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Vaccines don't cause
autism. Here's what we
know about what does.
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A doctor prepares a vaccine. (BSIP/UIG via Getty Images)

Vaccines ( http://www.vox.com/cards/vaccines/what-is-vaccine)

are in the news — because some kids aren't getting them.

A few different factors ( http://www.vox.com/2015/1/29/7929791

/measles-outbreak-2014) have contributed to recent measles




outbreaks (http://www.vox.com/2015/1/22/7871975/measles-
outbreak) in the US, but one may be parents who believe that
vaccines can cause autism ( http://www.vox.com/2015/2
[4/7972335/dan-olmsted-anti-vaxxers).

The scientists who study the causes of autism, though, have

turned up no evidence ( http://www.vox.com/cards/vaccines

/do-vaccines-cause-autism) that any vaccine contributes to the

disorder, and have largely moved on.

So if that's the case, what does cause autism? Decades of
research have told us that the answer is frustratingly complex: a
mix of inherited genes, random genetic mutations, and
environmental factors like a mother's immune system and

nutrition during pregnancy.

One important finding is that it

doesn't even make sense tothink  [T'S A MIX OF

of autism as a single, discrete INHERITED GENES,

condition. "Not all autisms are RANDOM

created equal,” says Evan Eichler MUTAT/ONS; AND

( ENVIRONMENTAL
FACTORS

https://eichlerlab.gs.washington.edu/evan.html), a University of

Washington geneticist who studies the roots of autism. "There
are many different types of autism, just like there are many

different types of liver cancer, or breast cancer."

On the whole, autism is characterized by difficulty in social

interactions and communication. But the diagnosis of autism



covers people with a huge range of behaviors and symptomes,

which are often arranged along the autism spectrum (

http://en.wikipedia.org/wiki/Autism spectrum).

These different forms of autism appear to be triggered by
different, interacting causes. It's not genetics or environment, but
both — and in most cases, scientists still aren't sure exactly how
these factors actually lead to the disorder. Further, there are
many other factors that are still poorly understood and need to be

more fully investigated.

With all that said, here's a look at what we do know so far about

the causes of autism.

Inherited genes from parents

(Shutterstock.com)

"We've known for almost 30 years that autism is highly heritable,"

says Daniel Geschwind ( http://geschwindlab.neurology.ucla.edu

/people/daniel-h-geschwind), a UCLA geneticist who studies the




disorder. We know this for a simple reason: autism tends to runin

families, even when controlling for environmental factors.

One study found ( http://www.ucdmc.ucdavis.edu/welcome
/features/2011-2012/09/20110914 autism_recurrence.html)

that for a child who has a sibling with autism, his or her own risk is

18.7 percent — much higher than the prevalence in the overall
population, which is about .67 percent (_http://www.vox.com
/2014/8/28/6078005/autism-rates-arent-actually-increasing).

Other studies have found slightly lower rates of recurrence

among siblings, but all show that being related to someone with

autism makes a person more likely to have it as well.

Why is this the case? It turns out that a number of genes (
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2756414/),

passed from parents to child, can increase the risk of autism. "In

the last ten years or so, genetic studies have led to the
identification of many dozens of gene mutations that increase

susceptibility to autism," Geschwind says.

This doesn't mean, however, that

autism is anything like sickle-cell 'NO SINGLE GENE
anemia ( http://en.wikipedia.org ~ ACCOUNTS FOR
LwikifSicide- MORE THAN ONE

Eftll .c;l/iseasi)., he;elmophilia( PERCENT OF
p://en.wikipedia.org CASES"

/wiki/Haemophilia), or other

diseases caused by a single gene.
In fact, it's at the other end of the
spectrum — as Geschwind says, "there is no single gene that

accounts for more than one percent of autism cases."



The genes implicated can be roughly split into two groups. Some
of them are present at low levels in the general population, and
the vast majority of people who have them do not have autism.
Still, they make autism more likely. Researchers speculate that
many of these genes — perhaps in combination with
environmental factors or random mutations — are needed to give

rise to the disorder.

The second group of genes are much more rare, and increase
someone's chance of autism much more significantly. But on the
whole, each of these genes individually account for a very small

percentage of all autism cases.

Researchers are still figuring out exactly what both types of genes
do, but many seem to be involved ( http://www.thelancet.com
/journals/lancet/article/Pl1IS0140-6736(09)61376-3/fulltext) in

the early stages of brain development in the womb, perhaps

regulating the types of neurons that form and the synaptic
connections between them. This is the same stage during which
environmental factors appear to have an effect, raising the
likelihood that the two sets of factors work in concert in some

cases.

Random mutations in sperm or egg cells




(Shutterstock.com)

More recently, researchers have uncovered a different set of
genetic influences: mutations that occur randomly in a sperm or

egg cell before a child is conceived, leading to autism.

Until about a decade ago, these sorts of mutations weren't
thought to be especially important. But at several labs,

researchers have found that a significant percentage of children

with autism have DNA with large-scale copy number variations (

http://en.wikipedia.org/wiki/Copy-number variation) — instances

where stretches of identical DNA erroneously repeat several

times over.

"We initially found that about nine percent of kids with autism had
these events," says Evan Eichler, who directs a University of
Washington lab that studies genetic mutations. "That gave us an
idea. Maybe it's not inherited variation that we should be focused

on — maybe we should be looking for sporadic mutations."

These sporadic mutations occur

in all your cells, all the time, due THIS EXPLAINS
to mistakes made by the WHY OLDER
enzymes that replicate each FATHERS ARE
cell's DNA prior to it dividing into MORE LIKELY TO
two. But they can be harmful

HAVE CHILDREN
WITH AUTISM

when they occur in developing
sperm or egg cells, as the

mutation is passed on to all the



cells of a child in the event of conception.

Eicher's lab and others have identified a huge number of these
random mutations that appear to be associated with an
increased autism risk — as many as 500 to 1000 different
mutations. It's still unclear how exactly they contribute to autism,
but early estimates are that they might cause as much as 30
percent (http://www.nytimes.com/2012/08/23/health/fathers-

age-is-linked-to-risk-of-autism-and-schizophrenia.html? r=0) of

cases.

This explains the striking finding that older fathers are more likely

to have children with autism ( http://www.nature.com/nature
/iournal/v488/n7412/full/nature11396.html#affil-auth). That's

because these sorts of sporadic mutations occur at a steady rate

over time, so older fathers' sperm typically contains more of them
— on average, two more mutations per year. (This doesn't explain
a similar trend seen in women, because new egg cells aren't made

after puberty.)
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PATERNAL AGE

Different studies show slightly different rates (blue and red lines), but all consistently show that the odds of
having a child with an autism spectrum disorder (ASD) increase with paternal age. (Drexel University (
http://drexel.edu/now/archive/2014/April/Autism-Risk-Older-Parents/))

Preliminary research suggests that particular types of mutations
are associated with different forms of autism, in terms of
behavior. People with autism who have a mutation in a gene called
CDHS, for instance, have been found ( http://www.nhs.uk
/news/2014/07July/Pages/Gene-mutation-linked-to-distinct-

type-of-autism.aspx) to share several symptoms, including

difficulty sleeping and digestive problems.

Additionally, a child's sex appears to have some role in affecting
the way the genes are expressed. It's well-established that the
disorder occurs in males at a greater rate than females — the
latest estimates are that it's nearly five times more common (
http://www.cdc.gov/NCBDDD/autism/data.html) — but
recently, researchers found ( http://www.cell.com/ajhg/abstract
/S0002-9297(14)00059-7) that the women who do have autism

actually have higher numbers of mutations.

"This suggests there might be a protective effect involved with

being female," says Sebastien Jacquemont ( http://www.unil.ch

/actu/fr/home/menuguid/nouveaux-professeurs/professeurs-

2013/jacquemont-sebastien.html), one of the geneticists

involved in the discovery. In other words, a female might be able

to tolerate a higsher number of mutations (

http://www.economist.com/news/science-and-technology

/21597877-women-have-fewer-cognitive-disorders-men-do-

because-their-bodies-are-better) associated with autism without

demonstrating symptoms, compared to a male.



It's still unclear whether this is the case — and, if it were, how
such a protective effect might work — but it could explain the

disparity in autism cases by gender.

Folic acid deficiency in the mother

(Fred Tanneau/AFP/Getty Images)



At least two sets of causes that involve the mother's health — and
the conditions in which a fetus develops in the womb — have

been identified.

One is nutrition: in particular, folic acid. "We found (
http://www.ncbi.nlm.nih.gov/pubmed/22648721) that mothers

who took prenatal vitamins with folic acid by the first month of

pregnancy have kids with lower autism rates," says |vra Hertz-

Picciotto ( https://www.ucdmc.ucdavis.edu/mindinstitute

[ourteam/faculty/picciotto.html), a UC Davis epidemiologist who
has led the CHARGE Study ( http://beincharge.ucdavis.edu/), a

long-term effort to identify environmental causes of autism. "The

ones who started early — within the first few weeks of pregnancy
— had about a 40 percent reduced risk." After the first couple
months of pregnancy, taking the supplement had no effect. Other

studies ( http://jama.jamanetwork.com

/article.aspx?articleid=1570279) have come to similar

conclusions.

Doctors have long recommended

that mothers who are pregnant 'MOTHERS WHO

(or trying to get pregnant) take TAKE FOLIC ACID

folic acid for a different reason: BY THE FIRST

they help prevent neural tube MONTH OF

defects (http://en.wikipedia.org

/wiki/Neural_tube_defect), a PREGNANCY HAVE
KIDS WITH LOWER

group of severe birth defects

that often result in death. But AUTISM RATES'

because the vitamin is involved in

brain development, a lack of it

may also interfere with development in subtler ways.



This factor seems to interact with genetics. Hertz-Picciotto's
group has looked at the effect of folic acid supplements on two
different groups of mothers: those who have a gene that lets their
bodies easily process the vitamin into a usable state, and those
who naturally have a tougher time processing it, and may need
more folic acid to begin with. Not taking supplements during early
pregnancy had a particularly strong effect in increasing autism
rates among children of the second group — suggesting that both
a lack of supplements and a gene variation may work in concert to

give rise to autism.

Excessive inflammation during pregnancy

(Shutterstock.com)

Another factor that seems to be involved is the mother's immune
system during early stages of pregnancy. "We found (
http://www.ncbi.nlm.nih.gov/pubmed/22562209) that women

who had fevers but took an anti-inflammatory didn't have kids

with higher autism rates. But untreated women did," says Hertz-

Picciotto. This is also true for mothers who have the flu and



bacterial infections (http://www.ncbi.nim.nih.gov/pubmed
/20414802) during pregnancy, or suffer from celiac disease or
rheumatoid arthritis (http://www.ncbi.nlm.nih.gov/pubmed
/19581261), both autoimmune disorders that involve excessive

inflammation.

It's unclear why this is the case, but she and other researchers
hypothesize that in response to fevers and infections, some
mothers produce antibodies that interfere with the fetus' immune
system, which ultimately alters with brain development. This idea

is supported by experiments (http://www.ncbi.nim.nih.gov

/pubmed/19136031) in which pregnant mice are injected with

infective agents, and give birth to offspring with higher rates of

autism-like symptoms, such as anti-social behavior.

The idea could also explain why many individuals with autism

often have problems ( http://www.nytimes.com/2012/08

/26/opinion/sunday/immune-disorders-

and-autism.html?pagewanted=all) with immune system

regulation and excessive inflammation "Their immune systems
sometimes seem to be over-responsive, and sometimes under-
responsive, to challenges by pathogens," Hertz-Picciotto says.
"They don't seem to be calibrated quite right." In this sense, some
forms of autism could be understood as an autoimmune disease,

inadvertently passed from mother to child.

Other, uncertain factors
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On top of the environmental causes identified above, there are
many more that may be involved in causing autism, but need to be

more closely studied.

One is air pollution. As part of the CHARGE Study, researchers
have found a correlation between levels of several different types

of air pollution during pregnancy and a child's risk of autism.

One of the strongest correlations is for pesticide exposure — one
study (http://ehp.niehs.nih.gov/1307044/) found that pregnant

mothers who lived within three quarters of a mile of agricultural

fields where a class of pesticides called organophosphates (

http://en.wikipedia.org/wiki/Organophosphate) were sprayed had

a 60 percent higher chance ( http://www.vox.com/2014/6

/23/5834144 /pesticide-exposure-during-pregnancy-may-be-

linked-with-autism) of having a baby who'd be diagnosed with

autism.

Organophosphates were also

used in home pest control THERE'S A

products until 2000, when the CORRELATION
EPA mandated that they be



replaced by a class of pesticides ~ BETIWEEN LEVELS

called pyrethroids ( OF AIR POLLUTION
htt.pf//en.wikip.edia.org | DURING
/W|k|/Pvreth.r0|.d). But studlles PREGNANCY AND
have found similar correlations ’

between autism and pyrethroid A CHILD'S RISK OF
exposure as well. AUTISM

It's possible that these

correlations are the result of other, unrelated factors. But, as
Hertz-Picciotto says, the fact that these are chemicals
specifically designed to disrupt the nervous system makes it
plausible that they might play an active role in causing autism.
Several other types of neurotoxins, including pthalates (
http://en.wikipedia.org/wiki/Phthalate) (present in many

products, like building materials and packaging) and flame

retardants, are also under investigation.

Other researchers are considering environmental factors — like
the number of ultrasounds a fetus experiences during pregnancy,
the degree of prenatal stress the fetus experiences in the womb,
and lead poisoning during early childhood. At the moment,

though, there isn't yet strong evidence for any of them.



Vauvuilitd, CTApIAITIITU

Do vaccines cause autism and other health
problems?

The scientific evidence is very clear: there's no link
between vaccines and autism, and vaccines are
generally safe, although they can cause some rare,
typically minor side effects.

In a broad analysis ( http://www.iom.edu/Reports
/2011/Adverse-Effects-of-Vaccines-Evidence-
and-Causalitv.asnx) of vaccines and their adverse

(http://www.vox.com/cards/vaccines/do-vaccines-cause-autism)
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