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Abstract

Background

Despite substantial similarities and overlaps in the pathophysiology of obsessive-compul-

sive disorders (OCD) and autism spectrum disorders, little is known about the clinical and

etiologic cohesion of these two disorders. We therefore aimed to determine the patterns of

comorbidity, longitudinal risks, and shared familial risks between these disorders.

Methods

In a prospective study design we explored the effect of a prior diagnosis of OCD in patients

and parents on the susceptibility to autism spectrum disorders and vice versa. Analyses

were adjusted for sex, age, calendar year, parental age and place at residence at time of

birth. As measures of relative risk incidence rate ratios (IRR) and accompanying 95% confi-

dence intervals (CIs) were employed.

Results

The risk of a comorbid diagnosis of OCD in individuals with autism spectrum disorder and aggre-

gation of autism spectrum disorders in offspring of parents with OCDwere increased. Individuals

first diagnosed with autism spectrum disorders had a 2-fold higher risk of a later diagnosis of

OCD (IRR = 2.18, 95%CI = 1.91–2.48), whereas individuals diagnosed with OCD displayed a

nearly 4-fold higher risk to be diagnosed with autism spectrum disorders (IRR = 3.91, 95%CI =

3.46–4.40) later in life. The observed associations were somewhat stronger for less severe

types of autism spectrum disorders without a comorbid diagnosis of mental disabilities.

Conclusions

The high comorbidity, sequential risk, and shared familial risks between OCD and autism

spectrum disorders are suggestive of partially shared etiological mechanisms. The results

have implications for current gene-searching efforts and for clinical practice.
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Introduction
Autism spectrum disorders constitute a group of neuro-developmental disorders characterized
by severe impairments in social interaction and communication, often accompanied by
restricted, repetitive or stereotyped interests and behaviors. Consistent increments in the
observed prevalence of autism spectrum disorders are considered a pressing challenge to the
global public health system of the 21st century [1]. Currently up to 2% of children worldwide
are estimated to be diagnosed with an autism spectrum disorder [1, 2]. There is considerable
evidence that patients with autism spectrum disorders are at an increased risk of comorbid
anxiety disorders [3–6]. Many patients with autism spectrum disorders display a lack of fear to
real dangers, yet may exhibit excessive fearfulness in response to harmless objects. A recent sys-
tematic review revealed that approximately 40% of patients with autism spectrum disorders are
assigned at least one comorbid diagnosis of anxiety, the most frequent being specific phobia
(30%) followed by obsessive-compulsive disorder (OCD; 17%) [7]. Given that the prevalence
of OCD in the general population is estimated around 1.6% [8], it appears that OCD is more
prevalent among patients with autism spectrum disorders than in the general population.

Comorbidity of OCD and autism spectrum disorder is further reflected in common features
of treatment and brain pathophysiology. Antidepressants, especially selective serotonin reup-
take inhibitors, constitute the pharmacological treatment of choice for most patients with
OCD [9]. Not many medications are truly effective in the treatment of autism spectrum disor-
ders [10], although recent studies indicated that antidepressants might be of value in treatment
of autism [11–13]. Furthermore, similar brain structure abnormalities were found in patients
with OCD and autism spectrum disorders [14]. In contrast to patients with other anxiety disor-
ders patients with OCD displayed increased gray matter volumes in the caudate nuclei [15, 16].
Structural changes in this limbic area are also described in autism spectrum disorders [17, 18].
Such similarities and overlaps in putative pathophysiology are quite rare and apply to only a
fraction of clinical samples.

Exploring to what degree OCD and autism spectrum disorders recur in families and are
comorbid conditions might provide crucial insights into etiology and treatment of the two dis-
orders. We therefore examined the comorbidity patterns of OCD and autism spectrum disor-
ders and sequential risks of these disorders. Finally, we investigated the risks of autism
spectrum disorders in offspring of individuals with OCD, and vice versa.

Materials and Methods

Registers
The Danish Civil Registration System was established in 1968 and provides information on
demographic data such as gender, date of birth, vital status (continuously updated) of all per-
sons living in Denmark [19]. All residents of Denmark are assigned a unique personal identifi-
cation number within the registration system, which can be used for accurate linkage with
other national registries.

The Danish Psychiatric Central Register has been computerized since 1969 and it currently
comprises data on roughly 855,000 persons and 3.91 million contacts, comprehensively map-
ping the psychiatric contacts of the entire population of Denmark [20]. The register stores data
on all admissions to Danish psychiatric inpatient facilities, and including all outpatient con-
tacts to psychiatric services since 1995. As treatment in Danish hospitals is free of charge for all
residents, it can be assumed that psychiatric admissions represented in the Danish Psychiatric
Central Register are unbiased. The Danish National Hospital Registry represents all inpatients
treatments at non-psychiatric facilities since 1977, including outpatient and emergency room
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contacts since 1995 [21, 22]. Clinical diagnoses were assigned according to the Danish modifi-
cation of the International Classification of Diseases, 8th Revision (ICD-8) from 1969 to 1993;
since 1994, diagnoses have been assigned on the basis of the ICD-10 Classification of Mental
and Behavioral Disorders, diagnostic criteria for research (ICD-10-DCR).

Study Population
The cohort sample covers all individuals born in Denmark between January 1, 1955, and
November 31, 2006. Parents of all individuals in the cohort were required to be known result-
ing in a total of 3,380,170 cohort members.

Assessment of Autism Spectrum disorder and Other Mental Illness
For cohort members and their parents, data were extracted for diagnoses of autism spectrum
disorders (ICD-8 codes: 299.00 and 299.01; ICD-10 codes: F84.0–F84.12, F84.5-F84.9), OCD
(ICD-8 codes: 300.39; ICD-10 codes: F42), anxiety disorders (ICD-10 codes: F40.00-F40.20,
F41.00-F41.10, F43.00-F43.10), depression (ICD-8 codes: 296.x9, 298.09, 298.19, 300.49,
301.19; ICD-10 codes: F32.00-F33.99, F34.10-F34.90, F38.00-F39.99), attention deficit hyperac-
tivity disorder (ICD-8 codes: 308.01; ICD-10 codes: F90.x), and mental disabilities (ICD-8
codes: 311.xx-315.xx, ICD-10 code: F70-F79) assigned by adult or child psychiatrists. Addi-
tionally, we assessed their psychiatric history, whether they had ever been admitted to a psychi-
atric hospital or been in outpatient care for a diagnosis of a psychiatric disorder (ICD-8 codes:
290–315; ICD-10 codes: F00–F99). Date of diagnosis was defined as the first contact that led to
the diagnosis of interest, irrespective of other previous psychiatric diagnoses in the case history.
Parental diagnoses (in either one of the parents) were classed hierarchically as non-mutually
exclusive events. Information about parental age and place of residence at time of birth was
obtained from the Danish Civil Registration System. For research purposes all personal infor-
mation from the registers are anonymized. The Danish Data Protection Agency fully approved
the study.

Data Analyses
The data were analyzed using a survival approach. Cohort members were followed from birth
or January 1, 1994 (whichever occurred latest) until the onset of the disorder of interest, date of
death, date of emigration from Denmark, or December 31, 2012, whichever occurred first. The
incidence rate ratio (IRR—a measure of relative risk) was estimated using a log linear Poisson
regression model using the GENMOD procedure in SAS, version 9.3 (SAS Institute, Cary, NC,
USA). All analyses were adjusted for calendar year, age, maternal and paternal age at birth of
child, sex, place of residence at time of birth (as described elsewhere [23]) and the interaction
of age with sex. In the analyses assessing sequential risk, we added to the first model, parental
psychiatric history, and the occurrence of an OCD diagnosis, and to second model parental
psychiatric history, the occurrence of an OCD diagnosis, and the first hospital contact for any
other psychiatric disorders of the patient as time dependent variables. Parental effects were esti-
mated using a hierarchical model. Sensitivity analyses were performed for severity, coding
(comparing ICD-8 and ICD-10 codes), clinical presentation of OCD, and comorbid mental
disabilities in autism spectrum disorders. Patients that require hospitalization are likely to dis-
play a more severe type of autism spectrum disorders and OCD. We therefore examined
whether both cases with prior in- or outpatients contact were at a higher risk. The classification
of autism spectrum disorders and OCD changed overtime; thus we explored the comparability
of results based on both ICD-8 and ICD-10 codes or on the newer ICD-10 codes alone. The
clinical picture of OCD may be dominated by obsessional thoughts or compulsive acts,
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accordingly we assessed whether cases with a specific type of OCD were at higher risk to subse-
quently be diagnosed with autism spectrum disorders. Several studies described the etiology of
autism spectrum disorders with and without comorbid mental disabilities to be quite different
[24–26]; herein we aimed to determine whether the association with OCD differs for these two
forms of autism.

Results

Comorbidity of Autism Spectrum Disorders and OCD
Among the 3,380,170 cohort members followed from 1994 to 2012, we observed that 18,184
were diagnosed with an autism spectrum disorder and 11,209 with OCD. This corresponds to
a crude incidence rate of 3.2 per 10,000 person-years for autism spectrum disorders and 2.0 for
OCD. 739 individuals were diagnosed with autism spectrum disorders and OCD; 281 were first
assigned a diagnosis of OCD, 253 a diagnosis of autism spectrum disorders, and 205 were
simultaneously diagnosed with OCD and autism spectrum disorders. Individuals with OCD
had a 13 times higher risk of having a comorbid autism spectrum diagnosis (6.6%) compared
with individuals without OCD (0.5%). For more formation on comorbidities among individu-
als with OCD or autism spectrum disorders see S1 Table.

Familial Risks of Autism Spectrum Disorders and OCD
The parents of 86 individuals diagnosed with autism spectrum disorder had been previously
diagnosed with OCD. Parental OCD increased the IRR for autism spectrum disorders in their
offspring to 1.83 (95% CI = 1.45–2.28); there was no difference in the paternal (IRR = 1.87,
95% CI = 1.21–2.74) or maternal (IRR = 1.74, 95% CI = 1.32–2.25) diagnosis of OCD on the
offspring’s risk for autism spectrum disorders. The risk for autism spectrum disorders was
somewhat increased after a parental diagnosis of OCD compared to the risk after a parental
diagnosis of any psychiatric disorder (IRR = 1.41, 95% CI = 1.36–1.47), but less than the risk
after a parental diagnosis of autism spectrum disorders (IRR = 9.13, 95% CI = 6.10–13.02, see
Table 1 and Fig 1).

A parental diagnosis of OCD increased the risk specifically for childhood autism
(IRR = 1.92, 95% CI = 1.24–2.82), Asperger’s syndrome (IRR = 2.06, 95% CI = 1.38–2.94), or
other pervasive developmental disorder (IRR = 2.05, 95% CI = 1.10–3.45; see Table 1). But only

Table 1. Incidence Risk Ratio of Specific Diagnoses of Autism SpectrumDisorders in Relation to Individual and Parental Diagnosis of Obsessive-
compulsive Disorder (OCD; 1994–2012).

Prior Diagnosis of OCD in Parentsa Prior Diagnosis of OCD in Patientsb

Specific Diagnosis of Autism Spectrum Disorder Incidence Rate Ratio 95% CI Incidence Rate Ratio 95% CI

Childhood Autism 1.92 1.24–2.82 3.28 2.40–4.35

Atypical Autism 1.63 0.51–3.81 4.40 2.65–6.83

Asperger's Syndrome 2.06 1.38–2.94 5.45 4.54–6.46

Other Pervasive Developmental Disorder 2.05 1.10–3.45 9.39 7.50–11.59

Unspecified Pervasive Developmental Disorder 1.50 0.92–2.28 4.10 3.20–5.15

aMaternal or paternal diagnoses were categorized hierarchically as having a history of OCD, autism spectrum disorders or other psychiatric disorders.

Estimates of relative risk were adjusted for calendar year, age, maternal and paternal age, sex, place of residence at time of birth and the interaction of

age with sex
bEstimates of relative risk were adjusted for calendar year, age, maternal and paternal age, sex, parental history of psychiatric illness, first psychiatric

hospital contact for any other disorder, place of residence at time of birth and the interaction of age with sex

doi:10.1371/journal.pone.0141703.t001
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the risk to develop Asperger’s syndrome was significantly higher among offspring of parents
with OCD compared to parents with any other psychiatric disorder (IRR = 1.33, 95%
CI = 1.25–1.42). The parents of only 4 individuals diagnosed with OCD had previously been
diagnosed with autism spectrum disorder. Probably due to this small sample size, we observed
a somewhat increased risk for OCD in offspring of parents diagnosed with autism spectrum
disorder (IRR = 3.08, 95% CI = 0.96–7.16) that fell just short of significance (see Table 2).

Longitudinal Analyses of Autism Spectrum Disorders and OCD
Longitudinal analyses showed that individuals first diagnosed with autism spectrum disorders
had a 2-fold higher risk (IRR = 2.18, 95% CI = 1.91–2.48) of receiving a later diagnosis of OCD
compared with individuals without autism spectrum disorder during the follow-up period. The
independent effect of a prior autism spectrum diagnosis over and above the effect of a psychiat-
ric hospital contact per se was estimated to increase the IRR of OCD to 2.51 (95% CI = 2.20–
2.84). Excluding the first year after diagnosis, the effect of a prior autism spectrum diagnosis on
the risk to be diagnosed with OCD was relatively stable overtime (see Table 3).

The risk of receiving a later diagnosis of OCD did not differ between patients with in- and
outpatient contacts (IRR = 3.24, 95% CI = 2.20–4.58; IRR = 2.35, 95% CI = 2.04–2.70) leading
to an autism spectrum diagnosis. Additionally, a prior diagnosis of an autism spectrum disor-
der increased the risk for OCD with predominantly obsessional thoughts (IRR = 1.72, 95%
CI = 1.24–2.32) or predominantly compulsive acts (IRR = 2.40, 95% CI = 1.79–3.16). The IRR

Fig 1. Incidence rate ratios, with 95% CIs (error bars), of Autism Spectrum Disorders in Offspring of Parents with an Obsessive Compulsive
Disorder, 1995–2012.

doi:10.1371/journal.pone.0141703.g001
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for OCD was only increased in individuals with autism spectrum disorders without comorbid
mental disabilities (IRR = 2.02; 95% CI = 1.77–2.31). Individuals with a prior diagnosis of
Asperger’s syndrome, other and unspecified pervasive developmental disorders were at a sig-
nificantly enhanced risk of receiving a later OCD diagnosis (see Table 2).

Longitudinal analyses showed that individuals first diagnosed with OCD had a 4-fold higher
risk (IRR = 3.91, 95% CI = 3.46–4.40) of receiving a later diagnosis of an autism spectrum dis-
order compared with individuals without OCD during the follow-up period. The independent
effect of a prior OCD diagnosis over and above the effect of a psychiatric hospital contact per
se was estimated to increase the IRR of autism spectrum disorders to 4.73 (95% CI = 4.19–
5.32). Excluding the first year after diagnosis, the effect of a prior OCD diagnosis on the risk to
be diagnosed with an autism spectrum disorder was relatively stable overtime (see Table 4).

The risk of receiving a later diagnosis of an autism spectrum disorder did not differ between
patients with in- and outpatient (IRR = 5.03, 95% CI = 4.01–6.22; IRR = 4.66, 95% CI = 4.11–
5.25) contacts leading to an OCD diagnosis. Additionally, the risk to be diagnosed with autism
spectrum disorders was similarly increased in OCD patients with predominantly obsessional
thoughts (IRR = 2.91, 95% CI = 2.01–4.04) or predominantly compulsive acts (IRR = 3.68, 95%

Table 2. Incidence Risk Ratio of Obsessive-Compulsive Disorder in Relation to Individual and Parental Diagnoses of Autism Spectrum Disorders
(ASD; 1994–2012).

Risk of Obsessive-Compulsive Disorder

Diagnosis of Autism Spectrum Disorder Incidence Rate Ratio 95% CI

Parental Diagnosis of Autism 3.08 0.96–7.16

Individidual Diagnosis of Autism 2.51 2.20–2.84

Individidual Diagnosis of Childhood Autism 1.39 0.98–1.91

Individidual Diagnosis of Atypical Autism 0.63 0.16–1.65

Individidual Diagnosis of Asperger's Syndrome 3.05 2.49–3.69

Individidual Diagnosis of Other Pervasive Developmental Disorder 1.99 1.40–2.71

Individidual Diagnosis of Unspecified Pervasive Developmental Disorder 3.5 2.80–4.32

Estimates of relative risk were adjusted for calendar year, age, maternal and paternal age, sex, parental history of psychiatric illness, first psychiatric

hospital contact for any other disorder, place of residence at time of birth and the interaction of age with sex

doi:10.1371/journal.pone.0141703.t002

Table 3. Incidence Rate Ratio of Obsessive-Compulsive Disorder in Persons with a Diagnosis of Autism Spectrum Disorders (ASD; 1994–2012).

First Adjustmenta Second Adjustmentb

Time Since ASD Diagnosis Cases Incidence Rate Ratio 95% CI Incidence Rate Ratio 95% CI

< 1 year 57 3.89 2.96–5.01 3.72 2.83–4.79

1 year 33 2.39 1.66–3.32 2.39 1.66–3.30

2 years 29 2.22 1.51–3.14 2.32 1.57–3.27

3 years 45 1.98 1.45–2.63 2.20 1.62–2.92

5 years 62 1.71 1.32–2.19 2.17 1.67–2.76

� 10 years 27 1.73 1.15–2.47 2.63 1.76–3.76

Persons without ASD 1 1 1 1

aEstimates of relative risk were adjusted for calendar year, age, maternal and paternal age, sex, parental history of psychiatric illness, place of residence

at time of birth and the interaction of age with sex
bEstimates of relative risk were adjusted for calendar year, age, maternal and paternal age, sex, parental history of psychiatric illness, first psychiatric

hospital contact for any other disorder, place of residence at time of birth and the interaction of age with sex

doi:10.1371/journal.pone.0141703.t003
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CI = 2.62–5.01). Patients with autism spectrum disorders previously diagnosed with OCD were
on average older than patients without OCD (see S2 Table). A prior hospital contact for OCD
increased the IRR for autism spectrum diagnoses with (IRR = 3.10; 95% CI = 2.06–4.45) and
without comorbid mental disabilities (IRR = 4.89; 95% CI = 4.67–5.13), although the IRR was
significantly higher for an autism spectrum diagnosis without a comorbid diagnosis for mental
disabilities. Individuals with a prior diagnosis of OCD were at an enhanced risk to be diagnosed
with all types of autism spectrum disorders (see Table 1).

Discussion
To the best of our knowledge this is the first large-sale study exploring patterns of comorbidity,
longitudinal risks, and shared familial risks between autism spectrum disorders and OCD. The
results of the current population-based study confirm the findings of previous reports, suggest-
ing that OCD are far more common in individuals with autism spectrum disorders than would
be expected by chance. In longitudinal analyses, we found that an initial diagnosis of autism
spectrum disorders increased the risk of a later diagnosis of OCD, and vice versa. A personal
history of autism spectrum disorders doubled the risk of receiving a diagnosis of OCD later in
life, whereas a personal history of OCD quadrupled the risk of being diagnosed with an autism
spectrum disorder later in life. Finally, the parental analyses showed considerable familial links
between these disorders.

The results of our study coincide with two small-sized studies similarly reporting a link
between autism spectrum disorders and OCD [27, 28]. Brimacombe et al [27] suggested that
families of autistic children carried a higher burden of OCD, as the rates of OCD observed in
family members exceeded the rates for the general population. Alike, Bolton et al [28] assumed
that OCD might index an underlying liability to autism spectrum disorders. In their study
OCD was not only more often observed in relatives of patients with autism spectrum disorders,
but patients with OCD were also more likely to display autistic-like symptoms such as social
and communication impairments [28].

A prior diagnosis of autism spectrum disorders in the patients and the parents increased the
risk to be subsequently diagnosed with OCD. An especially enhanced risk was observed for
Asperger’s syndrome, other pervasive developmental disorder and unspecified pervasive devel-
opmental. However, autism spectrum disorders with comorbid diagnosis of mental disabilities

Table 4. Incidence Rate Ratio of Autism Spectrum Disorders in Persons with a Diagnosis of Obsessive-compulsive Disorder (OCD; 1994–2012).

First Adjustmenta Second Adjustmentb

Time Since OCD Diagnosis Cases Incidence Rate Ratio 95% CI Incidence Rate Ratio 95% CI

< 1 year 135 8.32 6.98–9.83 9.64 8.09–11.38

1 year 42 3.38 2.45–4.51 3.90 2.83–5.20

2 years 29 2.91 1.97–4.10 3.45 2.34–4.87

3 years 31 2.29 1.58–3.20 2.84 1.95–3.96

5 years 30 2.30 1.57–3.24 2.87 1.96–4.02

� 10 years 14 2.08 1.17–3.38 2.87 1.61–4.65

Persons without OCD 17893 1 1 1 1

aEstimates of relative risk were adjusted for calendar year, age, maternal and paternal age, sex, parental history of psychiatric illness, place of residence

at time of birth and the interaction of age with sex
bEstimates of relative risk were adjusted for calendar year, age, maternal and paternal age, sex, parental history of psychiatric illness, first psychiatric

hospital contact for any other disorder, place of residence at time of birth and the interaction of age with sex

doi:10.1371/journal.pone.0141703.t004
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did not increase the risk of OCD. Some individuals with autism spectrum disorders have been
reported to display such high levels of checking, ordering, and obsessing that a comorbid diag-
nosis of OCD can be justified. Gross-Isseroff et al [14] even proposed a putative autistic-com-
pulsive syndrome for the overlap zone of the two disorders. As OCD is treatable in individuals
with autism spectrum disorder [29] and the comorbidity results in high levels of distress and
burden, and significant economic costs [30–33], it is important to understand how OCDmani-
fests in this group.

Although only a small number of patients diagnosed with an autism spectrum disorder had
a prior hospital contact for OCD (1.55%), a prior diagnosis of OCD in the patients and the
parents increased the risk to be diagnosed with all types of autism spectrum disorder. An espe-
cially enhanced risk was observed for types of autism spectrum disorders that tend to be diag-
nosed a later age, which might explain the later age at diagnosis in individuals diagnosed with
comorbid OCD. The results suggest that a small proportion of individuals with OCDmay
make a transition to autism spectrum disorders although the possibility of initial misclassifica-
tion of ASD as OCD cannot be ruled out. Individuals who received an OCD diagnosis before
an autism spectrum disorders diagnosis might have manifested behavioral abnormalities (e.g.,
repetitive behaviors) in early childhood but deficits in social interaction and social communica-
tion were not as readily apparent until a later age when social demands exceeded their capaci-
ties. OCD might further exacerbate preclinical symptoms or indicate sub-threshold autism
spectrum disorders, as suggested previously [34–36].

Although, some studies report that patients with OCD and autism spectrum disorders can
be distinguished on the basis of their current repetitive behaviors and thoughts [29, 37], differ-
ential diagnoses of OCD and autism spectrum disorders can be difficult to establish. Especially
the stereotyped behaviors described as part of the broader autism phenotype might resemble
the compulsive behaviors of patients with OCD; however, these behaviors are of different psy-
chological quality [38]. A marked characteristic of OCD is considered to be its ego-dystonic
nature, where thoughts and compulsions experienced or expressed are not consistent with the
individual's self-perception and the patients try to resist them. Autistic repetitive behaviors in
contrast might be pleasurable for the patients and patients might even react aggressively if they
are hindered in these activities. Assessment of obsessive symptoms can be particularly difficult
when the subject’s language and intelligence is compromised; accordingly some subjects cannot
be truly evaluated. Despite these difficulties, the sensitivity of classification criteria for autism
can be considered as remarkable high [39, 40]. In this study, patients with a prior OCD onset
in contrast to other patients with autism spectrum disorders displayed an OCD typical female
to male gender ratio supporting the validity of the diagnosis.

Strengths of the study are the prospective design and use of the population-based nation-
wide registers in Denmark. This approach enabled us to examine a large study population
where all exposures were recorded independently of the outcome, minimizing probable selec-
tion or recall bias effects. The biggest limitation of the current study may be that OCD is under-
represented in the Danish national register compared with autism spectrum disorders. This is
largely due to the fact, that OCD rarely requires hospitalization and is often treated by general
practitioners and many sufferers do not seek help. Hence, the patterns of comorbidity, longitu-
dinal risks, and shared familial risks of OCD and autism spectrum disorders might not be gen-
eralizable to OCD of milder severity. However, a prior OCD diagnosis assigned in in- or
outpatients settings was found to increase the risk of receiving a diagnosis of autism spectrum
disorders, and vice versa. Thus the observed associations are unlikely to be solely due to espe-
cially severe forms of the OCD and autism spectrum disorders requiring inpatient specialist
treatment. A further limitation of our study is that individuals not yet diagnosed with an
autism spectrum disorder might have displayed unspecific psychiatric symptoms resulting in
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possible diagnostic misclassification, which might have affected the results. Diagnostic uncer-
tainty might explain the especially high risk rates for autism spectrum disorders and OCD
within the first months after the initial diagnosis. Although a previous study reported high
validity of the reported childhood autism diagnosis in the Danish Psychiatric Central Register
[39], the study was based on a younger cohort of children and may not be generalizable to per-
sons receiving an autism spectrum diagnosis in adolescence or adulthood.

The etiology of complex disorders such as autism spectrum disorders is commonly assumed
to be manifold and heterogeneous. Given the substantial heritability estimates for OCD [41,
42] and autism spectrum disorder [43, 44] shared genetic liability may constitute one of a vari-
ety of pathways linking OCD to autism spectrum disorders. Interestingly, the relative risk of
autism spectrum disorders in children of parents diagnosed with OCD in our study was quite
similar to the relative risk of second- and third-degree relatives of OCD patients to develop
OCD [42]. In addition several studies provide evidence for common environmental risk factors
[42, 43] of OCD and autism spectrum disorders.

Conclusions
The high comorbidity, sequential risk, and shared familial risks between OCD and autism spec-
trum disorders are suggestive of partially shared etiological mechanisms between these severe
mental disorders. Probable overlaps in etiological factors of OCD and autism spectrum disor-
ders have been consistently suggested in preclinical, neuroimaging and neurochemical studies
showing that the dopaminergic, glutamatergic and serotonergic systems are implicated in the
pathophysiology of both disorders [13, 45–49]. Furthermore, shared environmental risk factors
such as advanced paternal age, obstetric complications and infections have been postulated
[50–57]. Future research is needed to identify shared genetic and environmental risk factors of
OCD and autism spectrum disorders.

Supporting Information
S1 Table. Mental Comorbidities among Individuals with Obsessive-Compulsive Disorder
or Autism Spectrum Disorders (1994–2012).
(DOCX)

S2 Table. Age Distribution of Specific Diagnoses of Autism Spectrum Disorders in Rela-
tion to a Prior Diagnosis of Obsessive-compulsive Disorder (OCD; 1994–2012).
(DOCX)

Acknowledgments
The authors would like to thank Marianne Pedersen for her help preparing the data. Drs Meier
and Petersen had full access to all of the data in the study and take responsibility for the integ-
rity of the data and the accuracy of the data analysis.

Author Contributions
Conceived and designed the experiments: OM PBM SM DS. Performed the experiments: LP
SM. Analyzed the data: LP SMMM. Contributed reagents/materials/analysis tools: LP SM.
Wrote the paper: SM OM PBMDS.

Obsessive-Compulsive Disorder and Autism

PLOSONE | DOI:10.1371/journal.pone.0141703 November 11, 2015 9 / 12

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0141703.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0141703.s002


References
1. Autism and Developmental Disabilities Monitoring Network Surveillance Year 2008 Principal Investiga-

tors. Prevalence of autism spectrum disorders: autism and developmental disabilities monitoring net-
work: 14 sites, United States, 2008. Morbidity and Mortality Weekly Report 2012; 61: 1–19.

2. Pedersen CB, Mors O, Bertelsen A, Waltoft BL, Agerbo E, McGrath JJ, et al. A comprehensive nation-
wide study of the incidence rate and lifetime risk for treated mental disorders. JAMA Psychiatry 2014;
71: 573–81. doi: 10.1001/jamapsychiatry.2014.16 PMID: 24806211

3. de Bruin EI, Ferdinand RF, Meester S, de Nijs PF, Verheij F. High rates of psychiatric co-morbidity in
PDD-NOS. J Autism Dev Disord. 2007; 37(5): 877–86. PMID: 17031447

4. MacNeil BM LV, Minnes PM Anxiety in children and adolescents with autism spectrum disorders.
Research in Autism Spectrum Disorders. 2009; 3: 1–21.

5. Simonoff E, Pickles A, Charman T, Chandler S, Loucas T, Baird G. Psychiatric disorders in children
with autism spectrum disorders: prevalence, comorbidity, and associated factors in a population-
derived sample. J Am Acad Child Adolesc Psychiatry. 2008; 47(8): 921–9. doi: 10.1097/CHI.
0b013e318179964f PMID: 18645422

6. White SW, Oswald D, Ollendick T, Scahill L. Anxiety in children and adolescents with autism spectrum
disorders. Clin Psychol Rev. 2009; 29(3): 216–29. doi: 10.1016/j.cpr.2009.01.003 PMID: 19223098

7. van Steensel FJ, Bogels SM, Perrin S. Anxiety disorders in children and adolescents with autistic spec-
trum disorders: a meta-analysis. Clin Child Fam Psychol Rev. 2011; 14(3): 302–17. doi: 10.1007/
s10567-011-0097-0 PMID: 21735077

8. Ruscio AM, Stein DJ, Chiu WT, Kessler RC. The epidemiology of obsessive-compulsive disorder in the
National Comorbidity Survey Replication. Mol Psychiatry. 2010; 15(1): 53–63. doi: 10.1038/mp.2008.
94 PMID: 18725912

9. Fineberg NA, Brown A, Reghunandanan S, Pampaloni I. Evidence-based pharmacotherapy of obses-
sive-compulsive disorder. Int J Neuropsychopharmacol. 2012; 15(8): 1173–91. doi: 10.1017/
S1461145711001829 PMID: 22226028

10. Dove D, Warren Z, McPheeters ML, Taylor JL, Sathe NA, Veenstra-VanderWeele J. Medications for
adolescents and young adults with autism spectrum disorders: a systematic review. Pediatrics. 2012;
130(4): 717–26. doi: 10.1542/peds.2012-0683 PMID: 23008452

11. Hurwitz R, Blackmore R, Hazell P, Williams K, Woolfenden S. Tricyclic antidepressants for autism
spectrum disorders (ASD) in children and adolescents. Cochrane Database Syst Rev. 2012; 3:
CD008372. doi: 10.1002/14651858.CD008372.pub2 PMID: 22419332

12. Carrasco M, Volkmar FR, Bloch MH. Pharmacologic treatment of repetitive behaviors in autism spec-
trum disorders: evidence of publication bias. Pediatrics. 2012; 129(5): e1301–10. doi: 10.1542/peds.
2011-3285 PMID: 22529279

13. Hollander E, Soorya L, Chaplin W, Anagnostou E, Taylor BP, Ferretti CJ, et al. A double-blind placebo-
controlled trial of fluoxetine for repetitive behaviors and global severity in adult autism spectrum disor-
ders. Am J Psychiatry. 2012; 169(3): 292–9. doi: 10.1176/appi.ajp.2011.10050764 PMID: 22193531

14. Gross-Isseroff R, Hermesh H, Weizman A. Obsessive compulsive behaviour in autism—towards an
autistic-obsessive compulsive syndrome?World J Biol Psychiatry. 2001; 2(4): 193–7. PMID: 12587149

15. Zarei M, Mataix-Cols D, Heyman I, Hough M, Doherty J, Burge L, et al. Changes in gray matter volume
and white matter microstructure in adolescents with obsessive-compulsive disorder. Biol Psychiatry.
2011; 70(11): 1083–90. doi: 10.1016/j.biopsych.2011.06.032 PMID: 21903200

16. Radua J, van den Heuvel OA, Surguladze S, Mataix-Cols D. Meta-analytical comparison of voxel-
based morphometry studies in obsessive-compulsive disorder vs other anxiety disorders. Arch Gen
Psychiatry. 2010; 67(7): 701–11. doi: 10.1001/archgenpsychiatry.2010.70 PMID: 20603451

17. Haznedar MM, BuchsbaumMS, Hazlett EA, LiCalzi EM, Cartwright C, Hollander E. Volumetric analysis
and three-dimensional glucose metabolic mapping of the striatum and thalamus in patients with autism
spectrum disorders. Am J Psychiatry. 2006; 163(7): 1252–63. PMID: 16816232

18. Langen M, Durston S, Staal WG, Palmen SJ, van Engeland H. Caudate nucleus is enlarged in high-
functioning medication-naive subjects with autism. Biol Psychiatry. 2007; 62(3): 262–6. PMID:
17224135

19. Pedersen CB, Gotzsche H, Moller JO, Mortensen PB. The Danish Civil Registration System. A cohort
of eight million persons. Dan Med Bull. 2006; 53(4): 441–9. PMID: 17150149

20. Mors O, Perto GP, Mortensen PB. The Danish Psychiatric Central Research Register. Scand J Public
Health. 2011; 39(7 Suppl): 54–7. doi: 10.1177/1403494810395825 PMID: 21775352

Obsessive-Compulsive Disorder and Autism

PLOSONE | DOI:10.1371/journal.pone.0141703 November 11, 2015 10 / 12

http://dx.doi.org/10.1001/jamapsychiatry.2014.16
http://www.ncbi.nlm.nih.gov/pubmed/24806211
http://www.ncbi.nlm.nih.gov/pubmed/17031447
http://dx.doi.org/10.1097/CHI.0b013e318179964f
http://dx.doi.org/10.1097/CHI.0b013e318179964f
http://www.ncbi.nlm.nih.gov/pubmed/18645422
http://dx.doi.org/10.1016/j.cpr.2009.01.003
http://www.ncbi.nlm.nih.gov/pubmed/19223098
http://dx.doi.org/10.1007/s10567-011-0097-0
http://dx.doi.org/10.1007/s10567-011-0097-0
http://www.ncbi.nlm.nih.gov/pubmed/21735077
http://dx.doi.org/10.1038/mp.2008.94
http://dx.doi.org/10.1038/mp.2008.94
http://www.ncbi.nlm.nih.gov/pubmed/18725912
http://dx.doi.org/10.1017/S1461145711001829
http://dx.doi.org/10.1017/S1461145711001829
http://www.ncbi.nlm.nih.gov/pubmed/22226028
http://dx.doi.org/10.1542/peds.2012-0683
http://www.ncbi.nlm.nih.gov/pubmed/23008452
http://dx.doi.org/10.1002/14651858.CD008372.pub2
http://www.ncbi.nlm.nih.gov/pubmed/22419332
http://dx.doi.org/10.1542/peds.2011-3285
http://dx.doi.org/10.1542/peds.2011-3285
http://www.ncbi.nlm.nih.gov/pubmed/22529279
http://dx.doi.org/10.1176/appi.ajp.2011.10050764
http://www.ncbi.nlm.nih.gov/pubmed/22193531
http://www.ncbi.nlm.nih.gov/pubmed/12587149
http://dx.doi.org/10.1016/j.biopsych.2011.06.032
http://www.ncbi.nlm.nih.gov/pubmed/21903200
http://dx.doi.org/10.1001/archgenpsychiatry.2010.70
http://www.ncbi.nlm.nih.gov/pubmed/20603451
http://www.ncbi.nlm.nih.gov/pubmed/16816232
http://www.ncbi.nlm.nih.gov/pubmed/17224135
http://www.ncbi.nlm.nih.gov/pubmed/17150149
http://dx.doi.org/10.1177/1403494810395825
http://www.ncbi.nlm.nih.gov/pubmed/21775352


21. Andersen TF, Madsen M, Jorgensen J, Mellemkjoer L, Olsen JH. The Danish National Hospital Regis-
ter. A valuable source of data for modern health sciences. Dan Med Bull. 1999; 46(3): 263–8. PMID:
10421985

22. Lynge E, Sandegaard JL, Rebolj M. The Danish National Patient Register. Scand J Public Health.
2011; 39(7 Suppl): 30–3. doi: 10.1177/1403494811401482 PMID: 21775347

23. Pedersen CB, Mortensen PB. Family history, place and season of birth as risk factors for schizophrenia
in Denmark: a replication and reanalysis. Br J Psychiatry. 2001; 179: 46–52. PMID: 11435268

24. Robinson EB, Samocha KE, Kosmicki JA, McGrath L, Neale BM, Perlis RH, et al. Autism spectrum dis-
order severity reflects the average contribution of de novo and familial influences. Proc Natl Acad Sci U
S A. 2014; 111(42): 15161–5. doi: 10.1073/pnas.1409204111 PMID: 25288738

25. Samocha KE, Robinson EB, Sanders SJ, Stevens C, Sabo A, McGrath LM, et al. A framework for the
interpretation of de novo mutation in human disease. Nat Genet. 2014; 46(9): 944–50. doi: 10.1038/ng.
3050 PMID: 25086666

26. Srivastava AK, Schwartz CE. Intellectual disability and autism spectrum disorders: causal genes and
molecular mechanisms. Neurosci Biobehav Rev. 2014; 46 Pt 2: 161–74. doi: 10.1016/j.neubiorev.
2014.02.015 PMID: 24709068

27. Brimacombe M, Xue M, Parikh A. Familial risk factors in autism. J Child Neurol. 2007; 22(5): 593–7.
PMID: 17690067

28. Bolton PF, Pickles A, Murphy M, Rutter M. Autism, affective and other psychiatric disorders: patterns of
familial aggregation. Psychol Med. 1998; 28(2): 385–95. PMID: 9572095

29. Russell AJ, Mataix-Cols D, Anson M, Murphy DG. Obsessions and compulsions in Asperger syndrome
and high-functioning autism. Br J Psychiatry. 2005; 186: 525–8. PMID: 15928364

30. Knapp M, Romeo R, Beecham J. Economic cost of autism in the UK. Autism. 2009; 13(3): 317–36. doi:
10.1177/1362361309104246 PMID: 19369391

31. Torres AR, Prince MJ, Bebbington PE, Bhugra D, Brugha TS, Farrell M, et al. Obsessive-compulsive
disorder: prevalence, comorbidity, impact, and help-seeking in the British National Psychiatric Morbidity
Survey of 2000. Am J Psychiatry. 2006; 163(11): 1978–85. PMID: 17074950

32. Cadman T, Eklund H, Howley D, Hayward H, Clarke H, Findon J, et al. Caregiver burden as people with
autism spectrum disorder and attention-deficit/hyperactivity disorder transition into adolescence and
adulthood in the United Kingdom. J Am Acad Child Adolesc Psychiatry. 2012; 51(9): 879–88. doi: 10.
1016/j.jaac.2012.06.017 PMID: 22917201

33. Tolin DF, Frost RO, Steketee G, Gray KD, Fitch KE. The economic and social burden of compulsive
hoarding. Psychiatry Res. 2008; 160(2): 200–11. doi: 10.1016/j.psychres.2007.08.008 PMID:
18597855

34. Anholt GE, Cath DC, van Oppen P, EikelenboomM, Smit JH, van Megen H, et al. Autism and ADHD
symptoms in patients with OCD: are they associated with specific OC symptom dimensions or OC
symptom severity? J Autism Dev Disord. 2010; 40(5): 580–9. doi: 10.1007/s10803-009-0922-1 PMID:
20039111

35. Ivarsson T, Melin K. Autism spectrum traits in children and adolescents with obsessive-compulsive dis-
order (OCD). J Anxiety Disord. 2008; 22(6): 969–78. PMID: 18053683

36. Gothelf D, Goraly O, Avni S, Stawski M, Hartmann I, Basel-Vanagaite L, et al. Psychiatric morbidity with
focus on obsessive-compulsive disorder in an Israeli cohort of adolescents with mild to moderate men-
tal retardation. J Neural Transm. 2008; 115(6): 929–36. doi: 10.1007/s00702-008-0037-4 PMID:
18351287

37. McDougle CJ, Kresch LE, GoodmanWK, Naylor ST, Volkmar FR, Cohen DJ, et al. A case-controlled
study of repetitive thoughts and behavior in adults with autistic disorder and obsessive-compulsive dis-
order. Am J Psychiatry. 1995; 152(5): 772–7. PMID: 7726318

38. Cadman T, Spain D, Johnston P, Russell A, Mataix-Cols D, Craig M, et al. Obsessive-Compulsive Dis-
order in Adults with High-Functioning Autism Spectrum Disorder: What Does Self-Report with the OCI-
R Tell Us? Autism Res. 2015.

39. Lauritsen MB, Jorgensen M, Madsen KM, Lemcke S, Toft S, Grove J, et al. Validity of childhood autism
in the Danish Psychiatric Central Register: findings from a cohort sample born 1990–1999. J Autism
Dev Disord. 2010; 40(2): 139–48. doi: 10.1007/s10803-009-0818-0 PMID: 19728067

40. Huerta M, Bishop SL, Duncan A, Hus V, Lord C. Application of DSM-5 criteria for autism spectrum dis-
order to three samples of children with DSM-IV diagnoses of pervasive developmental disorders. Am J
Psychiatry. 2012; 169(10): 1056–64. doi: 10.1176/appi.ajp.2012.12020276 PMID: 23032385

41. Iervolino AC, Rijsdijk FV, Cherkas L, Fullana MA, Mataix-Cols D. A multivariate twin study of obses-
sive-compulsive symptom dimensions. Arch Gen Psychiatry. 2011; 68(6): 637–44. doi: 10.1001/
archgenpsychiatry.2011.54 PMID: 21646580

Obsessive-Compulsive Disorder and Autism

PLOSONE | DOI:10.1371/journal.pone.0141703 November 11, 2015 11 / 12

http://www.ncbi.nlm.nih.gov/pubmed/10421985
http://dx.doi.org/10.1177/1403494811401482
http://www.ncbi.nlm.nih.gov/pubmed/21775347
http://www.ncbi.nlm.nih.gov/pubmed/11435268
http://dx.doi.org/10.1073/pnas.1409204111
http://www.ncbi.nlm.nih.gov/pubmed/25288738
http://dx.doi.org/10.1038/ng.3050
http://dx.doi.org/10.1038/ng.3050
http://www.ncbi.nlm.nih.gov/pubmed/25086666
http://dx.doi.org/10.1016/j.neubiorev.2014.02.015
http://dx.doi.org/10.1016/j.neubiorev.2014.02.015
http://www.ncbi.nlm.nih.gov/pubmed/24709068
http://www.ncbi.nlm.nih.gov/pubmed/17690067
http://www.ncbi.nlm.nih.gov/pubmed/9572095
http://www.ncbi.nlm.nih.gov/pubmed/15928364
http://dx.doi.org/10.1177/1362361309104246
http://www.ncbi.nlm.nih.gov/pubmed/19369391
http://www.ncbi.nlm.nih.gov/pubmed/17074950
http://dx.doi.org/10.1016/j.jaac.2012.06.017
http://dx.doi.org/10.1016/j.jaac.2012.06.017
http://www.ncbi.nlm.nih.gov/pubmed/22917201
http://dx.doi.org/10.1016/j.psychres.2007.08.008
http://www.ncbi.nlm.nih.gov/pubmed/18597855
http://dx.doi.org/10.1007/s10803-009-0922-1
http://www.ncbi.nlm.nih.gov/pubmed/20039111
http://www.ncbi.nlm.nih.gov/pubmed/18053683
http://dx.doi.org/10.1007/s00702-008-0037-4
http://www.ncbi.nlm.nih.gov/pubmed/18351287
http://www.ncbi.nlm.nih.gov/pubmed/7726318
http://dx.doi.org/10.1007/s10803-009-0818-0
http://www.ncbi.nlm.nih.gov/pubmed/19728067
http://dx.doi.org/10.1176/appi.ajp.2012.12020276
http://www.ncbi.nlm.nih.gov/pubmed/23032385
http://dx.doi.org/10.1001/archgenpsychiatry.2011.54
http://dx.doi.org/10.1001/archgenpsychiatry.2011.54
http://www.ncbi.nlm.nih.gov/pubmed/21646580


42. Mataix-Cols D, Boman M, Monzani B, Ruck C, Serlachius E, Langstrom N, et al. Population-Based,
Multigenerational Family Clustering Study of Obsessive-compulsive Disorder. JAMA Psychiatry. 2013;
70(7): 709–17. doi: 10.1001/jamapsychiatry.2013.3 PMID: 23699935

43. Lichtenstein P, Carlstrom E, RastamM, Gillberg C, Anckarsater H. The genetics of autism spectrum
disorders and related neuropsychiatric disorders in childhood. Am J Psychiatry. 2010; 167(11): 1357–
63. doi: 10.1176/appi.ajp.2010.10020223 PMID: 20686188

44. Hallmayer J, Cleveland S, Torres A, Phillips J, Cohen B, Torigoe T, et al. Genetic heritability and shared
environmental factors among twin pairs with autism. Arch Gen Psychiatry. 2011; 68(11): 1095–102.
doi: 10.1001/archgenpsychiatry.2011.76 PMID: 21727249

45. Neuhaus E, Beauchaine TP, Bernier R. Neurobiological correlates of social functioning in autism. Clin
Psychol Rev. 2010; 30(6): 733–48. doi: 10.1016/j.cpr.2010.05.007 PMID: 20570622

46. Li X, Zou H, BrownWT. Genes associated with autism spectrum disorder. Brain Res Bull. 2012; 88(6):
543–52. doi: 10.1016/j.brainresbull.2012.05.017 PMID: 22688012

47. Nikolaus S, Antke C, Beu M, Muller HW. Cortical GABA, striatal dopamine and midbrain serotonin as
the key players in compulsive and anxiety disorders—results from in vivo imaging studies. Rev Neu-
rosci. 2010; 21(2): 119–39. PMID: 20614802

48. Koo MS, Kim EJ, Roh D, Kim CH. Role of dopamine in the pathophysiology and treatment of obses-
sive-compulsive disorder. Expert Rev Neurother. 2010; 10(2): 275–90. doi: 10.1586/ern.09.148 PMID:
20136383

49. Wu K, Hanna GL, Rosenberg DR, Arnold PD. The role of glutamate signaling in the pathogenesis and
treatment of obsessive-compulsive disorder. Pharmacol Biochem Behav. 2012; 100(4): 726–35. doi:
10.1016/j.pbb.2011.10.007 PMID: 22024159

50. Hultman CM, Sandin S, Levine SZ, Lichtenstein P, Reichenberg A. Advancing paternal age and risk of
autism: new evidence from a population-based study and a meta-analysis of epidemiological studies.
Mol Psychiatry. 2011; 16(12): 1203–12. doi: 10.1038/mp.2010.121 PMID: 21116277

51. Glasson EJ, Bower C, Petterson B, de Klerk N, Chaney G, Hallmayer JF. Perinatal factors and the
development of autism: a population study. Arch Gen Psychiatry. 2004; 61(6): 618–27. PMID:
15184241

52. Frans EM, Sandin S, Reichenberg A, Langstrom N, Lichtenstein P, McGrath JJ, et al. Autism risk
across generations: a population-based study of advancing grandpaternal and paternal age. JAMA
Psychiatry. 2013; 70(5): 516–21. doi: 10.1001/jamapsychiatry.2013.1180 PMID: 23553111

53. Atladottir HO, Thorsen P, Schendel DE, Ostergaard L, Lemcke S, Parner ET. Association of hospitali-
zation for infection in childhood with diagnosis of autism spectrum disorders: a Danish cohort study.
Arch Pediatr Adolesc Med. 2010; 164(5): 470–7. doi: 10.1001/archpediatrics.2010.9 PMID: 20439799

54. Vasconcelos MS, Sampaio AS, Hounie AG, Akkerman F, Curi M, Lopes AC, et al. Prenatal, perinatal,
and postnatal risk factors in obsessive-compulsive disorder. Biol Psychiatry. 2007; 61(3): 301–7. PMID:
17123475

55. Wu Y, Liu X, Luo H, DengW, Zhao G, Wang Q, et al. Advanced paternal age increases the risk of
schizophrenia and obsessive-compulsive disorder in a Chinese Han population. Psychiatry Res. 2012;
198(3): 353–9. doi: 10.1016/j.psychres.2012.01.020 PMID: 22424906

56. Leslie DL, Kozma L, Martin A, Landeros A, Katsovich L, King RA, et al. Neuropsychiatric disorders
associated with streptococcal infection: a case-control study among privately insured children. J Am
Acad Child Adolesc Psychiatry. 2008; 47(10): 1166–72. doi: 10.1097/CHI.0b013e3181825a3d PMID:
18724258

57. Miman O, Mutlu EA, Ozcan O, Atambay M, Karlidag R, Unal S. Is there any role of Toxoplasma gondii
in the etiology of obsessive-compulsive disorder? Psychiatry Res. 2010; 177(1–2): 263–5. doi: 10.
1016/j.psychres.2009.12.013 PMID: 20106536

Obsessive-Compulsive Disorder and Autism

PLOSONE | DOI:10.1371/journal.pone.0141703 November 11, 2015 12 / 12

http://dx.doi.org/10.1001/jamapsychiatry.2013.3
http://www.ncbi.nlm.nih.gov/pubmed/23699935
http://dx.doi.org/10.1176/appi.ajp.2010.10020223
http://www.ncbi.nlm.nih.gov/pubmed/20686188
http://dx.doi.org/10.1001/archgenpsychiatry.2011.76
http://www.ncbi.nlm.nih.gov/pubmed/21727249
http://dx.doi.org/10.1016/j.cpr.2010.05.007
http://www.ncbi.nlm.nih.gov/pubmed/20570622
http://dx.doi.org/10.1016/j.brainresbull.2012.05.017
http://www.ncbi.nlm.nih.gov/pubmed/22688012
http://www.ncbi.nlm.nih.gov/pubmed/20614802
http://dx.doi.org/10.1586/ern.09.148
http://www.ncbi.nlm.nih.gov/pubmed/20136383
http://dx.doi.org/10.1016/j.pbb.2011.10.007
http://www.ncbi.nlm.nih.gov/pubmed/22024159
http://dx.doi.org/10.1038/mp.2010.121
http://www.ncbi.nlm.nih.gov/pubmed/21116277
http://www.ncbi.nlm.nih.gov/pubmed/15184241
http://dx.doi.org/10.1001/jamapsychiatry.2013.1180
http://www.ncbi.nlm.nih.gov/pubmed/23553111
http://dx.doi.org/10.1001/archpediatrics.2010.9
http://www.ncbi.nlm.nih.gov/pubmed/20439799
http://www.ncbi.nlm.nih.gov/pubmed/17123475
http://dx.doi.org/10.1016/j.psychres.2012.01.020
http://www.ncbi.nlm.nih.gov/pubmed/22424906
http://dx.doi.org/10.1097/CHI.0b013e3181825a3d
http://www.ncbi.nlm.nih.gov/pubmed/18724258
http://dx.doi.org/10.1016/j.psychres.2009.12.013
http://dx.doi.org/10.1016/j.psychres.2009.12.013
http://www.ncbi.nlm.nih.gov/pubmed/20106536

