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Abstract

A variety of environmental factors affecting the internal biochemical milieu have 
been found to coexist with autism.  Efforts to convincingly demonstrate a cause-and-
effect relationship with any of them are explored here.  Several have been discarded 
after extensive research has failed to corroborate a cause-and-effect relationship.  
Currently, the most plausible appears to be the attenuated role of insulin-like growth 
factor in promoting myelination of neurons in neonates.

INTRODUCTION
Autism is characterized by abnormal neurodevelopment 

involving deranged connectivity between specific regions of 
the brain as well as aberrant neural linkage between the central 
nervous system and particular peripheral motor activities [1].  
As a result, individuals affected by this condition exhibit varying 
degrees of an inability to maintain normal social contact, hyper-
reactivity to sensory input, and a strong preoccupation with 
atypical objects [2].

While the fundamental cause of autism has yet to be discerned 
conclusively, it is generally agreed among researchers in this 
field that the etiology of this malady is in part due to a genetic 
proclivity and to an environmental trigger.  As will be discussed, 
a specific recurring genetic abnormality that explains the origin 
of the disorder in nearly all of the diagnosed cases has yet to be 
defined.  On the other hand, a number of biochemical alterations 
in response to environmental factors are often coexistent with 
the appearance of autism [3].  Whether or not such correlations 
represent cause-and-effect events or are merely contemporary 
phenomena remains uncertain.

The following illustrates the proposed overall cooperative 
relationship between genetics and environmental factors in 
promoting the appearance of autism:

GENETIC PROPENSITY + ENVIRONMENTAL TRIGGER 
→AUTISM

GENETICS = genomic proclivity to be translated into 
neuropathologic characteristics mediated by appropriate 
promoters (triggers) TRIGGERS = heavy metals, oxidative stress, 
viruses, hypoxia, pesticides, inflammation, hyperglycemia

IN OTHER WORDS 

To develop autism, a fetus/infant would typically: 

•  Possess a specific genetic modification, and  

•  Be exposed to one or more environmental triggers.

Discussion – Environmental triggers

Mercury, lead

Certain children are more sensitive to heavy metal 
accumulation because of an apparent genetic predisposition.  
The defect relates to dysfunction of methylene tetrahydrofolate 
reductase, which is responsible for efficient metal export.  
Metallothione in modification in such poisonings can affect 
binding and mobilization of heavy metals [4].  However, the 
specific role of the alterations in autism remains to be ascertained.

That heavy metals can induce neurotoxicity has been known 
for some time.  For example, following mercury pollution of water 
in the Minamata industrial disaster, many children developed 
neurologic malfunctions [5].  Subsequently, methyl mercury 
was found to be elevated in fish in waters surrounding Japan, 
but a specific relationship with autism in particular was not 
substantiated.  At high ingested levels of mercury, myelination 
and neuron growth are attenuated, which decreases long-
distance connectivity normally coupled with the growth of axons 
in the young [6]. 

Lead

Alters the balance of calcium, protein kinase C, and glutamate 
to interfere with neurotransmitter release and nerve conduction 
in the developing brain [7].  Some autistic children have serum 
lead in markedly elevated amounts, but this abnormal result is 
absent in most neurologically affected youngsters [8].  Heavy 
metal chelation has been applied in some cases of autism for 
putative therapeutic purposes, but no consistent symptom 
improvement can be demonstrated [9].

Oxidative stress

Although oxygen is needed to transform chemical bond 
energy into ATP, reactive oxygen species and free radicals formed 
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in metabolism in excess can pose a threat to proper cell function 
and integrity.  Normally, glutathione removes factors promoting 
oxidative stress [10].  Abnormal glutathione synthesis in some 
autistic patients can cause decreased S-adenosyl methionine 
(SAM) and glutathione.  This can attenuate epigenetic methylation, 
phosphatidylcholine function, conversion of norepinephrine to 
epinephrine, and free radical suppression, as well as creatine, 
cytosine, tetrahydrofolate, and methionine synthesis [11]. 
Diminished glutathione availability can reduce the activity of the 
detoxification enzyme, glutathione-S-transferase (GST), as well.  
A group of pregnant mothers were evaluated for the presence 
of GSTP1 haplotype [12].  Deficits in this cellular pathway were 
found to make a neonate apparently more susceptible to autism.  
In addition, levels of glutathione-cysteine ligase were 14% lower 
in affected individuals [13]. In more than two-thirds of autistic 
patients examined, reduced levels of the two anti-oxidants, 
transferrin and ceruloplasmin, are found [14].  Increased 
oxidative stress might be concurrent with these changes.  
Similarly, decreased omega-3 fatty acids are often present in 
affected individuals.  Such lipids are important for proper signal 
transduction, regulation of inflammation, and neuron repair and 
survival [15]. In some autistic patients, lactic acid, a possible 
indicator of mitochondrial dysfunction, is elevated [16].  Down’s 
syndrome, which is sometimes accompanied by autistic-like 
behavior, is associated in many cases with increase in hydrogen 
peroxide, which exhausts the glutathione supply [17]. The activity 
of aconitase, used to measure mitochondrial dysfunction and 
oxidative damage, is 45% lower in the brains of autistic children 
when compared to normal controls [18].  Superoxide dismutase, 
glutathione peroxidase, and malondialdehyde are similarly lower 
in autistic patients.  These findings, when taken together, imply 
a deficiency in the detoxification system associated with autism 
[19].

Pesticides and Air Pollution

Several studies have suggested that pesticides and air 
pollutants are significant environmental triggers in the 
appearance of autism.  Pesticides often contain organophosphates 
(OP).  Large doses of OP inhibit the esterase breaking down 
acetylcholine (Ach).  Especially in autistic patients, the 
neurotransmitter is frequently elevated.  Ach normally plays 
an important role in synaptic transmission and neurological 
signaling.  The damage to normal neuronal signaling and the 
depletion of working synapses in the brain are now believed to 
be key events in the susceptible aspects of autism as well [20]. 
Alternatively, pesticides containing organo chlorides affect GABA 
(the neurotransmitter, gamma-aminobutyric acid) development 
[21].

Traffic air pollutants induce both inflammation and 
oxidative stress.  Especially in pregnant women, they appear 
to have a direct effect on placental production of insulin-like 
growth factor (see discussion below) [22].  One such group of 
pollutants, polycyclic aromatic hydrocarbons, interact with 
MET (mesenchymal-epithelial transition factor) gene.  MET is a 
potent modulator of synaptogenesis in late-stage fetuses and in 
newborns. Interruption of neurodevelopment at this time can 
lead to behaviorial problems [23].  The odds of taffic-related 
pollutants affecting the genesis of autism in prenatal fetuses 

have been correlated with the distance the gravid as lived from 
freeways, especially during late pregnancy [24].

Insulin-Like Growth Factor

Insulin-like growth factor (IGF), under the control of insulin in 
early pregnancy and growth hormone in advanced pregnancy and 
in postnatal life, has as one of its main functions during gestation 
the stimulation of oligodendrocytes in the central nervous system.  
They support the synthesis and placement of myelin sheathing on 
the axons of developing neurons.  Myelination begins in the late 
second trimester of pregnancy and reaches its peak growth by 
one year post-delivery.  This allows impulses to travel 100 times 
faster than prior to myelination by strengthening, lengthening, 
and finalizing the most functional course of the nerves to allow 
saltatory action potential conduction between the nodes of 
Ranvier [25]. Lumbar punctures in children being tested for other 
medical reasons revealed lower levels of IGF in the cerebrospinal 
fluid of autistic children than normal ones up to the age of 4 years 
[26].  Very-small-for-gestational age (VSGA) neonates display 
lower levels of IGF in their umbilical cord bloods than normal-
sized babies, as well as a higher incidence of autism [27].  Hypo-
myelinated neurons are more commonly found in postmortem 
brain biopsies of autistic than normal children [28].  Transgenic 
mice which lack the ability to produce IGF have reduced axonal 
diameters and decreased nerve conduction velocities [29].  
Magnetic resonance imaging has identified decreased myelination 
in autistic young children [30]. Reduced levels of IGF are found 
in neonates where the mother experienced an inflammatory 
process during pregnancy (especially viral).  This is thought to 
result from the persistence of interleukin-6, which causes the 
placenta to produce less of the growth factor.  The relationship 
of this to the occurrence of neuro developmental ailments in such 
children may be expected to reduce oligodendrocytes activity, 
causing suppression of myelin synthesis [31].  In addition, IGF 
inhibits oxidative stress-induced apoptosis in stem cells [32]. 
One way to possibly alleviate this growth factor deficiency in the 
newborn is through breastfeeding. The natural source with the 
highest readily available concentration of IGF is human breast 
milk. Children who have been breastfed exclusively for a full year 
have a lower incidence of autism [33].

Folic Acid  

Tetrahydrofolate and the amino acid, methionine, 
form a pathway that is essential for cellular redox balance, 
deoxynucleotide synthesis, and DNA methylation.  This vitamin 
is also utilized to reduce the level of potentially neurotoxic 
homocysteine [34]. Some polymorphic genes involved in folic 
acid metabolism cause reduction in the availability of folate.  It 
has been observed that gravidas who consume folic acid around 
the time of conception to reduce the risk of neural tube defects 
also produce fewer autistic children [35].

Gluten

Some youngsters with autism have increased intestinal wall 
permeability.  It has been proposed that such leakage could 
increase the circulatory level of gluten and casein metabolites 
(casomorphin and gluteomorphin) which may interfere with 
normal behavior in children [36].  However, diets restricting the 
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ingestion of these foods have done little to change the incidence 
or intensity of autism.

Genetic proclivity

The primary discovery that revealed an apparent genetic 
connection to the etiology of autism was made with monozygotic 
(MZ) twins.  It is popularly assumed that monozygotic twins 
are totally identical.  Such binary sets presumably possess at 
birth indistinguishable genotypes since they arise from the 
same fertilized egg (“natural clones”).  This similarity may be 
modified somewhat by epigenesis as postpartum time passes, 
especially if each member of the twin set is raised in a separate 
environment.  The rate of spontaneous mutation is more similar 
within sets of MZ twins than between sets.  This suggests that 
the contribution of concordant genetics in the determination of 
mutation frequency is substantial and delimiting [37].  However, 
small variations of environmental factors even in utero may lead 
to identifiable intraset diversity after birth.  For example, a study 
of monozygotic quadruplets reported identifiable differences 
in their fingerprints, where the initial pattern is genetically 
determined but may be modified with varying degrees of direct 
pressure between fetuses [38].

If the somatic translation of the genetic sequence were 
exact within a set and if autism occurrence were controlled by 
the genome exclusively, one would expect the appearance of 
this disorder in one member to be duplicated in the second in 
the same manner.  Whereas concordance of autism in twin sets 
was found in one study to be 31% for dizygotic pairs, it was 
88% (but not 100%) for monozygotic twins.  The latter result 
would suggest that occurrence of autism is in part determined by 
genetic factors and that additional causes (e.g., the presence or 
absence of environmental triggers) influence the appearance of 
this neurologic condition [39].  Siblings of autistic children have 
a 7.5 times greater chance of also having the disorder than the 
general population at random [40].

Autism is considered to be one of the most heritable 
neuropsychiatric illnesses.  Recent studies conclude that the 
degree of heritability is closer to 55%, so that the combination 
of genetic tendency and environmental triggers needs to be 
considered in elucidating the etiology of this ailment [41]. The 
recent development of whole genome analysis has made possible 
the expedited search for gene variations/mutations in autistic 
patients.  As a result, the hunt for genotypic sequences that may be 
involved has widened.  As of January, 2014, almost ten SNPs (single 
nucleotide polymorphisms) have shown a statistically significant 
correlation with autism [42]. De novo mutations associated with 
autism have been found in hundreds of different genes across the 
genome.  The majority of them appear in only some affected cases, 
but the search continues for the key promoters of this disease.  
For example, a few instances of mutations have been identified in 
the gene, NTNG1, which plays a role in the organization of nerve 
cells, and in the FOXP1 gene, which is associated with language 
development [43].  However, no discrete mutations have been 
found consistently in the majority (let alone in 100%) of autism 
subjects tested.  This suggests that autism may be a genetically 
heterogeneous condition, whereby similar phenotypes may arise 
from variants of multiple genes.

An additional possibility is gene polymorphism.  The 
potential role of IGF deficiency in autism was discussed above.  
Essentially all of the polymorphic forms of this gene result in 
the production of lower levels of the growth factor [44].  If the 
proposed consequence of reduced IGF promoting one of the 
apparent hallmarks of autism, hypo-myelinated axons, a central 
determinant of this mechanism could be polymorphism of 
the IGF gene, although this remains to be demonstrated in the 
laboratory. It was recently reported that persistent intrauterine 
hyperglycemia in pregnant diabetic females induces epigenetic 
modification of the IGF gene in particular.  Autism risk is 
significantly increased in the children of mothers with diabetes 
during pregnancy [45].

DISCUSSION
Both factors in the external environment (e.g., pesticides, 

oxidants, and heavy metals) and those originating within the 
body of the fetus and/or neonate (e.g., IGF gene polymorphism) 
may have detrimental effects on the developing neurologic 
system.  It remains to be determined if any of them dominate the 
initiation of autism in particular.

Recent research has been emphasizing the role of insulin-like 
growth factor (IGF) in neonatal neurogenesis.  In the absence of 
adequate myelination, brain dysconnectivity appears to dominate 
[46].  IGF supplementation has improved the neurologic status of 
children with autism-like Phelan-McDermid Syndrome [47].  

CONCLUSION
Much scrupulous, convincing research remains to 

be completed to corroborate hypotheses suggesting the 
fundamental etiopathology of autism.  Whereas a great deal of 
effort and funding has been dedicated to this effort so far, little 
appears to be conclusive at this stage.  In the process, much 
has been learned about neurochemistry and neurophysiology.  
The modes utilized by the body to transmit neurologic signals 
within the central nervous system and to the peripheral areas of 
function are better understood today than when autism was first 
identified as a unique condition in 1943. At this point of time, it 
would appear that the primary etiology of autism is related to 
an impeded ability to myelinate new neurons in infants, whether 
due to environmental factors or inborn errors of metabolism 
or genetics.  If correct, the key reducing the incidence of this 
neuropathology may be testing newborn for reduced levels of IGF 
and then supplementing them for the first year or so of life, when 
myelination of the young nervous system reaches its peak. 
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