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Is cortisol the underlying mediator of prenatal risk factors 
associated with autism spectrum disorders?

RB Rose’Meyer*

Abstract
Introduction
Autism spectrum disorder is a neu-
rodevelopmental condition that 
exhibits itself in children with im-
paired communication, sensory and 
learning problems. It is established 
that autism spectrum disorder is an 
inheritable disorder with rates of au-
tism varying with gender in a ratio 
of approximately four males to every 
one female.

The debate over the genetic causes 
of autism continues with the varia-
tions in autistic phenotype being due 
to a combination of genetics and a 
range of environmental factors. Many 
of the risk factors for autism spec-
trum disorder occur prenatally and 
include a plethora of conditions but 
not limited to the following factors; 
age of parents, infections, asthma 
and autoimmune conditions, gesta-
tional diabetes, iron deficiency, obe-
sity, anxiety, stress and depression.

This review investigates the pos-
sible role of excess prenatal cortisol 
in the development of autism spec-
trum disorder in children who may 
be genetically predisposed to the 
detrimental effects of excess cortisol 
and appraises many of the reported 
prenatal risk factors which are either 
caused by excess cortisol or contrib-
ute to elevated cortisol during gesta-
tion.
Conclusion
If cortisol is an environmental con-
tributor to the development of au-
tism spectrum disorder, many of 

the risk factors (i.e. stress, iron de-
ficiency, uncontrolled asthma) that 
result in the elevation of cortisol dur-
ing pregnancy are treatable and such 
a greater awareness is required by 
practitioners to understand that high 
cortisol levels should raise the same 
concerns during gestation as does el-
evated glucose levels.

Introduction
Autism spectrum disorder (ASD) is 
a neurological condition defined as 
a pervasive developmental disorder 
(PDD) of children. Clinicians and re-
searchers use the term ASD to include 
autism, Asperger’s syndrome and PDD 
not otherwise specified and has been 
defined in the Diagnostic and Statisti-
cal Manual of Mental Disorders, 5th 
Edition (DSM-V, American Psychiatric 
Association). ASD is characterised by 
an inability to communicate, emotion-
al detachment, and sensory changes 
with obsessive and repetitive behav-
iours. Because criteria for diagnosing 
ASD relies primarily on the impaired 
communication skills of the affected 
child, ASD is rarely determined before 
the child is 4–6 years of age.

We know from twin study research 
that genetic influence can be the 
main attribution of ASD1; however, 
the gene or set of genes involved are 
yet to be identified. This review ex-
poses a number of prenatal factors 
that exert strong influence over cor-
tisol levels during gestation and neu-
rodevelopment of the foetus where 
cortisol may significantly reduce the 
function of amine neurotransmitters 
such as serotonin2, which is vital for 
brain growth and development, and 
therefore may contribute to neuro-
logical problems such as the develop-
ment of ASD.

Discussion
The author has referenced some 
of her own studies in this review.  
These referenced studies have been 
conducted in accordance with the 
Declaration of Helsinki (1964) and 
the protocols of these studies have 
been approved by the relevant ethics 
committees related to the institution 
in which they were performed. All 
human subjects, in these referenced 
studies, gave informed consent to 
participate in these studies.

Cortisol metabolism, production 
and function
Cortisol is a stress hormone that is 
released in increasing quantities as 
pregnancy progresses (for review, 
see Rose’Meyer2). The release of 
cortisol (or glucocorticoids) begins 
with corticotrophin-releasing hor-
mone (CRH) and arginine-vasopres-
sin production in the hypothalamus 
which then stimulates the release 
of adrenocorticotropic hormone 
(ACTH) from the anterior pituitary 
and consequent release of cortisol 
from the adrenal cortex. Cortisol is 
carried in the blood attached to the 
cortisol binding protein (CBP) and 
free (unbound) cortisol is consid-
ered the bioactive form of cortisol. 
Cortisol is metabolised to cortisone 
by the enzyme 11β-hydroxysteroid 
dehydrogenase-2 (11β-HSD2) which 
is found in the kidney and adipose 
tissues (and placenta). Cortisone 
can also be converted to cortisol by 
the enzyme 11β-HSD1 which is lo-
cated in a range of tissues including 
liver, adipose tissue, blood and brain. 
Cortisol exerts negative feedback on 
the hypothalamus to reduce the re-
lease of CRH. The endocrine system 
that controls cortisol release and 

* Corresponding author
Email: r.rosemeyer@griffith.edu.au

School of Medical Sciences, Griffith University, 
Queensland, Australia



Page 2 of 5

Review

Licensee OA Publishing London 2014. Creative Commons Attribution License (CC-BY)

For citation purposes: Rose’Meyer RB. Is cortisol the underlying mediator of prenatal risk factors associated with autism 
spectrum disorders? OA Autism 2014 Jan 18;2(1):2. Co

m
pe

tin
g 

in
te

re
st

s:
 n

on
e 

de
cl

ar
ed

. C
on

fli
ct

 o
f i

nt
er

es
ts

: n
on

e 
de

cl
ar

ed
.

Al
l a

ut
ho

rs
 c

on
tr

ib
ut

ed
 to

 c
on

ce
pti

on
 a

nd
 d

es
ig

n,
 m

an
us

cr
ip

t p
re

pa
ra

tio
n,

 re
ad

 a
nd

 a
pp

ro
ve

d 
th

e 
fin

al
 m

an
us

cr
ip

t.
Al

l a
ut

ho
rs

 a
bi

de
 b

y 
th

e 
As

so
ci

ati
on

 fo
r M

ed
ic

al
 E

th
ic

s (
AM

E)
 e

th
ic

al
 ru

le
s o

f d
isc

lo
su

re
.

when compared with women car-
rying female foetuses then crossing 
over to higher maternal cortisol in 
women carrying female foetuses to 
term15.

Placental 11β-HSD2 deficiency 
causing overexposure of the foe-
tus to maternal glucocorticoids has 
been linked to lower birth weights11 
and idiopathic intrauterine growth 
restriction with an attenuated corti-
sone to cortisol ratio observed in the 
umbilical artery16.

Conditions known to elevate 
cortisol
Although cortisol is important for 
the regulation of metabolism its 
levels will rise during infections. 
Plasma corticosteroid levels regulate 
the immune system against invad-
ing pathogens and elevated cortisol 
levels decrease the number of circu-
lating lymphocytes and monocytes. 
Cortisol plays an important role in 
promoting an appropriate response 
to acute infection where the rise in 
cortisol is proportional to the sever-
ity of the illness and can rise up to 
six times basal levels17. The release 
of cortisol is due to the discharge of 
inflammatory cytokines from white 
blood cells involved in the pathogen-
ic response. Periodontal disease has 
been linked to adverse pregnancy 
outcomes including preterm birth, 
low birth weight, preeclampsia and 
gestational diabetes18. Also, in the 
presence of oxidative stress, the anti-
inflammatory effects of cortisol are 
diminished to cause cortisol resist-
ance19. During pregnancy the degree 
of oxidation stress increases as the 
pregnancy progresses with increases 
in advanced oxidation products ob-
served during the first and second 
trimesters compared with non-preg-
nant women20,21.

Salivary cortisol has higher even-
ing levels and is elevated in pregnant 
stressed women (morning levels 
not different) and may be related to 
vaginal bleeding during gestation22. 
Furthermore, maternal depression 

remains at non-pregnant levels un-
til approximately 25 weeks of ges-
tation and then increases5. During 
pregnancy, peripheral CRH rises due 
to the release of this hormone from 
the placenta which causes significant 
increases in ACTH and total cortisol 
levels6. Placental CRH is identical to 
hypothalamic CRH in structure; how-
ever, unlike the effect that cortisol 
has on the promoter region in the hy-
pothalamus to reduce CRH release, 
in the placenta, cortisol activates the 
promoter region to increase placen-
tal CRH release7. Elevated cortisol 
levels in early pregnancy alter pla-
cental production of CRH levels in 
the third trimester and increases the 
risk of preterm delivery8. Exposure 
to stress during early pregnancy ac-
celerates the rise in placental CRH 
and reduces the length of gestation9. 
Similar effects have been observed 
in women administered with corti-
costeroids in the first trimester10. A 
feature of excess natural or synthetic 
glucocorticoids during gestation re-
sults in preterm delivery with lower 
median birth weights11.

Changes in the function of the HPA 
axis due to parity or pregnancy spe-
cific experiences can result in vary-
ing foetal exposure to glucocorticoids 
with steeper decline in morning cor-
tisol levels observed in women who 
are in their first pregnancy12.

The foetus is principally protected 
from elevated cortisol levels through 
the catabolic action of placental 
11β-HSD2 activity13, and as corti-
sol levels increase during gestation 
the levels of placental 11β-HSD2 in-
creases. However, measurement of 
sex differences on placental 11β-HSD 
levels in full term births shows that 
11β-HSD1 activity (converting cor-
tisone to cortisol) in placentas from 
male foetuses is greater than female 
foetuses, with no differences in 
11β-HSD2 expression14.

Maternal salivary cortisol differs 
by foetal sex with elevated cortisol 
levels occurring in women carrying 
male foetuses from 24 to 30 weeks 

 regulation is  referred to as the hu-
man hypothalamic-pituitary-adrenal 
(HPA) axis2.

Cortisol enters the cells where it 
interacts with intracellular glucocor-
ticoid receptors which then bind to 
glucocorticoid response elements in 
the DNA to regulate gene transcrip-
tion. Cortisol regulates metabolism 
and as such has a wide range of ef-
fects in every organ of the body. Glu-
cocorticoids stimulate the rapid mo-
bilisation of glucose, amino acids and 
fat from storage sites that make them 
available for use as energy as well as 
for synthesis into new products. Glu-
cocorticoids, particularly at high con-
centrations, have mineralocorticoid 
activity which causes fluid retention 
and can increase blood pressure and 
can also cause insulin resistance re-
sulting in glucose intolerance.

Glucocorticoids have an anti-in-
flammatory effect where they sup-
press the immune cell activity to 
limit an immune response in trauma-
tised tissues. Cortisol has an impor-
tant role in developing and maintain-
ing brain function and is involved in 
prefrontal cortical cognitive function, 
specifically for working memory and 
has multiple effects on human be-
haviour such as sleep patterns, mood 
and the reception of sensory input3.

Cortisol and gestation
The reproductive hormones oestro-
gen and progesterone are released 
in increasing concentrations from 
the placenta as pregnancy progress-
es, oestrogen in particular drives 
the increased production of cortisol 
through altering CBP production, 
upregulating 11β-HSD1 levels or di-
rectly stimulating the pituitary gland, 
causing an overall rise in plasma 
cortisol2. Pregnancy is character-
ised by relative hypercortisolism 
due to the placental production of 
CRH4 and cortisol levels at the time 
of delivery are 2.5-fold higher than 
non-pregnant women. However, due 
to a rise in CBP levels, as gestation 
proceeds the bioavailable cortisol 
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consequences such as gestational 
diabetes, preeclampsia, hypertensive 
disorders and low birth weight29. Un-
controlled asthma associated with 
reduced placental 11β-HSD2 activity 
significantly increases foetal cortisol 
levels30.

Infections and autoimmune dis-
eases have also been reported as 
factors that are associated with ASD. 
Experiencing an infection in the first 
or second trimester requiring hos-
pitalisation is associated with an in-
creased risk of autism31. Infections 
have been reported to increase cor-
tisol as previously discussed17. The 
role of infection in contributing to 
neurodevelopmental disorders could 
be attributed to the magnitude of the 
maternal immune response to the 
infection rather than a direct action 
of the infectious agent. A higher rate 
of autoimmune diseases have been 
found in families with one member 
having ASD suggesting that problems 
with immune function could be a fac-
tor in the development of ASD, specu-
latively due to cytokine-induced dys-
regulation of the HPA axis.

Iron deficiency has been reported 
to elevate cortisol levels in pregnant 
women through increased synthesis 
of CRH, resulting in increased risk 
of preterm labour, hypertension and 
preeclampsia32. ASD is associated 
also with parental psychiatric histo-
ry with respect to stress, depression 
and anxiety28. Prenatal depression 
and psychological stress are associat-
ed with elevated cortisol levels, pre-
maturity and low birth weights and 
increased rates of cognitive and be-
havioural problems in the children23.

Timeframe for risk of developing 
autism spectrum disorder during 
gestation
The time points of gestation which 
conferred the greatest risk of ASD 
have been reported in several stud-
ies. In one study, the effect of pre-
natal stress and risk of ASD was 
calculated for women exposed to 
hurricanes in the state of  Louisiana 

cortisol. These children are at an 
elevated risk of developing ASD de-
pending on when during gestation 
they are affected by excess cortisol or 
they may be genetically predisposed 
to be sensitive to excess cortisol. A 
number of prenatal risk factors for 
the development of ASD have been 
identified in epidemiological studies 
(for review, see Rose’Meyer2). Identi-
fied maternal risk factors for autism 
include gestational diabetes and 
vaginal bleeding during pregnancy 
as well as drug use, infectious agents 
and nutritional excesses or deficien-
cies27. Other epidemiological studies 
have identified increased age of par-
ents, obesity, asthma, stress, infec-
tions and inflammatory disorders as 
prenatal risk factors for ASD (for re-
view, see Rose’Meyer2). Many of the 
listed prenatal risk factors for ASD 
are an outcome of cortisol excess in 
the mothers or have the potential to 
alter cortisol levels either directly 
through stimulating cortisol release 
from the adrenal glands, modifying 
the HPA axis or indirectly through 
modulating 11β-HSD1/2 expression.

How cortisol mediates prenatal 
risk factors for autism spectrum 
disorder
Conditions in the mother including 
gestational diabetes and hyperten-
sion have been identified as risk 
factors for ASD and other develop-
mental disorders28 and represent 
conditions that can be caused by ex-
cess cortisol. Prenatal factors such as 
advanced maternal and paternal age, 
obesity, have been associated with 
the risk of ASD. Increased waist cir-
cumference associated with advanc-
ing age even in the absence of weight 
gain and obesity are associated with 
increased cortisol production2.

Vaginal bleeding during gestation 
is a risk factor associated with ASD27 
which has been linked to excess 
cortisol during gestation22. Another 
risk factor for ASD that has been 
identified is maternal asthma where 
studies found that asthma caused 

or anxiety are known to contribute to 
neurodevelopmental disorders in the 
child, which could be due to exposure 
to excess cortisol in utero23. A sum-
mary of symptoms of excess cortisol 
levels during pregnancy can be seen 
in Table 1.

Outcomes of excess cortisol for 
child and mother
Excess cortisol during gestation has 
been shown to cause pathological hy-
peractivation of the HPA axis as well 
as elevation of stress hormones in the 
offspring24. Similar effects have been 
reported for children with autism, 
who demonstrated a more variable 
circadian rhythm as well as statisti-
cally significant elevations in cortisol 
following exposure to a novel, non-
social stimulus. However, morning 
fasting levels of cortisol appear to 
be lower than IQ and age-matched 
children25. The overall view is that 
circadian disturbances of cortisol 
production occur in ASD affected in-
dividuals.

Autism prenatal risk factors
It is well established that ASD babies 
are small for gestational age and pre-
term26 which in itself suggests that 
these children represent a subset of 
babies subjected to elevated  prenatal 

Table 1 Symptoms of excess 
cortisolduringpregnancy2,35

Central obesity

Round face

Abdominal striae

High blood glucose

Muscle weakness

Hirsutism and acne

Psychological disturbances

Spontaneous bruising

Ecchymosis

Poor wound healing

Hypertension

Obesity and weight gain
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 earthquake timing on stress responsivity 
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Mar;184(4):637–42.
10. Gur C, Diav-Citrin O, Shechtman S, Ar-
non J, Ornoy A. Pregnancy outcome after 
first trimester exposure to corticosteroids: 
a prospective controlled study. Reprod 
Toxicol (Elmsford, NY). 2004 Jan–Feb; 
18(1):93–101.
11. McTernan CL, Draper N, Nicholson H, 
Chalder SM, Driver P, Hewison M, et al. 
Reduced placental 11beta-hydroxyster-
oid dehydrogenase type 2 mRNA levels 
in human pregnancies complicated by 
intrauterine growth restriction: an analy-
sis of possible mechanisms. J Clin Endo-
crinol Metab. 2001 Oct;86(10):4979–83.
12. Kivlighan KT, DiPietro JA, Costigan KA, 
Laudenslager ML. Diurnal rhythm of cor-
tisol during late pregnancy: associations 
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and fetal growth. Psychoneuroendocri-
nology 2008 Oct;33(9):1225–35.
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CR, Seckl JR. Placental 11 beta-hydroxys-
teroid dehydrogenase: a key regulator of 
fetal glucocorticoid exposure. Clin Endo-
crinol (Oxf). 1997 Feb;46(2):161–6.
14. Vu TT, Hirst JJ, Stark M, Wright IM, 
Palliser HK, Hodyl N, et al. Changes in 
human placental 5alpha-reductase iso-
enzyme expression with advancing ges-
tation: effects of fetal sex and glucocor-
ticoid exposure. Reprod Fertil Develop. 
2009;21(4):599–607.
15. DiPietro JA, Costigan KA, Kivlighan KT, 
Chen P, Laudenslager ML. Maternal sali-
vary cortisol differs by fetal sex during the 
second half of pregnancy. Psychoneuroen-
docrinology 2011 May;36(4):588–91.
16. Dy J, Guan H, Sampath-Kumar R, 
Richardson BS, Yang K. Placental 11beta-
hydroxysteroid dehydrogenase type 2 is 
reduced in pregnancies complicated with 
idiopathic intrauterine growth Restric-
tion: evidence that this is associated with 
an attenuated ratio of cortisone to corti-
sol in the umbilical artery. Placenta 2008 
Feb;29(2):193–200.
17. Cooper MS, Stewart PM. Corticoster-
oid insufficiency in acutely ill patients. N 
Engl J Med. 2003 Feb;348(8):727–34.
18. Xiong X, Buekens P, Vastardis S, Yu 
SM. Periodontal disease and pregnancy 
outcomes: state-of-the-science. Obstet 
Gynecol Surv. 2007 Sep;62(9):605–15.
19. Ruijters EJ, Haenen GR, Weseler AR, 
Bast A. The cocoa flavanol (-)-epicatechin 
protects the cortisol response.  Pharmacol 

Abbreviations list
ACTH, adrenocorticotropic hormone; 
ASD, autism spectrum disorder; CBP, 
cortisol binding protein; CRH, corti-
cotrophin-releasing hormone; HPA, 
hypothalamic-pituitary-adrenal; 
HSD, hydroxysteroid dehydroge-
nase; PDD, pervasive developmental 
 disorder.
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