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ABSTRACT 
Autism has been classically defined 
by its behavioral symptoms. 
Traditional medical research has 
focused on genetic or intrinsic 
brain-based causes of autism. 
While both of these are important, 
additional research has focused on 
the underlying disordered bio-
chemistry seen in many individu-
als with autism. Many of these bio-
medical factors are amenable to 
treatment. This article will review 
the main pathophysiologic factors 
seen in individuals with autism 
spectrum disorders. 

摘要
自闭症主要是根据其行为症状来
定义的。传统医学研究主要集中
在遗传或由内在的大脑问题导致
的自闭症方面。而这两方面都非
常重要，另外的研究则集中在许
多自闭症个体身上都表现出的潜
在的生物化学紊乱特征上。许多
这些生物医学因素都有利于病症
的治疗。本文将综述自闭症谱系
障碍患者个体身上表现出的主要
病理生理因素。

SINOPSIS
El autismo se ha definido tradicio-

nalmente por sus síntomas de com-
portamiento. La investigación 
médica tradicional se ha centrado 
en las causas genéticas o intrínsecas 
cerebrales del autismo. Aunque los 
dos puntos anteriores sean impor-
tantes, otras investigaciones se han 
centrado en los desórdenes bio-
químicos subyacentes que se han 
observado en muchos individuos 
con autismo. Muchos de estos facto-
res biomédicos pueden tratarse. En 
este artículo se revisarán los princi-
pales factores fisiopatológicos 
observados en individuos con 
trastornos del espectro autista.

INTRODUCTION
Autism is a behavioral/developmental disorder 

characterized clinically by delays and qualitative dif-
ferences in communication and social interaction as 
well as repetitive behaviors and restricted interests.1 
Theories of the causes of autism have evolved over 
time from the concept of “refrigerator mothers,” a dis-
credited theory purporting that children became 
autistic due to the inability to bond with cold, unfeel-
ing mothers, to that of a more educationally and 
behaviorally based disorder. Traditional diagnostic 
investigations have focused primarily on genetic or 
intrinsic brain causes of autism. Newer paradigms, 
however, are focusing on the potential role of a myri-
ad of biochemical and systemic factors that may be 
extrinsic to the brain but having secondary effects on the 
brain. This way of thinking allows for the possibility 
of a paradigm shift from viewing autism as a static, 
unchangeable, lifelong disorder to one that is more 
dynamic and potentially amenable to treatment. This 
article reviews the current state of knowledge regard-
ing potential underlying biomedical factors contrib-
uting to symptoms of autism, ie, the pathophysiology 
of autism spectrum disorders (ASDs).

The prevalence of autism has risen dramatically in 
the past 2 decades. The most recent US Centers for 
Disease Control and Prevention data from 2008 reports 
a prevalence of 1 in 88 children in the United States, 1 

in 54 in boys, and an increase of 78% during the 6-year 
period from 2002 to 2008.2 There are many potential 
reasons for this increase. Non-biomedical reasons cited 
include an increase in diagnostic awareness, broaden-
ing of the diagnostic criteria, and diagnostic relabeling 
(ie, labeling children who previously had different 
labels as autistic). All of these are partial explanations 
for this increase but alone cannot account for the stag-
gering increase in numbers of children with autism. 
Underlying contributing biomedical factors resulting 
from a combination of genetic vulnerability plus envi-
ronmental triggers, with consideration of “environ-
ment’ in a broad sense, are additional factors likely 
contributing to this increase.

Traditional medicine has been directing its genet-
ic focus toward identifying the gene or genes respon-
sible for autism. However, the picture emerging is 
much more complex than anticipated, with multiple 
potential genes being contributory to some degree 
along with the emerging awareness of “epigenetics.” 
Epigenetics is the effect on gene expression without a 
change in the base pairs; it is what happens around the 
gene. These epigenetic effects can have ramifications 
on an individual’s health from fetal developmental 
through the lifetime (and potentially transgeneration-
ally) and so are profoundly important. Epigenetic 
effects can affect early cortical development and there-
fore may play a role in autism.3
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FUNCTIONAL MEDICINE APPROACH
An effective organizing approach to these complex 

and interconnected biomedical factors is that of func-
tional medicine. Functional medicine involves looking 
below the surface of the symptoms in order to identify 
causative factors. A helpful construct is to ask the fol-
lowing two questions when evaluating an individual 
with autism:

1. Are this individual’s body and brain getting what 
they need to function optimally (eg, vitamins, miner-
als, omega-3 fatty acids, healthy clean foods)? 

2. Is something present in this individual’s body and 
brain that is interfering with his or her ability to 
function optimally (eg, internally or externally 
derived toxins, free radicals, cytokines, histamine)?

The goal of answering these two questions is to 
optimize function by giving the brain and body what 
they need and eliminating that which may be interfer-
ing. From these two simple questions, very complex 
and elegant treatment options flow.

Functional medicine treatments have been 
described by some as “alternative” or “complementary.” 
As this article will demonstrate, however, the treat-
ments are based in solid science, with ever-increasing 
documentation in the published, peer-reviewed litera-
ture. Many treatments are directly analogous to those 
that are more traditionally accepted. For example, neu-
rologists and geneticists have long provided “mito-
chondrial cocktails” of nutrients to support malfunc-
tioning enzyme pathways; this is also true of the nutri-
tional supports often provided to individuals with 
autism. Primary care clinicians commonly test their 
patients for nutritional deficiencies such as iron defi-
ciency and guide treatments based on initial and fol-
low-up testing; the same is true for the broad array of 
nutritional deficiencies seen in autism. The difference 
in autism is the breadth and depth of the nutritional 
deficiencies and biochemical inefficiencies or dysfunc-
tions, which result in a need for a broad array of bio-
medical interventions.

BIOMEDICAL CONTRIBUTING FACTORS
Individuals with ASDs can have a myriad of bio-

medical factors that can affect brain functioning. 
Contributing factors may include

 • Nutritional deficiencies (particularly in zinc, mag-
nesium, B vitamins, vitamin D, vitamin A, antioxi-
dant nutrients, omega-3 fatty acids) ;

 • Greater nutritional needs (eg, due to genetic 
mutations in biochemical pathways or poor intes-
tinal absorption);

 • Food sensitivities/intolerances;
 • Opiate-like byproducts from casein and gluten;
 • Altered intestinal permeability (“leaky gut”);
 • Intestinal dysbiosis (insufficient beneficial bacte-

ria, excessive yeast or Clostridia);

 • Poor methylation/transsulfuration;
 • Poor detoxification;
 • Inflammation (of intestine and brain) and exces-

sive pro-inflammatory cytokines;
 • Oxidative stress;
 • Mitochondrial/metabolic dysfunction;
 • Immune imbalances/autoimmunity; and
 • Insufficient oxytocin

The subset of the above factors present in any 
given individual varies, and the goal of the clinician is 
to identify the specific factors present in each patient in 
order to individualize treatments.

NUTRITIONAL DEFICIENCIES
Nutrition begins with intake; however, diet alone 

is not equivalent to nutrition. Nutrition is what an 
individual eats, absorbs, and delivers to the cells and 
what is subsequently taken up and used by the cells. 
Many individuals with autism have problems at the 
beginning of this pathway because of restricted appe-
tites and poor intake. Poor intake can have many 
causes. One must always rule out medical factors such 
as reflux disease or constipation, neither of which is 
uncommon in individuals with autism. Zinc deficien-
cy is a common contributing factor to poor/restricted 
appetites as it results in poor taste perception. Sensory 
sensitivities are very common in individuals with 
autism, including sensitivity to the taste, texture, 
smell, sight, and mixture of foods. Some individuals 
have very strong cravings for foods, possibly due to the 
creation of excess opiate-like peptides, and limit intake 
to those preferred foods. All of these factors combine to 
limit adequate intake.

Nutrients also need to be present at sufficient 
levels for best function to occur. Ensuring nutrients 
are at optimal levels, not just at bare minimum norms, 
can help support more optimal functioning. Certain 
genetic mutations, such as single nucleotide polymor-
phisms (SNPs), can affect an individual’s nutrient 
needs. For example, a subset of individuals with 
autism has a mutation in the methylenetetrahydrofo-
late reductase (MTHFR) enzyme, which confers a 
higher need for folate.4,5

Individuals with autism may present with a vari-
ety of nutrients at deficient or suboptimal levels.6 Blood 
tests and functional urine testing can help identify 
these deficits or inefficiencies.7

Vitamins
Unmet needs for B vitamins are common in indi-

viduals with autism. B vitamins play critical roles in 
human biochemistry. As a group, B vitamins support 
energy metabolism, neurotransmitter synthesis, fat 
and protein metabolism, nerve function, brain health, 
and overall health. Each B vitamin also has unique 
functions. For example, B vitamins, particularly B1, 
B2, and B3, are critical for optimal mitochondrial 
function. Mitochondrial dysfunction is common in 
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individuals with autism. Vitamin B6 can be helpful in 
a subset of individuals with autism.8 B6 is needed for 
numerous enzymatic reactions; the following are 
particularly important for individuals with autism. 
B6 is needed for the conversion of tryptophan to sero-
tonin, homocysteine to glutathione, and glutamate to 
gamma-amino butyric acid (GABA). Folic acid and B12 
play critical roles in multiple areas of function in 
individuals with autism. Both are needed for appro-
priate functioning of the methylation cycle, a path-
way of critical importance especially in individuals 
with autism. Cerebral folate deficiency, a condition 
in which folic acid is not present in spinal fluid in 
adequate amounts, results in a number of clinical 
conditions, including autism. 

Vitamin A deficiency also occurs in a subset of 
individuals with autism. Vitamin A is important for 
vision, including eye contact; it also has antioxidant 
functions. Vitamin D deficiency is common in the 
population as a whole and often seen in autistic indi-
viduals as well.9,10 Vitamin D is important not only 
for bone health but for adequate cognition and 
immune function. 

Minerals
Zinc deficiency is common in individuals with 

autism.11 Zinc deficiency can be due to a number of 
factors, including use of antacid medications (which 
suppress mineral absorption), high glycemic diets, 
poor dietary intake of animal protein, and presence of 
toxic metals. Zinc is a necessary cofactor for more 
than 200 enzymatic reactions. It also has roles in 
immune function, transport of vitamin A, amino acid 
metabolism, metallothioneine function (important 
for zinc/copper regulation and toxic metal detoxifica-
tion), and taste perception.

Individuals with autism often have an unmet need 
for magnesium.  Magnesium is a necessary cofactor for 
more than 300 enzymatic reactions. Magnesium is nec-
essary for adenosine triphosphate (ATP) production, 
neurotransmitter function, methylation, and sulfur 
amino acid and glutathione metabolism. Magnesium 
deficiency can result in many symptoms commonly 
seen in individuals with autism including hyperactivi-
ty, anxiety, poor sleep, and constipation. 

Omega-3 Fatty Acids
Essential fatty acids are unable to be synthesized 

by the body and need to be taken in through diet or 
supplements. The standard American diet provides 
excessive omega-6 fatty acids, which are more pro-
inflammatory, and inadequate omega-3 fatty acids. 
Omega-3 fatty acids, particularly eicosapentaenoic acid 
(EPA) and docosahexaenoic acid (DHA), have numer-
ous health benefits including anti-inflammatory 
effects, support of intestinal and skin health, and cogni-
tive and vision benefits. Supplementation is usually 
required, as the fish sources containing the highest 
levels of omega-3 fatty acids are also higher in mercury. 

FOOD SENSITIVITIES/INTOLERANCES
A significant subset of individuals with autism is 

sensitive or intolerant to foods. While some may also 
have traditional allergies (immunoglobulin E [IgE]–
mediated), many have immunoglogulin G (IgG)–medi-
ated sensitivities that can result in physical and/or neu-
rological or behavioral symptoms. IgG sensitivities dif-
fer from traditional food allergies in that they can occur 
in a more delayed timeframe (up to 72 h after ingestion 
of an offending food). IgG testing can indicate an immu-
nological reaction to a food, but the “gold standard” for 
diagnosis of food sensitivities is elimination of a sus-
pected offending food for a period of time followed by a 
rechallenge with the food. Food-sensitive individuals 
will have improvement with removal of the offending 
food(s) and worsening with reintroduction. The most 
common offending foods in individuals with autism are 
casein, the main protein from dairy, and gluten, the 
main protein found in wheat and other grains.12

There are many physiological ways that foods can 
affect brain functioning. The most common is through 
the mediator of altered intestinal permeability, so-called 
“leaky gut.”13 Cells of the small intestine are connected 
by tight junctions; this prevents incompletely digested 
molecules from entering the circulation. When these 
tight junctions are disrupted (eg, due to celiac disease, 
insufficient essential fatty acids), incompletely digested 
molecules such as partially digested peptide chains 
from casein and gluten can enter the bloodstream. If 
these molecules cross the blood-brain barrier, they can 
then potentially affect brain function. Since neurotrans-
mitters are peptides, it is theorized that these peptides 
from casein and gluten act as “false neurotransmitters” 
and interfere with optimum brain function. An addi-
tional challenge for a subset of individuals with autism 
is the creation of opiate-like peptides from casein and 
gluten.14-16  These opiate-like peptides are a normal step 
in the digestion of these foods and are broken down by 
the enzyme dipeptidyl peptidase IV (DPP-IV). The find-
ing of undigested exorphin peptides in the urine is con-
sistent with impaired or deficient activity of DPP-IV. Of 
interest, DPP-IV can be inactivated by mercury and 
organophosphates. These exorphin peptides may then 
also enter the circulation via a “leaky gut” with subse-
quent negative effects on brain functioning. Treatment 
options include removal of the offending foods,17-19 
provision of digestive enzymes, and healing the intesti-
nal lining to make it appropriately permeable. 

Foods may be problematic in other ways. For 
example, cerebral folate deficiency is a condition in 
which folate is unable to adequately enter the cerebro-
spinal fluid due to the presence of blocking or binding 
antibodies.20,21 Casein intake can contribute to the 
development of folate receptor autoantibodies and a 
milk-free diet was shown to downregulate folate 
receptor autoimmunity.22 Inflammation of brain and 
intestine is a significant issue in individuals with 
autism; gluten in particular can be pro-inflammatory 
for many individuals. 
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INTESTINAL DYSBIOSIS
An ever-increasing body of research is document-

ing the importance of a healthy intestinal microbiome 
and the close interrelationship of intestinal and brain 
health and functioning. The intestine is home to tril-
lions of beneficial bacteria that serve many helpful 
functions. These include immune support, production 
of nutrients (eg, biotin, vitamin K, B vitamins, short-
chain fatty acids), reduction of inflammation, inhibi-
tion of the growth of potentially harmful bacteria (eg, 
Clostridia) and yeast, improved digestion and nutrient 
absorption, and reduction in allergies and skin condi-
tions. The main risks for imbalanced intestinal flora are 
antibiotic use and inadequate dietary fiber. Intestinal 
dysbiosis, an imbalance in the beneficial organisms in 
the gastrointestinal tract and/or an overgrowth of 
pathogenic organisms, can be seen in many individuals 
with autism. Recent studies demonstrate that the intes-
tinal flora of individuals with autism differs from that 
of individuals without autism.23-26

When insufficient beneficial bacteria are present, 
pathogenic flora can overgrow, particularly Clostridia 
and yeast. These organisms may then secrete toxic 
metabolites that have several negative consequences. 
These toxins may contribute to the development of 
altered intestinal permeability and may then enter the 
circulation and subsequently have secondary effects on 
brain functioning. Toxic byproducts from Clostridia 
are particularly interesting. Several studies have dem-
onstrated that injection of proprionic acid (made by 
Clostridia) into rat brains resulted in the development 
of autistic-like symptoms.27,28 Another study described 
negative effects from toxic metabolites (eg, proprionyl-
CoA) on mitochondrial energy metabolism.29

METHYLATION AND TRANSSULFURATION 
ABNORMALITIES

The folate, methylation, and sulfation cycles are 
interconnected cycles that serve vital functions in 
purine and pyrimidine synthesis, neurotransmitter 
metabolism, gene expression, antioxidant support, and 
detoxification. These pathways often function poorly 
in individuals with autism. Differences in measured 
metabolites in these pathways and correction of the 
imbalances by appropriate supplementation have been 
well-documented in the exquisite work of S. Jill James, 
PhD, and others.30-32 These pathways are dependent on 
folic acid, vitamin B12, and vitamin B6, all of which are 
commonly deficient or insufficient in individuals with 
autism. Chronic oxidative stress, often seen in autism, 
also can deplete the nutrients in these pathways, fur-
ther impairing their function. 

DETOXIFICATION WEAKNESSES
Detoxification challenges in individuals with 

autism may start with something as simple as inade-
quate elimination due to constipation, a common coex-
isting medical problem. Challenges are further exacer-
bated by weaknesses in glutathione production as glu-

tathione plays an important role in phase II detoxifica-
tion in the liver. Glutathione is made in the transsulfu-
ration cycle; if weaknesses exist in the folate and 
methylation cycles or if nutrient deficiencies are pres-
ent (eg, in B6), glutathione production is adversely 
affected.33 Abnormalities in sulfation that can affect 
clearance of phenols also have been documented.34 In 
the presence of these weaknesses, toxins, either inter-
nally derived or externally sourced (eg, toxic metals, 
organophosphates), may not be eliminated efficiently, 
with potentially negative consequences on brain func-
tion, mitochondrial health, etc. 

MITOCHONDRIAL DISEASE OR DYSFUNCTION
While true mitochondrial disease may be seen in a 

small subset of individuals with autism, mitochondrial 
dysfunction is common.35,36 In many individuals, this 
is secondary to insufficient nutritional cofactors for 
optimum enzyme function. In addition, some individu-
als may have an inability to adequately synthesize cer-
tain factors (such as carnitine).37 Given the vital role of 
mitochondria for cell functioning, dysfunctions can 
have broad effects on overall health and well-being. 

OXIDATIVE STRESS AND INFLAMMATION
Oxidative stress is a process by which the body 

responds to infectious or other invaders through the 
production of free radicals. When oxidative stress is 
excessive or chronic and/or when insufficient antioxi-
dants are present, free radicals can result in damage to 
cell walls and to DNA. Oxidative stress also can have 
negative effects on the functioning of brain glial cells. 
Glial cells provide nourishment to neurons and clean 
up toxic metabolic byproducts such as glutamate. 
When glial cell function is poor, these functions are 
disrupted, with negative effects on brain function. 
Increased GABA is needed to counteract the excess glu-
tamate. When imbalances persist, clinical consequenc-
es can include poor language, poor sensory processing, 
and overall suboptimal brain function. Excessive oxida-
tive stress has been described in autism.38 

Inflammation of both intestine and brain is well 
documented in a subset of individuals with autism. 
Findings analogous to inflammatory bowel disease are 
present in some individuals.39 Autopsy studies have 
documented low-grade chronic inflammation in the 
brains of individuals with autism.40,41 Inflammation is 
one contributing factor to excessive oxidative stress.42 

A more recent paradigm describes the potential 
negative combined effects of mitochondrial dysfunc-
tion, oxidative stress, and inflammation on brain 
function due to a poor “signal-to-noise” ratio. As 
recently described by Martha Herbert, MD, PhD, if 
mitochondrial function is poor, the “signals” in the 
brain may be of insufficient strength.43 With exces-
sive oxidative stress and inflammation, background 
“noise” may be high. In that setting, the signals may 
not exceed the “noise,” and brain transmission is 
adversely affected. 
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IMMUNE IMBALANCES AND AUTOIMMUNITY
A variety of differences in the immune system 

have been documented in individuals with autism.44,45 
A profile of increased cytokines in blood with imbal-
ances in Th1/Th2 has been described.46 An elevated 
immune response also has been shown in the brains of 
individuals with autism, with an increase in pro-
inflammatory cytokines.47 Low natural killer cell activ-
ity has been described.48 Abnormal immunoglobulin 
levels also may be present.49 Autoimmunity, with the 
presence of brain autoantibodies, such as myelin basic 
protein antibodies, has been described as well.50-52 

THE ROLE OF OXYTOCIN
Oxytocin is primarily known for its presence in 

breast milk and has been referred to as the “bonding 
hormone.” Recent studies have shown the importance 
of oxytocin for social connection throughout life. 
Studies of high-functioning individuals with autism or 
Asperger’s syndrome treated with oxytocin as a nasal 
spray report improvements in face processing and eye 
contact,53 turn-taking, and emotion recognition, as well 
as a decrease in social anxiety. A recent study described 
the role of oxytocin in “signal to noise” brain filtering.54 
Oxytocin strengthened some actions of fast-spiking 
interneurons while reducing the background activity 
in neighboring cells.

IMPLICATIONS FOR TREATMENT
A given individual with autism may have any 

combination of the above described factors, and the 
clinician’s challenge is to determine which factors are 
relevant to that individual. Once defined by clinical or 
laboratory evaluation, multiple potential therapeutic 
options become available. Treatments might include 
correction of nutritional deficiencies, elimination of 
problematic foods and/or use of digestive enzymes, 
restoration of optimal intestinal flora balance, support 
of methylation and detoxification pathways, reduction 
of oxidative stress and inflammation, improvement of 
mitochondrial function, and provision of oxytocin. By 
providing the body and brain with what they need and 
by eliminating that which may be interfering, the 
potential exists to significantly improve overall brain 
functioning and therefore quality of life for individu-
als with autism.
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