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ABSTRACT

Observed impairment in reciprocal social interaction is a diagnostic hallmark of autism spectrum disorders. There is
no effective medical treatment for these problems. Psychological treatments remain costly, time intensive, and
developmentally sensitive for efficacy. In this review, we explore the potential of oxytocin-based therapies for social
impairments in autism. Evidence shows that acute oxytocin administration improves numerous markers critical to the
social circuitry underlying social deficits in autism. Oxytocin may optimize these circuits and enhance reward,
motivation, and learning to improve therapeutic outcomes. Despite this, the current evidence of therapeutic benefit
from extended oxytocin treatment remains very limited. We highlight complexity in crossing from the laboratory to
the autism clinical setting in evaluation of this therapeutic. We discuss a clinical trial approach that provides optimal
opportunity for therapeutic response by using personalized methods that better target specific circuitry to define who
will obtain benefit, at what stage of development, and the optimal delivery approach for circuitry manipulation. For
the autism field, the therapeutic challenges will be resolved by a range of treatment strategies, including greater
focus on specific interventions, such as oxytocin, that have a strong basis in the fundamental neurobiology of social
behavior. More sophisticated and targeted clinical trials utilizing such approaches are now required, placing oxytocin
into the autism context.
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Autism spectrum disorder is the collective term for multiple
neurodevelopmental conditions characterized by qualitative
impairments in social interaction and communication and
restricted range of activities and interests (1). Many countries
have reported increases in diagnosed prevalence over the past
three decades, with recent estimates at 1 in every 68
individuals (2). Impairment in reciprocal social interaction can
manifest as a failure to develop peer relationships, atypical
responses to others’ emotions, and/or lack of capacity to
share enjoyment or interests with others (1). Autism is also
frequently associated with behavioral difficulties such as
hyperactivity, irritability, and aggression (3) and comorbidities
with developmental, mental health, and physical problems
(1,4). Autism is, for example, often accompanied by intellectual
disability, epilepsy, gastrointestinal problems, and macroce-
phaly (4-6). It is, therefore, a major contributor to disability and
distress to those affected by the diagnosis and results in
significant costs for individuals, families, and governments (7).

Autism, sometimes colloquially referred autisms, is highly
heterogeneous with different causes and trajectories across
development. No single genetic factor accounts for a major
proportion of those diagnosed (8), and although highly heritable,
this is likely due to oligogenic and polygenic factors with
numerous genetic and epigenetic components. Many genetic
factors linked to autism also regulate synaptic functions of

neurons underlying learning and plasticity, suggesting their role
may be during critical periods of neuronal development in the
womb and first years of life (9). Imaging studies also show a
complex and varied trajectory clustering different subsets of
autism (10) in terms of atypical brain anatomy (11), connectivity
(12,13), and function (14). For example, autism is characterized by
increased connectivity locally between neurons in the same
cortical layer and reduced axonal projections between distant
brain regions, suggesting disorganization and poor regional
coordination as a feature (12,15,16). Research is, however, in its
infancy in establishing neural profiles that predict subsequent
functioning later in life or response to different interventions
(10,14). Many aberrations in neural profiles are no longer apparent
in older children and adults (11,17), also leading to a view that
early life developmental changes are critical drivers of life-long
impairment. Along with characterization of the brain changes
across development, attention has been placed on understanding
interactions with other contributors to the broad cognitive and
behavioral phenotype, including interactions between gut (18),
immune (19), metabolic (20), and circadian changes (21). Notably,
these factors are also influenced by environmental variables and
may jointly influence brain development and behavioral pheno-
types at certain developmental stages.

Given this heterogeneity, it is not surprising there is not a
single medical treatment for the behavioral phenotypes of
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social impairment. Despite many promoted treatments in the
community, often attached with significant cost, most have
little evidence to support use (22,23) and are not specified for
a subtype of autism. Most published therapeutic treatment
trials are of small sample size, questionable methodological
rigor (24-27), and like the diagnosis itself, based only on
reports of observed behavior, as opposed to independent
objective markers. Risperidone, aripiprazole have shown ben-
efit in reducing hyperactivity, aggressive, self-injurious, and
repetitive behavior (22,28) but are associated with significant
negative side effects. Risperidone is, in fact, the most widely
prescribed medical treatment for autism in the world today
(29), even though it does not target social symptoms and is
associated with weight gain, drowsiness, extrapyramidal side
effects, and hormonal changes related to galactorrhea, ame-
norrhea, and gynecomastia (22,26,30,31). That it is prescribed
frequently highlights the complexity of symptoms for people
with autism, as symptoms that cause distress may not be
related to social deficit components. Given the limitations of
the existing scientific literature and complexities in presenta-
tion, many people often choose to trial accessible investiga-
tional therapies.

Some behavioral treatments show benefit in improving
social responsiveness and interaction for children with autism
(27,32), although they are usually associated with intensive
weekly sessions of 20 to 40 hours per week accumulating over
years (25,32). These interventions have grown in sophistication
(33,34) since the work of Lovaas (35), in the way they engage
children in rich social learning skills across development. For
example, the Early Start Denver Model (36) focuses on social-
cognitive development, including training in verbal and non-
verbal communication, imitation, emotion sharing, joint atten-
tion, play, social orienting, and social attention by clinicians
and caregivers (37). It is believed that the Early Start Denver
Model is developmentally sensitive (38), providing better out-
comes for children under age 6 who may learn more funda-
ment skills to permit more complex social skills later in life. It
has an explicit target of increasing the child’s sensitivity to
social reward and interest and affective engagement with
others (36-41). This work demonstrates that young children
with autism show considerable potential for learning and
plasticity to change and improve developmental trajectories,
although patient variables may moderate response. How such
interventions can be delivered in a cost-effective manner to
produce sustainable outcomes remains unclear (24,42), par-
ticularly in lower resourced communities.

OXYTOCIN AND AUTISM SPECTRUM DISORDERS

The neuropeptide oxytocin has garnered significant interest in
the scientific and lay communities as an investigational treat-
ment for autism. Oxytocin is a nine amino acid peptide, which
is synthesized in the paraventricular and supraoptic nucleus of
the hypothalamus and released into the bloodstream by the
posterior pituitary gland. Mammalian nonhuman animal stud-
ies demonstrate the importance of oxytocin to social behav-
iors, including social recognition, memory, and attachment
and reducing stereotyped behaviors such as exaggerated
grooming (43-45). Across many studies, central administration
of oxytocin agonists before social contexts enhances
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recognition and memory for peers, partner preference, and
bonding, while reducing predatory aggression (46). Studies of
transgenic animals show oxytocin receptor (OXTR) knockout
mice lose capacity to respond to social cues, which is fully
restored by infusion of 1.0 pg oxytocin into the medial
amygdala before social encounters (47). Parenting models
also highlight how oxytocin release is critical to bond for-
mation during exposure to bonding cues, probably by increas-
ing reward and sensitivity to these cues (suckling; parent-
offspring touch, grooming) (48).

GENETIC VARIATION, OXYTOCIN PLASMA AS A
MARKER FOR AUTISM SPECTRUM DISORDERS

There is growing evidence that allelic variation within the OXTR
gene (including several single nucleotide polymorphisms and
haplotypes) has evolutionarily importance to social cognition
and function, although functionally important alleles are unre-
solved (49-52). Animal models established the importance of
OXTR on social behavior and memory (43,53). In humans,
some studies suggest genetic variability in the OXTR gene
could increase risk for autism (49-52,54), but others show
associations reflecting broader social-cognitive phenotypes
(55-58). Examination of oxytocin plasma as a marker has also
produced mixed results. Baseline plasma oxytocin may relate
to functioning in autism (59), but a larger research body
implicates peripheral oxytocin levels with social-cognitive trait
dimensions (58). Given oxytocin release is highly responsive to
social context shifts, we know little about its function in autism
in response to social cues (e.g., touch, social reciprocity, and
reward). We also acknowledge disagreement regarding reliable
methods for sample processing, methods of measurement,
and controversy regarding the relationship between circulating
plasma, salivary, or urinary oxytocin and central levels.

SINGLE DOSE OXYTOCIN ADMINISTRATION ON
SOCIAL COGNITION IN NEUROTYPICAL
POPULATIONS

In neurotypical adults, a large body of research suggests
benefits of oxytocin nasal spray for improving social cognition
[for review, see (60)], including eye gaze, emotion recognition,
affective voice recognition, and interoceptive awareness,
along with neural underpinnings of these benefits (61). Oxy-
tocin effects can be sensitive to social contexts, even to
increase defensive tendencies (62,63), and individual differ-
ences moderate effects (64,65). A recent meta-analysis using
whole-brain analysis showed strong effects on the left insula,
which is important given its recognized role in social cognition
(66), but task-specific effects have been reported on the
caudate and putamen (during social learning tasks) and the
temporal lobes, amygdala, and prefrontal and anterior cingu-
late cortex (during social stimuli and face processing) (61), as
well as enhancement of functional coordination between some
of these regions during social interactions (67). Replication
across gender and age remains an ongoing issue, but most
findings support oxytocin’s role in reducing threat and uncer-
tainty (68) and improving empathy, synchrony, reward, and
communication during processing of social cues and inter-
actions (61,66,69).
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THE IMPACT OF A SINGLE DOSE OF OXYTOCIN IN
AUTISM SPECTRUM DISORDERS

In adults with autism, Hollander et al. (70,71) first showed acute
intravenous oxytocin reduced repetitive behavior and learning
of affective speech. Nasal administration studies followed to
show oxytocin improved emotion recognition (72), higher order
social cognition (73), eye gaze, social interaction (74), and
physiological responses to affective sounds (75). For example,
Andari et al. (74) showed oxytocin increased eye gaze, oxytocin
plasma, and social decision making within a cooperative social
ball-tossing computer game, by reducing attempts to engage
the uncooperative player. This was the first evidence that
oxytocin improves social awareness and effective decisions in
online social situations. Separately, we reported the first
evidence of benefit to youth with autism, showing that oxytocin
enhanced emotion recognition (72).

In adults with autism, imaging studies show intranasal
oxytocin increases right anterior insula (73) and activity and
coordination in the medial prefrontal cortex, with the latter
associated with improved performance on a false-belief task
(76). Domes et al. (77) showed that oxytocin administration
increased right amygdala, fusiform gyrus, and inferior occipital
gyrus activity during presentation of facial stimuli, which is
opposite to effects in neurotypical control studies (61). The
individual difference literature has highlighted how autism
traits may moderate response (64,78) and some have argued
that oxytocin might increase salience and reward for social
cues, specifically for individuals with a lack of awareness for
these cues. Finally, Gordon et al. (79) reported that oxytocin
administered to young autistic children increased activity in
the striatum, middle frontal gyrus, the medial prefrontal cortex,
right orbitofrontal cortex, and superior temporal sulcus during
social judgment making.

Overall, published studies support the benefits of oxytocin
to social neurocognition, circuitry, and social processing in
neurotypical adults, adults with autism, and youth and children
with autism. This evidence is consistent with a view that
oxytocin could enhance social salience and awareness for,
reward and responsiveness to, and learning of social cues. A
recent meta-analysis of trials and effect sizes utilizing oxytocin
nasal spray in psychiatric disorders revealed that autism was
the candidate psychiatric disorder with the most potential to
benefit (80). Based on single dose studies, oxytocin shows
promise to improve diagnostic symptoms of social awareness
and use of appropriate social approach behaviors in context,
appropriate use of eye contact, gestures, and understanding
and recognition of facial expressions (1). One study to date
suggests oxytocin may also reduce repetitive behaviors.

THE EFFECT OF OXYTOCIN AS AN EXTENDED
TREATMENT FOR AUTISM SPECTRUM DISORDERS

Open-label case studies and uncontrolled cohort studies sug-
gest potential benefits of nasal oxytocin to treat observed
autism symptoms using repeated dosing (81,82). Two published
randomized placebo-controlled trials provided nasal oxytocin
over an extended period to evaluate this. The first gave 24
International Units (IU) of intranasal oxytocin or a placebo twice
daily for 6 weeks to 19 adults with autism (83). Measures
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included caregiver reports of social responsiveness and repet-
itive behavior, social cognition tests, and clinician ratings of
symptoms severity. This study showed benefit on secondary
measures of emotion recognition and quality of life but not on
primary domains of social reciprocity or repetitive behavior. We
published a trial of oxytocin (18 or 24 IU) or a placebo nasal
spray in 52 youth with autism (aged 12 to 18) given twice daily
for 8 weeks (84). Across all social cognition, caregiver, and
clinician assessments, there was no benefit of oxytocin. Paren-
tal reports of social responsiveness were, however, likely
influenced by expectation. Regardless of whether their child
was assigned to the oxytocin or placebo condition, parents who
believed their child received oxytocin reported greater change in
social responsiveness. This may offer some explanation for
reported benefits in open-label studies.

One study examined the potential of oxytocin to combine
with social skills training (85). Dadds et al. (85) recruited 35
youth (aged 8 to 16) to four sessions of 1-hour social skills
training with emotion recognition training. Drug administration
preceded training by 30 minutes for two sessions and 2.5
hours for two sessions. For two sessions, a family observation
coding session took place before training, while for two
sessions observation took place after training. This study did
not show benefit of oxytocin on any measure. Despite hyper-
bolic media reports of this null finding, consideration must be
given to the variable times training was provided after dosing,
the limited total oxytocin doses (n = 4), and the use of a social
training procedure that currently lacks evidence of efficacy in
the format provided to the age range. Research is needed to
confirm and extend these initial findings. In summary, we can,
however, conclude that benefits from single-dose studies have
not translated to benefits when examining the literature of
extended oxytocin treatment.

PLACING THE DEVELOPMENT OF OXYTOCIN
INTERVENTION INTO THE AUTISM CONTEXT

This field is now delicately poised with claims oxytocin may
provide the first targeted treatment for social impairments in
autism pitted against assertions that it has little or no
therapeutic value (86,87). This diversity in views is not
surprising given major limitations of the existing evidence
base; the initial hype, expectation, and the real need for a
therapeutic; and the phenotypic heterogeneity presented by
persons with autism and associated conditions. Fortunately,
there are a growing number of trials underway to further
evaluate potential benefits of oxytocin in larger samples.
Despite this, there remains a need for much greater debate
about what might be required for optimal evaluation of
therapeutics in autism and oxytocin nasal spray specifically.
Otherwise, when heterogeneous populations are tested (by
age, gender, intelligence, social function, target behaviors, and
other concurrent neurological or neurodevelopmental disor-
ders), we will likely see mixed outcomes possibly demonstrat-
ing moderate improvements for some participants on some
selected measures, with little guidance for individuals about
who are likely to benefit, when, and why. Such problems may
not result from a failure of the therapeutic but failure of
adequate clinical trial design, drug delivery, and patient
selection to target circuitry appropriately. Greater focus is
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required on understanding the important subject variables,
neurobiological and developmental windows of opportunity
that might mediate response, the therapeutic relevance of
oxytocin for the range of symptoms that cause distress and
result in treatment seeking, and the sensitivity of outcome
measures employed to determine benefit.

PATIENT SELECTION AND TRIAL DESIGN

There is much discussion about how genetic and epigenetic
factors (e.g., methylation status of OXTR) might mediate
response to oxytocin and learning interventions. It is further
hoped developmental profiles emerge to cluster autism sub-
types that could be used as variables to predict response. In
regard to common patient characteristics, gender appears to
moderate oxytocin effects (88), including neural response to
nasal oxytocin, but it remains unclear how this might effect a
therapeutic response for people with autism (89). Almost all
autism oxytocin studies have exclusively recruited male sub-
jects due to its overrepresentation in autism (1). The autism
field is generally lacking in terms of understanding the
characteristic female autism profile (90), which could then be
used to inform trials of therapeutics. Also, a majority of people
with autism show some intellectual impairment (1), but the
existing research evaluating the circuitry markers associated
with autism (e.g., physiological, imaging, immune, cognitive
measures) and studies validating the sensitivity of outcome
measures typically excludes those with moderate to severe
intellectual impairment. This leaves open debate about
whether a lack of measure sensitivity drives any observed
reduced responsiveness to intervention in this important
patient group. Repetitive and self-injury behavior is also a
core feature of autism and its presence may moderate
response to social intervention (91). Such behavior may cause
more distress than other symptoms, characteristically fluctu-
ates within a smaller subpopulation, is related to other
important variables such as nonverbal intelligence, and limits
response to social intervention (91). While one acute study
suggests benefit of oxytocin to repetitive behaviors (70), this is
not a main focus of oxytocin intervention. It also remains
unclear how observed benefit to repetitive behavior might
relate to the different circuitry that can guide it, including
obsessive-compulsive or stereotyped behaviors, anxiety,
impulsivity, and hyperactivity (91).

In relation to age, oxytocin could have an important role for
autism early in life (92). It is well-established that there are
critical development periods for social intervention (93). Some
argue that early social-training interventions shape the brain’s
receptiveness to the social world to mitigate the severity of
autism symptoms (94,95) and reduce the compounding neg-
ative influence of social impairment (96). There seems to be a
very strong rationale to combine oxytocin with social-learning
interventions to improve outcomes in early development. To
illustrate, a well-replicated oxytocin effect is improved eye gaze.
Reduced eye gaze and joint attention are one of the first
markers of autism (97), documented in children as young as 12
months of age (98), and it predicts later diagnosis and
functioning (99). Older children who then perform poorly on
related emotion-recognition tasks also perform poorly on
measures of social skills (100) and have a worse long-term
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prognosis (101). Theoretical models (38,94,98,102) propose that
initial deficits in engaging with social stimuli from an early age
(through mechanisms such as eye gaze and joint attention)
compound existing social deficits across development, as the
social responses that are required become more complex.
Individuals may then increase their withdrawal from social-
learning opportunities. Thus, we propose that evaluation of
early intervention with novel treatments that target the oxytocin
system should be a research priority, to combine with early
social-learning interventions to enhance attention, reward, and
the intensity of social learning. Alternatively, such interventions
could be given to parents during parent-training to enhance the
interactive process (103).

OXYTOCIN MANIPULATION IN AUTISM SPECTRUM
DISORDERS

In the absence of social-learning therapies, nasal oxytocin
may improve endogenous regulation through repeated admin-
istration. There is little human evidence (or evaluation) to
support this assumption. Numerous reviews elsewhere have
discussed limitations of standard nasal delivery devices and
non-optimized formulas to absorption for central nervous
system impact (104,105). Dose-finding and delivery compar-
ison studies are desperately needed. Delivery considerations
for people who have difficulty tolerating the spray could be a
major source of variation, with few devices optimized for
children, youth, or those with communication disabilities. We
have observed in our own unpublished data that children with
poor verbal communication have greater difficulty tolerating
nasal sprays. Different medical interventions may be needed
to activate central oxytocin release, different delivery methods,
or use of an adjunctive medical intervention with oxytocin to
activate critical circuits (105-107). Alternatively, environmental
manipulations known to facilitate oxytocin regulation could be
considered and evaluated as an alternative to drug adminis-
tration (e.g., tactile and attachment based therapies) (108). The
critical point being that mechanistic human work needs to be
done before one is in a position to disregard oxytocin-
targeting interventions.

SOCIAL IMPAIRMENT AND OXYTOCIN RESPONSE IN
AUTISM SPECTRUM DISORDERS

In the autism field, limitations of observer reporting scales as
outcome measures of social responsiveness (109) and repet-
itive behavior (110) are further accentuated by the typical
absence of self-report, particularly in pediatric settings. Our
recent meta-analysis of pharmaceutical and dietary supple-
ments in pediatric autism clinical trials (A. Masi, 2015,
unpublished data) showed that placebo effects are a signifi-
cant source of bias in both caregiver and independent
observer ratings, including trained clinicians. Clinical trials
need to establish different physiological, biological, and
cognitive makers of change to predict observed functioning.
For example, studies have suggested the potential of inflam-
matory biomarkers in drug discovery (55,111). Oxytocin influ-
ences inflammatory processes (112,113), some of which may
be important for autism, disease recovery, and social behavior
(114). There has, however, been no investigation of such
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markers in clinical trials or integration with a set of neuro-
biological measures to guide patient selection and treatment
response.

Research priority should be given to linking objective
markers of response to oxytocin intervention, to broader
measures of therapeutic response, and patient selection. This
has only attracted limited discussion. This problem is further
accentuated by limitations of laboratory models that do not
account for the complicated and heterogeneous nature of
autism and the human condition. Such models do not easily
cross from the laboratory to effective clinical treatments for all.
Thus, greater emphasis on the specific neurobiological circui-
try that is being targeted by oxytocin and, hence, the predicted
pattern of clinical response within certain groups of subjects is
required.

To illustrate, imaging studies suggest numerous potential
markers. Oxytocin influences N-acetylaspartate in the ventro-
medial prefrontal and anterior cingulate cortex to possibly
improve social cognition performance (76). This finding is
particularly fascinating, given evidence of a lack of coordina-
tion, organization, and formation underlying brain development
in autism (12), with implications for improving social learning.
Similarly, other studies suggest that oxytocin might enhance
cortical information transfer while simultaneously lowering
background activity (115), which is interesting given failure to
focus on socially salient features while being distracted by
background noise is a likely feature of autism. In addition,
there might also be immediate physiological and behavioral
markers to indicate potential therapeutic response to oxytocin,
such as improved ability to integrate and coordinate social
cues (e.g., joint attention, interoceptive awareness, ability to
interpret complex social scenes, emotion regulation under
social stress) to predict improvement in clinical observational
measures of social responsiveness over time (e.g., observa-
tions of social responsiveness). Studies show that oxytocin
increases physiological and behavioral synchrony in dyadic
interactions with caregivers (e.g., joint attention, eye gaze,
heart-rate variability) (76,103,116), coined by Feldman (117) as
biobehavioral synchrony. Nonverbal social tasks and related
physiology measures may be particularly useful as markers of
social responsiveness in young children, before more com-
plex, higher order social skills are required. Using this
approach, we propose that those who do not show the
predicted neural, behavioral, and physiological response
would be unlikely to show a clinical response. Such a frame-
work provides opportunity to more quickly establish optimal
intervention approaches to manipulate these circuits (e.g.,
dose-finding studies, head-to-head device comparisons, etc).

SAFETY

Despite recognition that interventions for autism are optimally
provided early in life, debate has been on safety and potential
harm of oxytocin administration to young children (86). Some
studies in rodents have suggested direct injection of large
oxytocin doses to very young animals (118-120) might have
long-lasting negative consequences for social behavior. In
possible support, large cohort studies have suggested a very
small but significant risk for the future development of autism
later in life following oxytocin administration to mothers during
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labor (121). Such findings have been hotly debated (122). Trials
to date show no reports of concerning or significant side
effects that require intervention, although we note some
tolerability issues for a minority of patients during the first
administration. Reports of initial aggression or hyperactivity
that subsides from discontinuation have been made in our
studies in a small number of participants (A.J.G., 2015,
unpublished data). Further discussion is required articulating
the useful markers of a negative response. We propose that if
repeated administration damages social circuits, one would
expect deficits in circuitry initially enhanced by oxytocin (e.g.,
reduced eye gaze, joint attention, social de-synchrony). Oxy-
tocin may also, independently, alter defensive anxious-arousal
responses as a dark side of oxytocin (123). This could be
expressed as increased anxiety or agitation symptoms (e.g.,
potentially as irritability, repetitive behavior) and emotion
regulation difficulties under stress. Human data evaluating
the costs and benefits of oxytocin administration and its safety
for young children are now urgently required.

CONCLUSIONS

While there are many treatments for autism, most are poorly
evaluated and do not apply to the broad range of presenta-
tions characterizing all people with autism. Oxytocin may have
potential to provide a first medical treatment to improve social
impairments for some. This review has highlighted the com-
plexity of evaluating the efficacy of oxytocin for persons with
autism, which presents as a set of neurodevelopmental
disorders with a range of neurobiological trajectories and
symptoms causing distress. Evaluation will require a range
of personalized approaches to better identify neural targets
and associated responses for addressing who might obtain
benefit, what developmental stage and how (e.g., through
learning, direct manipulation), and effective delivery routes,
doses, or methods to optimize response of these circuits. The
challenge is unlikely to be met by a single trial resulting in a
simple answer (it works or does not work) and therefore may
not resolve questions of therapeutic efficacy for autism
quickly. In meeting this challenge, however, the evolving
research provides an opportunity to detail sophisticated
frameworks for understanding, evaluating, and potentially
treating social impairments in autism that has not been offered
before. These research applications are urgently required.

ACKNOWLEDGMENTS AND DISCLOSURES

We acknowledge the support of National Health and Medical Research
Council project grant (Grant No. 1043664), a Bupa Health Foundation Grant,
a Simons Foundation Grant, and a Career Development Fellowship (Grant
No. 1061922) to AJG and an Australia Fellowship (Grant No. 494914) to IBH.

We thank Christine Song and Anne Masi for comments on this
manuscript.

AJG reports no biomedical financial interests or potential conflicts of
interest. IBH is a Commissioner in Australia’s new National Mental Health
Commission from 2012. He was a director of headspace: National Youth
Mental Health Foundation until January 2012. He was previously the chief
executive officer (until 2003) and clinical adviser (until 2006) of beyondblue,
an Australian national depression initiative. He is the executive director of
the Brain & Mind Research Institute, which operates two early-intervention
youth services under contract to headspace. He has led a range of
community-based and pharmaceutical industry-supported depression
awareness and education and training programs. He has led projects for

Biological Psychiatry February 1, 2016; 79:234-242 www.sobp.org/journal


www.sobp.org/journal

Oxytocin and Autism

health professionals and the community supported by governmental,
community agency, and pharmaceutical industry partners (Wyeth, Eli Lilly,
Servier, Pfizer, AstraZeneca) for the identification and management of
depression and anxiety. He has received honoraria for presentations of
his own work at educational seminars supported by a number of non-
government organizations and the pharmaceutical industry (including
Servier, Pfizer, AstraZeneca, and Eli Lilly). He is a member of the Medical
Advisory Panel for Medibank Private and also a Board Member
of Psychosis Australia Trust. He leads an investigator-initiated study
of the effects of agomelatine on circadian parameters (supported
in part by Servier) and has participated in a multicentre clinical trial of the
effects of agomelatine on sleep architecture in depression and a Servier-
supported study of major depression and sleep disturbance in primary
care settings.

ARTICLE INFORMATION

From the Autism Clinic for Translational Research, Brain & Mind Research
Institute, Central Clinical School, Faculty of Medicine, University of Sydney,
Sydney, Australia.

Address correspondence to Adam J. Guastella, Ph.D., Autism Clinic for
Translational Research, University of Sydney, Central Clinical School,
Faculty of Medicine, Brain & Mind Research Institute, 100 Mallett St,
Sydney, NSW 2050, Australia; E-mail: Adam.guastella@sydney.edu.au.

Received Mar 31, 2015; revised Jun 10, 2015; accepted Jun 26, 2015.

REFERENCES

1. American Psychiatric Association (2013): Diagnostic and Statistical
Manual of Mental Disorders, 5th ed. Arlington, VA: American
Psychiatric Association.

2. Autism and Developmental Disabilities Monitoring Network Surveil-
lance Year 2008 Principal Investigators, Centers for Disease Control
and Prevention (2012): Prevalence of autism spectrum disorders—
Autism and Developmental Disabilities Monitoring Network, 14 sites,
United States, 2008. MMWR Surveill Summ 61:1-19.

3. Lecavalier (2006): Behavioral and emotional problems in young
people with pervasive developmental disorders: Relative prevalence,
effects of subject characteristics, and empirical classification.
J Autism Dev Disord 36:1101-1114.

4. Atladottir HO, Schendel DE, Parner ET, Henriksen TB (2015): A
descriptive study on the neonatal morbidity profile of autism
spectrum disorders, including a comparison with other neurodevel-
opmental disorders. J Autism Dev Disord 45:2429-2442.

5. Campbell DJ, Chang J, Chawarska K (2014): Early generalized
overgrowth in autism spectrum disorder: Prevalence rates, gender
effects, and clinical outcomes. J Am Acad Child Adolesc Psychiatry
53:1063-1073. e5.

6. Tonge BJ, Einfeld SL (2003): Psychopathology and intellectual
disability. The Australian Child to Adult Longitudinal Study. Int Rev
Res Ment Retard 26:61-91.

7. Buescher AV, Cidav Z, Knapp M, Mandell DS (2014): Costs of autism
spectrum disorders in the United Kingdom and the United States.
JAMA Pediatrics 168:721-728.

8. Murdoch JD, Gupta AR, Sanders SJ, Walker MF, Keaney J,
Fernandez TV, et al. (2015): No evidence for association of autism
with rare heterozygous point mutations in contactin-associated
protein-like 2 (CNTNAP2), or in other contactin-associated proteins
or contactins. PLoS Genet 11:1004852.

9. Meredith RM (2015): Sensitive and critical periods during neuro-
typical and aberrant neurodevelopment: A framework for neuro-
developmental disorders. Neurosci Biobehav Rev 50:180-188.

10. Lenroot RK, Yeung PK (2013): Heterogeneity within autism spectrum
disorders: What have we learned from neuroimaging studies? Front
Hum Neurosci 7:733.

11.  Courchesne E, Campbell K, Solso S (2011): Brain growth across the
life span in autism: Age-specific changes in anatomical pathology.
Brain Res 1380:138-145.

Biological Psychiatry February 1, 2016; 79:234-242 www.sobp.org/journal

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

Stoner R, Chow ML, Boyle MP, Sunkin SM, Mouton PR, Roy S, et al.
(2014): Patches of disorganization in the neocortex of children with
autism. N Engl J Med 370:1209-1219.

Maximo JO, Cadena EJ, Kana RK (2014): The implications of brain
connectivity in the neuropsychology of autism. Neuropsychol Rev
24:16-31.

Ecker C, Murphy D (2014): Neuroimaging in autism—from basic
science to translational research. Nat Rev Neurol 10:82-91.

Just MA, Keller TA, Malave VL, Kana RK, Varma S (2012): Autism as
a neural systems disorder: A theory of frontal-posterior under-
connectivity. Neurosci Biobehav Rev 36:1292-1313.

Belmonte MK, Allen G, Beckel-Mitchener A, Boulanger LM, Carper RA,
Webb SJ (2004): Autism and abnormal development of brain con-
nectivity. J Neurosci 24:9228-9231.

Chow ML, Pramparo T, Winn ME, Barnes CC, Li HR, Weiss L, et al.
(2012): Age-dependent brain gene expression and copy number
anomalies in autism suggest distinct pathological processes at
young versus mature ages. PLoS Genet 8:e1002592.

Mezzelani A, Raggi ME, Marabotti A, Milanesi L (2015): Ochratoxin A
as possible factor trigging autism and its male prevalence via
epigenetic mechanism [published online ahead of print January 17].
Nutr Neurosci.

Masi A, Quintana DS, Glozier N, Lloyd AR, Hickie IB, Guastella AJ
(2015): Cytokine aberrations in autism spectrum disorder: A system-
atic review and meta-analysis. Mol Psychiatry 20:440-446.
Rossignol DA, Frye RE (2012): Mitochondrial dysfunction in autism
spectrum disorders: A systematic review and meta-analysis. Mol
Psychiatry 17:290-314.

Tordjman S, Davlantis KS, Georgieff N, Geoffray MM, Speranza M,
Anderson GM, et al. (2015): Autism as a disorder of biological and
behavioral rhythms: Toward new therapeutic perspectives. Front
Pediatr 3:1.

McPheeters ML, Warren Z, Sathe N, Bruzek JL, Krishnaswami S,
Jerome RN, Veenstra-Vanderweele J (2011): A systematic review of
medical treatments for children with autism spectrum disorders.
Pediatrics 127:e1312-e1321.

Whitehouse AJ (2013): Complementary and alternative medicine for
autism spectrum disorders: Rationale, safety and efficacy. J Paediatr
Child Health 49:E438-E442; quiz E442.

Oono IP, Honey EJ, McConachie H (2013): Parent-mediated early
intervention for young children with autism spectrum disorders
(ASD). Cochrane Database Syst Rev 4:CD009774.

Reichow B, Barton EE, Boyd BA, Hume K (2012): Early intensive
behavioral intervention (EIBI) for young children with autism spec-
trum disorders (ASD). Cochrane Database Syst Rev 10:CD009260.
Barnard L, Young AH, Pearson J, Geddes J, O’'Brien G (2002):
A systematic review of the use of atypical antipsychotics in autism.
J Psychopharmacol 16:93-101.

Tonge BJ, Bull K, Brereton A, Wilson R (2014): A review of evidence-
based early intervention for behavioural problems in children with
autism spectrum disorder: The core components of effective pro-
grams, child-focused interventions and comprehensive treatment
models. Curr Opin Psychiatry 27:158-165.

Coury DL, Anagnostou E, Manning-Courtney P, Reynolds A, Cole L,
McCoy R, et al. (2012): Use of psychotropic medication in children
and adolescents with autism spectrum disorders. Pediatrics
130(suppl 2):S69-S76.

Wong AYS, Hsia Y, Chan EW, Murphy DGM, Simonoff E, Buitelaar JK,
Wong IC (2014): The variation of psychopharmacological prescription
rates for people with autism spectrum disorder (ASD) in 30 countries.
Autism Res 7:543-554.

Canitano R, Scandurra V (2008): Risperidone in the treatment of
behavioral disorders associated with autism in children and adoles-
cents. Neuropsychiatr Dis Treat 4:723-730.

Sochocky N, Milin R (2013): Second generation antipsychotics in
Asperger’s Disorder and high functioning autism: A systematic
review of the literature and effectiveness of meta-analysis. Curr Clin
Pharmacol 8:370-379.

239

Biological
Psychiatry



http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref2
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref2
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref2
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref2
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref3
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref3
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref3
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref3
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref4
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref4
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref4
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref4
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref5
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref5
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref5
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref6
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref6
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref6
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref7
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref7
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref7
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref7
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref7
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref8
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref8
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref8
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref9
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref9
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref9
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref10
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref10
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref10
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref11
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref11
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref11
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref12
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref12
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref12
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref13
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref13
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref14
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref14
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref14
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref15
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref15
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref15
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref16
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref16
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref16
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref16
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref17
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref17
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref17
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref17
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref18
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref18
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref18
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref19
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref19
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref19
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref20
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref20
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref20
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref20
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref21
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref21
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref21
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref21
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref22
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref22
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref22
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref23
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref23
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref23
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref24
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref24
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref24
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref25
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref25
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref25
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref26
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref26
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref26
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref26
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref26
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref27
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref27
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref27
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref27
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref28
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref28
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref28
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref28
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref29
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref29
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref29
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref30
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref30
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref30
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref30
www.sobp.org/journal

Biological
Psychiatry

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

240

Warren Z, McPheeters ML, Sathe N, Foss-Feig JH, Glasser A, Veenstra-
Vanderweele J (2011): A systematic review of early intensive intervention
for autism spectrum disorders. Pediatrics 127:e1303-e1311.

Sallows G, Graupner TD (2005): Intensive behavioral treatment for
children with autism: Four-year outcome and predictors. Am J Ment
Retard 110:417-438.

Rogers SJ, Vismara LA (2008): Evidence-based comprehensive
treatments for early autism. J Clin Child Adolesc Psychol 37:8-38.
Lovaas Ol (1987): Behavioral treatment and normal educational and
intellectual functioning in young autistic children. J Consult Clin
Psychol 55:3-9.

Rogers SJ, Dawson G, Vismara L (2012): In: An Early Start for your
Child with Autism. New York: Guilford Press.

Dawson G, Rogers S, Munson J, Smith M, Winter J, Greenson J,
et al. (2010): Randomized, controlled trial of an intervention for
toddlers with autism: The Early Start Denver Model. Pediatrics 125:
e17-e23.

Dawson G (2008): Early behavioral intervention, brain plasticity, and
the prevention of autism spectrum disorder. Dev Psychopathol 20:
775-803.

Vivanti G, Paynter J, Duncan E, Fothergill H, Dissanayake C,
Rogers SJ (2014): Effectiveness and feasibility of the early start
Denver model implemented in a group-based community childcare
setting. J Autism Dev Disord 44:3140-3153.

Estes A, Vismara L, Mercado C, Fitzpatrick A, Elder L, Greenson J,
et al. (2014): The impact of parent-delivered intervention on parents
of very young children with autism. J Autism Dev Disord 44:353-365.
Dawson G, Jones EJH, Merkle K, Venema K, Lowy R, Faja S, et al.
(2012): Early behavioral intervention is associated with normalized
brain activity in young children with autism. J Am Acad Child
Adolesc Psychiatry 51:1150-1159.

Rogers SJ, Estes A, Lord C, Vismara L, Winter J, Fitzpatrick A, et al.
(2012): Effects of a brief Early Start Denver model (ESDM)-based
parent intervention on toddlers at risk for autism spectrum disorders:
A randomized controlled trial. J Am Acad Child Adolesc Psychiatry
51:1052-1065.

Carter CS, Grippo AJ, Pournajafi-Nazarloo H, Ruscio MG, Porges SW
(2008): Oxytocin, vasopressin and sociality. Prog Brain Res 170:
331-336.

Lim MM, Bielsky IF, Young LJ (2005): Neuropeptides and the social
brain: Potential rodent models of autism. Int J Dev Neurosci 23:
235-243.

Carter CS, Grippo AJ, Poumnajafi-Nazarloo H, Ruscio MG, Porges SW
(2008): Oxytocin, vasopressin and sociality. In: Inga DN, Rainer L, editors.
Progress in Brain Research. Amsterdam: Elsevier, 331-336.

Young LJ, Pitkow LJ, Ferguson JN (2002): Neuropeptides and social
behavior: Animal models relevant to autism. Mol Psychiatry 7(suppl 2):
S38-S39.

Ferguson JN, Aldag JM, Insel TR, Young LJ (2001): Oxytocin in the
medial amygdala is essential for social recognition in the mouse.
J Neurosci 21:8278-8285.

Rilling JK, Young LJ (2014): The biology of mammalian parenting and
its effect on offspring social development. Science 345:771-776.
Campbell DB, Datta D, Jones ST, Batey Lee E, Sutcliffe JS,
Hammock EA, Levitt P (2011): Association of oxytocin receptor
(OXTR) gene variants with multiple phenotype domains of autism
spectrum disorder. J Neurodev Disord 3:101-112.

Liu X, Kawamura Y, Shimada T, Otowa T, Koishi S, Sugiyama T,
et al. (2010): Association of the oxytocin receptor (OXTR) gene
polymorphisms with autism spectrum disorder (ASD) in the Japa-
nese population. J Hum Genet 55:137-141.

Lerer E, Levi S, Salomon S, Darvasi A, Yirmiya N, Ebstein RP (2008):
Association between the oxytocin receptor (OXTR) gene and autism:
Relationship to Vineland Adaptive Behavior Scales and cognition.
Mol Psychiatry 13:980-988.

Jacob S, Brune CW, Carter CS, Leventhal BL, Lord C, Cook EH Jr
(2007): Association of the oxytocin receptor gene (OXTR) in Cau-
casian children and adolescents with autism. Neurosci Lett 417:6-9.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Oxytocin and Autism

Nishimori K, Takayanagi Y, Yoshida M, Kasahara Y, Young LJ,
Kawamata M (2008): New aspects of oxytocin receptor function
revealed by knockout mice: Sociosexual behaviour and control of
energy balance. Progr Brain Res 170:79-90.

LoParo D, Waldman ID (2015): The oxytocin receptor gene (OXTR) is
associated with autism spectrum disorder: A meta-analysis. Mol
Psychiatry 20:640-646.

Young LJ (2015): Oxytocin, social cognition and psychiatry. Neuro-
psychopharmacology 40:243-244.

Rodrigues SM, Saslow LR, Garcia N, John OP, Keltner D (2009):
Oxytocin receptor genetic variation relates to empathy and stress
reactivity in humans. Proc Natl Acad Sci U S A 106:21437-21441.
Skuse DH, Lori A, Cubells JF, Lee |, Conneely KN, Puura K, et al.
(2014): Common polymorphism in the oxytocin receptor gene
(OXTR) is associated with human social recognition skills. Proc Natl
Acad Sci U S A 111:1987-1992.

Parker KJ, Garner JP, Libove RA, Hyde SA, Hornbeak KB, Carson DS,
et al. (2014): Plasma oxytocin concentrations and OXTR polymor-
phisms predict social impairments in children with and without autism
spectrum disorder. Proc Natl Acad Sci U S A 111:12258-12263.
Alabdali A, Al-Ayadhi L, El-Ansary A (2014): Association of social and
cognitive impairment and biomarkers in autism spectrum disorders.
J Neuroinflammation 11:4.

Guastella AJ, MacLeod C (2012): A critical review of the influence of
oxytocin nasal spray and social cognition: Evidence and future
directions. Horm Behav 61:410-418.

Domes G, Heinrichs M, Glascher J, Blichel C, Braus DF, Herpertz SC
(2007): Oxytocin attenuates amygdala responses to emotional faces
regardless of valence. Biol Psychiatry 62:1187-1190.

Bartz JA, Zaki J, Bolger N, Ochsner KN (2011): Social effects of
oxytocin in humans: Context and person matter. Trends Cogn Sci
15:301-309.

Shamay-Tsoory SG, Fischer M, Dvash J, Harari H, Perach-Bloom N,
Levkovitz Y (2009): Intranasal administration of oxytocin increases
envy and schadenfreude (gloating). Biol Psychiatry 66:864-870.
Bartz JA, Zaki J, Bolger N, Hollander E, Ludwig NN, Kolevzon A,
Ochsner KN (2010): Oxytocin selectively improves empathic accu-
racy. Psychol Sci 21:1426-1428.

Alvares GA, Chen NT, Balleine BW, Hickie IB, Guastella AJ (2012):
Oxytocin selectively moderates negative cognitive appraisals in high
trait anxious males. Psychoneuroendocrinology 37:2022-2031.
Singer T, Critchley HD, Preuschoff K (2009): A common role of insula
in feelings, empathy and uncertainty. Trends Cogn Sci 13:334-340.
Rilling JK, DeMarco AC, Hackett PD, Thompson R, Ditzen B, Patel R,
Pagnoni G (2012): Effects of intranasal oxytocin and vasopressin on
cooperative behavior and associated brain activity in men. Psycho-
neuroendocrinology 37:447-461.

Kirsch P, Esslinger C, Chen Q, Mier D, Lis S, Siddhanti S, et al.
(2005): Oxytocin modulates neural circuitry for social cognition and
fear in humans. J Neurosci 25:11489-11493.

Baumgartner T, Heinrichs M, Vonlanthen A, Fischbacher U, Fehr E
(2008): Oxytocin shapes the neural circuitry of trust and trust
adaptation in humans. Neuron 58:639-650.

Hollander E, Novotny S, Hanratty M, Yaffe R, DeCaria CM, Aronowitz BR,
Mosovich S (2003): Oxytocin infusion reduces repetitive behaviors in
adults with autistic and Asperger’s disorders. Neuropsychopharma-
cology 28:193-198.

Hollander E, Bartz J, Chaplin W, Phillips A, Sumner J, Soorya L, et al.
(2007): Oxytocin increases retention of social cognition in autism.
Biol Psychiatry 61:498-503.

Guastella AJ, Einfeld SE, Gray K, Rinehart N, Lambert T, Hickie 1B
(2010): Intranasal oxytocin improves emotion recognition for youth
with autism spectrum disorders. Biol Psychiatry 67:692-694.

Aoki Y, Yahata N, Watanabe T, Takano Y, Kawakubo Y, Kuwabara H,
et al. (2014): Oxytocin improves behavioural and neural deficits in
inferring others’ social emotions in autism. Brain 137:3073-3086.
Andari E, Duhamel JR, Zalla T, Herbrecht E, Leboyer M, Sirigu A
(2010): Promoting social behavior with oxytocin in high-functioning

Biological Psychiatry February 1, 2016; 79:234-242 www.sobp.org/journal


http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref31
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref31
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref31
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref32
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref32
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref32
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref33
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref33
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref34
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref34
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref34
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref35
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref35
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref36
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref36
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref36
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref36
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref37
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref37
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref37
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref38
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref38
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref38
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref38
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref39
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref39
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref39
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref40
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref40
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref40
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref40
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref41
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref41
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref41
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref41
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref41
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref42
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref42
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref42
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref43
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref43
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref43
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref44
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref44
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref44
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref45
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref45
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref45
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref46
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref46
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref46
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref47
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref47
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref48
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref48
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref48
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref48
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref49
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref49
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref49
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref49
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref50
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref50
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref50
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref50
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref51
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref51
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref51
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref52
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref52
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref52
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref52
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref53
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref53
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref53
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref54
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref54
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref55
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref55
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref55
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref56
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref56
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref56
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref56
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref57
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref57
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref57
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref57
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref58
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref58
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref58
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref59
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref59
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref59
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref60
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref60
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref60
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref61
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref61
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref61
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref62
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref62
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref62
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref63
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref63
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref63
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref64
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref64
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref64
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref65
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref65
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref66
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref66
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref66
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref66
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref67
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref67
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref67
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref68
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref68
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref68
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref69
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref69
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref69
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref69
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref70
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref70
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref70
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref71
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref71
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref71
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref72
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref72
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref72
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref73
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref73
www.sobp.org/journal

Oxytocin and Autism

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

autism spectrum disorders. Proc Natl Acad Sci U S A 107:
4389-4394.

Lin IF, Kashino M, Ohta H, Yamada T, Tani M, Watanabe H, et al.
(2014): The effect of intranasal oxytocin versus placebo treatment on
the autonomic responses to human sounds in autism: A single-blind,
randomized, placebo-controlled, crossover design study. Mol
Autism 5:20.

Aoki Y, Watanabe T, Abe O, Kuwabara H, Yahata N, Takano Y, et al.
(2015): Oxytocin’s neurochemical effects in the medial prefrontal
cortex underlie recovery of task-specific brain activity in autism:
A randomized controlled trial. Mol Psychiatry 20:447-453.

Domes G, Heinrichs M, Kumbier E, Grossmann A, Hauenstein K,
Herpertz SC (2013): Effects of intranasal oxytocin on the neural basis
of face processing in autism spectrum disorder. Biol Psychiatry 74:
164-171.

Scheele D, Kendrick KM, Khouri C, Kretzer E, Schlapfer TE, Stoffel-
Wagner B, et al. (2014): An oxytocin-induced facilitation of neural
and emotional responses to social touch correlates inversely with
autism traits. Neuropsychopharmacology 39:2078-2085.

Gordon |, Vander Wyk BC, Bennett RH, Cordeaux C, Lucas MV,
Eilbott JA, et al. (2013): Oxytocin enhances brain function in children
with autism. Proc Natl Acad Sci U S A 110:20953-20958.
Bakermans-Kranenburg MJ, van | Jzendoorn MH (2013): Sniffing
around oxytocin: Review and meta-analyses of trials in healthy and
clinical groups with implications for pharmacotherapy. Transl Psy-
chiatry 3:e258.

Tachibana M, Kagitani-Shimono K, Mohri |, Yamamoto T, Sanefuji W,
Nakamura A, et al. (2013): Long-term administration of intranasal
oxytocin is a safe and promising therapy for early adolescent boys
with autism spectrum disorders. J Child Adolesc Psychopharmacol
23:123-127.

Anagnostou E, Soorya L, Brian J, Dupuis A, Mankad D, Smile S,
Jacob S (2014): Intranasal oxytocin in the treatment of autism
spectrum disorders: A review of literature and early safety and
efficacy data in youth. Brain Res 1580:188-198.

Anagnostou E, Soorya L, Chaplin W, Bartz J, Halpern D, Wasserman S,
et al. (2012): Intranasal oxytocin versus placebo in the treatment of
adults with autism spectrum disorders: A randomized controlled trial.
Mol Autism 3:16.

Guastella AJ, Gray KM, Rinehart NJ, Alvares GA, Tonge BJ, Hickie IB,
et al. (2015): The effects of a course of intranasal oxytocin on social
behaviors in youth diagnosed with autism spectrum disorders:
A randomized controlled trial. J Child Psychol Psychiatry 56:
444-452.

Dadds MR, MacDonald E, Cauchi A, Williams K, Levy F, Brennan J
(2014): Nasal oxytocin for social deficits in childhood autism:
A randomized controlled trial. J Autism Dev Disord 44:521-531.
Miller G (2013): Neuroscience. The promise and perils of oxytocin.
Science 339:267-269.

Leng G, Ludwig M (2016): Intranasal oxytocin: Myths and delusions.
Biol Psychiatry 79:243-250.

Wigton R, Radua J, Allen P, Averbeck B, Meyer-Lindenberg A,
McGuire P, et al. (2015): Neurophysiological effects of acute oxy-
tocin administration: Systematic review and meta-analysis of
placebo-controlled imaging studies. J Psychiatry Neurosci 40:
E1-E22.

Feng C, Hackett PD, DeMarco AC, Chen X, Stair S, Haroon E, et al.
(2014): Oxytocin and vasopressin effects on the neural response to
social cooperation are modulated by sex in humans. Brain Imaging
Behav 9:754-764.

Kirkovski M, Enticott PG, Fitzgerald PB (2013): A review of the role of
female gender in autism spectrum disorders. J Autism Dev Disord
43:2584-2603.

Butler MG, Youngs EL, Roberts JL, Hellings JA (2012): Assessment
and treatment in autism spectrum disorders: A focus on genetics
and psychiatry. Autism Res Treat 2012:242537.

Quattrocki E, Friston K (2014): Autism, oxytocin and interoception.
Neurosci Biobehav Rev 47:410-430.

Biological Psychiatry February 1, 2016; 79:234-242 www.sobp.org/journal

93.

94,

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111,

112.

Dawson G, Bernier R, Ring RH (2012): Social attention: A possible
early indicator of efficacy in autism clinical trials. J Neurodev Disord
4:11.

Sullivan K, Stone WL, Dawson G (2014): Potential neural mecha-
nisms underlying the effectiveness of early intervention for children
with autism spectrum disorder. Res Dev Disabil 35:2921-2932.
Dawson G, Jones EJ, Merkle K, Venema K, Lowy R, Faja S, et al.
(2012): Early behavioral intervention is associated with normalized
brain activity in young children with autism. J Am Acad Child
Adolesc Psychiatry 51:1150-1159.

Hobson PR, Ouston J, Lee A (1988): What’s in a face? The case of
autism. Br J Psychol 79:441-453.

Spezio ML, Adolphs R, Hurley RS, Piven J (2007): Abnormal use of
facial information in high-functioning autism. J Autism Dev Disord
37:929-939.

Dawson G, Webb SJ, McPartland J (2005): Understanding the nature
of face processing impairments in autism: Insights from behavioural
and electrophysiological studies. Dev Neuropsychol 27:403-424.
Dalton KM, Nacewicz BM, Johnstone T, Schaefer HS, Gernsbacher MA,
Goldsmith HH, et al. (2005): Gaze fixation and the neural circuitry of face
processing in autism. Nat Neurosci 8:519-526.

Fein D, Lucci D, Braverman M, Waterhouse L (1992): Comprehension
of affect in context in children with pervasive developmental
disorders. J Child Psychol Psychiatry 33:1157-1167.

Ozonoff S, Miller JN (1995): Teaching theory of mind: A new
approach to social skills training for individuals with autism. J Autism
Dev Disord 25:415-433.

Webb SJ, Jones EJ, Kelly J, Dawson G (2014): The motivation for
very early intervention for infants at high risk for autism spectrum
disorders. Int J Speech Lang Path 16:36-42.

Weisman O, Zagoory-Sharon O, Feldman R (2012): Oxytocin admin-
istration to parent enhances infant physiological and behavioral
readiness for social engagement. Biol Psychiatry 72:982-989.
Guastella AJ, Hickie 1B, McGuinness MM, Otis M, Woods EA,
Disinger HM, et al. (2013): Recommendations for the standardisation
of oxytocin nasal administration and guidelines for its reporting in
human research. Psychoneuroendocrinology 38:612-625.

Quintana DS, Alvares GA, Hickie IB, Guastella AJ (2015): Do delivery
routes of intranasally administered oxytocin account for observed
effects on social cognition and behavior? A two-level model. Neuro-
sci Biobehav Rev 49:182-192.

Modi ME, Young LJ (2012): The oxytocin system in drug discovery
for autism: Animal models and novel therapeutic strategies. Horm
Behav 61:340-350.

Mottolese R, Redoute J, Costes N, Le Bars D, Sirigu A (2014):
Switching brain serotonin with oxytocin. Proc Natl Acad Sci U S A
111:8637-8642.

Holt-Lunstad J, Birmingham WA, Light KC (2008): Influence of a
“warm touch” support enhancement intervention among married
couples on ambulatory blood pressure, oxytocin, alpha amylase, and
cortisol. Psychosom Med 70:976-985.

Anagnostou E, Jones N, Huerta M, Halladay AK, Wang P, Scahill L,
et al. (2015): Measuring social communication behaviors as a treat-
ment endpoint in individuals with autism spectrum disorder. Autism
19:622-636.

Scahill L, Aman MG, Lecavalier L, Halladay AK, Bishop SL, Bodfish JW,
et al. (2015): Measuring repetitive behaviors as a treatment endpoint
in youth with autism spectrum disorder. Autism 19:38-52.

Bertoglio K, Jill James S, Deprey L, Brule N, Hendren RL (2010): Pilot
study of the effect of methyl B12 treatment on behavioral and
biomarker measures in children with autism. J Altern Complement
Med 16:555-560.

Szeto A, Nation DA, Mendez AJ, Dominguez-Bendala J, Brooks LG,
Schneiderman N, McCabe PM (2008): Oxytocin attenuates NADPH-
dependent superoxide activity and IL-6 secretion in macrophages
and vascular cells. Am J Physiol Endocrinol Metab 295:
E1495-E1501.

241

Biological
Psychiatry



http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref73
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref73
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref74
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref74
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref74
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref74
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref74
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref75
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref75
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref75
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref75
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref76
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref76
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref76
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref76
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref77
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref77
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref77
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref77
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref78
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref78
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref78
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref79
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref79
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref79
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref79
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref80
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref80
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref80
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref80
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref80
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref81
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref81
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref81
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref81
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref82
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref82
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref82
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref82
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref83
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref83
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref83
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref83
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref83
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref84
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref84
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref84
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref85
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref85
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref86
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref86
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref87
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref87
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref87
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref87
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref87
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref88
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref88
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref88
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref88
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref89
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref89
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref89
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref90
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref90
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref90
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref91
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref91
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref92
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref92
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref92
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref93
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref93
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref93
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref94
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref94
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref94
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref94
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref95
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref95
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref96
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref96
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref96
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref97
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref97
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref97
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref98
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref98
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref98
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref99
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref99
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref99
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref100
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref100
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref100
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref101
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref101
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref101
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref102
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref102
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref102
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref103
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref103
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref103
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref103
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref104
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref104
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref104
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref104
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref105
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref105
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref105
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref106
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref106
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref106
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref107
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref107
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref107
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref107
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref108
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref108
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref108
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref108
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref109
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref109
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref109
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref111
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref111
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref111
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref111
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref112
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref112
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref112
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref112
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref112
www.sobp.org/journal

Biological
Psychiatry

113.

114.

115.

116.

117.

118.

242

Iseri SO, Sener G, Saglam B, Gedik N, Ercan F, Yegen BC (2005):
Oxytocin ameliorates oxidative colonic inflammation by a neutrophil-
dependent mechanism. Peptides 26:483-491.

Gouin JP, Carter CS, Pournajafi-Nazarloo H, Glaser R, Malarkey WB,
Loving TJ, et al. (2010): Marital behavior, oxytocin, vasopressin, and
wound healing. Psychoneuroendocrinology 35:1082-1090.

Owen SF, Tuncdemir SN, Bader PL, Tirko NN, Fishell G, Tsien RW
(2013): Oxytocin enhances hippocampal spike transmission by
modulating fast-spiking interneurons. Nature 500:458-462.
Quintana DS, Kemp AH, Alvares GA, Guastella AJ (2013): A role for
autonomic cardiac control in the effects of oxytocin on social
behavior and psychiatric illness. Front Neurosci 7:48.

Feldman R (2012): Oxytocin and social affiliation in humans. Horm
Behav 61:380-391.

Meziane H, Schaller F, Bauer S, Villard C, Matarazzo V, Riet F, et al.
(2015): An early postnatal oxytocin treatment prevents social and
learning deficits in adult mice deficient for Magel2, a gene involved in
Prader-Willi syndrome and autism. Biol Psychiatry 78:85-94.

119.

120.

121.

122.

123.

Oxytocin and Autism

Bales KL, Plotsky PM, Young LJ, Lim MM, Grotte N, Ferrer E, Carter CS
(2007): Neonatal oxytocin manipulations have long-lasting, sexually
dimorphic effects on vasopressin receptors. Neuroscience 144:
38-45.

Tyzio R, Nardou R, Ferrari DC, Tsintsadze T, Shahrokhi A, Eftekhari S,
et al. (2014): Oxytocin-mediated GABA inhibition during delivery
attenuates autism pathogenesis in rodent offspring. Science 343:
675-679.

Gregory SG, Anthopolos R, Osgood CE, Grotegut CA, Miranda ML
(2013): Association of autism with induced or augmented childbirth in
North Carolina Birth Record (1990-1998) and Education Research
(1997-2007) databases. JAMA Pediatr 167:959-966.

Vintzileos AM, Ananth CV (2014): Induction or augmentation of labor
and autism. JAMA Pediatr 168:190.

Olff M, Frijling JL, Kubzansky LD, Bradley B, Ellenbogen MA, Cardoso C,
et al. (2013): The role of oxytocin in social bonding, stress regulation and
mental health: An update on the moderating effects of context and
interindividual differences. Psychoneuroendocrinology 38:1883-1894.

Biological Psychiatry February 1, 2016; 79:234-242 www.sobp.org/journal


http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref113
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref113
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref113
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref114
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref114
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref114
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref115
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref115
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref115
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref116
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref116
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref116
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref117
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref117
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref118
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref118
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref118
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref118
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref119
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref119
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref119
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref119
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref120
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref120
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref120
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref120
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref121
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref121
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref121
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref121
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref122
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref122
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref123
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref123
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref123
http://refhub.elsevier.com/S0006-3223(15)00543-0/sbref123
www.sobp.org/journal

	Oxytocin Treatment, Circuitry, and Autism: A Critical Review of the Literature Placing Oxytocin Into the Autism...
	Oxytocin and Autism Spectrum Disorders
	Genetic Variation, Oxytocin Plasma As A Marker For Autism Spectrum Disorders
	Single Dose Oxytocin Administration On Social Cognition In Neurotypical Populations
	The Impact of A Single Dose of Oxytocin In Autism Spectrum Disorders
	The Effect of Oxytocin As An Extended Treatment for Autism Spectrum Disorders
	Placing The Development of Oxytocin Intervention Into The Autism Context
	Patient Selection and Trial Design
	Oxytocin Manipulation In Autism Spectrum Disorders
	Social Impairment and Oxytocin Response In Autism Spectrum Disorders
	Safety
	Conclusions
	Acknowledgments and Disclosures
	Article Information
	References




