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Abstract

This study examined caregiver-reported medically-attended injuries among 30-68 month old
children with autism spectrum disorder (ASD) compared to general population (POP) and non-
ASD developmental disorders (DD) controls in the Study to Explore Early Development. Injuries
were common in ASD cases (32.3%) as well as POP (30.2%) and DD (27.8%) controls; most
resulted in an emergency visit or hospitalization. After accounting for sociodemographic, health,
IQ and behavior differences, odds of injury in ASD cases were significantly higher than DD
controls but similar to POP controls. Attention problems mediated the relationships. Clinicians
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caring for children with both ASD and attention problems should consider providing targeted
safety advice. Differences in injury risk between children with ASD vs. other developmental
disorders need further study.

Keywords

Injuries; Autism spectrum disorder; Developmental delays and disorders; Epidemiology;
Prevalence

Introduction

Among US children aged 3-5 years, injuries are the leading cause of death, at a rate of 7.1
deaths/100,000 population in 2015 (Centers for Disease Control and Prevention 2016).
Injuries and poisonings are also a common cause of emergency room visits at this age. An
estimated 1.1 million (9.3%) children aged 3-5 years had an injury-related emergency
department (ED) visit in 2015, resulting in more than 18,000 hospitalizations (1.5/1000)
(Centers for Disease Control and Prevention 2016); the most common causes of these
injuries were unintentional falls, being struck by or striking against a person or an object,
bites and stings, foreign bodies (e.g., choked on food, swallowed battery), and cutting or
piercing. Among US children aged 0-14 years injured in 2013, the estimated lifetime
medical and work-loss costs from emergency department-treated nonfatal injuries were
$59.1 billion and from fatal injuries were $7.8 billion (Florence et al. 2015).

Numerous risk and protective factors for injuries to children have been reported, including
socio-demographic factors, maternal psychiatric disorders, and child psychological and
behavioral problems (Bijur et al. 1992; Borse et al. 2008; Chakravarthy et al. 2010; Haynes
et al. 2003; Hong et al. 2010; Mytton et al. 2009; Oliver and Kohen 2010; Phelan et al. 2007;
Schwebel and Brezausek 2008; Schwebel and Gaines 2007). A number of these risk factors
for injury occur at higher rates in children with autism spectrum disorder (ASD) and their
families, which could result in higher injury rates in these children. Such factors include
male predominance; child psychological and behavioral problems including hyperactivity,
anxiety, aggressive behavior, cognitive delays affecting mental processing or causal
reasoning, and sensory deficits; and maternal psychopathology (e.g., anxiety, depression)
(Daniels et al. 2008; Hodge et al. 2011; Newschaffer et al. 2007).

Several studies in recent years have examined injury risk among individuals with ASD. In a
large, nationally representative sample of children aged 3-5 years, Lee et al. (2008) reported
a significantly higher risk of parent-reported injury requiring medical attention among
children with autism compared to unaffected controls, after accounting for
sociodemographic differences (risk ratio (RR) = 2.15; 95% confidence interval (CI): 1.00,
4.60) (Lee et al. 2008). Another large, population-based study enrolled children aged 1 to <
18 years covered by Medicaid (a government insurance program for families with
insufficient resources to pay for health care) (McDermott et al. 2008). In this study, the risk
of injury requiring emergency or hospital treatment was modestly higher among children
with autism or other pervasive developmental disorder (PDD) compared to children without
any PDD (RR 1.20; 95% ClI 1.04, 1.39) after controlling for age and gender. The injury risk
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for children with both autism/other PDD and intellectual disability (ID) was similar to
unaffected children (RR 1.1; 95% CI 0.94, 1.30), while the risk was higher for children with
autism/other PDD without ID (RR 1.75; 95% CI 1.28, 2.40). \Vohra et al. (2016), in a study
of adults aged 2264 years seen in the emergency department (ED), found a significantly
higher odds of the visit being due to an injury in those with ASD compared to those without
ASD (OR 1.10; 95% CI 1.04, 1.16) after adjusting for sociodemographic differences,
hospital location and patient disposition (Mohra et al. 2016). Further, using multiple cause-
of-death data files from the National Vital Statistics System, 1999-2014, Guan and L.
(2017) identified a nearly three-fold higher age-adjusted proportionate mortality ratio (PMR)
for deaths attributed to injury in individuals with autism compared to the general population
after accounting for age and gender differences (PMR 2.93; 95% ClI 2.64, 3.24), with the
highest PMRs for drowning, asphyxiation and suffocation (Guan and Li 2017).

Not all studies have reported higher risk of injury associated with ASD, however. Kalb et al.
(2016), using data from the 2008 Nationwide ED Sample, a national all-payer ED database,
reported that the odds of an injury-related ED visit were 48% lower among children aged 3-
17 years with ASD without ID compared to a control group without ASD or ID, after
accounting for sociodemographic differences (OR 0.52; 95% CI 0.50, 0.54) (Kalb et al.
2016). Notably, ED visits in the ASD group were 5 times more likely to result from a self-
inflicted injury than ED visits in the control group (OR 5.4; 95% CI 4.2, 6.9). Another large
study reported no significant association between the presence of special needs likely to
affect behavior, including ASD, and risk of motor vehicle crash injury (OR 1.26; 95% ClI
0.71, 2.25), after adjusting for demographic factors (Huang et al. 2009). In that study,
children with ASD had the lowest injury risk (0.54%) and those with Attention Deficit/
Hyperactivity Disorder (ADHD) and/or externalizing disorders had the highest risk (3.85%),
compared to unaffected controls (1.54%).

Differing results among these studies may be due in part to differences in the range of ages
included, as well as to differences in distributions of sociodemographic characteristics, as
only half of the studies cited adjusted for socioeconomic status in their analyses (Kalb et al.
2016; Lee et al. 2008; \ohra et al. 2016). Further, none of these studies controlled for
differences in co-occurring conditions that may have influenced injury risk. We found one
study of injury risk in ASD that accounted for potential differences in both clinical as well as
sociodemographic factors. Jain et al. (2014) examined national insurance claims data for
persons aged < 21 years, controlling for diverse co-occurring conditions, such as attention-
deficit disorders, anxiety, and intellectual disability, as well as for sociodemographic factors
(Jain et al. 2014). This study reported that those with ASD were at Jower overall risk of
injury [adjusted Hazard Ratio (aHR) 0.89; 95% CI 0.87, 0.91], although injury risk was
increased in the subset of children aged 3-5 years with ASD compared to unaffected
controls (aHR 1.28; 95% CI 1.23, 1.34).

SEED, a large multi-site, community-based case-control study, offers important advantages
for further investigation of this problem (Schendel et al. 2012). In particular, SEED collects
comprehensive data on numerous clinical and behavioral covariates known to be or
potentially associated with injury risk. In addition, unlike studies based on insurance claims,
SEED identifies and enrolls children not previously diagnosed with autism, who may lack
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health insurance or access to care (Mandell et al. 2009; Schendel et al. 2012). Further, SEED
provides both developmentally-disabled and typically-developing study groups for
comparison, enabling differentiation of the effects specific to ASD from those more
generally resulting from neurodevelopmental disorders.

This study will describe injuries in young children with ASD, determine injury risks in
children with ASD compared to children who are typically developing and to children with
developmental delays and disorders, and examine whether these risks are modified or
mediated by intellectual functioning or behavioral diagnoses or problems.

Study Design and Setting

Participants

SEED is a multi-site case-control study, for which the methods have been previously
detailed (Schendel et al. 2012). Six sites (California, Colorado, Georgia, Maryland, North
Carolina, and Pennsylvania) were included in SEED Phase 1 and in this analysis. Cases
include children clinically evaluated for and diagnosed with autism spectrum disorder
(ASD). The study included two control groups, children from the general population (POP)
and children with non-ASD developmental delays/disorders (DD) such as language delay,
motor delay, hearing problems, or sensory integration disorder.

Children were eligible for Phase 1 study enroliment if they were born between September 1,
2003 and August 31, 2006 in a study catchment area and lived in the same area at first
contact. Because caregivers were a major source of information for the child’s past
behaviors, medical history, and exposures, a child was eligible for inclusion only if at the
time of recruitment they resided with their caregiver aged at least 18 years who had taken
care of the child continuously since they were 6 months of age. The caregivers were required
to speak English or, at two study sites (California and Colorado), English or Spanish. The
demographics and characteristics of the different study catchment sites have been previously
described (DiGuiseppi et al. 2016; Schendel et al. 2012). Children were enrolled so as to be
between 30.0 and 68.9 months old at the time of their clinical evaluation. This age range was
chosen in order to limit recall bias for events in pregnancy and early life as much as
possible, while still allowing diagnostic accuracy for ASD and maintaining the appropriate
age range for validated study instruments. Children were recruited for the ASD and DD
groups from educational and clinical settings that serve children with ASD and other
developmental delays and disorders. Children from the general population were recruited
from randomly sampled birth certificates. Families were sent an introductory letter followed
by a phone call to assess eligibility.

Data Collection and Study Group Classification

The Social Communication Questionnaire (SCQ) was administered to parents of eligible
children (Rutter et al. 2003). The SCQ was used to identify any children with possible
undiagnosed ASD, defined as a score = 11 (Allen et al. 2007; Lee et al. 2007). Enrolled
families completed interviews and forms about the child and parents, and enrolled children
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received clinical developmental assessments including the Mullen Scales of Early Learning
(MSEL) Early Learning Composite (ELC) to assess cognitive functioning (Mullen 1995).

The process for classifying children into final groups has been previously described
(Wiggins et al. 2015b). Children at risk for ASD (SCQ score = 11 at enrollment, previous
ASD diagnosis, or observed ASD symptoms during the MSEL, regardless of source
population) were given additional clinical developmental assessments, including the Autism
Diagnostic Observation-Schedule (ADOS) (Lord et al. 1999) and the Autism Diagnostic
Interview-Revised (ADI-R) (Gotham et al. 2007). Among children given the additional
assessments, those meeting the cutoff scores on these instruments were classified as ASD
(Schendel et al. 2012; Wiggins et al. 2015b), while those not meeting the cutoff scores were
classified as DD with ASD characteristics. Among children classified as ASD, core
symptom severity was assessed using the ADOS calibrated severity score (ADOS CSS)
(Gotham et al. 2009), a continuous variable ranging from 1 (minimal symptoms) to 10 (high
degree of symptoms) that can be compared across ages and levels of ability. Children with a
prior diagnosed developmental condition who were not at risk for ASD were classified as
DD without ASD characteristics. Children recruited from the birth certificate sample who
were not at risk for ASD (as defined above) were classified as POP. Only children with a
final classification of ASD, DD without ASD characteristics or POP, who completed a clinic
visit, were included in this analysis.

Each parent or other caregiver completed a telephone (or sometimes in-person) interview
about family, child, and household characteristics, health conditions, and behaviors; 99% of
interviewees were the child’s mother. Caregivers also completed the Child Behavior
Checklist (CBCL) (Achen-bach 1992) for behavioral characteristics.

The primary outcome, i.e., ever had any injury that required medical attention, was collected
as part of the caregiver interview, which asked about a child’s previous injuries that required
medical attention and, for each injury, whether it had resulted in an emergency department
visit or hospitalization. In addition, a free text description (“what was the injury?”) was
collected. Three investigators (CD, SL, KS) independently categorized each free text injury
description by mechanism, region, and nature of injury, using categories developed by the
National Center for Health Statistics (Fingerhut and Warner 2006; National Center for
Health Statistics 2002). In the case of any discrepant categorization, the case was discussed
and a consensus was reached. Parent-reported ‘injuries’ that were agreed by all three
investigators not to represent an acute physical injury (e.g., ‘“fever’, ‘diarrhea’) (n = 72) were
not counted as medically-attended injuries, resulting in 44 children initially coded as having
had at least one injury being recoded as never having had an injury.

Sociodemographic factors included as potential confounding variables included child sex
(Male, Female) and age at enroliment (mean); maternal race/ethnicity (Non-Hispanic White,
Non-Hispanic Black, Hispanic, Non-Hispanic Other), maternal education (Less than a
bachelor’s, bachelor’s, or graduate or higher degree), maternal age at child’s birth (mean),
maternal birthplace (US, Other), primary language spoken at home (English, Spanish,
Other), household income (< $50,000, $50,000-$90,000, >$90,000), number of children
living in the home (1, 2, 3, 4+) and number of people living in the home (2, 3, 4, 5+).
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Sociodemographic variables were missing in < 1% of participants, except household
income, which was missing in 3%. Child health conditions examined included maternal
report of physician-diagnosed seizure disorder/epilepsy, ADHD, and ‘behavior problems,’
(missing ranged from 2.6% for seizure disorder to 5.7% for behavior problems). Child
cognitive ability (Mullen ELC Standard Score) and externalizing behavior, attention
problems and attention deficit/hyperactivity problems (CBCL) were also examined, as
continuous variables. Maternal history of physician-diagnosed neurodevelopmental
condition, depression, and any psychiatric condition were each examined (missing in 5.3,
6.3 and 5.3%, respectively).

Analysis Plan

Results

Associations between ASD and having at least one medically-treated injury (“any injury”)
and at least one injury requiring an emergency room visit or hospitalization (“serious
injury”) were examined using mixed-effects logistic regression models, with a random
intercept for site, to account for differences in recruitment populations by study site.
Children with ASD were compared separately to the POP and DD control groups. A base
model specified a priori included adjustment for child sex and maternal race/ethnicity and
education. Other sociodemographic variables were then assessed as potential confounders to
create a sociodemographic-adjusted model. Remaining variables were assessed as potential
confounders using this adjusted model. Potential confounders were any variables associated
with both outcome and exposure at p-value < 0.2, using Chi square or t-test based on the
Satterthwaite method because of unequal variance between groups. Variables were included
as covariates in the final adjusted model if they either changed the regression estimate by >
10% or were statistically significant after addition to the model and after addition of other
significant covariates. Stratified analyses were also conducted, examining injury risk in
children with ASD vs. DD according to the ELC Standard Score (impaired [< 70] vs. not
impaired = 70) and CBCL-T scores for attention problems, externalizing behaviors and
attention deficit/hyperactivity problems (clinical [= 70] vs. borderline/normal [< 70]).
Adjusted models were created using the same covariates included in the un-stratified
analysis. In exploratory analyses restricted to children with ASD, the relationships between
ADOS calibrated severity score and risks of any injury and any serious injury were
examined using similar methods to those described above. All results are reported as odds
ratios. The conventional alpha level of 0.05 was used for testing statistical significance. All
analyses were completed using SAS 9.3.

Of 2295 children who completed a clinic visit and received a study group classification of
ASD, Developmental Delays/Disorders without ASD characteristics (DD) or Population
Control (POP), 43 (1.9%) were excluded because the caregiver failed to complete the history
of postnatal injuries. A total of 693 children with ASD, 676 DD children, and 883 POP
children were included. Sociodemographic characteristics and child and maternal conditions
in the three study groups are shown in Table 1.
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Injuries were most common among children with ASD (32.3%) followed by POP (30.2%)
and DD (27.8%); serious injuries showed a similar pattern (26.6, 24.7 and 23.4% among
children in the ASD, DD and POP groups, respectively) (Table 2). More than 80% of injured
children in each group had only one reported injury and fewer than 5% of children in any
group had three or more injuries. Patterns of reported injuries and reported serious injuries
were similar in all three groups (Table 2). The most common nature of injury specified was
open wound, followed by fracture, which together accounted for about half of injuries in
each group. Nature of injury was unspecified for about a quarter of all injuries in the three
groups. About half of total reported injuries in all three groups occurred to the head, with
upper extremity accounting for at least one-fifth of injuries in each group. Where specified,
falls were the most common mechanism of reported injury, accounting for 55.5, 54.1 and
53.8% of specified injury mechanisms among ASD, DD and POP children, respectively,
followed by ‘struck by or against an object or person’ and ‘other specified, classifiable
injury’ in all three groups, which accounted for 25-30% of the remaining specified injuries
in each group. However, at least half of injury mechanisms in each of the three groups were
not specified in the free text descriptions.

In unadjusted analyses, there was no association between ASD case status and having any
medically-attended injury or any serious injury, when compared to the POP group (Table 3).
Adjustment for sociodemographic factors did not substantially influence these effect
estimates. Neither self-reported maternal diagnosis of depression nor of any psychiatric
condition confounded these estimates. Accounting for differences between groups in having
a prior diagnosis of ADHD attenuated the association of ASD with any injury. There was
little evidence of an association between ASD and any serious injury in unadjusted analyses
or after adjustment for sociodemographic differences between groups. Similar to results for
any injury, the association with serious injury was attenuated by inclusion of attention
problems (from the CBCL) in the model. The association was strengthened by inclusion of
child cognitive ability (MSEL ELC Standard Score), but remained small and not statistically
significant.

When compared to the DD group, there was a modest, non-significant association between
ASD and any medically-attended injury and any serious injury in crude analyses (Table 3).
After adjustment for differences in sociodemographic characteristics, a significantly
increased odds of any injury with ASD was observed (Table 3). Maternal depression did not
confound this relationship, nor was there evidence of mediation by child 1Q, behavior, or
prior diagnosis of ADHD. There was a weak, non-significant association between ASD and
serious injury in both unadjusted analysis and after adjusting for sociodemographic
characteristics. This association was attenuated when the model accounted for differences
between groups in attention problems.

In models adjusted for sociodemographic characteristics, the odds of any injury or any
serious injury between children in the ASD and DD groups were similar when stratified by
cognitive ability (impaired vs. not impaired) and by attention problems (clinical vs.
borderline/normal). The data suggested the possibility that the association between any
injury or any serious injury and ASD, when compared to DD, may vary according to the
presence of externalizing behaviors or attention deficit/hyperactivity problems, with a small,
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positive association among those with borderline/normal scores for externalizing behavior or
attention deficit/hyperactivity problems, and small negative associations among those with
clinical scores for either of these, although the interaction terms were not statistically
significant in any models.

Among children with ASD, there was no significant association between core symptom
severity and risk of any injury in the unadjusted model (OR 0.95; 95% CI 0.86, 1.05) or in
the base model adjusted for child sex and maternal race/ethnicity and education (OR 0.93;
95% CI 0.84, 1.04). Similarly, there was no association of core symptom severity with risk
of serious injury either in the unadjusted model (OR 0.99; 95% CI 0.89, 1.11) or in the
sociodemographically-adjusted based model (OR 0.98; 95% CI 0.88, 1.09). Other
sociodemographic variables assessed as potential confounders did not influence these effect
estimates.

Discussion

This study found little evidence to suggest that young children with ASD are more likely to
have a medically-attended injury, or an injury severe enough to result in an emergency
department visit or hospitalization, compared to typically developing children sampled from
the general population, after accounting for differences between groups in sociodemographic
characteristics, maternal psychiatric conditions and child health conditions, cognitive ability,
prior behavioral diagnoses and current behavioral problems. Similarly, the likelihood of a
serious injury did not differ between children with ASD and children with non-ASD
developmental delays and disorders after accounting for these factors. However, children
with ASD had a small but statistically significant increased odds of having ever had a
medically-attended injury compared to children with non-ASD developmental delays and
disorders, after accounting for sociodemographic differences between groups. As with
comparisons to population controls, maternal psychiatric conditions and child health
conditions, cognitive ability, prior behavioral diagnoses, and current behavioral problems did
not substantially influence this relationship.

Our finding of no association between ASD and injuries relative to the general population is
consistent with findings from several other recent studies (Huang et al. 2009; Kalb et al.
2016), but contrasts with two large, nationally representative samples of children aged 3-5
years, both of which found a significantly higher injury risk among children with ASD
compared to unaffected controls (Jain et al. 2014; Lee et al. 2008). Lee et al. (2008) found a
two-fold higher odds of injury with autism compared to controls, but unlike our study, relied
on parent-reported diagnosis of autism and did not adjust for co-occurring conditions or
child behavior (Lee et al. 2008), which may at least partly explain differences in our
findings. While parent-reported diagnosis of autism has been shown to be reliable (Centers
for Disease Control and Prevention 2006), SEED used a comprehensive approach that
identified many young children with ASD who had not yet received a diagnosis. Our effect
estimate for children with ASD vs. population controls (aOR 1.2) was only slightly smaller
in magnitude than the significant association reported by Jain et al. (2014) for children in the
same 3-5 year age group (HR 1.28; 95% CI 1.23, 1.34) (Jain et al. 2014), which may be in
part related to higher power in the latter study. Unlike Jain et al., however, we were able to
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examine and adjust for differences in behavioral problems based on standardized
instruments, which attenuated the observed associations between ASD and injury in our
study and may help explain our smaller effect estimates.

The small but statistically significant increased odds of having ever had a medically-attended
injury among children with ASD compared to children with non-ASD developmental delays
and disorders was not explained by sociodemographic or other differences between groups.
A few previous studies have directly compared injury risk in individuals with ASD vs. those
with other developmental disabilities, although none have reported results for children of
preschool age. Kalb et al. (2016) found that children aged 3-17 years with ASD had a 1.5
times higher odds of injury than same-aged children with 1D, after adjustment for
sociodemographic differences (Kalb et al. 2016). A study of high school sports injuries
reported a nearly five-fold higher risk in teens with autism compared to those with 1D, after
adjustment for potential confounders (Ramirez et al. 2009). On the other hand, in a cohort
study of adults with intellectual disabilities, Finlayson et al. (2010) (Finlayson et al. 2010)
reported an 85% /ower odds of injuries among those with autism than those without,
although chance could not be excluded. In addition, several studies have reported lower risks
of injury relative to non-affected controls among children with ASD than among children
with ADD/ADHD or cognitive disorders when results were stratified by type of disability
(Huang et al. 2009; Lee et al. 2008). It is possible that children in our DD group had more
impairments in gross motor development, which we did not specifically assess in SEED but
which have been shown by Myhre et al. (2012) to significantly decrease the risk of injury
(OR 0.65, 95% CI 0.42, 0.99) (Myhre et al. 2012). However, parent-reported motor delay
was less common in our DD control group than in the ASD case group (Wiggins et al.
2015a). Another possibility is that parental perception of risk or parental supervision may
differ among parents of children with ASD compared to parents of children with other non-
ASD developmental disorders. Since adequate adult supervision is necessary to protect
young children from injury (Schwebel and Gaines 2007), any such differences could affect
injury risk. It is also possible that the threshold to seek care, which would directly affect
whether an injury resulted in medical attention (and was therefore reported as an outcome),
may vary depending on child developmental condition. If parents of children with ASD were
more likely to seek care for an injury event than parents of children with non-ASD
developmental disorders, this could have resulted in a higher apparent injury risk in the ASD
compared to the DD group. Lastly, our DD group comprised a wide variety of disorders that
may have varying injury risks, which could have influenced our results.

As described in the introduction, this study has a number of strengths, including use of
research-reliable administration of standardized instruments to evaluate and classify children
with ASD, inclusion of children who had not previously received a medical diagnosis of
autism (perhaps reflecting lack of access to care), collection of comprehensive data that
enabled us to examine numerous important covariates known to be or potentially associated
with injury risk, and inclusion of both a developmentally disabled and a typically-developing
study group (Schendel et al. 2012). There were also several potential limitations to this
study. The primary outcome was maternal recall of any medically attended injury in the
child’s lifetime (i.e., from birth to 3-5 years of age, depending on time of enroliment).
Previous research has shown that maternal recall of medically-attended injuries in the past
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year among their children aged < 6 years declines substantially with time (Cummings et al.
2005). Further, the maternal interview did not specifically ask about poisonings, which may
not be perceived as injuries by some parents. Thus, the estimates reported here for lifetime
injury occurrence are likely to substantially underestimate the true risk of injury among
children with ASD as well as among control children. If this recall were differential between
groups, the effect estimates may have been biased. Unfortunately, while population-based
data for injuries in US children exist, they are not directly comparable to the data collected
for SEED. The National Health Interview Survey estimates an age-adjusted annualized rate
of injury episodes in children aged < 15 years of 11.2% (Chen et al. 2009), while the
National Electronic Injury Surveillance System (NEISS), which collects injury visit data in a
nationally representative sample of EDs, reports an annual nonfatal injury rate of 10.0% for
children aged 3-5 years (Centers for Disease Control and Prevention 2016). In our sample,
parents of children aged 3-5 years reported a lifetime prevalence of any injuries to be
30.2%, and of injuries requiring an ED visit or hospitalization to be 24.7%. Since injury
rates in children vary substantially by age, we cannot reliably estimate an annualized injury
rate for the SEED sample for comparison purposes. In addition, NEISS data are reported by
injury rather than by child, hence a child with multiple injuries in a given year may be
counted multiple times in NEISS, making comparisons to our data problematic. Still, our
rates of 30.2 and 24.7% reported over an average period of approximately 4 years does not
appear to be exceptionally high compared to national data. It is also possible that parents
were less likely to report self-inflicted injuries, which have been shown to account for a
slightly greater proportion of injury-related ED visits in children aged 3—-17 years with ASD
than without ASD (2.4 vs. 1.0%, respectively) (Kalb et al. 2016), potentially biasing our
results toward the null. However, the children studied in Kalb et al. were substantially older
than in our study, which may have increased the likelihood of self-inflicted injuries being
serious enough to result in an ED visit. We were unable to investigate this issue in the
current analysis, as intentionality was not collected in the caregiver interview. The
previously described relationship between maternal depression or anxiety and injury risk has
been attributed to factors such as inadequate supervision and environmental safeguarding
(Schwebel and Brezausek 2008; Schwebel and Gaines 2007), but could potentially also be
influenced by biased reporting of injuries. Biased reporting of various child psychological
traits and symptoms in mothers with psychopathology has been documented (e.g., in
Rubenstein et al. 2017). However, we found no evidence that maternal psychiatric illness
confounded the relationship between injury risk and ASD. In the free text response for
injury description, parents typically reported the body region injured (ranging from 88 to
92% reported in the three study groups) and the nature of injury (72—78% specified), but not
usually the mechanism (41-50% specified). Hence we were unable to examine whether the
mechanism of injury differed between groups. Nevertheless, the most common specified
mechanisms of injury were the same in all three groups, suggesting against important
differences in mechanisms between groups. As described previously (DiGuiseppi et al.
2016), mothers of minority race, Hispanic ethnicity and low education were
underrepresented among families enrolled in the POP group compared to the birth cohort,
which may have resulted from SEED’s relatively low recruitment contact rate (Schendel et
al. 2012). Low response rates may increase the potential for biased measures of association
if individuals in the ASD or comparison groups with certain sociodemographic
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characteristics or exposures responded disproportionately to study invitations. However,
adjustment for sociodemographic differences had little effect on the findings.

Our findings suggest that previous reports of increased injury risk in this age group
compared to general population controls may be explained, in part, by other differences
between groups, in particular attention problems, that were not taken into account. Prior
research has found an increased risk of injuries associated with parent-reported attention
problems or diagnosis of ADHD (Myhre et al. 2012; Schwebel and Gaines 2007), which
may result directly from the behavioral symptoms (e.g., impulsive behavior, inattention) or
indirectly due to their effect on the parent (e.g., mental distress) or the parent—child
relationship, which may in turn affect the quality of supervision (Schwebel and Gaines
2007). Some 40% of children with ASD have clinically significant ADHD symptoms and
those with such symptoms have greater impairment in adaptive functioning compared to
those without (Sikora et al. 2012). Our findings suggest that clinicians caring for children
with ASD consider assessing the presence of attention problems and providing both targeted
safety advice as well as support for the parent where such problems are identified. Further
research is needed to explain differences in injury risk between children with ASD and
children with other non-ASD developmental disorders, preferably involving longitudinal
follow-up, shorter periods of recall, detailed information on the mechanism and
intentionality of the injury, and detailed examination of parental conditions, perceptions and
behaviors that may influence child injury risk. Finally, the absence of differences in injury
risk among children with ASD compared to population controls aged 3-5 years might reflect
higher levels of supervision typically provided to all children in this age group, regardless of
their developmental functioning. Further exploration of injury risk in school-aged children
and teens with ASD, where there is typically less supervision, may therefore be warranted.
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