the increased trend of autism prevalence has coincided 
with an increase in environmental exposures to toxic 
substances, specifically herbicide glyphosate, aluminum 
adjuvants, and polybrominated diphenyl ethers.76 The 
Childhood Autism Risks from Genetics and Environment 
(CHARGE) study also demonstrated an association 
between close residential proximity to a freeway and ASD 
in children, suggesting an environmental risk factor from 
air pollution in the etiopathogenesis of ASD.77,78 Rossignol 
et al79 conducted a systematic review of 37 studies 
examining the association between toxin exposure and 
ASD risk. Although several studies had methodological 
issues, 34 of the 37 studies reported an association. 
Stronger evidence is needed to support the association of 
environmental toxin exposure with increased risk of ASD. 
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This support is starting to be achieved through 
development of well-designed research trials that identify 
toxicant exposure in critical neurodevelopmental windows 
and evaluate the synergistic effects of multiple toxicant 
exposures and genetic risk. 

Markers of Bacterial Metabolism
Only 3 of 7 patients in the current study had elevated 

urine markers of bacterial metabolism: para-
hydroxybenzoate, para-hydroxyphenylacetate, 
2-hydroxyphenylacetate, 3-indoleacetate, and 
tricarballylate. Although only a few patients exhibited 
elevated bacterial metabolites, the gut microbiome’s 
relationship to autism should be discussed because it is 
currently the subject of prodigious research in 
neuropsychiatric disorders. Several methods of assessing 
GI microbiome exist, varying from bacterial cultures and 
genome sequencing to urinary biomarkers. Urinary 
biomarkers may provide insights into function and 
imbalances in the gut microbiome, because a study by 
Smith and Macfarlane80 showed that gut microbiota form 
metabolic by-products in the human colon. Recent 
evidence has suggested the existence of abnormalities in 
the gut microbiome of children with ASD because many 
children suffer from GI symptoms.81,82 In a systematic 
review of 15 cross-sectional studies with small sample 
sizes, significant differences existed between ASD children 
and controls in the phyla, Firmicutes, Bacteroidetes, and 
Proteobacteria.83

The microbial ecosystem plays a crucial role in health 
and disease. Dysbiosis, a term used to describe a disruption 
in the natural balance of human microbial flora, can 
predispose individuals to chronic disease.84 The human 
body contains 100 trillion symbiotic microorganisms, of 
which the vast majority reside in the colon.85 Some 
compelling data, mostly from murine models, has shown 
that establishment of gut microbiota early in development 
can program mental health later in life.86,87 Evidence now 
exists that modulating microbial gut flora can alleviate the 
symptoms of autism.88 Use of a functional MRI has shown 
that probiotics affect brain activity that controls emotional 
processing and sensation.89 In addition, probiotics have 
been shown to produce microbial neurometabolites  
(eg, lactobacillus and bifidobacterium species produce 
GABA, and GABAergic signaling is disrupted in autism.)90 

Studies of urinary markers of bacterial metabolism, in 
addition to GI fecal studies, may help to guide treatments, 
such as probiotics and antimicrobials.

IgG Food Antibodies and Autism
The current study has revealed that the majority of 

patients had IgG food antibodies to casein, a cow’s milk 
protein; egg whites; egg yolks; and peanuts. Although 
serological tests for IgG antibodies are considered 
irrelevant and represent immunologic sensitization only, 
food elimination therapy based on IgG testing has 

improved low-grade inflammation in patients with obesity 
and irritable bowel syndrome.91-93 Children with ASD and 
comorbidity of GI symptoms may be candidates for food 
elimination therapy based on IgG testing. Vojdani94 makes 
the argument that food sensitivity testing may be unreliable 
at certain laboratories, as most test for reactivity against 
raw food antigens and that IgG food testing should detect 
both raw and processed antigens. 

Food sensitivity differs from food allergy in that the 
immunologic reaction is non-IgE mediated. Only a small 
portion (2%-3%) of adverse reactions to food proteins are 
IgE-mediated.95 In fact, cell-mediated immunity is more 
significantly involved in non-IgE food sensitivity.96 The 
most common food proteins that cause immune reactions 
in children include casein, soy, and wheat.96 Cell-mediated 
immunity to casein has been reported in younger children 
with ASD who have GI symptoms.97,98

Food sensitivities can cause fatigue, weakness, 
abdominal pain, bloating, nausea, vomiting, constipation, 
diarrhea, asthma, rhinitis, joint pain, skin disorders, 
disorganized or disturbed thinking and feeling, memory 
disturbances, and behavioral problems. From this list, a 
majority of the current study’s children with ASD exhibited 
behavioral problems, rhinitis, and diarrhea. These food 
sensitivities may contribute to the traits identified in 
autism.99

Limitations
The current study was an uncontrolled study of a 

small number of cases of ASD, and the results, although 
interesting, should at this stage be used only to design 
research that tests hypotheses and to inform potential 
investigative avenues in new clinical cases. Without 
normative, non-ASD data that are controlled for age, 
gender, and ethnicity for the positive tests, it is not 
possible to confirm that the current findings indicate 
changes specifically associated with ASD. Limitations of 
the current study include its small sample and missing 
data and, therefore, its inability to support analysis beyond 
descriptive statistics. Unfortunately, only 7 of 9 charts met 
the inclusion criterion of an official diagnosis of ASD. In 
addition, the charts were missing data, further limiting the 
descriptive analyses. Finally, the current research team 
initially aimed to track changes in the measured factors 
from pretreatment to posttreatment, but due to the 
limited sample size and missing posttreatment data, the 
team had to exclude such potentially informative analyses. 

Conclusions
Several consistent observations can be made for the 

group of children with autism in the current study. In 
many cases, they had similar symptoms, past medical 
problems, and family histories, as well as abnormal 
nutritional and metabolic biomarkers. This small pilot 
study could not offer analyses of multivariate interrelations 
among the many factors measured in it. In addition, this 
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fact that the current study was uncontrolled case study 
with missing data variables for the small number of cases 
limits any definite conclusions. However, such analyses 
could prove informative in the context of a multisite case 
control study; it would be of immense value to identify 
multiple factors involved in autism because no single risk 
factor is involved in the etiopathogenesis of all or even 
most cases of ASD. Due to the nature of retrospective 
chart reviews and small samples, a future case control 
study to evaluate a broad array of medical and biological 
variables with a suitably large sample of children with 
ASD could very well elucidate tightly linked metabolic 
and nutritional characteristics among the cases. Future 
payoff of such research would be improved understanding 
and, hence, enhanced management of ASD. 
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Appendix A. Data Collection Sheet
ALL UNKNOWN CATEGORIES ARE -99 IN THE ANSWER SLOT.
Date: [         ][        ] – [        ][        ] – [        ][        ][        ][        ]

Chart reviewer’s initials: [          ][           ][          ]

Subject No.: [           ][          ]

DEMOGRAPHICS

1. Birth date [         ][        ] – [        ][        ] – [        ][        ][        ][        ]
2. Sex:   

Female 0
Male 1

3. Race/ethnic background:       
Black/African American 1
Hispanic 2
Asian 3
White 4
Other 5

4. No. of years of education:
Daycare/preschool [        ]
Kindergarten [        ]
Formal education [        ]

5. Current ZIP code [          ][          ][          ][          ][          ]

MEDICAL HISTORY

6. Gestational age (weeks): [          ] [          ]
7. Age of mother at birth (years): [          ] [          ]
8. Current height (inches): [          ] [          ]
9. Current weight (pounds): [          ] [          ] [          ]
10. Handedness:    

Left 1
Right 2
Ambidextrous 3

AUTISM SPECTRUM DISORDER

11. Have they been evaluated for autism spectrum disorder by a professional?  
No 0
Yes 1

12. If so, were they diagnosed with an autism spectrum disorder?
No 0
Yes 1

13. If so, age of diagnosis of autism spectrum disorder (years)          [          ][          ]
14. Fragile X genetic testing done?

No 0
Yes 1

15. Microarray?
No 0
Yes 1

16. Exome sequence done?
No 0
Yes 1

17. Brain MRI
No 0
Yes 1

18. Ophtho evaluation
No 0
Yes 1

19. Cardio evaluation
No 0
Yes 1

20. Audiology evaluation
No 0
Yes 1

MEDICAL HISTORY

21. Comorbid disorders  No Yes
Attention-deficit/hyperactivity disorder 0 1
Obsessive compulsive disorder 0 1
Mental disability 0 1
Tic disorder/Tourette 0 1
Anxiety 0 1
Depression 0 1
Sensory sensitivities 0 1
Anger outburst 0 1
Cognitive disorder 0 1
Oppositional defiant disorder 0 1
Enuresis & encopresis 0 1
Psychosis 0 1
Sleep problems 0 1
Problems relating 0 1
Unusual body use (stereotypies) 0 1
Problems adapting to change 0 1
Problems with verbal communication 0 1

22. Developmental delay
No 0
Yes 1

23. Dysmorphic features
No 0
Yes 1

Rate each of the following symptoms based on your typical health profile for:
          ☐ Past 30 days  ☐ Past 48 hours
Point Scale

0  - Never or almost never have the symptom   1 - Occasionally have it, effect is not severe
2 - Occasionally have it, effect is severe             3 - Frequently have it, effect is not severe
4 - Frequently have it, effect is severe

24. Head
Headaches [          ] 
Faintness [          ] 
Dizziness [          ] 
Insomnia [          ] 

25. Eyes
Watery or itchy eyes [          ] 
Swollen, reddened or sticky eyelids [          ] 
Bags or dark circles under eyes [          ] 
Blurred or tunnel vision (does not include near or far sightedness) [          ] 

26. Ears
Itchy ears [          ] 
Earaches, ear infections [          ] 
Drainage from ear [          ] 
Ringing in ears, hearing loss [          ] 

27. Nose
Stuffy nose [          ] 
Sinus problems [          ] 
Hay fever [          ] 
Sneezing attacks [          ] 
Excessive mucus formation [          ] 

28. Mouth/throat
Chronic coughing [          ] 
Gagging, frequent need to clear throat [          ] 
Sore throat, hoarseness, loss of voice [          ] 
Swollen or discolored tongue, gums, lips [          ] 
Canker sores [          ] 

29. Skin:
Acne [          ] 
Hives, rashes, dry skin [          ] 
Hair loss [          ] 
Flushing, hot flashes [          ] 
Excessive sweating [          ] 

30. Heart
Irregular or skipped heartbeat [          ] 
Rapid or pounding heartbeat [          ] 
Chest pain [          ] 

31. Lungs
Chest congestion [          ] 
Asthma, bronchitis [          ] 
Shortness of breath [          ] 
Difficulty breathing [          ] 

32. Digestive tract
Nausea, vomiting [          ] 
Diarrhea [          ] 
Constipation [          ] 
Bloated feeling [          ] 
Belching, passing gas [          ] 
Heartburn [          ] 
Intestinal/stomach pain [          ] 

33. Joints/muscle
Pain or aches in joints [          ] 
Arthritis [          ] 
Stiffness or limitation of movement [          ] 
Pain or aches in muscles [          ] 
Feeling of weakness or tiredness [          ] 

34. Weight
Binge eating/drinking [          ] 
Craving certain foods [          ] 
Excessive weight [          ] 
Compulsive eating [          ] 
Water retention [          ] 
Underweight [          ] 

35. Energy/activity
Fatigue, sluggishness [          ] 
Apathy, lethargy [          ] 
Hyperactivity [          ] 
Restlessness [          ] 

36. Mind
Poor memory [          ] 
Confusion, poor comprehension [          ] 
Poor concentration [          ] 
Poor physical coordination [          ] 
Difficulty in making decisions [          ] 
Stuttering or stammering [          ] 
Slurred speech [          ] 
Learning disabilities [          ] 

37. Emotions
Mood swings [          ] 
Anxiety, fear, nervousness [          ] 
Anger, irritability, aggressiveness [          ] 
Depression [          ] 

38. Other
Frequent illness [          ] 
Frequent or urgent urination [          ] 
Genital itch or discharge [          ] 

GRAND TOTAL POINTS [          ] 
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REVIEW OF SYSTEMS

39. Central nervous system (CNS)  No Yes
Headaches 0 1
Seizure history 0 1
Muscle weakness 0 1
Ataxia 0 1
Hypertonicity 0 1
Stemming behavior 0 1
Eyes 0 1
Glasses 0 1
Contacts 0 1

40. Ear/nose/throat (ENT) No Yes
Rhinitis 0 1
Earaches 0 1
Ear infection 0 1
Itchy ears 0 1
Itchy eyes 0 1

41. Respiratory No Yes
Shortness of breath 0 1
Asthma 0 1
Daily cough 0 1

42. Cardiovascular No Yes
Cardio diagnosis 0 1
Chest pain 0 1
Syncopy/fainting 0 1

43. Allergies/immuno No Yes
Allergies to medication 0 1
Food allergies 0 1
Environmental allergies 0 1

44. Skin No Yes
Lesions 0 1
Eczema 0 1
Dry Skin 0 1
Psoriasis 0 1
Acne 0 1

45. Musculoskeletal (MSK) No Yes
Myopathic pain 0 1
Joint hypermobility 0 1
Joint hypomobility 0 1

46. Endocrine No Yes
Obesity (BMI > 95%) 0 1
Overweight (BMI > 85%-95%) 0 1
Underweight (BMI < 5th %  ) 0 1
Small stature (<5th %) 0 1
Tall stature (>97th %) 0 1
Normal stature 0 1

47. Hematology No Yes
Easily bruising 0 1
Petechiae 0 1
Pallor 0 1

48. GI symptoms No Yes
Constipation 0 1
Diarrhea 0 1
Heartburn 0 1
Stomach pain 0 1
Nausea 0 1
Vomiting 0 1
Bloating 0 1

GENETIC/BIOLOGICAL FAMILY MEDICAL HISTORY
(If unknown, skip this section. Go to Environmental Exposures.)

49. Alcohol/chemical dependence  No Yes
Father 0 1
Mother 0 1
Sibling 0 1
Extended paternal 0 1
Extended maternal 0 1

50. Allergies (seasonal, food, drug, environmental) No Yes
Father 0 1
Mother 0 1
Sibling 0 1
Extended paternal 0 1
Extended maternal 0 1

51. Anemia No Yes
Father 0 1
Mother 0 1
Sibling 0 1
Extended paternal 0 1
Extended maternal 0 1

52. Anxiety or panic attacks No Yes
Father 0 1
Mother 0 1
Sibling 0 1
Extended paternal 0 1
Extended maternal 0 1

53. Asthma No Yes
Father 0 1
Mother 0 1
Sibling 0 1
Extended paternal 0 1
Extended maternal 0 1

54. ADD/ADHD  No Yes
Father 0 1
Mother 0 1
Sibling 0 1
Extended paternal 0 1
Extended maternal 0 1

55. Arthritis (joint problems) No Yes
Father 0 1
Mother 0 1
Sibling 0 1
Extended paternal 0 1
Extended maternal 0 1

56. Autism No Yes
Father 0 1
Mother 0 1
Sibling 0 1
Extended paternal 0 1
Extended maternal 0 1

57. Autoimmune condition No Yes
Father 0 1
Mother 0 1
Sibling 0 1
Extended paternal 0 1
Extended maternal 0 1

58. Cancer No Yes
Father 0 1
Mother 0 1
Sibling 0 1
Extended paternal 0 1
Extended maternal 0 1

59. Chronic fatigue syndrome No Yes
Father 0 1
Mother 0 1
Sibling 0 1
Extended paternal 0 1
Extended maternal 0 1

60. Chronic pain or fibromyalgia No Yes
Father 0 1
Mother 0 1
Sibling 0 1
Extended paternal 0 1
Extended maternal 0 1

61. Depression No Yes
Father 0 1
Mother 0 1
Sibling 0 1
Extended paternal 0 1
Extended maternal 0 1

62. Diabetes or insulin resistance No Yes
Father 0 1
Mother 0 1
Sibling 0 1
Extended paternal 0 1
Extended maternal 0 1

63. Eye disease No Yes
Father 0 1
Mother 0 1
Sibling 0 1
Extended paternal 0 1
Extended maternal 0 1

64. Food allergies or sensitivities No Yes
Father 0 1
Mother 0 1
Sibling 0 1
Extended paternal 0 1
Extended maternal 0 1

65. Frequent headaches No Yes
Father 0 1
Mother 0 1
Sibling 0 1
Extended paternal 0 1
Extended maternal 0 1

66. Gallbladder disease No Yes
Father 0 1
Mother 0 1
Sibling 0 1
Extended paternal 0 1
Extended maternal 0 1

67. Genetic or congenital disorders No Yes
Father 0 1
Mother 0 1
Sibling 0 1
Extended paternal 0 1
Extended maternal 0 1

68. Heart or vascular disease  No Yes
Father 0 1
Mother 0 1
Sibling 0 1
Extended paternal 0 1
Extended maternal 0 1

69. Hepatitis No Yes
Father 0 1
Mother 0 1
Sibling 0 1
Extended paternal 0 1
Extended maternal 0 1

70. Hypoglycemia (low blood sugar) No Yes
Father 0 1
Mother 0 1
Sibling 0 1
Extended paternal 0 1
Extended maternal 0 1

71. High blood pressure (hypertension) No Yes
Father 0 1
Mother 0 1
Sibling 0 1
Extended paternal 0 1
Extended maternal 0 1

72. High cholesterol, dyslipidemia No Yes
Father 0 1
Mother 0 1
Sibling 0 1
Extended paternal 0 1
Extended maternal 0 1

73. Intestinal disease No Yes
Father 0 1
Mother 0 1
Sibling 0 1
Extended paternal 0 1
Extended maternal 0 1

74. Infection No Yes
Father 0 1
Mother 0 1
Sibling 0 1
Extended paternal 0 1
Extended maternal 0 1

75. Inflammatory or irritable bowel syndrome No Yes
Father 0 1
Mother 0 1
Sibling 0 1
Extended paternal 0 1
Extended maternal 0 1

76. Insomnia No Yes
Father 0 1
Mother 0 1
Sibling 0 1
Extended paternal 0 1
Extended maternal 0 1

77. Kidney disease or failure No Yes
Father 0 1
Mother 0 1
Sibling 0 1
Extended paternal 0 1
Extended maternal 0 1

78. Learning disability No Yes
Father 0 1
Mother 0 1
Sibling 0 1
Extended paternal 0 1
Extended maternal 0 1

79. Liver disease No Yes
Father 0 1
Mother 0 1
Sibling 0 1
Extended paternal 0 1
Extended maternal 0 1

80. Lung problems No Yes
Father 0 1
Mother 0 1
Sibling 0 1
Extended paternal 0 1
Extended maternal 0 1

81. Memory loss or dementia No Yes
Father 0 1
Mother 0 1
Sibling 0 1
Extended paternal 0 1
Extended maternal 0 1



Integrative Medicine • Vol. 14, No. 2 • April 201552 Esparham—Nutrition and Metabolic Biomarkers in Autism Spectrum Disorder

82. Obesity No Yes
Father 0 1
Mother 0 1
Sibling 0 1
Extended paternal 0 1
Extended maternal 0 1

83. Osteoporosis/osteopenia No Yes
Father 0 1
Mother 0 1
Sibling 0 1
Extended paternal 0 1
Extended maternal 0 1

84. Polycystic ovarian syndrome No Yes
Father 0 1
Mother 0 1
Sibling 0 1
Extended paternal 0 1
Extended maternal 0 1

85. Prostate problems No Yes
Father 0 1
Mother 0 1
Sibling 0 1
Extended paternal 0 1
Extended maternal 0 1

86. Psychiatric conditions (bipolar, 
schizophrenia, depression, OCD) No Yes
Father 0 1
Mother 0 1
Sibling 0 1
Extended paternal 0 1
Extended maternal 0 1

87. Rashes or skin conditions No Yes
Father 0 1
Mother 0 1
Sibling 0 1
Extended paternal 0 1
Extended maternal 0 1

88. Seizures or epilepsy No Yes
Father 0 1
Mother 0 1
Sibling 0 1
Extended paternal 0 1
Extended maternal 0 1

89. Stroke No Yes
Father 0 1
Mother 0 1
Sibling 0 1
Extended paternal 0 1
Extended maternal 0 1

90. Thyroid Issues (hypo or hyper) No Yes
Father 0 1
Mother 0 1
Sibling 0 1
Extended paternal 0 1
Extended maternal 0 1

91. Other familial history No Yes
Father 0 1
Mother 0 1
Sibling 0 1
Extended paternal 0 1
Extended maternal 0 1

ENVIRONMENTAL EXPOSURES

No Yes
92. Pesticides 0 1
93. Chemicals 0 1
94. Heavy metals 0 1
95. Other exposure: __________________ 0 1
96. Pets in household 0 1
97. Exposed to smoke 0 1
98. Street drug use 0 1
99. Alcohol use 0 1
100. Smoker 0 1

BIOMARKERS
Fill all brackets. Place a “0” in empty brackets. Round to the second 
decimal (5 or above to the next place).

Copper [    ][    ][    ][    ].[    ][    ]
101. Zinc [    ][    ][    ][    ].[    ][    ]
102. Copper:zinc ratio [    ][    ][    ][    ].[    ][    ]
103. CoQ10 level [    ][    ][    ][    ].[    ][    ]
104. CoQ10 reduced percentage [    ][    ][    ][    ].[    ][    ]
105. Sodium [    ][    ][    ][    ].[    ][    ]
106. Potassium [    ][    ][    ][    ].[    ][    ]
107. Chloride [    ][    ][    ][    ].[    ][    ]
108. Bicarb (CO2) per metabolic panel [    ][    ][    ][    ].[    ][    ]
109. BUN [    ][    ][    ][    ].[    ][    ]
110. Creatinine [    ][    ][    ][    ].[    ][    ]
111. Albumin [    ][    ][    ][    ].[    ][    ]
112. Total protein [    ][    ][    ][    ].[    ][    ]
113. Total bilirubin [    ][    ][    ][    ].[    ][    ]
114. Fasting glucose [    ][    ][    ][    ].[    ][    ]
115. B1 [    ][    ][    ][    ].[    ][    ]
116. B2 [    ][    ][    ][    ].[    ][    ]
117. B3 [    ][    ][    ][    ].[    ][    ]
118. B5 [    ][    ][    ][    ].[    ][    ]
119. B6 [    ][    ][    ][    ].[    ][    ]
120. RBC magnesium [    ][    ][    ][    ].[    ][    ]
121. RBC manganese [    ][    ][    ][    ].[    ][    ]
122. TSH [    ][    ][    ][    ].[    ][    ]
123. FT4 [    ][    ][    ][    ].[    ][    ]
124. Iodine [    ][    ][    ][    ].[    ][    ]
125. Homocysteine [    ][    ][    ][    ].[    ][    ]
126. B12 [    ][    ][    ][    ].[    ][    ]
127. Folate [    ][    ][    ][    ].[    ][    ]
128. Total Iron [    ][    ][    ][    ].[    ][    ]
129. Total iron binding capacity (TIBC) [    ][    ][    ][    ].[    ][    ]
130. % transferrin saturation [    ][    ][    ][    ].[    ][    ]
131. Ferritin [    ][    ][    ][    ].[    ][    ]
132. Hemoglobin [    ][    ][    ][    ].[    ][    ]
133. Hematocrit [    ][    ][    ][    ].[    ][    ]
134. Platelets [    ][    ][    ][    ].[    ][    ]
135. WBC [    ][    ][    ][    ].[    ][    ]
136. RBC [    ][    ][    ][    ].[    ][    ]
137. MCV [    ][    ][    ][    ].[    ][    ]
138. MCH [    ][    ][    ][    ].[    ][    ]
139. RDW [    ][    ][    ][    ].[    ][    ]
140. Absolute neutrophil count (ANC) [    ][    ][    ][    ].[    ][    ]
141. % neutrophil [    ][    ][    ][    ].[    ][    ]
142. Absolute lymphocyte count (ALC) [    ][    ][    ][    ].[    ][    ]
143. % lymphocyte [    ][    ][    ][    ].[    ][    ]
144. Absolute monocyte count (AMC) [    ][    ][    ][    ].[    ][    ]
145. % monocyte [    ][    ][    ][    ].[    ][    ]
146. Absolute eosinophil count (AEC) [    ][    ][    ][    ].[    ][    ]
147. % eosinophils [    ][    ][    ][    ].[    ][    ]
148. Absolute basophil count (ABC) [    ][    ][    ][    ].[    ][    ]
149. Selenium [    ][    ][    ][    ].[    ][    ]
150. Vitamin D [    ][    ][    ][    ].[    ][    ]
151. Vitamin A [    ][    ][    ][    ].[    ][    ]
152. Liver enzymes

AST [    ][    ][    ][    ].[    ][    ]
ALT [    ][    ][    ][    ].[    ][    ]

153. Serum fatty acid profile
Lauric acid, C12:0 [    ][    ][    ][    ].[    ][    ]
Myristic acid, C14:0 [    ][    ][    ][    ].[    ][    ]
Hexadecenoic acid, C16:1W9 [    ][    ][    ][    ].[    ][    ]
Palmitoleic acid, C16:1W7 [    ][    ][    ][    ].[    ][    ]
Palmitic acid, C16:0 [    ][    ][    ][    ].[    ][    ]
γ-Linolenic acid, C18:3W6 [    ][    ][    ][    ].[    ][    ]
α-Linolenic acid, C18:3W3 [    ][    ][    ][    ].[    ][    ]
Linoleic acid, C18:2W6 [    ][    ][    ][    ].[    ][    ]
Oleic acid, C18:1W9 [    ][    ][    ][    ].[    ][    ]
Vaccenic acid, C18:1W7 [    ][    ][    ][    ].[    ][    ]
Stearic acid, C18:0 [    ][    ][    ][    ].[    ][    ]
EPA, C20:5W3 [    ][    ][    ][    ].[    ][    ]
Arachidonic acid, C20:4W6 [    ][    ][    ][    ].[    ][    ]
Mead acid, C20:3W9 [    ][    ][    ][    ].[    ][    ]
Homo γ-linolenic, C20:3W6 [    ][    ][    ][    ].[    ][    ]
Arachidic acid, C20:0 [    ][    ][    ][    ].[    ][    ]
DHA, C22:6W3 [    ][    ][    ][    ].[    ][    ]
DPA, C22:5W6 [    ][    ][    ][    ].[    ][    ]
DPA, C22:5W3 [    ][    ][    ][    ].[    ][    ]
DTA, C22:4W6 [    ][    ][    ][    ].[    ][    ]
Docosenoic acid [    ][    ][    ][    ].[    ][    ]
Nervonic acid, C24:1W9 [    ][    ][    ][    ].[    ][    ]
Triene:tetraene ratio [    ][    ][    ][    ].[    ][    ]
Total saturated acid [    ][    ][    ][    ].[    ][    ]
Total monounsaturated acid [    ][    ][    ][    ].[    ][    ]
Total polyunsaturated acid [    ][    ][    ][    ].[    ][    ]
Total ω-3 [    ][    ][    ][    ].[    ][    ]
Total ω-6 [    ][    ][    ][    ].[    ][    ]
Total fatty acids [    ][    ][    ][    ].[    ][    ]
ω-6:ω-3 ratio [    ][    ][    ][    ].[    ][    ]

154. Amino acid profile
Taurine [    ][    ][    ][    ]
Threonine [    ][    ][    ][    ]
Serine [    ][    ][    ][    ]
Asparagine [    ][    ][    ][    ]
Glutamic acid [    ][    ][    ][    ]
Glutamine [    ][    ][    ][    ]
Proline [    ][    ][    ][    ]
Glycine [    ][    ][    ][    ]
Alanine [    ][    ][    ][    ]
Citrulline [    ][    ][    ][    ]
α-Amino butyric acid [    ][    ][    ][    ]
Valine [    ][    ][    ][    ]
Cysteine [    ][    ][    ][    ]
Methionine [    ][    ][    ][    ]
Isoleucine [    ][    ][    ][    ]
Leucine [    ][    ][    ][    ]
Tyrosine [    ][    ][    ][    ]
Phenylalanine [    ][    ][    ][    ]
β-Alanine [    ][    ][    ][    ]
Ornithine [    ][    ][    ][    ]
Lysine [    ][    ][    ][    ]
Homocysteine [    ][    ][    ][    ]
Aspartic acid [    ][    ][    ][    ]
Histidine [    ][    ][    ][    ]
Arginine [    ][    ][    ][    ]
Argininosuccinic acid [    ][    ][    ][    ]
Alloisoleucine [    ][    ][    ][    ]
Phosphoserine [    ][    ][    ][    ]
Phosphoethanolamine [    ][    ][    ][    ]
Hydroxyproline [    ][    ][    ][    ]
Ethanolamine [    ][    ][    ][    ]
Sarcosine [    ][    ][    ][    ]
1-Methylhistidine [    ][    ][    ][    ]
3-Methylhistidine [    ][    ][    ][    ]
Carnosine [    ][    ][    ][    ]
Anserine [    ][    ][    ][    ]
Homocitrulline [    ][    ][    ][    ]
α-Aminoadipic acid [    ][    ][    ][    ]
γ-Aminobutyric acid [    ][    ][    ][    ]
β-Aminoisobutyric acid [    ][    ][    ][    ]
Hydroxylysine [    ][    ][    ][    ]
Cystathionine [    ][    ][    ][    ]
Tryptophan [    ][    ][    ][    ]

155. Blood histamine [    ][    ][    ][    ].[    ][    ]

156. MTHFR polymorphisms
MTHFR mutation: No Yes

C677T 0 1 [    ]
If yes:
Heterozygous 1 0 1 [    ]
Homozygous 2 0 1 [    ]

A1298C 0 1 [    ]
If yes:
Heterozygous 1 0 1 [    ]
Homozygous 2 0 1 [    ]

157. Glutathione enzyme polymorphisms: No Yes
GSTM1 0 1 [    ]

If yes:
Heterozygous 1 0 1 [    ]
Homozygous 2 0 1 [    ]

GSTP1 0 1 [    ]
If yes:
Heterozygous 1 0 1 [    ]
Homozygous 2 0 1 [    ]

GSTP1-A 0 1 [    ]
If yes:
Heterozygous 1 0 1 [    ]
Homozygous 2 0 1 [    ]

158. Catechol-O-methyl transferase polymorphism No Yes
COMT 0 1 [    ]

If yes:
Heterozygous 1 0 1 [    ]
Homozygous 2 0 1 [    ]

159. Superoxide dismutase 2 polymorphism: No Yes
SOD2 0 1 [    ]

If yes:
Heterozygous 1 0 1 [    ]
Homozygous 2 0 1 [    ]

160. Urine organic acids/toxin profile: 
(Enter “0” in all blank brackets)

Units of Measure
Pyruvate     [       ]           [    ] [    ] [    ] [    ]. [    ] [    ]
Lactate        [       ]           [    ] [    ] [    ] [    ]. [    ] [    ]

161. No Yes
Abnormal citric acid metabolites [    ]
Abnormal ketone markers [    ]
Abnormal detoxification markers [    ]
Abnormal bacterial metabolism markers [    ]
Abnormal fatty acid oxidation markers [    ]
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162. Pyroglutamate           [    ] [    ] [    ] [    ]. [    ] [    ]
(Glutathione metabolism byproduct)

163. Neurotransmitter profile Urine or Blood
Dopamine [       ] [    ] [    ] [    ] [    ]. [    ] [    ]
Norepinephrine [       ] [    ] [    ] [    ] [    ]. [    ] [    ]
Epinephrine [       ] [    ] [    ] [    ] [    ]. [    ] [    ]
Serotonin [       ] [    ] [    ] [    ] [    ]. [    ] [    ]
Taurine [       ] [    ] [    ] [    ] [    ]. [    ] [    ]
Glutamate [       ] [    ] [    ] [    ] [    ]. [    ] [    ]
Glycine [       ] [    ] [    ] [    ] [    ]. [    ] [    ]
Histamine [       ] [    ] [    ] [    ] [    ]. [    ] [    ]

COMPREHENSIVE STOOL ANALYSIS

164. Beneficial bacteria (No = “0”, 1-4):
Bifidobacterium [    ]
Lactobacillus [    ]
Yeast [    ]

No Yes
Parasites 0 1 [    ]
Lactoferrin [    ][    ].[    ]
WBC No = Normal Abnormal

0 1 [    ]
Mucus Negative Positive

0 1 [    ]
Fecal Secretory IgA [    ][    ][    ].[    ]
Elastase [    ][    ][    ][    ].[    ]
Acetate % [    ][    ].[    ]
Propionate % [    ][    ].[    ]
Butyrate % [    ][    ].[    ]
Valerate % [    ][    ].[    ]
Butyrate [    ][    ][    ].[    ]
Total short-chain fatty acids [    ][    ][    ].[    ]
Occult blood [    ][    ][    ].[    ]

165. Food sensitivities:
lgG food sensitivities: No Yes
Almond 0 1 [    ]
Banana 0 1 [    ]
Beef 0 1 [    ]
Cabbage 0 1 [    ]
Casein 0 1 [    ]
Cashew 0 1 [    ]
Chicken 0 1 [    ]
Coconut 0 1 [    ]
Codfish 0 1 [    ]
Corn 0 1 [    ]
Egg white 0 1 [    ]
Egg yolk 0 1 [    ]
Garlic 0 1 [    ]
Grape 0 1 [    ]
Lemon 0 1 [    ]
Lettuce 0 1 [    ]
Oat 0 1 [    ]
Onion 0 1 [    ]
Orange 0 1 [    ]
Peanut 0 1 [    ]
Pepper bell 0 1 [    ]
Pineapple 0 1 [    ]
Pork 0 1 [    ]
Potato white 0 1 [    ]
Rice 0 1 [    ]
Salmon 0 1 [    ]
Scallop 0 1 [    ]
Shrimp 0 1 [    ]
Soybean 0 1 [    ]
Tomato 0 1 [    ]
Tuna 0 1 [    ]
Walnut food 0 1 [    ]
Wheat 0 1 [    ]
Yeast 0 1 [    ]
IgA food sensitivities: No Yes
Gliadin 0 1 [    ]
Casein 0 1 [    ]
Egg 0 1 [    ]
Soy 0 1 [    ]

166. Gluten genetics: No Yes
Celiac gene present? 0 1 [    ]

If yes: 
Number of gene copies? 1 2 [    ]

167. Vitamins/supplements
Vitamins: No Yes

B vitamins 0 1 [    ]
Multivitamin 0 1 [    ]
Vitamin A 0 1 [    ]
Vitamin D 0 1 [    ]
Other 0 1 [    ]

Minerals: No Yes
Zinc 0 1 [    ]
Copper 0 1 [    ]
Magnesium 0 1 [    ]
Manganese 0 1 [    ]
Iodine 0 1 [    ]
Selenium 0 1 [    ]
Iron 0 1 [    ]
Other 0 1 [    ]

Supplements: No Yes
5-HTP 0 1 [    ]
GABA 0 1 [    ]
Glutathione 0 1 [    ]
Probiotics 0 1 [    ]
Essential Fatty Acids 0 1 [    ]
Digestive Enzymes 0 1 [    ]
Betaine HCl 0 1 [    ]
SAMe 0 1 [    ]
Methionine 0 1 [    ]
Amino acids 0 1 [    ]
Melatonin 0 1 [    ]
Other 0 1 [    ]

No Yes
Medicinal/botanical plants 0 1 [    ]

No Yes
Homeopathic medicine 0 1 [    ]
Medical/supplements: No Yes

Antihistamine(s) 0 1 [    ]
Asthma medication(s) 0 1 [    ]
Antipsychotic(s) 0 1 [    ]
Antianxiety 0 1 [    ]
Antidepressant(s) 0 1 [    ]
Immunosuppressant(s) 0 1 [    ]
Steroid cream(s) 0 1 [    ]
Antiemetic 0 1 [    ]
Other medicine 0 1 [    ]

Abbreviations: MRI, magnetic resonance imaging; CNS, 
central nervous system; ENT, ear/nose/throat; MSK, 
musculoskeletal; BMI, body mass index; GI, 
gastrointestinal; ADD, attention-deficit disorder; ADHD, 
attention-deficit/hyperactivity disorder; OCD, obsessive 
compulsive disorder; CoQ10, coenzyme Q10; BUN, blood 
urea nitrogen; RBC, red blood cell; TSH, thyroid-
stimulating hormone; FT4, free thyroxine; TIBC, total 
iron binding capacity; WBC, white blood cell; MCV, mean 
corpuscular volume; MCH, mean corpuscular hemoglobin; 
RCD, red cell distribution; ANC, absolute neutrophil 
count; ALC, absolute lymphocyte count; AMC, absolute 
monocyte count; AEC, absolute eosinophil count; ABC, 
absolute basophil count; AST, aspartate aminotransferase; 
ALT, alanine aminotransferase; EPA, eicosapentaenoic 
acid; DHA, docosahexaenoic acid; DPA, docosapentaenoic 
acid; DTA, docosatetraenoic acid; COMT, catechol-O-
methyl transferase; SOD2, superoxide dismutase 2; IgA, 
immunoglobulin A, IgA; IgG, immunoglobulin G; 5-HTP, 
5-hydroxytryptophan; GABA, γ-aminobutyric acid; HCl, 
hydrochloride.


