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Abstract

Research into environmental risk factors for autism has grown dramatically over the past 10 years, 
providing evidence that non-genetic factors acting during the prenatal period may influence 
the underlying neurodevelopmental processes. This paper reviews the evidence on modifiable 
preconception and/or prenatal factors that have been associated with autism spectrum disorder 
(ASD), including only human studies with at least 50 cases of ASD, having a valid comparison group, 
conducted within the past decade, and focusing on maternal lifestyle or environmental chemicals. 
Consistent results have been reported for an association of higher maternal intake of certain nutrients 
and supplements with reduction in ASD risk, with the strongest evidence for folic acid supplements. 
A number of studies have demonstrated significant increases in ASD risk with estimated exposure to 
air pollution during the prenatal period, particularly for heavy metals and particulate matter. A few 
studies suggest a link with organophosphate pesticides. More rigorous ascertainment of exposure 
is needed for studies of substance use; most investigations adjusting for potential confounders, but 
relying on self-reported use, have shown no links between maternal smoking or alcohol consumption 
and ASD. Little research has assessed other persistent and non-persistent organic chemical 
pollutants, such as are found in common household or personal care products, in association with 
ASD specifically. More work is needed to examine fats, vitamins, and other maternal nutrients, as well 
as endocrine-disrupting chemicals and pesticides, in association with ASD, given sound biological 
plausibility and evidence regarding other neurodevelopmental outcomes.  In addition, the field could 
be advanced by the use of large-scale epidemiologic studies, attention to critical etiologic windows 
and how these vary by exposure, interactions with genetic susceptibility, and a focus on underlying 
mechanisms. 

Introduction

In the past decade there has been an exponential growth in the number of environmental factors 
studied in association with autism spectrum disorder (ASD). Although genetic factors are clearly 
involved in ASD risk, evidence supports a substantial environmental contribution. Furthermore, both 
genetic and environmental research points to the complexity of the disorder, with multiple causes 
likely to be acting in one individual. Although postnatal influences may also contribute to risk, this 
review covers exposures occurring during the preconception and prenatal periods. We focus on 
maternal lifestyle factors and environmental chemical exposures that can potentially be modified at 
the individual or societal level; only human studies with adequate sample sizes (at least 50 cases) that 
examined an ASD diagnosis or a scale score for ASD symptoms are reviewed. 

Environmental exposures may influence brain development at different stages, acting directly on 
signaling or receptors in neuronal tissue, or through immune dysregulation, hormonal aberrations, 
oxidative stress, nutrient deficiencies, epigenetic alterations, and/or by inducing de novo DNA 
changes. Some environmental factors may be markers rather than causes of higher risk, but are 
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useful in providing etiologic clues; examples include season of birth or conception (1-3) and short 
inter-pregnancy interval (IPI) (4-6). The former may be related to factors that vary by season, such as 
viral infections, vitamin D levels or pesticide use, while the latter could result in maternal nutrient 
deficiencies.

1. Maternal lifestyle factors

Table 1: Summary of Maternal Lifestyle Factors Associated with Autism
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Maternal Nutrition

Few autism studies have explored maternal nutrition, which is essential to fetal brain development. 
Maternal nutrient deprivation has been associated with increased risk of other adverse 
neurodevelopmental outcomes (7-12).  Nutritional insufficiencies are common during pregnancy 
because of the greater metabolic demands of the growing placenta, fetus, and maternal tissues 
(13,14), and have been shown to influence brain structure and function.  

Prenatal Vitamins and Folate
Two population-based studies found that taking supplements high in folic acid near conception, 
but not other time points, was associated with a 40% lower risk of autism (15,16).  In further work, 
Schmidt and colleagues (17) reported that ASD risk decreased as mean daily folic acid intake from 
vitamins, supplements, and breakfast cereals increased (Ptrend = 0.001). Significant gene-environment 
interactions suggested even stronger protection from folic acid supplements or higher folic acid when 
the children or their mothers carried gene variants leading to less efficient folate metabolism (15,18).  

These findings present a possibility of reducing risk for autism by increasing maternal folic acid intake. 
As folate provides an abundant source of methyl groups, mechanisms involving methylation changes 
and resultant alterations in expression or activity of genes, proteins, and neurotransmitters may link 
folic acid to ASD  (17,19,20).

Fish and Fish Oil Supplements
Maternal fish intake may confer either protective effects as a source of fatty acids and vitamin D, or 
increased risks of harm from accumulated mercury and other contaminants. Higher fish intake has 
also been associated with improved neurodevelopmental scores (21). Studies to date on maternal fish 
and fish oil intake have found no association with ASD (16,22), possibly the net result of two opposing 
effects.

Fatty Acids
Developing fetuses require maternal stores of omega-3 fatty acids for optimal brain development 
(23,24). Higher intake of polyunsaturated fatty acids (PUFAs) before and during pregnancy, measured 
using validated food frequency questionnaires, was associated with reduced risk of ASD in a large 
U.S. prospective cohort study. Very low intakes (the lowest 5% of the distribution) of omega-3 fatty 
acid were linked to a significantly increased risk of ASD. Replication and identification of optimal or 
threshold levels are needed. 

Vitamin D
Although low maternal (and thus fetal) vitamin D levels have been hypothesized as risk factors for 
ASD (25),  few studies have examined prenatal exposure. In one of these studies, maternal serum 
25-hydroxyvitamin D concentrations measured around the 18th week of pregnancy did not predict 
the child’s Autism-Spectrum Quotient (AQ) scores in early adulthood (26) but the sample size was 
too small to examine ASD diagnoses. Other reports provide indirect support for an association, e.g. 
increased rates of ASD among children of dark-skinned immigrant mothers who moved to high 
latitudes (27) and among children born or conceived in certain seasons (3,28). Biologic plausibility for a 
role of vitamin D comes through its influence on neuronal differentiation, metabolism of neurotrophic 
factors and neurotoxins, protection from brain inflammation, endocrine functions, and fetal brain 
growth. 
 

Substance use

Cigarette Smoking
Numerous investigations have assessed maternal smoking in association with ASD, each with 
limitations, and overall produced inconsistent findings (29-41).  Earlier work lacked adjustment for 
socioeconomic factors that were likely to have confounded associations (29-32), or adjusted for 
potentially mediating variables (i.e. birthweight) (35,36), which could have masked an elevated risk.  
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Studies that did adjust for sociodemographic factors generally do not support a large association 
with ASD (35,37,38,41).  Two studies found an association of maternal smoking with high-functioning 
autism or pervasive developmental disorder but not with lower functioning cases (37,38,41).  
Nevertheless, data on smoking may be subject to under-reporting in medical records, self-report or 
birth certificates (40), which could lead to bias towards the null. 

Though evidence to date of an association with ASD is weak, maternal smoking could influence 
neurodevelopment and risk for ASD through mechanisms such as placental insufficiency, reduced 
blood flow and oxygen deprivation in the brain (42), changes in fetal brain gene expression (43), 
altered nicotinic receptors (44), persistent changes in neurotransmitter activity and turnover (45,46), 
and/or increased intrauterine testosterone (47). Prenatal smoking in some mothers may also be an 
indicator of underlying psychological problems that themselves could influence risk in the offspring 
(48). Effects of second-hand tobacco smoke exposure and interactions with genetic susceptibility 
should be further explored.

Alcohol
Maternal alcohol consumption can be teratogenic; high prenatal alcohol exposure impairs 
neurodevelopment in humans (49-51) and in animal studies produces social avoidance (52).  
Surprisingly few rigorous studies have examined maternal alcohol use and ASD risk. Those conducted 
to date do not support an association with low to modest maternal alcohol intake but studies suggest 
a potential association with levels high enough to induce fetal alcohol syndrome (39,49,53). 

2. Environmental Chemicals

Despite historical evidence of reproductive and neurodevelopmental aberrations with exposure to 
chemicals like lead or pesticides, federal requirements to test substances for long-term behavioral 
consequences have been slow to evolve, and thousands of compounds remain unregulated (58). 

Air Pollution
A growing literature has emerged on air pollution, or proxies for it, in relation to ASD (55-61). Many of 
these studies linked household addresses to U.S. Environmental Protection Agency (EPA) models to 
derive exposure information. Most have reported modest increases in the risk of ASD, with an odds 
ratio (OR) around 1.5 to 2, for those individuals with higher estimated exposure to air pollution. Two 
large studies, one with data across the United States, found elevated risk for ASD with higher levels of  
chlorinated solvents, heavy metals, diesel particles, and other specific compounds (62,66). 

Residential proximity (<309 m) to a major freeway, a major source and strong predictor of high 
pollutant levels, has also been linked to a near doubling of odds of having a child with ASD, as 
compared to further distances, in a large population-based case control study (59). Elevated risks 
were also found with gestational and first year of life exposures for overall traffic-related air pollution, 
nitrogen dioxide, and particulate matter less than 2.5 and less than 10 μm in diameter (PM2.5 and 
PM10). Gene-environment interaction was identified: children homozygous for the MET C allele were 
especially vulnerable to the effects of air pollution: ORs for top quartile CC genotype vs. bottom three 
quartiles CT or TT genotype were 3-fold or higher for PM10 and nitrogen dioxide (67). 

A large investigation from Los Angeles (55) also reported an elevated risk of ASD for higher 
estimated ozone and NO2 exposure during the entire pregnancy, in models adjusted for numerous 
sociodemographic confounders. Stronger associations were found for those in the lowest educational 
stratum.  

Thus, a growing literature suggests air pollutant exposure during pregnancy may increase ASD risk. 
Because air pollution is a complex and variable mixture of compounds that are highly correlated, 
impact of any specific chemical is unclear. Additionally, although most analyses adjusted for socio-
demographic factors, residual confounding factors could be present, particularly socio-economic 
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factors, that influence the likelihood of a diagnosis. Confounding by other predictors of child 
outcomes, e.g. noise pollution through sleep disturbances, should also be considered. Further work is 
needed to elucidate potential biological pathways. 

Persistent Organic Pollutants
Persistent organic pollutants (POPs) are widely distributed throughout the environment and are 
toxic to both wildlife and human health. These include certain pesticides, industrial chemicals, and 
by-products of industrial processes. Several POPs, including dioxins, polychlorinated biphenyls 
(PCBs), and polybrominated diphenyl ethers (PBDEs) are endocrine-disrupting chemicals (EDCs). A 
pilot investigation (64) found a non-significant elevation of the odds for ASD associated with higher 
measured concentrations of PCBs in maternal samples taken at delivery. Another recent study 
found that higher scores on a scale of autism traits were associated with greater concentrations of 
2,3,7,8-tetrachlorodibenzodioxin (the most toxic dioxin) in the mothers’ breast milk (69).

EDCs may influence neurodevelopment through disruption of maternal thyroid hormones (66), 
essential for neuronal growth, cell migration and differentiation during early gestation (67). A human 
study on ASD and thyroid hormones found an association with very low levels at birth (68). The strong 
male: female ratio in autism of over four may indicate a role for steroid hormones or their targets 
(69) in early sexual differentiation of the brain. A number of EDCs alter production or activity of sex 
steroids; both testosterone and estradiol influence fetal brain development. 

Pesticides 
Some pesticides are POPs (http://chm.pops.int/Convention/ThePOPs/tabid/673/Default.aspx) and/or 
EDCs (70) and are designed to damage the nervous systems of the targeted species, often acting on 
neurotransmission. 

Organochlorine pesticides, originally used to control malaria but still applied agriculturally, were 
linked, when exposures were in the first trimester, with elevated ASD risk in children from nearby 
residences (75).
 
Organophosphate insecticides degrade rapidly; they have been widely applied both agriculturally 
and residentially, though use in residential products was banned by the U.S. EPA in 2001. Agricultural 
organophosphate applications near the home at any point in pregnancy were associated with 
elevated ASD risk (71) in two independent California studies, both with adjustment for confounders 
and one of which had confirmed cases. Symptoms for pervasive developmental disorder (PDD) were 
associated, in two different cohorts of mother-child pairs, with higher levels of metabolites in urine 
samples (72) or of chlorpyrifos, a common organophosphate, in umbilical cord blood plasma (73). 
Other investigations support behavioral and cognitive deficits (74,75), as well as differences in brain 
volume (81), associated with organophosphates. 

Other pesticides that have become increasingly common and are ubiquitously used (77) warrant 
scrutiny, including synthetic pyrethroids or their naturally-derived counterparts, pyrethrins (78), and 
imidacloprid and fipronil. The latter are used in insecticides and other products to eliminate pests, 
and frequent use during pregnancy was reported more often by mothers of ASD children than by 
those of typically developing controls.  These products might influence neurodevelopment through a 
variety of mechanisms (79), including interference with serotonergic systems, altered GABA function, 
mitochondrial dysfunction, endocrine disruption (66) and alterations in calcium signaling (80,81). 

Non-persistent Organic Pollutants 

Several short-lived compounds in common household or personal care products may act as 
neurodevelopmental toxicants. Two of these compounds, bisphenol A (BPA), and phthalates, have 
also been linked to thyroid dysfunction, which could lead to neurodevelopmental consequences. 
Phthalates have anti-androgenic properties and are found in cosmetics, lotions, fragrances and 
building materials (82). In children, prospective research found associations of some phthalate 
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metabolites with body size (83), conduct disorder or attention problems (84) and social deficits (85). 
Phthalate metabolites in third trimester maternal urine were associated with poorer scores on several 
subscales of the Social Responsiveness Scale (SRS) (85). A doubling of ASD risk was reported in one 
study in children whose homes had vinyl (PVC) flooring (34), which is a significant source of airborne 
phthalates (86). No studies to date (87) have been conducted on prenatal BPA exposure and ASD 
diagnosis, though two studies found no evidence for an association ASD symptoms as assessed by the 

SRS .

Several short-lived compounds in common household or personal care products may act as 
neurodevelopmental toxicants. Two of these compounds, bisphenol A (BPA), and phthalates, have 
also been linked to thyroid dysfunction, which could lead to neurodevelopmental consequences. 
Phthalates have anti-androgenic properties and are found in cosmetics, lotions, fragrances and 
building materials (82). In children, prospective research found associations of some phthalate 
metabolites with body size (83), conduct disorder or attention problems (84) and social deficits (85). 
Phthalate metabolites in third trimester maternal urine were associated with poorer scores on several 
subscales of the Social Responsiveness Scale (SRS) (85). A doubling of ASD risk was reported in one 
study in children whose homes had vinyl (PVC) flooring (34), which is a significant source of airborne 
phthalates (86). No studies to date (87) have been conducted on prenatal BPA exposure and ASD 
diagnosis, though two studies found no evidence for an association ASD symptoms as assessed by the 
SRS. 
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Table 2: Summary of Environmental Chemicals Potentially Associated with Autism
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Summary and Future Directions

A number of the factors reviewed here have associations with a broader class of neurodevelopmental 
or psychiatric conditions and therefore may not be unique risk factors for ASD. Furthermore, 
genetic factors or critical time periods may influence whether these exposures result in ASD as 
opposed to other deficits. Considerable progress has been made recently in uncovering clues about 
environmental contributions to autism. Evidence regarding a protective association of maternal 
nutrition with ASD, particularly folic acid, is strong. The literature on air pollution shows remarkable 
consistency, though possible residual confounding factors need to be addressed. A few studies 
support associations with organophosphate pesticides and with phthalate exposures. For most 
other modifiable environmental factors in the periconception and prenatal periods, the literature 
is inconsistent and/or of insufficient quality and quantity. Infections, medications and pregnancy 
complications, not discussed here, have also been associated with ASD and may operate as co-factors. 
In addition, numerous endocrine-disrupting compounds deserve careful scrutiny. Additional research 
gaps include large gene-environment interaction studies, determination of critical etiologic windows 
for environmental exposures (see Figure 1), and disentangling the roles of maternal and paternal 
influences. Although the preconception and prenatal periods are likely to have the strongest impact, 
continued plasticity of the central nervous system implies that exposures in the first year or two of life 
may also contribute to risk of ASD. It is clear that there is no single or universal cause of autism; rather, 
many environmental and genetic factors are likely to be involved and the specific subset of factors will 
vary across different individuals.  
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Neuropathology (autopsy and imaging) studies of brains of individuals with autism spectrum 
disorder found evidence of dysregulated neurogenesis, neuronal migration, and neuronal maturation 
compared to brains of typically developed individuals, processes that generally occur in the first half 
of pregnancy. Figure 1 shows windows of critical periods indicated by evidence from epidemiological 
studies of environmental factors demonstrating an association with autism spectrum disorder. Not 
all exposures shown in the figure are covered in this review, but they are included as exemplary of 
critical time windows. Time periods of higher risk within pregnancy have variable results, but tend to 
congregate in the first half of pregnancy. Days=Fetal days after conception. For exposures with more 
than one study, dark blue indicates overlapping period and light blue indicates timing suggested by 
one but not all studies.  Images adapted from those in The Developing Human: Clinically Oriented 
Embryology, 6th Edition (1998).  This material is reproduced with permission of John Wiley and Sons, 
Inc. 
a The study by Suren et al.14 indicated that up to 6 weeks prior to (and 6 weeks after) conception (4 
weeks before LMP to 8 weeks after) was important.
b The study by Rai et al.23 collected information on use since becoming pregnant at the first antenatal 
visit which usually takes place before the end of the first trimester (median 10 weeks gestation).

Please note: These references refer only to fig.1.
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GP Comment.

What have I learned from this paper?

1. Although much of the emphasis on determining risk factors for autism has rightly been on genetic 
research, this paper provides surprisingly strong evidence for environmental factors in pregnancy 
either protecting against or increasing the risk of autism in the offspring.
2. As with many other conditions, the interaction between genetic and environmental factors may be 
of major importance. 
3. Folic acid supplements during pregnancy seem to protect against ASD, while very poor intake of 
omega-3 fatty acid appears to increase the risk.
4. It is surprising that the research on smoking and alcohol consumption during pregnancy has not 
given us clear answers, although it seems likely that these would be risk factors.
5. It was particularly interesting to see that there seems to be quite strong evidence for maternal 
exposure to air pollution increasing the risk of ASD.

Perhaps we should all move to the country, away from air pollution, and have a healthy diet with 
plenty of fresh food to provide the folate and enough oily fish to provide the necessary omega-3. We 
might feel healthier ourselves and also reduce the risk of ASD in our children.

Dr Yan Tak Choi, BMBS, BSc, MRCGP, MSc
Bennetts End Surgery
Hemel Hempstead.
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