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a b s t r a c t
Studies show increased autism risk among children born to mothers experiencing obstetrical complications. Although this is usually interpreted as suggesting that the obstetrical complications could be causing autism, it is possible that a single factor could be responsible for both complications and autism. We
hypothesized that low levels of the hormone progesterone is responsible since it is supplied to the fetus
maternally and does not only support pregnancy but also promotes brain development. Following a
review of the literature, we report ﬁndings from a survey of mothers of autistic children (n = 86) compared to mothers of typically-developing children (n = 88) regarding obstetrical histories, including ﬁve
obstetrical risk factors indicative of low progesterone. Using this analysis, the ASD group had signiﬁcantly
more risk factors than controls (1.21 ± 0.09 vs. 0.76 ± 0.08, p < .0001), suggesting low progesterone. Thus,
results suggest that low progesterone may be responsible for both obstetrical complications and brain
changes associated with autism and that progesterone levels should be routinely monitored in at-risk
pregnancies. Our hypothesis also suggests that ensuring adequate levels of progesterone may decrease
the likelihood of autism.
Ó 2014 Elsevier Ltd. All rights reserved.

Introduction
Autism spectrum disorder (ASD) is a group of neurodevelopmental disorders deﬁned by social and communicative deﬁcits
and restricted behaviors and occurring in an approximate male:
female ratio of 4:1. The incidence in America is estimated to be
0.9/100 live births, a 7- to 9-fold increase from 20 years ago [1].
Although some of this increase can be explained by changes in
diagnostic criteria, the increase cannot be explained solely by this
and thus factors must be identiﬁed which contribute to autism and
which also explain the increased incidence. One important factor
to consider is the environment supplied by the mother during
gestation.
The study of the gestational environment and autism predates
the search for genetic components of ASD. Deykin and MacMahon
[2] proposed that obstetrical complications could be interpreted as
indicating the presence of a factor which inﬂuences both development of the fetal brain and the reproductive health of the mother.
We hypothesize that a good candidate for this factor is low progesterone levels in mothers who give birth to a child with autism. Low
progesterone would lead to the reproductive problems and
compromised fetal brain development associated with ASD, since
the only source of progesterone to the fetus is that supplied by
the mother [3]. Moreover, advances in fertility and obstetrical
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management may be masking progesterone deﬁciencies and thus
also parallel the increase in autism.

Hypothesis
We are proposing that low maternal progesterone leads to both
obstetrical complications and the neurodevelopmental changes in
the fetal brain leading to autism.
Although in the past, much of the focus on autism research has
centered on genetics [4], by re-examining and re-interpreting twin
studies [5,6] researchers have increasingly hypothesized that
maternal environment could be as important if not more important
than genetics as a factor contributing to the disorder.
Beginning more than 30 years ago with the work of Finegan and
Quarrington [7] and Deykin and MacMahon [2], many researchers
have found an association between speciﬁc gestational events and
autism [8–21]. Many of these events (such as fertility issues, miscarriages, bleeding, excess maternal weight gain) are known to be
associated with low progesterone [22–28].
Ideally, a new hypothesis for the causes of autism should also be
able to explain the gender differences in autism and the reported
increased incidence over the last 20 years.
The suggestion that low progesterone is involved is a testable
hypothesis. Moreover, if it can be shown that low maternal progesterone is associated with autism, prevention strategies become
possible.
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Progesterone, brain development and autism
Most importantly to our hypothesis, progesterone affects brain
development in ways which may be relevant to what is already
known about autism.
Progesterone as a neuroprotectant
An increased incidence of autism has been associated with immune-mediated events during early brain development [29,30].
For example, mothers giving birth to children who develop autism
have an increased incidence of fevers during pregnancy [31] and an
increase in ﬁrst trimester viral infection and second trimester bacterial infection has been found [32]. In a primate animal model,
maternal infection leads to repetitive behaviors, communication
deﬁcits and altered social behaviors [33] and several rodent models have found the same [29] Markers of neuroinﬂammation, such
as microglial activation, have been found in the post-mortem autism brain, further suggesting that a brain inﬂammation has taken
place. [34,35]. Progesterone plays a role in regulating immune
function and in protecting the brain from the damaging effects of
infections and inﬂammation. Progesterone stimulates the production of regulatory T cells, preventing aspects of autoimmunity
[36]. It acts as an anti-inﬂammatory [37] and as a regulator of antibody production [38]. Progesterone receptors are found on lymphocytes of healthy pregnancies, increasing with gestational age,
but not in non-pregnant lymphocytes or the lymphocytes of women experiencing miscarriage [39]. These receptors function to increase production of certain interleukins, including IL-3, IL-4 and
IL-10, as well as to increase production of some antibodies [40].
Thus, if maternal progesterone levels are sufﬁcient, the immune
system may be better able to ﬁght an infection and any damaging
effects on the developing fetal brain should have been attenuated.
Autism has also been suggested to be related to excitotoxicty
and increased oxidative stress [41]. Progesterone can act as a neuroprotectant [42,43] in part through the production of brain-derived neurotrophic factor [44,45] and decreases in apoptosis [46].
Low levels of progesterone may also lead to low levels of its neurosteroid metabolite allopregnanolone which protects the developing brain from excitotoxic damage [47]. Finally, deﬁcits in the
development of the blood–brain barrier have been suggested to
be important to the cause of autism [48], and progesterone maintains the proteins involved in blood brain barrier (BBB) development and function [49].
Progesterone and neurodevelopment
Functional brain imaging studies have determined that the
brain dysfunction of autism may be related to failure in the development of cortical networks resulting in changes in connectivity in
speciﬁc brain regions [50]. Progesterone plays a role in establishing
neuronal connectivity [51] and cortical circuitry [52]. In animal
studies, progesterone receptor knockout animals show deﬁcits in
maturation of cortical connectivity and sensorimotor integration
[53]. Recent work suggests that much of the network pathology
is due to axonal pathology, possibly myelination deﬁcits [54–58]
and myelination is highly dependent on progesterone [59,60].
Progesterone also has signiﬁcant effects on the development of
subcortical circuitry, for example in social circuitry, where progesterone receptors are highly localized in developing male brains and
affect development of the medial pre-optic area of the hypothalamus [61], a region rich in oxytocin-containing neurons involved in
social behaviors [62]. Progesterone also affects development of the
amygdala [63], a region also involved in social circuitry. At a cellular level, progesterone promotes neurogenesis [64], synaptogenesis

and dendritic formation [65–70], again, changes which have been
proposed to underlie autism [71].
Additionally, the serotonergic neurotransmitter system is often
implicated in autism [72,73] and progesterone is highly involved in
the development and maintenance of this system [74–76]. Since
serotonin acts as a neurodevelopmental signal itself [77–79], any
serotonin changes could indirectly cause many of the changes observed in autism.
Progesterone and gender differences in autism
The approximate 4:1 male:female ratio for autism may also be
related to effects of progesterone. Sex hormones such as progesterone are said to exert both organizing and activating effects in the
brain. Organizing effects are structural changes elicited by these
hormones during brain development or during plasticity in the
adult brain, while activating effects only involve changes in brain
activity produced in the mature brain with no associated structural
changes. Although the fetal brain has progesterone receptors, the
fetus itself does not produce progesterone and the fetal brain is
thus dependent on the maternal placenta supply for organizing effects to take place. A male and female fetus will receive the same
amount of progesterone from the mother; however, the male fetal
brain expresses progesterone receptors at critical periods, whereas
the female brain has very few receptors [80]. Moreover, placentas
are gender-speciﬁc and the placenta of a male fetus is more programmable and more liable to alter production of progesterone
[81]. Thus, the male brain or the male-placenta may be more inﬂuenced by progesterone levels than the female brain, explaining the
male preponderance in autism.
Low progesterone and the increased incidence of autism
Finally, it is important to consider whether or not there are factors in our environment or conditions in our society which lead to
decreased progesterone and/or fertility which could parallel the increase in autism. Ovarian suppression (including lowered levels of
progesterone) can be related to increased work load, exercise, and
low-calorie dieting, even in the presence of proper menstrual cycles [82]. Increased maternal age, increased psychosocial stressors
[83], and obesity may all contribute to lowered progesterone.
There has also been an increase in preterm birth in the last decade
[84], suggesting that low progesterone is becoming more common.
The use of artiﬁcial reproductive technologies of all kinds has increased almost 40% in the last 10 years [85].
In addition, there are a number of environmental contaminants
which are considered to be endocrine disruptors, particularly the
xenoestrogen BisPhenol A (BPA), which has a direct effect on fertility and on brain development in animals [86]. Additional endocrine
disrupting chemicals such as phthalates are also increasingly found
to be present in the human body [87] and many of these compete
for a progesterone receptor related to dendritic development [88].
Other toxins which are increasing in the environment, such as heavy metals, have also been linked to autism [89]. Although these
may not lower progesterone directly, they could potentially be
more damaging to a brain developing without adequate neuroprotection provided by progesterone.
Evaluation of the hypothesis
In order to initially test our hypothesis, we used a case-control
survey approach, conducted by the Center for Survey Research at
Stony Brook University comparing mothers with autistic children
and those without. A list of households with children diagnosed
with ASD was obtained from Great Lakes List Management
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(http://www.greatlakeslists.com/v3/). The control group comprised biological mothers of a child who did not have ASD. This
sample was matched within a limited range to the sample of mothers of children with ASD on year of child’s birth, current age of
mother, and geographical location. The targeted sample was drawn
by GENESYS Sampling Systems (http://www.m-s-g.com/Web/
genesys/index.aspx).
The interview required about 30 min and consisted of 75 questions, including demographic as well as detailed questions regarding pregnancy and delivery. Items of particular relevance to this
study included those implicating reproductive hormones, as elaborated upon earlier: whether or not a woman was using contraception (and what type[s]) prior to the index pregnancy, whether or
not she was taking oral hormonal contraceptives during the beginning of her pregnancy, infertility treatments prior to the index
pregnancy, and maternal weight gain during pregnancy. Other
variables likely to be related to hormonal status were also assessed, including prenatal vaginal bleeding, prenatal maternal
stress, and use of medications during pregnancy. The groups are
described in Table 1.

Continuous variables and their effect sizes (Cohen’s d) are given
in Table 2. The largest effect sizes in the ASD group were found for
number of days born before or after due date, current level of income (ASD was associated with lower incomes) and education of
the mother (mothers of ASD children were less educated). Smaller
effect sizes were found for the age of mother when the child was
born (ASD mothers were younger) and average prenatal distress
score (ASD mothers reported more distress). Categorical variables
and their effect size are given in Table 3. Variables with the largest
effect sizes included: vaginal bleeding (especially in the ﬁrst

Table 1
Characteristics of the study sample.
Control (n = 88)

ASD (n = 86)

47.6 ± .9a
18.1 ± 1.0

45.1 ± .9
16.8 ± .7

Marital status
Married
Domestic partnership
Separated
Divorced
Widowed
Never married
ASD diagnosis
None
Asperger’s syndrome
PDD
Autism
Unsure/won’t say

Calculated da

Factors measured
Number of persons 18 years or older in household
Length of labor (hours)
Length of time breastfeeding (months)
Birth weight (lb)
Birth length (in)
Birth year of child
Age of father when child was born
Age of mother when child was born
Average prenatal distress score
Education of mother
Current income level
Number of days born before due date
Number of days born after due date

0.0731
0.0161
0.0362
0.1132
0.1418
0.1476
.01642
.02138
0.2375
0.2643
0.4166
0.4289
0.4991

Abbreviations: d, Cohen’s d.
Effects that are statistically signiﬁcantly different than 0 (p < .05) are in bold.
a
Effect sizes for d: .20 (small), .50 (medium), .80 (large).

Table 3
Associations between categorical variables surrounding prenatal and delivery factors
and the risk of autism spectrum disorder (ASD).

Results and discussion

Current age of mother
Current age of child

Table 2
Associations between continuous variables surrounding prenatal and delivery factors
and the risk of autism spectrum disorder (ASD).

66
1
2
11
2
6
88
–
–
–
–

60
4
4
13
3
2
–
24
23
34
5

White/caucasian
African american
Hispanic/latina
Asian
Other/mixed/won’t say

75
4
2
2
4

74
7
2
1
2

Regional distributionb
Northeast
Midwest
South
West

20
24
33
11

19
23
30
14

Note: All respondents were biological mothers of target children.
a
Mean ± SEM.
b
Based on the US Census Bureau deﬁnition as follows: Northeast (ME, NH, VT,
MA, RI, CT, NY, PA, NJ) Midwest (WI, MI, IL, IN, OH, MN, IA, MO, ND, SD, NE, KS)
South (MD, DE, WV, DC, VA, NC, SC, GA, FL, KY, TN, MS, AL, OK, AR, LA, TX) West (MT,
ID, WY, NV, UT, CO, AZ, NM, WA, OR, CA).

Factors measured

RRd

ORe

Using forceps or vacuum for delivery
Received pain medication during childbirth
Received epidural anesthesia
Received medication to start contractions
Received other treatments to conceivea
Allergic reaction during pregnancy
Vaginal vs. Cesarean delivery
Breastfed
Tap or bottled water
Planned Cesarean delivery
Gestational diabetes
Vegetarian diet
Preterm delivery
Cesarean delivery after labor started
Child admitted to NICU
Vaginal bleeding
Major stressful life eventb
First trimester
Second trimester
Third trimester
Use of fertility drugs
No history of oral hormonal contraceptives
Other medications during pregnancyc
Excess weight gain
Taking contraceptives when conception occurs

0.7000
0.7262
0.8899
0.9706
1.0126
1.0179
1.1054
1.0580
1.0743
1.1111
1.1114
1.1114
1.1275
1.1963
1.1965
1.2061
1.2618
0.8095
1.2578
1.333
1.4532
1.4908
1.5057
1.6413
2.3333

0.5385
0.5577
0.7936
0.9429
1.5542
1.0357
1.2246
1.1171
1.1498
1.25
1.245
1.245
1.2703
1.453
1.4667
1.4766
1.6232
0.8095
1.7411
2.000
2.5105
2.4891
2.5171
3.5652
9.000

Abbreviations: RR, relative risk; OR, odds ratio; NICU, neonatal intensive care unit.
a
Other treatments include donor sperm, donor eggs, or in vitro fertilization.
b
Bereavement, divorce, job loss.
c
Drugs reported: SSRI’s, acetaminophen, antibiotics, pseudoephedrine. Effects
that are statistically signiﬁcantly different from 0 (p < .05) are in bold.
d
Effect sizes for RR: 1.2 (small), 1.9 (medium), 3.0 (large).
e
Effect sizes for OR: 1.5 (small), 3.5 (medium), 9.0 (large).

trimester), a major stressful event (especially in the second and
third trimester), mothers taking fertility drugs to become pregnant,
other medication taken during the pregnancy, excessive weight
gain during the pregnancy, and the continued use of oral contraceptives while the mother was pregnant. Mothers who gained excess weight during pregnancy had odds of having a child with ASD
that were about 3.6 times those of mothers who did not gain
excess weight. The strongest effect was from a failure of oral contraceptives in 5 mothers, out of 30 mothers taking these contraceptives, resulting in an unintentional continued use of contraceptives
while a mother was pregnant. These mothers had odds of having a
child with ASD that were 9 times those of mothers without this
risk factor.
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Finally, as shown in Table 4, risk factors for mothers in each
group which are considered to indicate a suboptimal hormonal
maternal environment were combined into a Total Hormonal Risk
Factor. Five factors associated with low progesterone were included: vaginal bleeding, two indicators of low fertility – use of fertility drugs and not using contraceptives before pregnancy [22,23],
excess weight gain (progesterone is inversely related to weight
gain; 26), and taking oral contraceptives when pregnancy begins
(effectiveness of contraception relies on a functional progesterone/progesterone receptor feedback system). Using this analysis,
the ASD group had signiﬁcantly more hormonal risk factors suggestive of low progesterone (1.21 ± 0.09) than controls
(0.76 ± 0.08, p < .0001).
The strongest of the low progesterone factors identiﬁed was the
number of women giving birth to a child with autism who experienced contraceptive failure. Interestingly, a similar result was
found by Juul-Dam et al. [12] who reported that 12% of children
with autism were conceived while their mothers were taking an
oral contraceptive. In our results, 5 out of 30 mothers of autistic
children became pregnant while on oral contraceptives, while only
1 out of 46 mothers of control children did (16.7% vs. 2.2%).
Contraceptives can be a combination of synthetic estrogens and
progestins or progestins alone. In either case, efﬁcacy is based on
suppression of ovulation through stimulation of progesterone
receptors either in the hypothalamus (inhibiting gonadotropin
releasing hormone) or the pituitary (preventing release of luteinizing hormone and follicle stimulating hormone) [90]. It is not
known how oral contraception failure occurs, when they are taken
regularly, however, we are proposing that a failure of this feedback
loop could be responsible. This failure could be due to changes in
the sensitivity or functioning of the progesterone receptor. Interestingly, an increased incidence of progesterone receptor-related
ovarian and uterine cancers in families of autistic children have
been reported [91]. In future, progesterone receptor genetics could
be examined in mothers and children to test this possibility. Conversely, exposure to contraceptives could have a direct teratogenic
effect on the developing fetus. Although physical malformations
from progestin intake early in pregnancy have not been found
[92], to our knowledge no behavioral teratology studies have been
done.
Of the low progesterone factors, excess maternal weight gain
had the second strongest effect on the occurrence of autism. This
has also recently been reported in two other studies [21,25].
Our ﬁndings show an increased incidence of autism after fertility treatments. Others have looked at the role of assisted conception in autism and a recent review has concluded that these
techniques do not add to the increase in autism [93]. However,
the studies examined in that review included any assisted reproductive techniques (ART), and did not examine the use of fertility
drugs separately, which we have done. We also found no effect
of other ART, such as in vitro fertilization. None of the studies,
including ours, directly addressed the question of whether or not
mothers who give birth to children with autism have greater infertility problems than others. However, we did ﬁnd that that the
mothers of ASD children were signiﬁcantly less likely to have

Table 4
Analyses of hormonal risk factors related to progesterone and autism.a

Total hormonal risk factor scoreb
p < .0001

Control

ASD

0.7614 ± .07580

1.2093 ± .09227

a
Continued use of oral contraceptives, excess weight gain, vaginal bleeding,
fertility treatments, no previous use of contraceptives.
b
Mean of the average number of risk factors in each group ± SEM.

previously used oral hormonal contraception in general (35% vs.
52%), suggesting suboptimal fertility may be present. Together,
the ﬁndings of an increased use of fertility treatments and an absence of hormonal birth control treatments suggest low progesterone in the maternal environment.
An increased incidence of vaginal bleeding and autism has been
reported previously [8,9,12,19] and our results are consistent with
those. There are a number of causes of bleeding during pregnancy,
but in our sample, when bleeding was in the second or third trimester, placental abnormalities (such as previa or abruption) or
early labor are most likely. These conditions may result in hypoxia,
or placental insufﬁciency, which has been shown to have an effect
on a number of developmental disorders, including schizophrenia.
Since the placenta is the sole source of progesterone for the developing fetus, the recent observation of histological differences in
placentas from newborns who develop autism offers further support for our hypothesis [94].
There are other factors, not used in our ﬁve factor Total Hormonal Risk Factor score, which could also indicate altered progesterone – higher reported stress, earlier birth and higher incidence
of infections. Beversdorf et al. [16] found a higher incidence of prenatal maternal stressors, including divorce, job loss, and bereavement at gestational weeks 25–28 in pregnancies resulting in a
child with autism. We found higher prenatal distress in the ASD
group. These ﬁndings could indicate lower progesterone as the
neurosteroid allopregnanolone is dependent on progesterone levels. This neurosteroid is known to be a GABA agonist, decreasing
anxiety and stress in the mother [69]. Allopregnanolone is also
neuroprotective against excess HPA activation, particularly important to a developing brain [95]. Secondly, progesterone plays a role
in onset of parturition either by directly activating receptors in the
placenta or through inhibition of oxytocin [96]. As gestation continues, it is generally believed that loss of progesterone, or of progesterone receptors, leads to parturition [97,98]. In either case,
lower progesterone levels may explain the increased incidence of
earlier births.
There are several ﬁndings which others have reported which we
failed to replicate. However, our sample uses a case control approach, and changes in some demographic factors (such as maternal age) would not be evident, For example, we found no effect of
paternal age. The possible role of parental age in autism is complicated by the fact that delayed child-bearing has increased at the
same time as autism has increased, and it is not clear how these
may be related [99]. Our study also found a small effect of lower
socioeconomic status while most studies in the United States have
found an effect of higher socioeconomic status and more education. However, a recent study in a population in Sweden, where
there is universal health care, also found autism risk to be associated with a lower socioeconomic status and suggested that previous American studies showed biases based on access to services
[100]. Lower socioeconomic status could be a variable contributing
to the increased obstetrical complications. However, in our sample
this may not be the case, as the birth weights of the ASD group was
not signiﬁcantly different from the typically developing children
and low birth weight is a principal outcome of lowered social economic status and lower education [101].

Conclusions and future directions
Lower levels of progesterone in pregnancies leading to autism
could explain the cellular and morphological brain changes seen
in autism, as well as explain the gender ratio and the increased
incidence of autism. We have tested and corroborated our hypothesis indirectly by determining the Total Hormonal Risk Factor in a
population of mothers with autistic children. A more direct test is

Please cite this article in press as: Whitaker-Azmitia PM et al. Low maternal progesterone may contribute to both obstetrical complications and autism.
Med Hypotheses (2014), http://dx.doi.org/10.1016/j.mehy.2013.12.018

P.M. Whitaker-Azmitia et al. / Medical Hypotheses xxx (2014) xxx–xxx

now necessary. In the future, it may be worthwhile to monitor the
levels of progesterone in pregnancies, especially in women who
have previously given birth to a child with autism, or who have
experienced previous obstetrical complications. In addition, there
are polymorphisms of the progesterone receptor which lead to disturbances in the health of a pregnancy [102] which could also be
monitored in mothers and children. The hypothesis could also be
further tested in an animal model of lowered progesterone and
programmable effects of progesterone could be examined in a
post-mortem brain sample.
More importantly, identifying changes in the in utero
environment leading to an increased risk of autism can more
immediately be translated into prevention and treatment strategies than can genetic changes. The current work is thus a return
to studies on identifying causes of autism which have a therapeutic
potential – restoring appropriate progesterone levels may decrease
the incidence of autism.
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