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The 5-HTTLPR polymorphism of the serotonin transporter gene
and child’s sex moderate the relationship between disaster-related
prenatal maternal stress and autism spectrum disorder traits:
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Abstract

The 5-HTTLPR polymorphism of the serotonin transporter has been shown to play a role in autism spectrum disorders (ASD). Moreover,
disaster-related prenatal maternal stress (PNMS) has also been shown to be associated with ASD. However, no study to date has examined
whether these two factors, either individually or in combination, are predictive of ASD traits in the same sample. We hypothesized that
children, particularly boys, with the LL genotype exposed to high levels of disaster-related PNMS would exhibit higher levels of ASD traits
compared to boys with the LS or SS genotypes and girls regardless of genotype. Genotype and ASD levels obtained using the Australian
normed Autism Spectrum Rating Scales – Short Form were available for 105 30-month-old children exposed to varying levels of PNMS
following the 2011 Queensland Flood. For boys, higher ASD traits were associated with the 5-HTTLPR LL genotype in combination
with either a negative maternal appraisal of the flood, or high levels of maternal composite subjective stress, PSTD-like or peritraumatic
dissociation symptoms. For girls, maternal peritraumatic dissociation levels in combination with the 5-HTTLPR LS or SS genotype were
associated with higher ASD traits. The present findings are the first to demonstrate that children’s genotype moderates effects of disas-
ter-related PNMS on ASD traits, with different pattern according to child sex.
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Autism spectrum disorder (ASD) is characterized by deficits in
social communication and interactions along with repetitive or
restricted range of behaviors or interests that appear in early
childhood and lead to significant lifelong functional impairment
(American Psychiatric Association, 2013). The prevalence rate
of ASD in Australia has been estimated to be between 0.2% and
0.8% of individuals, with approximately 80% being male
(Barbaro & Dissanayake, 2010; Williams et al., 2008), which is
slightly lower than the estimated worldwide rate of 1% to 2%
(Centers for Disease Control and Prevention, 2015). Finally, the
rates of ASD in Australia have increased in recent years
(Australian Institute of Health and Welfare, 2017).

It is well established that genetics plays a large role in the risk
for ASD (Buxbaum, 2009; Mehta & Geschwind, 2014), with her-
itability rates ranging from 20% to 95% (Huguet & Bourgeron,
2016). Among other genes believed to be involved in the etiology
of ASD, the 5-HTTLPR polymorphism of the serotonin trans-
porter has been shown to play a role, possibly due to its role
in decreasing the amount of serotonin in the brain, particularly
in individuals with the long-long (LL) genotype who have an
overabundance of the substance (Rose’Meyer, 2013). Gadow
and colleagues (2013) showed that children carrying two L alleles
on the 5-HTTLPR polymorphism of the serotonin transporter
gene were rated as having more severe ASD traits compared
with children carrying the short-long (SL) or short-short (SS)
genotypes. However, other reports suggest a larger role for the
SS genotype (Cook Jr. et al., 1997), or suggest that the long
and short alleles are associated with different aspects of ASD
(Brune et al., 2006; Kistner-Griffin et al., 2011). While these
and other familial and/or twin studies (Hu, 2013; Mehta &
Geschwind, 2014) clearly demonstrate the role that genetics
plays in the development of ASD, the lack of perfect heritability
indicates that environmental factors play a role in determining
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which genetically susceptible individuals develop ASD (Walder
et al., 2014).

The non-genetic factor that is the focus of the present study is
in utero exposure to a natural disaster. In a seminal paper on the
topic, Kinney and colleagues (2008) demonstrated a dose-
response relationship between in utero exposure to hurricanes
or tropical storms of various magnitudes and rates of autistic dis-
order (AD). Using data obtained from the National Center for
Health Statistics and Louisiana Department of Health and
Hospitals (birth dates, sex, birth counties, and AD diagnoses)
and the National Weather Service (dates, locations, severity on
hurricanes, tropical storms, or floods in Louisiana between 1980
and 1995), these authors reported that the prevalence of AD
increased in a dose-response relationship to the severity of the dis-
aster with the highest prevalence rates observed in children calcu-
lated to have been exposed in utero during mid- or very late
gestation and born to mothers in the counties that were the
most affected by the disasters. However, no direct measurement
of the women’s level of psychological distress was possible.
More recently, it has been reported that in utero exposure to
high levels of maternal objective hardship and subjective distress
resulting from a major ice storm in Canada were associated with
a greater number of ASD traits, especially in children exposed
early in gestation (Walder et al., 2014). Furthermore, prevalence
rates of autistic behaviors were higher than worldwide estimates
in 3-year-old children whose mothers were pregnant during the
2010 Haiti earthquake and were traumatized by the disaster
(Blanc, Antoine, & Mouchenik, 2015). However, to date, no
study has explored the potential interactive effect of genotype
and disaster-related prenatal maternal stress (PNMS) in predict-
ing later ASD traits during childhood.

The 2011 Queensland flood provides the independent major
stressor in the present study. In early January 2011, a series of
severe floods devastated the state of Queensland, Australia.
The vast majority of the area was declared a disaster zone, incur-
ring over $1 billion in damages. In addition, 2,100 streets were
evacuated, 20,000 homes were flooded, and approximately 40
deaths were attributed to the flood. Shortly after the flooding,
230 women who were pregnant during the disaster were
recruited into the QF2011 Queensland flood study and were
assessed to determine their objective hardship, their level of sub-
jective stress, and their cognitive appraisal of the overall impact
of the event. As such, three components of the women’s flood
experience were assessed. Maternal ratings of their children’s
autistic-like traits and saliva for genotyping were collected on a
subsample of the participants’ children when they were 30
months of age.

The goal of the present study was to determine whether
genetic susceptibility interacted with in utero exposure to vari-
ous aspects of natural disaster-related maternal stress (objective
hardship, subjective distress, and/or cognitive appraisal) to
produce heightened expression of ASD traits. It was expected
that higher levels of maternal objective hardship or subjective
distress or a negative maternal appraisal of the flooding would
be associated with more ASD traits in the exposed children.
Moreover, we hypothesized that the highest levels of ASD
traits would be observed in children carrying the LL alleles on
the 5-HTTLPR polymorphism of the serotonin transporter
gene and whose mothers experienced the highest PNMS
levels. Furthermore, because ASD traits are more often observed
in boys, we anticipated the effects to be more pronounced
in boys.

Methods

A more detailed description of the sample composition and devel-
opment of the flood-related PNMS variables can be found in King
et al. (2015). The protocol was approved by the Institutional
Review Board of the Mater Research Institute in Queensland,
Australia. All mothers provided informed written consent.

Participants

All women in the study were pregnant with a singleton on
January 10, 2011, the date of the peak flooding in Brisbane, and
were 18 years old or older at study entry. Recruitment began on
April 4, 2011, and continued through mid-January 2012.
Initially, 230 women completed a survey about their flood experi-
ences, demographic data, and mental health at recruitment into
the study (M = 5.25 months post-flood, SD = 1.71) and/or 12
months post-flood (M = 11.22 months post-flood, SD = 0.51). A
total of 39 families withdrew from the study prior to the
16-month assessment, and an additional 7 families withdrew
from the study prior to the 30-month assessment. Of the remain-
ing 184 families, 9 families indicated that they did not want to
attend the 30-month assessment but were willing to be contacted
at a later date. Of the remaining 175 families, only 134 mothers
completed the 15-item Autism Spectrum Rating Scales (ASRS)
– Short Form (Goldstein & Naglieri, 2009) questionnaire, even
though they provided information about their current psycholog-
ical functioning.

Of the 134 dyads, PNMS, ASD, and genetic data were available
for 108 children (59 boys and 49 girls). Approximately 35% of
these children were exposed in utero to the effects of the flooding
during the first trimester of pregnancy, 40% during the second tri-
mester, and 25% during the third trimester. The data from three
participants, all girls, were not included in the analyses because
these girls were born preterm (< 37 weeks). Thus, the analyses
were conducted using the data of 105 children (59 boys and 46
girls).

Prenatal maternal stress variables

Slightly more than half (54.3%) of the women completed a hard-
copy of the recruitment questionnaire and mailed it to our
research office. The remaining women completed the recruitment
questionnaire online. At 30 months, 73.1% of the mothers com-
pleted the questionnaire online. The remainder completed a hard-
copy of the questionnaire and mailed it to our research office.

Objective hardship
At recruitment, the women’s objective hardship due to the flood-
ing was assessed with a series of questions that reflected their
objective flood-related experiences related to four categories of
exposure: threat, loss, scope, and change (Bromet & Dew, 1995).
Each category was allotted up to 50 points with a maximum over-
all hardship score of 200. See King et al. (2015) for a complete
description of the scale and scoring.

Cognitive appraisal
The women’s cognitive appraisal was assessed using a single item
in the questionnaire package about their flood exposure experi-
ences: Overall, what were the consequences of the flood on you
and your family? Response options were on a 5-point scale of
Very negative (1), Negative (2), Neutral (3), Positive (4), and
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Very positive (5). This item was dichotomized into Negative and
Neutral/Positive due to the narrow range of responses on the scale.

Posttraumatic stress disorder (PTSD)-like symptoms
The women’s PTSD-like symptoms at recruitment were assessed
using the 22-item Impact of Events Scale – Revised (Weiss &
Marmar, 1997). This scale yields a total score as well as scores
for three categories of PTSD symptoms: intrusive thoughts, avoid-
ance, and hyperarousal.

Peritraumatic experiences
The women’s peritraumatic distress, that is, their level of distress
at the time of the flood as recalled at recruitment, was assessed
using the 13-item Peritraumatic Distress Inventory (PDI)
(Brunet et al., 2001). Finally, the women’s peritraumatic dissocia-
tion was assessed using the 10-item Peritraumatic Dissociative
Experiences Questionnaire (PDEQ) (Marmar, Weiss, & Metzler,
1997).

Composite subjective stress score
A composite subjective stress score was calculated to reduce the
number of predictor variables in the regression analyses. The
Composite Score for Mothers’ Subjective Stress (COSMOSS)
was computed using the principal component analysis (PCA)
on the total scores of the three traumatic stress measures
(IES-R, PDI, and PDEQ) for all of the women (N = 230) who pro-
vided PNMS data when recruited into QF2011. The PCA resulted
in one factor explaining 76.36% of the overall subjective stress var-
iance. The PCA-derived algorithm that was used to create the
COSMOSS variable for QF2011 is COSMOSS = 0.358 × IESR +
0.397 × PDI + 0.387 × PDEQ. The composite subjective stress
score is a standardized score with a mean of 0, such that positive
and negative scores represent levels of subjective distress that are
higher or lower than the mean, respectively.

In utero exposure
The timing of in utero flood exposure was defined as the number
of days between the estimated date of conception and January 10,
2011, the date at which the flooding was recorded to peak; higher
flood exposure days indicated flood exposure later in pregnancy.
To calculate the estimated date of conception, we subtracted
280 days (40 weeks) from each woman’s due date, which was
first calculated using the baby’s gestational age at birth and date
at delivery.

Other maternal and child variables

Maternal factors
Maternal anxiety at recruitment was assessed using the state scale
of the State-Trait Anxiety Inventory (Spielberger et al., 1983).
Maternal anxiety (when the children were 30 months of age)
was assessed using the 21-item Depression Anxiety Stress Scales
(Crawford & Henry, 2003). Maternal positive mental health was
assessed using the 14-item Mental Health Continuum – Short
Form (Keyes, 2006). Maternal empathy was assessed using the
40-item Empathy Quotient Scale (Baron-Cohen & Wheelwright,
2004). The socioeconomic status (SES), based on Australian
postal codes, was calculated using the Socio-Economic Indexes
for Areas (M = 1,000, SD = 100) at recruitment: higher scores
indicate relative social advantage. The children’s birth outcomes
(i.e., gestational age, birth weight, and length) were obtained
from hospital records.

Saliva collection and DNA genotyping

The saliva collection kits (Oragene DNA OG-500) were made
available to all participants either at the 30-month laboratory
assessment or by mail at the same age. However, not all mothers
agreed to allow us to obtain samples from their children (n = 18);
two sample kits were not returned, 4 children refused to provide a
sample, and another two samples were of insufficient volume for
analysis, so saliva samples were available for 108 (59 boys, 49
girls) of the 134 children. DNA was extracted from the saliva sam-
ple using PrepIT-L2P kit (DNA Genotek Inc.) according to the
manufacturer’s instructions. Polymerase chain reaction (PCR)
was performed to span the central portion of the repeats in the
5-HTTLPR, and genotyping was conducted using agarose gel
analysis of the PCR product. In the present analyses, the effect
of the LL genotype on ASD traits was compared with the com-
bined effects of the LS and SS genotypes.

Outcome variable

Mothers rated their children’s autism-like symptoms using the
15-item ASRS – Short Form (Goldstein & Naglieri, 2009) when
their children were 30 months of age (M = 30.4 months, SD = 1.3
months). Mothers rated a series of child behaviors using a 5-point
Likert scale ranging from Never to Very frequently. The 2- to
5-year version of this scale has excellent internal consistency
(Cronbach alpha = 0.97) and test-retest reliability (r = 0.90). The
scale also has excellent discriminative validity (sensitivity = 93.9%;
specificity = 94.5%). The total score (ranging from 1 to 34) was
used in the analyses. Scores ranging from 0 to 6 are classified as
being low risk for developing ASD. Scores ranging from 7 to 20
are classified as being average risk for developing ASD. Scores rang-
ing from21 to 25 are classified as being slightly elevated risk for devel-
oping ASD. Scores ranging from 26 to 30 are classified as being
elevated risk for developing ASD. Finally, scores ranging 31 and
greater are classified as being very elevated risk for developing ASD.

Statistical analyses

Descriptive analyses were conducted for the outcome and predic-
tor variables. Comparisons were conducted between the predictor
variables for participating and non-participating families.
Correlations were conducted between all variables.

Hierarchical linear regression analyses were conducted. First,
maternal pregnancy status (not pregnant or pregnant) at the
time of the completion of the recruitment questionnaire was
entered into the model to control for any recall bias of the wom-
en’s flood experiences. Maternal and child factors that were signif-
icantly associated with the outcome measure were then entered
into the model. PNMS variables (i.e., objective hardship, cognitive
appraisal, composite subjective stress score), child’s sex, timing of
exposure, child genotypes, and, finally, interaction terms were
entered into the model in subsequent steps. The objective level
of hardship was controlled for models that included either cogni-
tive appraisal or subjective stress.

For any model containing a significant main-effect of compos-
ite subject stress or significant interaction term containing com-
posite subjective distress, the analyses were re-run using the
three components of our composite subjective distress measure
(i.e., PTSD-like symptoms, peritraumatic distress, and peritrau-
matic dissociation) in separate analyses. The results of these anal-
yses are presented in the Supplemental appendix.

Development and Psychopathology 3



All significant three-way interactions were explored by splitting
the sample by the child’s sex and conducting the same hierarchical
linear regression analyses, except the child’s sex and its relevant
interaction terms, which were removed from these analyses.

All analyses (except as indicated) were conducted using SPSS,
version 20. All significant interactions were explored using the
PROCESS module for SPSS (Hayes, 2013).

Results

Descriptive statistics

Mothers were 32.3 years of age (SD = 4.9 years), on average, when
their child was born. Although over 90% of the mothers in this
sample came from the two highest Australian socioeconomic
brackets, this distribution mirrors that of the overall population
that was affected by the flooding. Approximately 10% of the

mothers reported subjective stress levels that were indicative of
potential PTSD.

Means and standard deviations of the ASRS and predictor var-
iables, as a function of the child’s sex, can be found in Table 1.
Boys and girls did not differ in their mean ASRS scores. Four
(3.8%) children scored in the low (0-6) range, 79 (75.2%) in the
average (7-20) range, 16 (15.2%) in the slightly elevated (21-25)
range, 5 (4.8%) in the elevated (26-30) range, and 1 (1.0%) in
the very elevated (31 +) range.

The women’s objective hardship and composite subjective dis-
tress levels did not differ as a function of the sex of their child.
Girls were older at the time of the assessment ( p = .02).
Mothers of boys indicated that they experienced higher levels of
anxiety at the time of recruitment ( p = .06). Finally, boys tended
to be heavier than girls at birth ( p = .06).

When comparing the characteristics of the 105 participating
families to all families who were initially enrolled in the study

Table 1. Mean and standard deviations ( p level) for the continuous outcome and predictor variables and percentage ( p levels) for the discrete predictor variables,
as a function of the child’ sex

Variable Mean SD Mean SD p level

Boys Girls

Autism spectrum disorder symptoms 15.8 6.2 15.4 6.3 .73

Objective hardship 22.2 17.4 18.5 16.1 .25

Objective hardship (log) 2.9 0.7 2.7 0.8 .14

Composite subjective stress 0.04 0.9 0.02 1.1 .92

PTSD-like symptoms 5.8 9.0 7.1 12.6 .52

PTSD-like symptoms (log) 1.2 1.2 1.3 1.2 .82

Peritraumatic distress 12.9 8.8 11.8 8.7 .52

Peritraumatic distress (log) 2.4 0.8 2.3 0.7 .57

Peritraumatic dissociation 6.2 7.1 6.1 7.6 .96

Peritraumatic dissociation (log) 1.5 1.1 1.5 1.0 .91

Anxiety (recruitment) 37.5 8.0 34.5 7.9 .06

Positive mental health 51.1 11.2 52.5 9.9 .83

Anxiety (30 mo) 3.1 3.6 3.4 5.4 .70

Empathy 49.8 11.6 47.6 11.9 .32

Gestational age (wk) 39.5 1.2 39.2 1.3 .30

Birth weight (g) 3628.7 483.6 3459.0 430.9 .06

Head circumference (cm) 35.1 1.6 34.6 1.4 .12

Birth length (cm) 52.0 2.5 51.5 2.2 .28

Child age at assessment (mo) 30.0 0.7 30.7 2.2 .02

Time from flood (mo) 34.3 2.5 35.1 3.1 .17

Maternal age (yr) 32.4 5.0 32.1 5.1 .75

Socioeconomic status (SEIFA) 1059.3 51.6 1059.4 50.6 .99

n (%) n (%) p level

Cognitive appraisal (negative) 20 (33.9) 13 (28.3) .54

Genotype (LL) 14 (23.7) 15 (32.6) .45

(SS) 7 (11.9) 7 (15.3)

(SL) 38 (64.4) 24 (52.2)

LL = long-long (genotype); PTSD = posttraumatic stress disorder; SL = short-long; SS = short-short.
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but who are not included in the present analyses (i.e., did not
attend the assessment, or attended the assessment but genetic
data were not available for the child), no differences were observed
in the levels of objective hardship or composite subjective distress,
recruitment or 30-month maternal anxiety, maternal empathy at
30 months, or child birth outcomes. However, participating
mothers did report higher levels of positive mental health at
recruitment compared with non-participating mothers.

Correlations between the outcome variable and predictor
variables

Correlations among the outcome and predictor variables are pre-
sented in Table 2. Lower levels of maternal positive mental health
at recruitment and maternal empathy at 30 months were associ-
ated with higher ASRS scores in the children. Higher levels of
maternal PTSD-like symptoms at recruitment and anxiety at
recruitment at 30 months were associated with higher ASRS
scores in the children. Negative maternal cognitive appraisal of
the flood was related to higher ASRS scores. As expected, the val-
ues of the PNMS variables were highly interrelated, as were the
children’s birth outcome measures. The level of the mothers’ anx-
iety at recruitment was positively related to their objective hard-
ship levels, composite subjective stress scores, as well as the
three factors, and was negatively related to their cognitive
appraisal of the flood. The level of the mothers’ positive mental
health at recruitment was positively related to their level of empa-
thy at 30 months and negatively related to their PTSD-like symp-
toms and 30-month anxiety levels. Finally, a higher SES was
related to higher levels of objective hardship, but a lower SES
was related to higher composite subjective stress levels.

Multivariate associations between predictor variables,
5-HTTLPR genotype, child’s sex, and ASRS scores

Because the final models of all of the analyses were similar, only
the results for the model with objective hardship as the sole
PNMS predictor variable will be described in detail. For models
containing cognitive appraisal and the composite subjective stress
score, only the additional amount of variance accounted for by
these variables and their interaction terms will be described.

Objective hardship
As presented in Table 3, maternal pregnancy status at the time of
the completion of the recruitment questionnaire was unrelated to
the children’s ASRS scores. Maternal positive mental health at
recruitment, current maternal empathy, and anxiety were signifi-
cantly related to the children’s ASRS score, accounting for an
increase of 28.7% in explained variance: lower current maternal
empathy and positive mental health levels at recruitment, as
well as higher current maternal anxiety levels, were associated
with higher ASRS scores. Maternal objective hardship levels,
child’s sex, genotype (LL vs. LS/SS), the objective hardship ×
child’s sex interaction, and the genotype × child’s sex were not sig-
nificantly related to the children’s ASRS scores. However, the
maternal objective hardship × genotype interaction tended to be
related to the children’s ASRS scores, suggesting that higher levels
of objective hardship were related to higher ASRS scores only in
children with the LL genotype (Figure 1). Finally, the objective
hardship × genotype × child’s sex interaction did not explain sig-
nificant additional amounts of variance in ASRS scores.

Cognitive appraisal
As presented in Table 3, cognitive appraisal, child’s sex, genotype
(LL vs. LS/SS), and the cognitive appraisal × child’s sex and inter-
action were not significantly related to the children’s ASRS scores.
The genotype × child’s sex interaction tended to be related to
the children’s ASRS scores. However, the maternal cognitive
appraisal × genotype interaction was significantly related to the
children’s ASRS scores, accounting for an additional 3.3% of
the variance: a combination of negative cognitive appraisal and
the LL genotype were related to higher ASRS scores. Finally, the
cognitive appraisal × genotype × child’s sex interaction also was
significantly related to the children’s ASRS scores, accounting
for an additional 2.7% of the variance. The final model accounted
for 39.8% of the variance in the children’s ASRS scores.

The analyses conducted to explore the three-way cognitive
appraisal × genotype × child’s sex interaction are presented in
Table 4. In boys, maternal pregnancy status was unrelated to
their ASRS scores. Maternal positive mental health at recruitment
and current maternal empathy and anxiety collectively accounted
for 22.2% of the variance: lower positive maternal mental health,
lower maternal empathy, and higher maternal anxiety were asso-
ciated with higher ASRS scores. Maternal objective hardship lev-
els, cognitive appraisal, and genotype (LL vs. LS/SS) were not
significantly related to the boys’ ASRS scores. However, the mater-
nal cognitive appraisal × genotype interaction was significantly
related to the boys’ ASRS scores, accounting for an additional
12.9% of the variance: only in boys exposed to negative maternal
cognitive appraisal was the LL genotype related to higher ASRS
scores than in the LS/SS group (Figure 2); the average ASRS scores
for LL boys with negative maternal cognitive appraisal were at the
high end of the elevated risk range. The final model accounted for
37.9% of the variance in the boys’ ASRS scores.

In girls, maternal pregnancy status at time of completion of the
recruitment questionnaire tended to be related to the ASRS scores
( p = .068), accounting for 7.4% of the variance: mothers who were
still pregnant when they completed the recruitment questionnaire
tended to rate their girls higher on this scale. The three covariates
(maternal positive mental health at recruitment, and current levels
of maternal empathy and anxiety) collectively were related to the
ASRS scores, accounting for an additional 33.2% of the variance:
lower empathy ( p = .018 at entry; p = .051 in final model), higher
anxiety ( p = .040 at entry; p = .045 in final model), and higher
maternal positive mental health ( p = .229 at entry; p = .179 in
final model) scores were associated with higher ASRS scores
(data not shown). Neither maternal objective hardship levels, cog-
nitive appraisal, genotype (LL vs. LS/SS), nor the cognitive
appraisal × genotype interaction were significantly related to the
girls’ ASRS scores. The final model explained 36.7% of variance
in ASRS scores.

Composite subjective stress score
As presented in Table 3, the composite subjective stress score,
child’s sex, genotype (LL vs. LS/SS), composite subjective stress ×
child’s sex interaction, composite subjective stress × genotype
interaction, and genotype × child’s sex interaction were not signif-
icantly related to the children’s ASRS scores. However, the com-
posite subjective stress × genotype × child’s sex interaction was
significantly related to the children’s ASRS scores, accounting
for an additional 4.5% of the variance. The final model explained
37.7% of the variance in the children’s ASRS scores.

The significant results of the analyses conducted to explore the
three-way composite subjective stress × genotype × child’s sex
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Table 2. Correlation coefficients between the outcome and predictor variables

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

1 Autistic-like symptoms a -----

2 Objective hardship (log) a 0.14 -----

3 Cognitive appraisal (0 =
negative) b

-0.20* -0.51*** -----

4 Composite subjective
stress c

0.12 0.46*** -0.38*** -----

5 PTSD-like symptoms (log) c 0.26** 0.58*** -0.44*** 0.71*** -----

6 Peritraumatic distress
(log) c

0.09 0.41*** -0.34** 0.93*** 0.59*** -----

7 Peritraumatic dissociation
(log) c

0.06 0.30** -0.20* 0.78*** 0.38*** 0.62*** -----

8 Genotype (0 = LL)b -0.04 -0.01 -0.05 0.12 0.11 0.07 0.05 -----

9 Child sex (0 = boys)b 0.03 -0.15 0.06 -0.04 0.04 -0.07 -0.02 -0.10 -----

10 Timing of exposurea 0.12 0.07 0.02 0.10 0.17† 0.08 <0.00 0.23* -0.02 -----

11 Anxiety (recruit)a 0.23* 0.22* -0.20* 0.28** 0.29** 0.17† 0.21* 0.06 -0.18† -0.02 -----

12 Positive mental health
(recruit)a

-0.33** -0.07 0.05 -0.09 -0.27* -0.04 -0.04 -0.08 0.02 -0.03 -0.58*** -----

13 Anxiety (30 mo)a 0.37*** 0.05 -0.27* 0.11 0.15 0.06 0.16 -0.10 0.04 0.03 0.30** -0.23* -----

14 Empathy (30 mo)a -0.31** 0.04 -0.03 0.06 -0.07 0.11 0.07 -0.01 -0.10 -0.18† -0.15 0.34*** -0.19† -----

15 Gestational age (wk)a 0.06 -0.07 0.01 -0.02 -0.09 0.03 -0.02 -0.02 -0.10 0.09 0.19† -0.07 0.11 0.06 -----

16 Birth weight (g)a 0.06 -0.08 -0.09 0.04 -0.04 0.07 0.06 -0.18† -0.18† 0.03 0.07 0.01 0.01 0.22* 0.45*** -----

17 Head circumference (cm)a 0.04 -0.06 -0.02 0.14 0.03 0.16† 0.07 -0.05 -0.15 0.15 0.06 -0.07 0.05 0.02 0.19* 0.60*** -----

18 Birth length (cm)a 0.06 -0.16 0.02 0.15 0.08 0.10 0.11 -0.04 -0.11 0.04 0.09 -0.01 -0.01 0.15 0.44*** 0.55*** 0.37*** -----

19 Child age at assessment
(mo)a

0.01 -0.13 0.17† 0.11 0.02 0.06 0.08 -0.09 0.22* 0.12 -0.04 -0.02 0.01 -0.01 -0.09 -0.07 -0.11 0.06 -----

20 Time from flood (mo)a -0.12 0.03 0.09 -0.03 -0.14 -0.01 0.06 -0.24* 0.14 -0.79*** -0.01 0.01 -0.05 0.12 -0.07 -0.06 -0.17† 0.03 0.41*** -----

21 Maternal age (yr)a 0.03 0.27** 0.02 -0.06 0.13 -0.06 -0.20* 0.04 -0.03 0.03 0.06 -0.13 -0.07 -0.12 -0.07 0.03 0.16 -0.01 -0.01 -0.02 -----

22 Socioeconomic statusa 0.05 0.13 -0.33** 0.10 0.16 0.07 0.02 0.14 0.01 0.11 0.02 0.09 0.07 0.20* 0.10 0.06 -0.04 0.04 -0.05 -0.15 0.11

a Pearson Product-Moment Correlations (r); b Point Biserial Correlations (rpb);
c Spearman Rank Correlations (rho);

† p < .1; * p < .05; ** p < .01; ***p < .005.
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Table 3. Multivariate associations between control variables, PNMS variables, 5-HTTLPR genotype, child’s sex, and ASD scores

Predictor variables
Values in final model Values after entry of each variable

B SE B β R2 F ΔR2 ΔF

Objective hardship

(Constant) 20.019 5.904

Pregnancy status at recruitment (0 = not pregnant) 1.162 0.095 0.070 0.005 0.51

Maternal psychological functioning 0.292 10.29*** 0.287 13.49***

Positive mental health (recruit) −0.155** 0.054 −0.268**

Anxiety (30 mo) 0.327** 0.120 0.229**

Empathy (30 mo) −0.136** 0.048 −0.256**

Objective hardship 3.837* 1.653 0.133 0.308 8.83*** 0.017 2.41

Child’s sex (0 = boys) 1.400 7.155 −0.038 0.310 7.33*** 0.002 0.20

Genotype (0 = LL) 10.521† 5.950 −0.004 0.310 6.22*** 0.000 0.01

Objective hardship × Child’s sex −1.688 2.448 0.082 0.310 5.40*** 0.000 0.06

Objective hardship × Genotype −4.384* 2.0.35 0.642† 0.336 5.33*** 0.025 3.63†

Genotype × Child’s sex −5.654 8.654 0.270 0.352 5.11*** 0.016 2.36

Objective hardship × Genotype × Child’s sex 3.326 2.971 0.673 0.361 4.77*** 0.009 1.25

Cognitive appraisal

(Constant) 37.562 6.046

Pregnancy status at recruitment (0 = not pregnant) 1.601 1.173 0.070 0.005 0.51

Maternal psychological functioning 0.292 10.29*** 0.287 13.49***

Positive mental health (recruit) −0.148** 0.053 −0.268**

Anxiety (30 mo) 0.381** 0.133 0.229**

Empathy (30 mo) −0.135** 0.046 −0.256**

Objective hardship 0.914 0.946 0.133 0.308 8.83*** 0.017 2.41

Cognitive appraisal −12.137** 4.221 0.067 0.311 7.39*** 0.003 0.42

Child’s sex (0 = boys) −13.450** 4.487 −0.037 0.313 6.31*** 0.001 0.18

Genotype (0 = LL) −13.129*** 3.955 0.003 0.313 5.46*** 0.000 < 0.01

Cognitive appraisal × Child’s sex 12.134* 5.216 0.090 0.314 4.84*** 0.002 0.25

Cognitive appraisal × Genotype 13.902** 4.436 0.488* 0.347 5.00*** 0.033 4.71*

Genotype × Child’s sex 13.644** 5.110 0.334† 0.371 4.99*** 0.024 3.53†

Cognitive appraisal × Genotype × Child’s sex −12.072* 5.994 −0.821* 0.398 5.06*** 0.027 4.06*

Composite Subjective Stress Score

(Constant) 29.64 4.361

Pregnancy status at recruitment (0 = not pregnant) 1.595 1.158 0.070 0.070 0.51

Maternal psychological functioning 0.292 10.29*** 0.287 13.49***

Positive mental health (recruit) −0.144* 0.055 −0.268**

Anxiety (30 mo) 0.34** 0.122 0.229**

Empathy (30 mo) −0.129** 0.048 −0.256**

Objective hardship 0.428 0.837 0.133 0.308 8.83*** 0.017 2.41

Composite subjective stress 5.083* 2.045 0.164 0.309 7.29*** 0.000 0.03

Child’s sex (0 = boys) −4.224* 2.055 −0.454 0.310 6.23*** 0.001 0.21

Genotype (0 = LL) −3.033† 1.711 −0.053 0.310 5.40*** 0.000 0.00

(Continued )
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Table 3. (Continued.)

Predictor variables Values in final model Values after entry of each variable

B SE B β R2 F ΔR2 ΔF

Composite subjective stress × Child’s sex −5.774* 2.210 −0.568 0.312 4.80*** 0.002 0.32

Composite subjective stress × Genotype −5.238* 2.196 −0.201 0.312 4.28*** 0.000 0.04

Genotype × Child’s sex 4.645† 2.418 0.300 0.332 4.20*** 0.019 2.69

Composite subjective stress × Genotype × Child’s sex 6.948* 2.706 0.568* 0.377 4.63*** 0.045 6.59*

PTSD-like Symptoms

(Constant) 25.345 4.196

Pregnancy status at recruitment (0 = not pregnant) 1.836 1.163 0.070 0.005 0.51

Maternal psychological functioning 0.292 10.29*** 0.287 13.49***

Positive mental health (recruit) −0.127* 0.054 −0.268**

Anxiety (30 mo) 0.333** 0.124 0.229**

Empathy (30 mo) −0.143** 0.048 −0.256**

Objective hardship 0.076 0.901 0.133 0.308 8.83*** 0.017 2.41

PTSD-like symptoms 4.576** 1.585 0.132 0.319 7.64*** 0.010 1.47

Child’s sex (0 = boys) 0.532 2.638 −0.051 0.321 6.56*** 0.002 0.35

Genotype (0 = LL) 0.971 2.207 −0.015 0.321 5.68*** 0.000 0.03

PTSD-like symptoms × Child’s sex −4.453* 1.781 −0.162 0.330 5.19*** 0.008 1.18

PTSD-like symptoms × Genotype −3.759* 1.639 −0.154 0.334 4.71*** 0.004 0.61

Genotype × Child’s sex −0.026 3.349 0.345† 0.359 4.74*** 0.025 3.66†

PTSD-like symptoms × Genotype × Child’s sex 4.287* 2.135 0.578* 0.386 4.82*** 0.027 4.04*

Peritraumatic distress

(Constant) 22.16 5.753

Pregnancy status at recruitment (0 = not pregnant) 1.264 1.202 0.070 0.005 0.51

Maternal psychological functioning 0.292 10.29*** 0.287 13.49***

Positive Mental Health (recruit) −0.16 0.056 −0.268**

Anxiety (30 mo) 0.352 0.125 0.229**

Empathy (30 mo) −0.12 0.05 −0.256**

Objective hardship 1.169 0.802 0.133 0.308 8.83*** 0.017 2.41

Peritraumatic distress 2.149 1.833 −0.042 0.310 7.34*** 0.002 0.21

Child’s sex (0 = boys) 5.739 6.905 −0.038 0.311 6.27*** 0.001 0.20

Genotype (0 = LL) 4.232 5.093 −0.001 0.311 5.43*** 0.000 0.00

Peritraumatic distress × Child’s sex −3.904 2.865 −0.153 0.313 4.82*** 0.002 0.26

Peritraumatic distress × Genotype −2.761 2.146 −0.152 0.315 4.32*** 0.002 0.21

Genotype × Child’s sex −5.913 8.061 0.282 0.332 4.21*** 0.017 2.41

Peritraumatic distress × Genotype × Child’s sex 4.205 3.317 0.754 0.344 4.01*** 0.011 1.61

Peritraumatic dissociation

(Constant) 24.21 4.367

Pregnancy status at recruitment (0 = not pregnant) 1.638 1.159 0.070 0.005 0.51

Maternal psychological functioning 0.292 10.29*** 0.287 13.49***

Positive mental health (recruit) −0.14* 0.056 −0.268**

Anxiety (30 mo) 0.310* 0.121 0.229**

(Continued )
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interaction are presented in Table 4. In boys, maternal pregnancy
status at the completion of the recruitment questionnaire was
unrelated to the ASRS scores. The three covariates (maternal pos-
itive mental health at recruitment, current maternal empathy, and
anxiety) collectively accounted for an additional 22.2% of the var-
iance: lower positive maternal mental health, lower maternal
empathy, and higher maternal anxiety were associated with higher
ASRS scores. Maternal objective hardship levels, composite sub-
jective stress, and genotype (LL vs. LS/SS) were not significantly
related to the boys’ ASRS scores. However, the maternal compos-
ite subjective stress × genotype interaction was significantly
related to the boys’ ASRS scores, accounting for an additional
7.7% of the variance. The final model accounted for 33.8% of
the variance in the children’s ASRS scores.

Pos hoc exploration of the interaction involving subjective
stress in boys using PROCESS (Hayes, 2013) revealed that only
the slope for the LL genotype was significant ( p = .012) with

ASRS scores increasing with increasing composite subjective
stress values (Figure 3). The slope for the LS/SS genotype was
not significant ( p = .914). Finally, when the composite subjective
stress value was 0.83 and greater, ASRS scores were significantly
higher in boys with the LL genotype (with the average in the ele-
vated risk range) than those with the LS/SS genotype (averaging in
the average risk range).

Exploring the composite subjective stress × genotype × child’s
sex interaction in girls revealed that maternal pregnancy status
at time of completion of the recruitment questionnaire tended
to be related to the ASRS scores ( p = .068), accounting for 7.4%
of the variance: mothers who were still pregnant when they com-
pleted the recruitment questionnaire tended to rate their girls
higher on this scale. The three covariates (maternal positive men-
tal health at recruitment, and current levels of maternal empathy
and anxiety) collectively were related to the ASRS scores, account-
ing for an additional 33.2% of the variance: lower empathy

Table 3. (Continued.)

Predictor variables Values in final model Values after entry of each variable

B SE B β R2 F ΔR2 ΔF

Empathy (30 mo) −0.132** 0.048 −0.256**

Objective hardship 0.790 0.788 0.133 0.308 8.83*** 0.017 2.41

Peritraumatic dissociation 2.630† 1.522 0.001 0.308 7.29*** 0.000 0.00

Child’s sex (0 = boys) 2.884 3.314 −0.038 0.310 6.22*** 0.001 0.20

Genotype (0 = LL) 2.198 2.795 −0.004 0.310 5.39*** 0.000 0.00

Peritraumatic dissociation × Child’s sex −4.326* 1.939 −0.011 0.310 4.74*** 0.000 0.00

Peritraumatic dissociation × Genotype −3.117† 1.715 0.037 0.310 4.23*** 0.000 0.03

Genotype × Child’s sex −4.963 4.155 0.277 0.327 4.11*** 0.017 2.31

Peritraumatic dissociation × Genotype × Child’s sex 6.115* 2.384 0.804* 0.372 4.54*** 0.045 6.58*

†p < .10; *p < .05; **p < .01; ***p < .001.

Figure 1. For the full sample, the slope of the LL genotype
was significant (*) with ASRS scores increasing with increas-
ing maternal objective hardship levels.
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Table 4. Multivariate associations between predictor variables, 5-HTTLPR genotype, and ASD scores, as a function of a child’s sex: Exploring the three-way
interactions

Values in final model Values after entry of each variable

Predictor variables B SE B β R2 F ΔR2 ΔF

Cognitive appraisal: Boys

(Constant) 43.257 7.570

Pregnancy status at recruitment (0 = not pregnant) 0.506 1.610 −0.081 0.007 0.38

Maternal psychological functioning 0.229 4.01** 0.222 5.19**

Positive mental health (recruit) −0.165* 0.069 −0.324*

Anxiety (30 mo) 0.416† 0.226 0.126

Empathy (30 mo) −0.099 0.063 −0.206

Objective hardship −0.619 1.223 0.062 0.232 3.21* 0.003 0.23

Cognitive appraisal −14.558** 4.669 −0.009 0.232 2.62* 0.000 0.00

Genotype (0 = LL) −14.582** 4.247 −0.141 0.250 2.43* 0.018 1.21

Cognitive appraisal × Genotype 15.703** 4.871 1.273** 0.379 3.82** 0.129 10.39**

Composite subjective stress: Boys

(Constant) 34.311 6.334

Pregnancy status at recruitment (0 = not pregnant) 0.371 1.654 −0.081 0.007 0.38

Maternal psychological functioning 0.229 4.01** 0.222 5.19*

Positive mental health (recruit) −0.173* 0.072 −0.324*

Anxiety (30 mo) 0.349 0.225 0.126

Empathy (30 mo) −0.102 0.065 −0.206

Objective hardship −0.935 1.261 0.062 0.232 3.21* 0.003 0.23

Composite subjective stress 6.076* 2.336 0.091 0.239 2.72* 0.007 0.47

Genotype (0 = LL) −3.223† 1.797 −0.158 0.261 2.58* 0.022 1.54

Composite subjective stress × Genotype −5.974* 2.476 −0.777* 0.338 3.20** 0.077 5.82*

PTSD-like symptoms: Boys

(Constant) 29.214 5.893

Pregnancy status at recruitment (0 = not pregnant) 0.659 1.601 −0.081 0.007 0.38

Maternal psychological functioning 0.229 4.01** 0.222 5.19*

Positive mental health (recruit) −0.143* 0.070 −0.324*

Anxiety (30 mo) 0.258 0.223 0.126

Empathy (30 mo) −0.114† 0.063 −0.206

Objective hardship −1.526 1.274 0.062 0.232 3.21* 0.003 0.23

PTSD-like symptoms 5.305** 1.737 0.276† 0.279 3.35** 0.046 3.35†

Genotype (0 = LL) 1.260 2.350 −0.177 0.307 3.23** 0.029 2.10

PTSD-like symptoms × Genotype −4.119* 1.759 −0.798 0.376 3.76** 0.068 5.48*

Peritraumatic dissociation: Boys

(Constant) 28.306 6.247

Pregnancy status at recruitment (0 = not pregnant) 0.216 1.692 −0.081 0.007 0.38

Maternal psychological functioning 0.229 4.01** 0.222 5.19*

Positive mental health (recruit) −0.174* 0.075 −0.324*

Anxiety (30 mo) 0.251 0.225 0.126

(Continued )
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(p = .018 at entry; p = .079 in final model), higher anxiety
(p = .040 at entry; p = .088 in final model), and lower maternal
positive mental health ( p = .229 at entry; p = .250 in final
model) scores were associated with higher ASRS scores (data
not shown). Neither maternal objective hardship levels, composite

subjective stress, genotype (LL vs. LS/SS), nor the composite sub-
jective stress × genotype interaction were significantly related to
the girls’ ASRS scores.

To determine which aspect(s) of the composite subjective
stress score was related to the children’s ASRS scores, separate

Table 4. (Continued.)

Values in final model Values after entry of each variable

Predictor variables B SE B β R2 F ΔR2 ΔF

Empathy (30 mo) −0.114† 0.067 −0.206

Objective hardship −0.333 1.253 0.062 0.232 3.21* 0.003 0.23

Peritraumatic dissociation 3.078† 1.751 0.021 0.233 2.63* 0.000 0.03

Genotype (0 = LL) 2.588 3.180 −0.142 0.251 2.44* 0.018 1.24

Peritraumatic dissociation × Genotype −3.455† 1.954 −0.632† 0.295 2.61* 0.044 3.13†

Peritraumatic Dissociation: Girls

(Constant) 22.974 5.369

Pregnancy status at recruitment (0 = not pregnant) 3.530 1.779 0.272 0.074 3.50†

Maternal psychological functioning 0.406 6.99*** 0.332 7.63***

Positive mental health (recruit) −0.113 0.093 −0.172

Anxiety (30 mo) 0.252† 0.147 0.274*

Empathy (30 mo) −0.130 0.079 −0.348*

Objective hardship 1.686 1.044 0.161 0.431 6.04*** 0.025 1.76

Peritraumatic dissociation −2.062 1.342 0.020 0.431 4.92** 0.000 0.02

Genotype (0 = LL) −2.852 2.868 0.165 0.455 4.53** 0.024 1.69

Peritraumatic dissociation × Genotype 3.390* 1.597 0.551* 0.514 4.90*** 0.059 4.51*

†p < .10; *p < .05; **p < .01; ***p < .001.

Figure 2. Boys with the LL genotype and who were exposed to negative maternal cognitive appraisal had higher ASRS scores relative to boys with negative mater-
nal cognitive appraisal and the LL genotype, and relative to all boys with the LS/SS genotype.
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Figure 3. For boys, the slope for the LL genotype was significant (*) with ASRS scores increasing with increasing maternal composite subjective stress levels; when
maternal composite subjective stress scores were higher than 0.84, the difference in ASRS scores between the two genotypes was statistically significant. In girls,
neither the slope for the LS/SS or LL genotypes was statistically significant.

Figure 4. For boys, the slope for the LL genotype was significant (*) with ASRS scores increasing with increasing maternal PTSD-like levels; when the log of
PTSD-like symptoms was 1.2 or higher (equivalent to a raw IES-R score of 2.4), boys with the LL genotype had significantly higher ASRS scores than those
with LS/SS. In girls, the slopes for the LS/SS and LL genotypes were not statistically different from zero.

Figure 5. For boys, the slope for the LL genotype tended to be significant (†) with ASRS scores increasing with increasingly severe maternal peritraumatic disso-
ciation levels; when the log of the peritraumatic dissociation scores was 2.1 or greater (equivalent to a PDEQ score of 7.2), boys with the LL genotype had signifi-
cantly higher ASRS scores than those with the LS/SS genotype. In girls, neither the slope for the LS/SS or LL genotypes was statistically significant, although when
the log of the PDEQ was greater than 1.9 (equivalent to a PDEQ score of 5.3), girls with the LS/SS genotype had significantly greater ASRS scores.
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analyses were conducted for PTSD-like symptoms, peritraumatic
distress, and peritraumatic dissociation. The results of these sec-
ondary analyses are presented in Tables 3 and 4. A complete
description of these results can be found in the Supplemental
appendix. The results suggest that, for boys, the LL genotype
was sensitive to maternal PTSD-like symptoms (Figure 4) and
to peritraumatic dissociation (Figure 5), with the combinations
resulting in higher ASRS scores for the LL genotype, whereas
for girls, the LL genotype was sensitive to maternal peritraumatic
dissociative experiences with the combination resulting in lower
ASRS scores (see Figure 5).

Discussion

The purpose of the present study was to determine whether
disaster-related PNMS, 5-HTTLPR genotype, a child’s sex, and
the interactions among these factors, individually or together, pre-
dicted the level of ASD traits in a non-clinical sample of toddlers,
after controlling for additional maternal characteristics at recruit-
ment and at the time of their child’s ratings. These maternal char-
acteristics, including positive mental health scores at recruitment
and maternal anxiety and empathy at 30 months, explained 29.2%
of the variance in children’s scores.

In the total sample of boys and girls combined, there were also
several three-way interactions that highlighted sex-differences in
the PNMS-by-Genotype interactions. The results indicated that
the interactions between the 5-HTTLPR LL genotype and four
aspects of the mothers’ PNMS (maternal cognitive appraisal of
the flooding, composite subjective distress, and its components
of PTSD-like symptoms and peritraumatic dissociation) explained
significant amounts of variance in the boys’ ASD traits, after con-
trolling for levels of maternal positive mental health at recruit-
ment and current levels of maternal anxiety and empathy. In all
cases, it was the LL genotype that appeared to be most vulnerable
to PNMS for boys. In girls, although neither genotype was signifi-
cantly associated with a change in ASRS scores as a function of
their level of in utero exposure to PNMS, girls with the LS/SS
genotype of the 5-HTTLPR gene had higher ASRS scores relative
to girls with the LL genotype of the 5-HTTLPR gene, after con-
trolling for maternal positive mental health at recruitment and
current levels of maternal empathy and anxiety.

The findings of the current study provide additional support
for the roles of both genetics and the prenatal environment in
the etiology of ASD traits in young children, with some differ-
ences by the child’s sex. Similar to previous reports with clinical
samples (Buxbaum, 2009; Gadow et al., 2013; Hu, 2013; Mehta
& Geschwind, 2014), the current study suggests that, at least in
males, non-clinical levels of ASD traits are greatest in individuals
who had the genetic susceptibility and who were exposed in utero
to either high levels of maternal stress or whose mothers
appraised their overall flood experiences to have been negative
in nature, rather than neutral or positive. We found no overall
sex difference in ASD traits in our sample. The vulnerability of
boys to exhibit more severe ASD traits than girls following in
utero exposure to prenatal life events (such as divorce or a resi-
dential move) has been reported in one prior study (Ronald,
Pennell, & Whitehouse, 2011); however, no direct assessment of
maternal stress × sex interactions was conducted. Although
reports indicate that a disruption of the serotonin system is
observed in approximately 25% of children (Muller, Anacker, &
Veenstra-VanderWeele, 2016), the present findings suggest that
this genetic susceptibility alone cannot explain the ASD

phenotype, because the main effect of the children’s genotype
was not associated with ASD traits in the current sample.
Indeed, when studying the total sample, ASD traits were greatest
in the children who had the LL genotype and who were exposed
to high levels of PNMS. Interestingly, the LL genotype coupled
with high levels of maternal subjective distress was associated
with higher ASD traits in boys, whereas the LS/SS genotype in
combination with high levels of maternal dissociative symptoms
was associated with higher ASD traits in girls; this might suggest
that the amount of serotonin available for boys and girls may play
a role in the development of ASD with boys being more suscep-
tible to lower serotonin and girls possibly to higher levels. While
previous research has demonstrated that the LL and LS/SS geno-
types were associated with different ASD characteristics (Brune
et al., 2006), the sex-specific effects observed in the present
study have not been reported before. Unfortunately, our use of
the short version of the ASRS did not permit more detailed anal-
yses into which ASD characteristics were associated with the spe-
cific 5-HTTLPR genotype.

Furthermore, the study design enabled differentiation of the
maternal stress experience during the flood into objective, cogni-
tive and subjective components, and investigation as to how each
contributed to children’s ASD traits. For all children, genotype
tended to moderate the effects of maternal objective hardship
(i.e., levels of threat, loss, change, and scope) on their ASD traits:
for the LL genotype, greater maternal objective hardship was mar-
ginally associated with higher ASRS scores while there was no
effect of maternal hardship for children with LS/SS genotypes.
For the cognitive and subjective aspects of PNMS, however, the
gene-by-environment interactions differed by the child’s sex.
The finding here was that boys with the LL genotype showed
increases in ASD symptomology with a negative appraisal of
the impact of the flood and with higher levels of two aspects of
the mothers’ subjective stress response (PTSD-like symptoms
and peritraumatic dissociation). Similar findings were observed
in girls with the LS/SS genotype in combination with their moth-
ers’ peritraumatic dissociation. It is interesting that peritraumatic
dissociation, and not peritraumatic distress, was associated with
poorer outcomes in the exposed children. This suggests that
even low levels of dissociation following a traumatic event may
result in worse outcomes not only for the individuals themselves,
as shown in other studies (Ronald et al., 2011; Walder et al.,
2014), but also for the exposed fetus – possibly because the disso-
ciation at the time of the event renders the individuals less likely
to be able to put into place strategies to lower their stress levels.
Thus, even these relatively low levels of subjective stress, com-
pared with levels experienced following the 2010 Haitian earth-
quake (Cénat & Derivois, 2014), may endure longer and thus
may lengthen the time that the fetus is affected.

Our results differ from those of Project Ice Storm (Walder
et al., 2014), which showed that both maternal objective hardship
and subjective distress were related to ASD symptomology in
6½-year-old children; however, genotype was not included in
the Project Ice Storm paper, and data from the QF2011 flood chil-
dren at 6½ years old are not available. Whether these
between-study differences arose due to the nature of the two
disasters, the age of the children at assessment, and/or the assess-
ment tools used to assess ASD traits could be investigated when
the children in the present QF2011 cohort are older by assessing
ASD traits with both the ASRS (used in the present study) and the
Autism Spectrum Screening Questionnaire (Ehlers, Gillberg, &
Wing, 1999) that was used by Walder et al. (2014).
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The present study is not without its limitations. First, no control
group exists, so comparisons between toddlers who were in utero
during a major natural disaster and those whose mothers experi-
enced no major stressors during their pregnancies could not be
conducted; QF2011 is purely a dose-response study that includes
mothers with very low to very high objective exposures and subjec-
tive stress. Second, the sample was highly skewed toward the upper
socioeconomic levels, which limits the generalization of the find-
ings to the general population. Third, the sample size was relatively
small, and, therefore, caution must be used when interpreting the
three-way interactions; as well, because of the sample size, we were
unable to test any potential interactions involving timing of in
utero exposure. Fourth, the current study only investigated the
PNMS-genotype interaction using only one gene known to be
associated with ASD, ignoring the potential gene-by-environment
interactions that may exist with other genes that are known to play
a role in the development of ASD. Unfortunately, the 5-HTTLPR
genotype is the only genotype known to be associated with ASD
presently that is available for this cohort.

Regardless of these limitations, the present study demonstrated
that, even in a socioeconomically advantaged sample, pregnant
women’s disaster experiences, in conjunction with the toddlers’
genetic vulnerability, explained significant amounts of variance
in the toddlers’ ASD traits, after controlling for other maternal
characteristics. These results suggest that in utero exposure to
PNMS in the presence of genetic susceptibility appears to pro-
gram the exposed fetus toward developing traits associated with
a major debilitating childhood disorder. As such, these results
provide preliminary evidence that in utero exposure to varying
levels of PNMS, particularly subjective distress coupled with one
aspect of genetic susceptibility, is sufficient to explain variance
in levels of ASD symptomology in a non-clinical sample. These
findings demonstrate the need to further explore the
PNMS-genotype using a larger number of ASD-related genes or
an ASD-related genetic risk score.

Supplementary material. The supplementary material for this article can
be found at https://doi.org/10.1017/S0954579418000871
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