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ABBREVIATIONS
ADHD Attention-deficit-hyperactivity disorder
ASD Autism spectrum disorder

Baron–Cohen hypothesized that a cause of autism in infants is exposure to high concentrations of

intrauterine testosterone concentrations. Some of the subsequent research on this hypothesis has

focused on the possibility that the source of this testosterone is the fetus; however, this review

shows that if the source is taken to be the mother, then many of the established risk factors for aut-

ism could be explained. If that were correct, it would follow that high maternally derived intrauter-

ine androgen concentrations may be a major environmental cause of autism.

There is good evidence that the causes of autism are multifac-
torial (genetic plus environmental).1,2 Moreover, although the
evidence for a genetic aetiology is strong,3 the individual
genetic elements are apparently weak, numerous, and perhaps
overestimated.4 At any rate, genetic factors may be of little
immediate practical consequence in the tasks of treating the
condition and of reducing its incidence. At present, therefore,
it would seem prudent to direct research at elucidating the
environmental cause(s) of autism.

Gardener et al.5 compiled a list of prenatal risk factors for
autism on the basis of a comprehensive meta-analysis. These
authors identified more than 50 factors with which autism had
been reported to vary. They suggested that this variation is
reliable in respect of the following six factors: (1) advanced
parental age at birth; (2) maternal prenatal medication use; (3)
maternal bleeding; (4) gestational diabetes; (5) being firstborn
versus third or later born; and (6) having a mother who was
born abroad.

To these six factors, Voracek6 added another: exposure of
the fetus to high androgen levels. He did so for the following
reason. Manning et al.7 had studied the finger length ratio, R,
where R=2D ⁄ 4D, where 2D and 4D are the lengths of the sec-
ond and fourth fingers. They found that the R values of chil-
dren with autism, their siblings, and both of their parents were
all significantly less than population values. R is a putative
measure of fetal hormone exposure, so these authors accord-
ingly inferred that fetuses with autism had been exposed to
high androgen levels. Voracek’s suggestion was made on the
ground that the finding of Manning et al.7 had been indepen-
dently replicated by 10 further studies.8 It is fair to say that
there has been little success in explaining the established risk
factors for autism adduced by Gardener et al.5

In this review, I shall first consider terminology. Then I
shall discuss the hypothesis of Baron–Cohen9 and recent

evidence for it. Lastly, I shall adduce evidence to suggest that
Baron–Cohen’s hypothesis might account for all the foregoing
risk factors for autism, and for others subsequently identified.
If that were substantially correct, it would suggest that expo-
sure to high concentrations of intrauterine androgens is a
major environmental cause of autism.

TERMINOLOGY
There are a number of neurodevelopmental disorders that
elude exact definition, which show some behavioural overlap,
which are thought to be of multifactorial origin, and which
occur more frequently in males than in females. Terms used to
denote these disorders include ‘reading disability’, ‘autism
spectrum disorder’ (ASD), ‘pervasive developmental disorder–
not otherwise specified’ (PDD-NOS), ‘attention-deficit–
hyperactivity disorder’ (ADHD), ‘developmental language
disorder’, and ‘oppositional defiant disorder’. With this prolif-
eration of diagnostic terms, there is no guarantee that different
authors use a term in exactly the same sense. However, since
(as will be documented) there is an overall suspicion that all
these conditions share a cause (intrauterine exposure to andro-
gens), little purpose is served in sharpening the various diagno-
ses before that suspicion has been tested. Genome
investigations of the first three of the above categories suggest
a possible genetic overlap.10 Moreover, the suspicion above
was generated by the suggestion that high intrauterine levels of
testosterone are associated not only with autism,7,9,11 but also
with ADHD, oppositional defiant disorder, and PDD-NOS.12

An immediate problem is that of taxonomy: how should
these categories be classified? Are we to ‘lump’ or ‘split’? Here,
as suggested above, the solution will be first to ‘lump’. By
doing this initially, we may hope to avoid a type II error (that
of accepting the null hypothesis when it is, in fact, false)
contingent on too small a sample size. If significance is
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achieved by ‘lumping’, then we may choose to ‘split’ to deter-
mine whether each of the different diagnostic categories is
associated with the criterion under test.

BARON–COHEN'S HYPOTHESIS AND RECENT
EVIDENCE FOR IT
The hypothesis proposed that autism was caused by high
intrauterine testosterone levels.9 Although intrauterine hor-
mone levels are sometimes available,13 Baron–Cohen’s
hypothesis was initially tested by measuring offspring finger
length ratios.7 In contrast with a comparison group, these
were significantly more masculine in children with autism and
in their siblings and parents. These data were generally inter-
preted to suggest, in conformity with Cohen–Bendahan
et al.,13 that the fetus (rather than the mother) was the source
of the testosterone hypothesized to be responsible for autism.
This perspective on the hypothesis continues to be the subject
of discussion.14

Here I suggest a means of testing the effect of the testoster-
one contributed by the mother (as opposed to the fetus). This
possibility arises as follows: there is now very substantial evi-
dence that the sexes of mammalian (including human) off-
spring are partially determined by the hormone levels of both
parents around the time of conception.15–18 According to this
hypothesis, high testosterone levels in either parent around
the time of conception are associated with the subsequent pro-
duction of male offspring. It follows that if a congenital disor-
der were at least partially caused by high intrauterine
testosterone levels, it would be expected to occur more fre-
quently in males. Moreover, testosterone levels in females per-
sist across time.19 So, Baron–Cohen’s hypothesis could be
tested by examining the sex ratio (proportion of males) of the
siblings of probands with autism. If this sibling sex ratio were
significantly high too, this would constitute evidence that
mothers of such probands are predisposed to produce the dis-
order and male children (both, according to this hypothesis,
via high testosterone levels). I have previously cited studies
using this form of argument to implicate maternal hormone
levels in the aetiology of the following sex-biased congenital
disorders: polydactyly, transposition of the great arteries, oral
clefts, and pyloric stenosis.20 In that paper,20 I also adduced
evidence that (when the data are pooled) there is a statistical
excess of brothers among the siblings of probands with read-
ing disabilities, ADHD, and ASD. Moreover, this finding has
been confirmed in respect of developmental language disor-
der21 and ASD.22 So, the evidence is very strong that Baron–
Cohen’s hypothesis is substantially correct–at least in regard
to some of these diagnostic categories. That being so, it seems
reasonable to try to assess whether his hypothesis identifies a
major (or merely a minor) aetiological factor. This may be
done by examining whether it can be reconciled with most (or
all) of the established risk factors for autism.

RISK FACTORS FOR AUTISM IDENTIFIED BY
GARDENER ET AL.
In female mammals, the major source of androgens is the
adrenals. 5 These react to stress of many sorts, for example

infectious disease, psychotic disorder, surgical trauma, and
strenuous exercise.23 Hence, high androgen levels have been
reported in women who are chronically stressed,24 chronically
fatigued,25 chronically depressed,26 or exposed to fear-relevant
stimuli during pregnancy.27 This phenomenon of stressed
women producing adrenal androgens underlies many of the
following comments on the individual risk factors for autism.
The factors of Gardener et al.5 will now be treated in order.

Advanced parental age
When a congenital pathology correlates with advanced paren-
tal age, it is not clear whether this is due to a current parental
condition associated with age or to one associated with past
subfertility. Testosterone does not increase with age in either
males or females.28,29 However, parents may be old because
they are subfertile (having been exposed to the risk of preg-
nancy but having failed to achieve one in the past). If so, such
a process would select for female hyperandrogenism, because
this is associated with female subfertility, as will now be
shown.

Obstetric suboptimality
The next two risk factors (maternal prenatal medication and
maternal bleeding) adduced by Gardener et al.5 may be sub-
sumed into a category of ‘obstetric suboptimality’, a term
coined by Haglund and Kallen,30 who reported that preterm
birth, low Apgar score, and growth restriction were all posi-
tively and significantly associated with autism. Of the causes of
suboptimal obstetric conditions, the most important is pre-
eclampsia, which has itself been reportedly linked to aut-
ism.31,32 It is established that androgen levels are significantly
high in early33 and late34 pre-eclamptic pregnancies. From the
present perspective, the causal direction is not important.
However, in human beings, high pregnancy testosterone levels
are reportedly associated with growth restriction in utero; 35

moreover, high prepregnancy androgens are associated with
subsequent miscarriage.36 In addition, when testosterone was
injected into pregnant ewes, they produced growth-retarded
lambs.37,38 Pregnancy in ewes is commonly used as a human
model, so one may provisionally infer that testosterone is a
causal agent in this process. In short, it is suggested that the
association between autism and reproductive suboptimality is
secondary to associations of both with high maternal testoster-
one levels.

Gestational diabetes
Hyperandrogenism in women is associated with gestational
diabetes. This is illustrated by the high prevalence of gesta-
tional diabetes in women with polycystic ovary syndrome.39

Grounds have been given for proposing that the placenta in
such pregnancies is partly responsible for the high testosterone

What this paper adds
• This paper offers a hypothesis that might explain the major risk factors for

autism.
• It adds to the evidence for Baron–Cohen's hypothesis that testosterone is a

cause of autism.
• It suggests that the primary source of this testosterone is the mother.
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levels.40 Accordingly, it is suggested here that this testosterone
may be responsible for the additional risk of autism following
gestational diabetes.

Birth order
Gardener et al.5 judged that birth order is a reliable risk factor
for autism: firstborns are at greater risk than those born later.
Firstborns are reportedly exposed to higher levels of maternal
testosterone in the first trimester29 and at term41 than those
born later. So, it seems reasonable to ascribe the additional
risk of autism in firstborns to their additional exposure to tes-
tosterone in utero.

Migration
The suggestion of Gardener et al.5 that migration is a risk fac-
tor for autism has been since confirmed.30,42,43 We usually
have no data on the psychological status of females who
migrate. However, in the absence of evidence to the contrary,
one may suggest that in the case of some, there had been
stressful conditions in their countries of origin and that later
attempts to cope with Western society also occasioned stress.
Dealberto42 also noted the additional risk of autism to off-
spring of veiled females, i.e. women who might particularly be
expected to experience stress in an unfamiliar Western envi-
ronment. It is noteworthy, too, that Zhang et al.44 noted
‘maternal unhappy emotional state’ as a risk factor for autism.
I suggest that the association between maternal migration
(with its attendant stress) and infant autism is mediated by
high maternal adrenal androgen concentrations.

FURTHER RISK FACTORS FOR AUTISM
The six risk factors identified by Gardener et al.5 all seem
amenable to the proposal that they may be explained by high
maternal androgen levels. In the following sections, I deal with
a number of further risk factors identified simply by their hav-
ing been reported at significant statistical levels.

Birthweight
Autism spectrum disorder is reportedly associated with low
birthweight.32,45 The same authors also reported a highly sig-
nificant association between ASD and maternal eclamp-
sia ⁄ pre-eclampsia (p=0.0005). I suggest that the common
factor underlying (and possibly causing) the pre-eclamp-
sia ⁄ eclampsia, the birthweight, and the autism is a high level
of maternal testosterone.

Duration of gestation
It has been reported that the risk of autism is inversely associ-
ated with duration of gestation.46,47 Short gestations are asso-
ciated with pre-eclampsia, and both are associated with fetal
growth retardation and high maternal androgen concentra-
tions. I suggest that the autism is at least partially caused by
these androgens.

Maternal obesity
It has been reported that maternal body mass index correlates
positively with the risk for infant autism.48,49 Moreover, it is

established that obese women have high androgen levels.50,51 I
suggest that the autism is due to the androgens.

Maternal occupation
Windham et al.52 reported that, in contrast to mothers in
other white-collar occupations, those in highly technical occu-
pations (engineering, computer programming, and science)
had an adjusted odds ratio of 2.5 [95% confidence interval
(CI) 1.2–5.3] of producing an infant with autism. The compa-
rable figure for fathers was 1.3 (95% CI 0.79–2.1). There are
good grounds for supposing that people in technical (‘system-
izing’) occupations have higher testosterone levels than those
who are not.53 So, these data suggest that high maternal (as
opposed to paternal) testosterone is associated (presumably
causally) with autism in offspring.

Breastfeeding
It has been reported that autism is significantly associated with
an absence of breastfeeding.47,54 Carlsen et al.55 reported that
midpregnancy androgen levels are negatively associated with
subsequent breastfeeding. It seems reasonable to propose that
high androgen levels caused the autism and the failure to
breastfeed.

Race
It has been reported that race is independently associated with
a high risk for autism.42,43 Pregnant black women have report-
edly higher testosterone levels than white women.56 I suggest
that the higher risk for autism in the offspring of black women
is this higher androgen level.

Time trend
Rutter57 commented on the recent widespread increase in
reported incidence rates of autism. Clearly, part of this trend is
due to improved recognition and consequent earlier and more
frequent diagnosis. However, following Howard,58 I suggested
that this reported increase in rates of autism may be also due
to increasing rates of obesity and diabetes, both of which in
females are associated with increased testosterone levels.59

Maternal chronic or acute medical condition unrelated to
pregnancy
This risk factor was identified by Zhang et al.44 and would be
explained by the excess androgens secreted by stressed women.

SUMMARY
It has been shown that if Baron–Cohen’s hypothesis were true,
then some established risk factors would be explained viz:
advanced parental age, maternal medication, maternal bleed-
ing, gestational diabetes; birth order, and migration. Other
reported (but less well established) risk factors may also be
reconciled with the hypothesis, namely birthweight, duration
of gestation, maternal obesity, maternal occupation, breast-
feeding, race, time trend, and maternal chronic or acute medi-
cal conditions unrelated to pregnancy. It would seem curious
if so much evidence could be adduced to support a hypothesis
that is substantially false.
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