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ABSTRACT

Background: The association between mood disorders in parents and autism spectrum disorder (ASD) risk in
offspring has been investigated in several studies, but the evidence is inconclusive. This systematic review and
meta-analysis will explore whether an association exists between parental mood disorders and ASD risk in
offspring.

Methods: A literature search was performed using the electronic databases PubMed, EMBASE, PsycINFO, and
Scopus. We also reviewed reference lists from retrieved articles. Meta-analysis was conducted, and combined
effect values and their 95% confidence intervals were calculated. Study-specific risk ratios (RRs) were pooled
using a random effect model. The risk of publication bias was assessed by funnel plot and Egger's regression
asymmetry test.

Results: Nine observational studies (two cohort and seven case-control studies) were included for analysis. Our
meta-analysis found a greater risk of ASD in children exposed to parental affective, depressive, and bipolar
disorders [(RRs 1.65 (95%CI 1.45-1.88); 1.37 (95%CI 1.04-1.81) and 1.87; 95%CI 1.69-2.07) respectively]. We
also found increased ASD risk in children of mothers who experienced affective and depressive disorders [(RRs
1.67 (95%CI 1.34-2.09) and 1.62 (95%CI 1.32-1.99) respectively]. We found no increased risk of ASD in
children exposed to paternal affective and depressive disorders. Subgroup and sensitivity analysis confirmed the
robustness of our main analysis.

Conclusion: The evidence from the present study suggests parental affective, depressive and bipolar, as well as
maternal affective and depressive disorders increased the risk of ASD in offspring. Exposure to affective and
depressive disorders in fathers only was not linked with ASD risk in children.

1. Introduction

Although the etiology of autism spectrum disorder (ASD) remains
largely unknown, it is currently believed that ASD is the result of

Autism spectrum disorder (ASD) is a group of neurodevelopment
disorders characterized by persistent deficits in social communication
and interaction as well as by restricted, repetitive, and stereotyped
patterns of behavior interests, or activities (American Psychiatric
Association, 2013). Symptoms of ASD start to emerge in early child-
hood and persist over the life course of affected individuals
(Newschaffer et al., 2007; Baxter et al., 2015).

According to a recent meta-analysis, the pooled estimates for the
worldwide prevalence of autism was 0.62-0.70% (Elsabbagh et al.,
2012; Hill et al., 2015), whereas, reported prevalence estimates range
from 1-2% in large-scale surveys (Mattila et al., 2011; Kim et al., 2011;
Baron-Cohen et al., 2009; Hsu et al., 2012; Idring et al., 2012; Blumberg
et al., 2013; Russell et al., 2014; Saemundsen et al., 2013).

* Corresponding author.

complex gene-environment interactions, with a strong genetic compo-
nent (Ronald and Hoekstra, 2011; Rosenberg et al., 2009; Lichtenstein
et al.,, 2010; Kim and Leventhal, 2015). A review of seven primary
studies by Ronald and Hoekstra in 2011(Ronald and Hoekstra, 2011),
found that the heritability estimates of ASD were high and largely
comparable across the published studies. The median estimated con-
cordance rates were 88% in monozygotic twins and 31% in dizygotic
(DZ) twins. More recently it has been argued that over 50% of the risk
of developing ASD is attributed to genetic variation (De Rubeis and
Buxbaum, 2015; Hallmayer et al., 2011).

Evidence from a recent study using genome-wide single-nucleotide
polymorphism data from the Psychiatric Genomics Consortium (PGC)
for cases and controls, suggests that ASD and affective disorders, such
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as bipolar and depressive disorders may have a shared etiology
(Lee et al., 2013b). This is supported by other research which suggest
that the risk of ASD is higher in children of parents with mood disorders
compared with children of parents with no mood disorders (Sullivan
et al., 2012a; Dean et al., 2010; Hammen et al., 1987; Daniels et al.,
2008b; Fairthorne et al., 2016; Harrington et al., 2014; Sgrensen et al.,
2013; Hviid et al., 2013; Jokiranta et al., 2013; Gidaya et al., 2014;
Daniels et al., 2008a; Rasic et al., 2013). Epidemiological studies have
also found that children of parents with bipolar and depressive dis-
orders have a 20-90% increased risk of developing ASD in later life
(Sullivan et al., 2012a; Rai et al., 2013).

Even though the above studies identified an increased risk of ASD in
offspring of parents with mood disorders, these findings are not con-
sistent throughout the literature; there are also studies that have found
no increased risk of ASD in offspring of parents with mood disorders
including bipolar (Goetz et al., 2017a; Birmaher et al., 2010), depres-
sion (Daniels et al., 2008a; Rai et al., 2013) as well as affective dis-
orders (Sgrensen et al., 2013). Therefore, this study aims to meta-
analyse observational studies that investigated the risk of ASD in off-
spring with parental mood disorders; to better establish the strength of
evidence and formulate recommendations for future research.

2. Methods
2.1. Research design and methods

This systematic review and meta-analysis was conducted and re-
ported in adherence to standards of quality for reporting a meta-ana-
lysis of observational studies in epidemiology (MOOSE) (Reviews and
Dissemination, 2009) and the preferred reporting items for systematic
review and meta-analysis guidelines (PRISMA) (Moher et al., 2009).
Search strategy, study selection, data extraction, and analysis were
performed according to a pre-defined protocol.

2.2. Data source and searches

The electronic databases EMBASE, PubMed, PsychINFO, and Scopus
were systematically searched for published studies that investigated the
association between ASD in children and mood disorders in parents. No
date limit was applied. The search terms and keywords included: autism
OR autistic OR spectrum OR autistic disorder OR autistic spectrum
disorder OR developmental OR disorder OR developmental disorder OR
psychopathology OR pervasive OR pervasive developmental disorder
OR cognition OR cognitive OR developmental disability OR disability
OR psychology OR psychiatry OR behavior) AND (pregnant OR preg-
nancy OR pregnant women OR maternal OR parental OR women OR
family OR antenatal OR prenatal or mother OR postpartum) AND
(epidemiology OR risk OR exposure OR factor OR risk factor OR de-
terminant OR antecedent) AND (depressive OR depression OR depres-
sive disorder OR disorder OR mood OR mood disorder OR bipolar OR
bipolar disorder OR affect OR affective disorder OR mental illness OR
illness OR mental health OR emotional stress OR stress OR problems OR
mania OR manic OR unipolar) AND (offspring OR child OR children OR
adolescent OR toddler OR young adult OR childhood OR youth).
Additional studies were identified through a manual search of biblio-
graphic references in relevant articles and reviews.

2.3. Eligibility criteria

Studies were included if they satisfied the following criteria: (1) The
study design was observational, including case-control or cohort study
designs; (2) the exposure of interest was mood disorders (Overall or
specific types) in parents; (3) the outcome of interest was ASD; (4)
measured outcomes using odds ratio (OR) or relative risks (RR) esti-
mates with 95% confidence intervals (CIs) or data to calculate these
were reported. We excluded case reports, reviews, editorials,
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comments, letters without sufficient data, abstracts of meeting pre-
sentations, animal studies and studies not published in the English
language.

2.4. Data extraction

Data were extracted independently by two reviewers according to a
standardized data extraction form. The following data were extracted
from each study: The first author's name, year of publication, study
design, study period, measurement of ASD and mood disorders, number
in case and control groups, source of data, country in which the study
was conducted, source of comparison groups, confounders adjusted for,
parental sex, inclusion criteria, risk estimate (OR) or hazard ratio (HR)
and their 95% confidence interval as recommended by the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines (Moher et al., 2015). Disagreements were resolved by con-
sensus.

2.5. Study quality

The quality of all selected studies was assessed using the Newcastle-
Ottawa quality assessment scale (NOS) (Wells et al., 2011) and the
assessment was performed independently by two reviewers. The NOS
grading standard, including case-control or cohort study, was calcu-
lated based on three categories: Group selection (four items), compar-
ability between the groups (one item), and outcome and exposure as-
sessment (three items). A maximum of one star could be awarded for
each item in the group selection and outcome and exposure assessment
categories. A maximum of two stars could be awarded for compar-
ability. Thus, the maximum possible score was nine stars, which re-
presented the highest methodological quality. A score above the median
on a 0-to-9- point scale indicated high methodological quality. Dis-
crepant scores between the two reviewers were resolved by discussion
and consensus by looking the selected studies together. In addition, a
thorough description of the included observational studies was pro-
vided. While we report on the results of this quality assessment, studies
were not excluded on the basis of quality alone

2.6. Diagnostic definitions

In the Diagnostic and Statistical Manual of Mental Disorders, Fourth
Edition, Text Revision (DSM-IV) mood disorders included disorders that
have a disturbance in mood as the predominant feature. DSM-IV defines
mood disorders as syndromes consisting of a group of signs and
symptoms sustained over weeks to months that represent pervasive
alterations of this experience that have a significant functional impact
on a variety of areas ranging from cognition to occupational perfor-
mance and quality of life (American Psychiatric Association, 2000).

According to the DSM-IV definition, mood disorders are divided into
depressive disorders ("unipolar depression"), bipolar disorders and
other disorders in this category, such as mood disorder due to a general
medical condition, substance-induced mood disorder and mood dis-
order not otherwise specified (American Psychiatric Association, 2000).

In this study, the definition of our exposure variable (mood dis-
orders, including depressive and bipolar disorders), were based on
DSM-IV or DSM-5(American Psychiatric Association, 2000, 2013). We
defined ‘parental mood or affective disorders’ as the presence of any
mood or affective disorders (bipolar or depressive or affective disorders
as a diagnosis) in any parents. We defined ‘maternal mood or affective
disorders’ when mothers only had a diagnosis of mood or affective
disorders (bipolar or depressive or affective disorders) and ‘paternal
mood or affective disorders’ when fathers only had been diagnosed with
mood or affective disorders (bipolar or depressive or affective dis-
orders).
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2.7. Data synthesis and analysis

Data from all studies were pooled using Comprehensive Meta-
Analysis (CMA) software version3(Borenstein et al., 2005). If multiple
estimates were presented, the estimate with the most extensive ad-
justment was selected. RR and 95% CI were taken as the magnitude of
association for all studies, and OR (or hazard ratios) were considered
equivalent to RR. Any results stratified by gender were treated as se-
parate reports. Those articles which stratified parental depressive, bi-
polar or overall affective disorders in both parents as exposure and
reported ASD in children were also treated as separate reports. To es-
timate the association between parental mood disorders and ASD in
children, the results of included studies were combined using random
effect models (Borenstein et al., 2010) to account for heterogeneity
among the studies. Heterogeneity was evaluated using Q and the I
statistics (Borenstein et al., 2010). Q test indicates us about the presence
or the absence of heterogeneity, but it does not report on the degree of
such heterogeneity. However, the I2 statistics quantifies the degree of
heterogeneity in a meta-analysis. The values of 25, 50 and 75% were
considered to represent low, moderate and high heterogeneity respec-
tively (Higgins et al., 2003). The p-value for statistical significance was
set at 0.05. Meta-regression was performed to explore the potential
source of heterogeneity, including the covariates parental sex, types of
mood disorders, study design (cohort study or case-control study) and
source of comparison groups. A leave-one-out sensitivity analysis was
carried out to evaluate the key studies that exerted a major impact on
between-study heterogeneity (Patsopoulos et al., 2008). Publication
bias was assessed by funnel plot and Egger's test (Egger et al., 1997). A
significant result in Egger's test indicates that small studies (i.e., with
smaller precision) show larger effect sizes. This makes it likely that
publication bias has occurred: small studies with insignificant findings
(small effect sizes) are not published and not included in the meta-
analysis. All reported probabilities were two-sided.

3. Results
3.1. Study selection

4308 articles were identified by our literature search. Twenty-five
additional relevant references were found through a manual search of
the reference lists. Of these, 4107 were excluded after reviewing du-
plicate and titles that did not meet the inclusion criteria. The review of
abstracts and keywords resulted in the exclusion of a further 176 arti-
cles. A full text of 50 articles were retrieved for further screening and 41
of these were excluded. The main reasons for the exclusion include: not
assessed ASD as an outcome (21 studies), the exposure was not mood
disorders (8 studies), and the risk of exposure was not evaluated (5
studies). Thus, nine studies were found to be suitable for the present
meta-analysis (Fig. 1).

3.2. Characteristics of included studies

Characteristics of the included studies are provided in Table 1. Se-
lected studies were published between May 2008 (Daniels et al., 2008a)
and August 2017 (Goetz et al., 2017b). Three studies were conducted in
Sweden (Rai et al., 2013; Daniels et al., 2008a; Sullivan et al., 2012a),
two in Denmark (Hviid et al., 2013; Sgrensen et al., 2013), one in the
Czech Republic, one in the USA (Birmaher et al., 2010), one in Australia
(Fairthorne et al., 2016), and one in Finland (Jokiranta et al., 2013). Six
studies recruited participants from population registers (Jokiranta
et al., 2013; Rai et al., 2013; Hviid et al., 2013; Sgrensen et al., 2013;
Sullivan et al., 2012a; Birmaher et al., 2010) and three recruited par-
ticipant from hospitals (Fairthorne et al., 2016; Daniels et al., 2008a;
Goetz et al., 2017b). Seven were case-control studies (Jokiranta et al.,
2013; Rai et al., 2013; Daniels et al., 2008a; Fairthorne et al., 2016;
Sullivan et al., 2012a; Goetz et al., 2017b; Birmaher et al., 2010)and
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two were prospective cohort studies (Hviid et al., 2013; Sgrensen et al.,
2013). Six studies assessed the risk of ASD in children of mothers with
mood disorders (Jokiranta et al., 2013; Rai et al., 2013; Daniels et al.,
2008a; Sgrensen et al., 2013; Hviid et al., 2013; Fairthorne et al., 2016),
three in children of mothers with maternal depression (Rai et al., 2013;
Daniels et al., 2008a; Hviid et al., 2013), three in children of fathers
with mood disorders (Jokiranta et al., 2013; Rai et al., 2013; Daniels
et al., 2008a), three in children of parents with bipolar disorder
(Sullivan et al., 2012a; Goetz et al., 2017b; Birmaher et al., 2010), and
two in children of fathers with unipolar depression (Rai et al., 2013;
Daniels et al., 2008a). All studies used a diagnostic instrument (ICD or
DSM) to ascertain ASD in children. Two studies used hospital records
for confirmation of cases in exposed or control groups (Jokiranta et al.,
2013; Sgrensen et al., 2013), while the remaining studies used diag-
nostic instrument (ICD) (Rai et al.,, 2013; Daniels et al., 2008a;
Fairthorne et al., 2016; Hviid et al., 2013; Sullivan et al., 2012a; Goetz
et al., 2017b; Birmaher et al., 2010)

3.3. Quality assessment

The Newcastle-Ottawa scale (NOS), a 9-point scoring system was
used to assess the study quality. Five studies which scored higher or
equal to eight were considered of high quality. Two studies with a score
above the 25th percentile (6.5) were considered of moderate quality.
The remaining two studies were ranked as low quality (See supple-
mentary material Table 1).

3.4. Parental mood disorder and risk of ASD

The forest plot shows the relative risk and 95% CI of each study and
the pooled relative risk (Fig. 2). Our meta-analysis identified moderate
heterogeneity among the studies > 55.24%; Q = 29.04; df=13;
p = 0.006), so the random effect model was adopted. The pooled re-
lative risk (RR) demonstrated that ASD risk was significantly higher in
children exposed to parents who experienced affective disorders [RR
1.65 (95%CI 1.45-1.88)]. When we stratified the analysis by type of
study design, the combined RR in the case-control studies was 1.69
(95%CI 1.47-1.95)), whereas the pooled RRs for cohort studies was
1.47 (95%CI 1.07-2.02).We observed moderate heterogeneity among
case-control studies (I = 59.79%; Q = 24.87; df = 10; p< 0.0001),
but no apparent heterogeneity among cohort studies (> = 14.48%;
Q =2.34;df = 2; p=0.31).

In addition, our stratified meta-analysis showed an increased risk of
ASD in children of parents with depressive (RR 1.37 (95%CI
1.04-1.81)) and bipolar disorders (RR 1.87 (95%CI 1.69-2.07)). There
was no heterogeneity for both parental depressive (I*=50%; Q = 8;
df = 4; p = 0.09) and bipolar disorders (I> = 0%; Q = 1.07; df = 3;
p = 0.78). (See Fig. 3)

In our subgroup analysis we found that ASD risk was significantly
higher in children with maternal affective and depressive disorders [RR
1.67 (95%CI 1.34-2.09) and 1.62 (95%CI 1.32-1.99) respectively] but
we observed no apparent association in offspring of fathers who had
affective and depressive disorders [RR 1.32 (95%CI 0.87-2.01) and
0.88 (95%CI 0.49-1.59) respectively]. (Fig. 4 and 5). Moderate het-
erogeneity was observed among studies reporting ASD risk by maternal
affective (I2=65.05%; Q = 17.17; df=6, p = 0.009) and paternal af-
fective disorders (I> = 73.49%; Q = 7.54; df = 2, p = 0.023), but no
heterogeneity was observed among studies reporting offspring's ASD
risk by depressive disorders in mothers (’=0%; Q = 0.42; df = 2,
p = 0.81) and fathers (I> = 46.65%; Q = 1.87; df = 1, p = 0.17).

In studies that recruited participants from the general population,
the parental affective disorder was associated with an increased risk of
ASD [RR 1.75 (95%CI 1.57-1.95)]. This elevated risk was not seen
when participants were recruited from hospital-based samples [RR 1.49
(95%CI 0.86-2.58)]. (See Fig. 6). We observed heterogeneity among
studies recruiting inpatient groups (I = 79.61%; Q = 14.72; df = 2,
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Records identified through data
base searches (n=4308)
EMBASE=632

PubMed=957

SCOPUS=1794

PsychINFO=925
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Additional records identified through
other sources(n=25)

Records after duplicates removed (n=350)

Records screened(n=3983)

Records excluded(3933)
Title review(3757)
Abstract review(176)

A 4

Full text articles assessed for
eligibility (n=50)

Full text articles

v

excluded(n=41)

ASD was not measured as outcome
(N=20)

Full text included in
qualitative and quantitative
analysis(n=9)

Cohort (2)

Case control(7)

Mood disorders was not used to
examine the risk (N=7)

Risk of exposure was not measured
(N=5)

Didn’t assessed both parental mood
and ASD (N=3)

Reviews (N=3)

Duplicate (N=2)

Mood disorder was assessed as
exposure with anxiety (N=1)

Fig. 1. PRISMA flowchart of review search.

p = 0.002) but not in studies with population-based comparison groups
(P = 33.74%; Q = 13.58; df = 9 p = 0.158)

3.5. Publication bias

The funnel plot and Egger's regression tests (B = —1.34, SE = 0.57,
P = 0.037) provided evidence of substantial publication bias for the
affective disorder (Fig. 7). However, when the analysis was stratified by
research design, the results of the Egger's test varied: Prospective cohort
studies (B = —1.98, SE = 0.62, P = 0.19), population-based case-
control studies (B = —1.32, SE = 0.72, P = 0.124) and inpatient
control studies (B = —0.98 SE = 2.78, P = 0.757) were unaffected by

188

publication bias. In addition, when we further stratified by sex the re-
sults of the Egger's test were not significant for both analysis: B = —2.6,
SE = 1.05, P = 0.056 and B = —3.71, SE = 0.66, P = 0.11 for ma-
ternal affective and paternal affective disorders respectively. Further-
more, after stratifying by disorder type, Egger's test results showed that
parental depression (B = —3.81, SE = 1.5, P = 0.85) and maternal
depression (B = 0.67, SE = 2.14, P = 0.81) were unaffected by pub-
lication bias. (Table 2)

3.6. Sensitivity analysis

For the purpose of further investigating the potential source of
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heterogeneity in the analysis of parental mood disorder and risk of ASD
in children, we performed leave-one-out sensitivity analysis. Our
pooled estimated relative risk (RR) varied between 1.59 (95% CI
1.36-1.54) and 1.73 (95% CI 1.83-1.95) after deletion of a single study
which suggests that our findings were robust and not dependent on a
single study (see supplementary material Table 2).

Moreover, to identify the possible effects of other comorbid psy-
chiatric disorders we restricted the analysis to studies that included an
adjustment for other comorbid psychiatric disorders. An increased risk
of ASD in offspring of parents with mood disorders was apparent in
these studies [RR 1.24 (95%CI 1.03-1.49)] as it was in the studies with
no adjustment [RR 1.92 (95%CI 1.78-2.07)]. We found a significant
heterogeneity between studies which adjusted and those that did not
adjust for comorbid psychiatric disorders (Q = 18.34, df =1,
P <0.001).

Furthermore, we restricted the analysis to studies that contained an
adjustment for confounding by antidepressant medications. We found
an increased risk of ASD in offspring of parents with mood disorders in
studies that accounted for the effect of antidepressant use [RR 1.50
(95%CI 1.22-1.85)]. Studies that did not account for such confounding
also reported an increased risk of ASD in children [RR 1.71 (95%CI
1.48-1.99)]. We found no significant heterogeneity between the studies
that adjusted and studies that did not adjust for the use of anti-
depressants (Q = 1.01, df = 1, P = 316).

Finally, we restricted our analysis to high-quality studies. We found
a considerably increased risk of ASD in high [RR 1.60 (95%CI
1.32-1.94] as well as moderate [RR 1.72 (95%CI 1.39-2.12)] quality
studies. There were no significant associations in low-quality studies
[RR 2.08 (95%CI 0.31-13.98)]. Heterogeneity among the groups was
not significant (Q = 0.294, df = 2, P = 0.863). When we excluded the
low-quality studies, the associations remained (RR = 1.65 (95%CI
1.44-1.89)). (Table 3)

maternal parity, age at the onset of pregnancy, country of origin, place of residence at the start of the pregnancy, and

smoking status during pregnancy, employment status and the, mother's level of education, use of SSRIs during

pregnancy, psychiatric diagnosis
Maternal age at conception, paternal age at conception, parental psychiatric history(except maternal affective

disorder), gestational age, birth weight, sex, and parity

Exposer to affective disorder window
Not available

Not available
Not available

4. Discussion

13
=}
=
2 4.1. Main findings
)
g [ e e The present systematic review and meta-analysis examined the risk
=] il . . . .
S Ry R of ASD in children with parental mood disorders across seven case-
g O o control and two cohort studies. Our review indicated a higher risk of
E §°) 23 = ASD in offspring with parental affective (64%), depressive (37%), bi-
Tel nwn < . .
; =z g\‘l % %TE polar disorders (87%), as well as maternal affective (67%), and de-
E g -~ == pressive disorders (62%).
5 5 e -] . . . . . .
z 3 T OO0z The epidemiological evidence was highly diverse by subtype of
mood disorder, study design, timing, the source of controls or exposed
5 groups, study location, sample size and degree of adjustment for con-
9 ounding factors. The studies included parents wi ifferent types o
3 founding fact The stud luded ts with different f
g affective disorders and settings, and some studies included only female
» . .
E or male parents. For the ascertainment of the outcome, all studies used
g recognized diagnostic criteria as described in the International
& Classification of Diseases (ICD) and the Diagnostic and Statistical
§ Manual of Mental Disorders (DSM), meaning disorder measurement
é 2 =22= were derived from structured clinical interviews that provided well-
< S © © . .
; 2 5 TR % validated assessments of both ASD and mood disorders.
> - . . . L.
g g 5 =88 Numerous interpretations of the association between parental mood
Z 8 2 22z disorders and ASD in offspring are plausible. One of the possible ex-
o planation is that autism spectrum and affective disorders, such as bi-
§.§ polar and depressive disorders may have a shared genetic etiology
R (Lee et al., 2013a). Epigenetic modifications may also lead to greater
© B33 risk of ASD in offspring of parents with mood disorders. Prenatal ad-
§ 8 888 versity including in-utero exposure to stress, mental health problems
g g I _: < and/or substance use may affect offspring neurodevelopment and in-
S g 2 8 3 s crease the risk of ASD in later life possibly through epigenetic me-
- E & § 85 chanisms. These may affect DNA expression through modifications of
% g § E E § the DNA methylations and remodeling of the chromatin that occur
& without a change in the DNA sequence (Klose and Bird, 2006;



G. Ayano et al. Journal of Affective Disorders 248 (2019) 185-197

Fig. 2. Forest plot of parental affective disorder and risk of ASD in offspring: A meta analysis.

Fig. 3. Forest plot of parental affective disorders and ASD in offspring: Subgroup analysis by type of disorder.
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Fig. 4. Forest plot of parental affective disorders and ASD in offspring: Subgroup analysis by gender of parent.

Talbert and Henikoff, 2006; Richards, 2006).

In support of the above explanations, the pooled RR showed a po-
sitive association between parental mood disorders such as parental
affective, depressive, bipolar, as well as maternal affective, and de-
pressive disorders and the risk of ASD in offspring. However, the in-
cluded case-control studies, the sample sizes, and adjustment for con-
founding must be considered. In the seven case-control studies,

adjustment factors were inconsistent. The most common potential
confounders taken into account were parental age (4 studies), substance
use (smoking, drugs, and alcohol) (2 studies), socioeconomic status or
income (2 studies), antidepressant (3 studies), and other psychiatric
disorders (3 studies). In one of the cohort study (Sgrensen et al., 2013)
where maternal age at conception, paternal age, psychiatric history,
gestational age, sex, birth weight, and parity were adjusted for no

Fig. 5. Forest plot of parental depressive disorder and ASD in offspring: Subgroup analysis by gender of parent.
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Fig. 6. Forest plot of parental affective disorder and ASD in offspring: Subgroup analysis by source population.

Funnel Plot of Standard Error by Log risk ratio
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Fig. 7. Funnel plot of publication bias for parental affective disorder and ASD
risk in offfspring.

increased risk of ASD was observed (RR 1.2; 95%CI 0.7 to 2.1).

So since this study included an adjustment for a range of important
confounding factors, it is possible that the association seen in studies
with lower level of adjustment may be due to chance or to the effect of
unmeasured factors (Birmaher et al., 2010; Goetz et al., 2017a). Epi-
demiologic studies shown that factors such as alcohol, psychotic dis-
orders, anxiety disorders, and paternal age are associated with an in-
creased risk of ASD in offspring. For example, a recent epidemiological

194

Table 2

Summary of results of publication bias (the results of the Egger's test).
Characteristics of the studies Studies, n B SE P value
Overall affective disorder 14 -1.34 0.57 0.037
Cohort studies 4 —1.98 0.62 0.190
Population-based case-control studies 4 -1.32 0.72 0.124
Inpatient control studies, 3 —0.98 2.78 0.757
Maternal affective disorders 7 —-2.6 1.05 0.056
Paternal affective disorders 3 -3.71 0.66 0.110
Parental depression 5 -3.81 1.5 0.85
Maternal depression, 3 0.67 2.14 P=0.81

study showed that parental alcohol consumption before and during
pregnancy was linked to ASD in offspring (RR, 1.39; 95% CI 1.34-1.44)
(Sundquist et al., 2014). It has been shown that parents with mood
disorders are more likely to use legal and illegal drugs including alcohol
which in turn increase ASD risk (Henderson et al., 2007; Olds, 1997;
Fried and Smith, 2001; Polanska et al., 2017). So, in studies which did
not control the effect of substance use including alcohol and nicotine,
the observed association between parental mood disorders and greater
risk of ASD in offspring might be due to the confounding effect of un-
measured substance use in parents.

In another recent systematic review and meta-analysis that eval-
uated advanced parental age and autism risk in children, a positive
association between advanced parental age and ASD in children has
been reported (Wu et al., 2017). This study found that the highest
parental age category was associated with an increased risk of autism in
the offspring, with adjusted ORs of 1.41 (95% CI 1.29-1.55) and 1.55
(95% CI 1.39-1.73) for mother and father respectively. Similarly, there
is also evidence of a positive association between exposure to other
psychiatric disorders such as schizophrenia in parents and ASD in
children. A recent case-control study found that schizophrenia in par-
ents was linked to nearly three times the odds of ASD in offspring. This
was seen in both in a Swedish national cohort (OR, 2.9; 95% CI,
2.5-3.4) and a Stockholm County cohort (OR, 2.9; 95% CI, 2.0-4.1)
(Sullivan et al., 2012b). Studies have also found that anxiety and
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Table 3
Summary of results of subgroup and sensitivity analysis.
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Subgroups Diagnosis in parents  Studies, n OR 95% CI Heterogeneity between the studies Heterogeneity among the groups
P P value P value

Study design 0.423
Cohort Any 2 1.47 1.47-1.95 14.48 0.31
Case control Any 7 1.69 1.07-2.02 59.79 <0.001

Disorder type 0.215
Affective Paternal 0.88 0.49-1.59 73.49 0.023
Depression paternal 1.32 0.87-2.01 46.65 0.170

Study setting 1.57-1.95 0.577
Community Any 1.75 0.86-2.58 33.74 0.158
Institution Any 1.49 79.61 0.002

Adjusted for comorbid psychiatric disorders 1.03-1.49 <0.001
yes Any 9 1.24 1.78-2.07 0.00 0.687
no Any 5 1.92 2.624 0.413

Adjusted for antidepressant 0.136
Yes Any 4 1.50 1.22-1.85 0.00 0.504
No Any 10 1.71 1.48-1.99 61.29 0.006

Quality of the study 0.863
High Any 9 1.60 1.32-1.94  68.41 0.001
Moderate Any 3 1.84 1.67-2.03 41.17 0.183
low Any 2 2.08 0.31-13.98 0.00 0.776

personality disorders in parents may be associated with a greater risk of
ASD in the offspring. For example, a study conducted in 2008 in
Sweden found an increased risk of ASD in the offspring of parents with
maternal neurotic and personality disorders and other nonpsychotic
disorders (OR, 1.7; 95% CI, 1.3-2.2) (Daniels et al., 2008b). There are
many explanations for these findings. Firstly, ASD and other psychiatric
disorders may have a commonly shared etiology (Lee et al., 2013a).
Secondly, there may be a poor interaction between the parent and
children in offspring of parents with psychiatric disorders due to their
illness (Mattejat and Remschmidt, 2008). Thirdly, epigenetic changes
may occur via different mechanisms including DNA methylations and
histone alterations (Kubota et al., 2013; Nardone et al., 2014). Also,
there may be a greater chance of comorbid substance use in people with
psychiatric disorders (Assanangkornchai and Edwards, 2012). Finally,
mental disorders are linked with a higher risk of negative birth out-
comes which may indirectly lead to ASD in later life (Mdnnisto et al.,
2016; Abel et al., 2010)

On the other hand, the robustness of an increased risk of ASD in
offspring with parental mood disorders was supported by the sensitivity
analyses that we conducted, where we restricted our analysis to studies
that adjusted for comorbid psychiatric disorders. We found the in-
creased risk of ASD in offspring of parents with mood disorders was
apparent in both studies which accounted for the possible effects of
other psychiatric disorders [RR 1.24 (95%CI 1.03-1.49)] as well as
those studies that did not adjust for other psychiatric disorders [RR 1.92
(95%CI 1.78-2.07)].

In this study, no significant association was observed between ASD
in offspring and paternal affective and depressive disorders. Among the
three studies which evaluated the risk of ASD in offspring whose fathers
only had a diagnosis of affective disorders one study (case-control
study) identified an increased risk of ASD in offspring (OR, 1.8; 95% CI,
1.5-2.2) (Jokiranta et al., 2013) but no increased risk was reported in
the other two studies (one based on a cohort study design and one based
on a nested-case control study design) (Rai et al., 2013; Daniels et al.,
2008a). Furthermore, in two studies that also assessed the risk of ASD in
offspring with paternal depressive disorders no significant association
was found between ASD in children and depressive disorders in fathers
(Rai et al., 2013; Daniels et al., 2008a). These findings suggest a
stronger association between ASD risk in offspring and mood disorders
in mothers than in fathers.

This greater risk of ASD in offspring of mothers with mood disorders
than fathers with mood disorders may point to specific intrauterine

exposure to maternal mood disorders during pregnancy. One of the
possible explanation is that mood disorders during pregnancy play a
causal role in the etiology of ASD through epigenetic mechanisms. The
prenatal and early postnatal periods are critical periods for brain de-
velopment which are characterized by extensive and rapid changes in
neuronal and synaptic organization and epigenetic modifications.
Exposure to stress and mood disorders during pregnancy can alter the
epigenetic status of genes that are important to brain development and
lead to neurobehavioral problems and psychiatric disorders including
ASD in offspring (Jirtle and Skinner, 2007; Prickett and Oakey, 2012;
Kundakovic and Jaric, 2017).

4.2. Differences among the studies included in the meta-analysis

Despite our meta-analysis found associations between parental af-
fective disorder and ASD in children, it is worth noting that differences
between the nine studies led to a moderate level of heterogeneity in our
meta-analysis. The type of mood disorders, the setting, and exposed
population differed on a number of characteristics which may have
contributed to the variance in the risk of ASD in offspring of parents
with mood disorders. However, our leave-one-out sensitivity analysis
showed estimates from our main analysis remained virtually un-
changed, which suggests our findings were robust and not heavily in-
fluenced by a single study. In addition, subgroup analysis and sensi-
tivity analysis by level of adjustment to a range of confounding factors
appeared to support the robustness of our findings.

4.3. Strength and limitations

Our study has several strengths: first, to minimize possible reviewer
bias we used a predefined search strategy and data extraction and
quality assessment was performed by two independent reviewers;
Second, we performed sensitivity and subgroup analysis based on
source of controls, sex, and type of specific mood disorder to identify
the small study effect and the risk of heterogeneity in analyses of the
risk of ASD and maternal affective disorders; third, we evaluated the
quality of the included studies based on a standard evaluation tool
(NOS) and the result from the assessment indicated that the methodo-
logical quality was generally good. This study also has some limitations:
Although our meta-analysis results showed significant associations be-
tween ASD and parental and maternal affective disorders, (including
overall affective disorders, depressive and bipolar disorders),
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adjustments were inconsistent and relevant confounders such other
mental disorders, licit and illicit substance use were not adjusted in
most studies. Also, we only included articles published in English, so it
is possible that relevant studies published in a language other than
English may have been missed; We detected significant heterogeneity
across the studies for overall affective disorders. The difference among
the studies may not be a major concern because in our subgroup ana-
lysis we found an increased risk of ASD in offspring of parents with
mood disorder in both case-control and cohort studies with stronger
effect among case-control studies (RR = 1.68 (95%CI 1.45 to 1.95))
than cohort studies (RR = 1.47 (95%CI 1.07 to 2.02)). We further
conducted analyses among specific types of mood disorders and we
found a significantly higher risk of ASD in offspring in both parents
with bipolar and depressive disorders with strong risk in parents with
bipolar disorder (RR = 1.87 (95%CI 1.69-2.07)).

In our study, most of the evidence came from case-control studies,
therefore the possibility that ASD diagnosis in children may lead to
rather than precede, a parental increased risk of mood disorders needs
to be acknowledged. In order to address this limitation, we restricted
our analysis to cohort studies where the diagnosis of mood disorders in
parents was likely to precede the diagnosis of ASD in offspring. We
found the relationship between mood disorders in parents and ASD in
offspring was still seen after these exclusions [RR,1.47 (95%CI
1.07-2.02).

Further, two of the nine studies included in our meta-analysis were
poor in quality. When we excluded them, our results remained the same
(RR = 1.65 (95%CI 1.44-1.89)).

The other limitation of this study is the relatively low number of
studies included in the meta-analysis. Our subgroup analysis comprised
a small number of studies which reduced the precision of the estimate;
Finally, the possibility of publication bias is always a concern, because
studies with null results are less likely to be published than those re-
porting positive associations

4.4. Implications for future research

Our study identified some implications for future research; our
meta-analysis identified parental sex difference in risk of ASD and mood
disorders in parents, which require further investigation to better assess
the robustness of our findings. We identified significant associations
between exposure to specific mood disorders, such as bipolar and de-
pressive disorders and ASD risk in offspring. However, due to the small
number of studies in subgroup analysis, the small sample size and in-
conclusive findings, further studies are warranted to replicate our
findings and further investigate which specific mood disorder is most
likely to be associated with ASD in offspring. Also, the majority of the
studies included in our meta-analysis were case-control studies and the
cohort studies included in this systematic review and meta-analysis
were not originally designed to estimate the risk of ASD in offspring of
parents with mood disorders; therefore, future studies based on large
population-based cohort studies are needed to confirm our findings.
Furthermore, future studies need to control for possible confounding
factors impacting ASD in parents such as other psychiatric disorders,
substance and medication use as well as sociodemographic character-
istics including parental age. Future studies should also account for the
risk of developing ASD in offspring with both parents having mood
disorders as a diagnosis. Finally, studies focusing on shared factors
between ASD and mood disorders are warranted.

5. Conclusions

Even though the etiology of ASD remains largely unknown, results
from this systematic review and meta-analysis suggest that parental
affective, depressive and bipolar, as well as maternal affective and
depressive disorders increased the risk ASD in offspring. Paternal af-
fective and depressive disorders were not associated with ASD risk in
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children. Further well-designed cohort studies are needed to confirm
the present findings. If these results are replicated, early screening for
ASD in offspring of parents who experience mood disorders may be
warranted.
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