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Abstract Prevalence of self-injurious behavior (SIB) is as
high as 50% among children with autism spectrum disorder
(ASD). Identification of risk factors for the development of
SIB is critical to early intervention and prevention. How-
ever, there is little empirical research utilizing a prospective
design to identify early risk factors for SIB. The purpose
of this study was to evaluate behavioral characteristics pre-
dicting SIB at age 2 years among 235 infants at high famil-
ial risk for ASD. Logistic regression results indicated that
presence of SIB or proto-SIB and lower developmental
functioning at age 12 months significantly predicted SIB at
24 months. A pattern of persistent SIB over this period was
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associated with a diagnosis of autism and poorer cognitive
and adaptive outcomes.
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Introduction

Repetitive behavior is a core diagnostic feature of autism
spectrum disorder (ASD). Self-injurious behavior (SIB)
is a form of repetitive motor behavior that is both self-
directed and has the potential to result in tissue damage
(Lewis and Bodfish 1998; Tate and Baroff 1966). Exam-
ples of SIB topographies include head hitting, head bang-
ing, skin picking and pinching, hair pulling, and self-biting
(Rojahn et al. 2008). SIB point-prevalence estimates (i.e.,
the number of cases of SIB at one point in time divided by
the number of persons in a defined population at the same
point in time) vary widely depending on age and diagno-
sis, but estimates range from 2 to 24% in community/total
population studies of individuals with intellectual dis-
abilities (Cooper et al. 2009). For individuals with autism
spectrum disorder (ASD), point-prevalence estimates for
SIB have been reported to be as high as 53% among chil-
dren (Baghdadli et al. 2003; Duerden et al. 2012), and 69%
among adults with the disorder (Bodfish et al. 2000). While
more rigorous epidemiological studies are needed, exist-
ing work suggests that SIB is a relatively common behavior
disorder that occurs across the lifespan of individuals with
ASD. The deleterious effects associated with SIB, such as
risk of permanent injury and interference with the acquisi-
tion of adaptive behaviors, can negatively impact the qual-
ity of life of affected individuals and their families (e.g.,
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Emerson 1990; Emerson et al. 2001b; Eyman and Call
1977; Symons and Thompson 1997; Taylor et al. 2011).

There are currently no established prevention pro-
grams targeted specifically at reducing the incidence of
SIB among children with neurodevelopmental disorders
such as ASD. Although there have been promising find-
ings from a limited number of prevention oriented studies
utilizing functional communication training (e.g., Fahmie
et al. 2016; Luszynski and Hanley 2013; Reeve and Carr
2000; Richman 2008), there is a need to first clarify the
clinically-relevant risk factors for the development and
persistence of SIB. The extant literature on putative risk
factors and associated variables with SIB varies greatly in
terms of the methodology, measurement tools, and the tar-
get populations and ages investigated (Furniss and Biswas
2012; MacLean et al. 2010; McClintock et al. 2003; Rojahn
et al. 2008). The number of observational studies to date
specific to SIB is impressive; their findings, however, can
be difficult to generalize across diagnostic categories (e.g.,
etiologically defined disorders, ASD, idiopathic intellectual
disability, and at-risk/ developmental delay groups) and age
groups in particular (McClintock et al. 2003).

Previous research on adults with a diagnosis of ASD
suggests that SIB may be more prevalent (Richards et al.
2012) and of greater severity (Bodfish et al. 2000) in com-
parison to individuals with intellectual disabilities. When it
comes to identified risk factors (i.e., a factor that directly
increases the probability of SIB occurring and is part of
a causal chain) and risk markers (i.e., an attribute that is
associated with increased probability of SIB, but is not
necessarily causal), there are disparate findings and mostly
data on the latter (Burt 2001). In a meta-analysis conducted
by McClintock et al. (2003), common risk markers for SIB
among various samples of children and adults with intel-
lectual disabilities included an autism diagnosis, severity
of autism, level of intellectual functioning, communica-
tion deficits, and the presence of certain syndromic neu-
rodevelopmental disorders (e.g., Lesch-Nyhan syndrome).
Among2008 the few longitudinal studies of individu-
als with intellectual disabilities, the three most reported
risk markers for the persistence of SIB in adolescents and
adults are lower receptive and expressive language (Chad-
wick et al. 2008; Emerson et al. 2001a; Kiernan and Alborz
1996; Ngttestad and Linaker 2001; Schroeder et al. 1978),
lower daily living skills and adaptive behavior (Chadwick
et al. 2008; Emerson et al. 2001a; Kiernan and Alborz
1996; Ngttestad and Linaker 2001), and intellectual dis-
ability (Cooper et al. 2009; Ngttestad and Linaker 2001;
Schroeder et al. 1978).

The potential risk factors and markers specific to the
early development of SIB, however, have been examined
primarily cross-sectionally and retrospectively (e.g., Fod-
stad et al. 2012). Berkson et al. (2001) were among the first
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to follow a group of young children with developmental
disabilities who were receiving birth to three early interven-
tion services (3—40 months old). The group reported that
onset of SIB occurred on average at age 16 months. Simi-
larly, Kurtz et al. (2003) and Richman and Lindauer (2005)
reported that both SIB and proto-injurious SIB (proto-SIB;
topographies similar to SIB that do not cause tissue dam-
age) emerge before or at 25 months of age. Proto-SIB has
been identified as a potential risk marker for the emergence
of SIB (Furniss and Biswas 2012; Petty et al. 2009; Rich-
man and Lindauer 2005; Symons et al. 2005). Repetitive
rhythmic motor stereotypies, such as body rocking and
hand flapping, have also been considered as a potential
behavioral precursor to SIB (Baumeister and Forehand
1973; Rojahn et al. 2015). Through extended contact with
the social environment, certain motor stereotypies may be
shaped into topographies of SIB and possibly become sen-
sitive to social reinforcement (Guess and Carr 1991; Ken-
nedy 2002; Oliver et al. 2005). Empirical studies address-
ing this model of SIB development are limited and findings
overall have been mixed (Furniss and Biswas 2012). Causal
relationship aside, there is evidence that motor stereotypy
is associated with SIB (Barnard-Brak et al. 2015; Oliver
et al. 2012; Petty et al. 2009; Rojahn et al. 2012) and may
predict its occurrence (Barnard-Brak et al. 2015; Richman
et al. 2012; Rojahn et al. 2015).

Prospective, longitudinal cohort designs are essential
for identifying predictive temporal relations and provide
stronger evidence for causal inferences than retrospec-
tive cohort and cross-sectional designs (Aschengrau and
Seage 2014). Only two sets of prospective cohort studies
and one direct observation study have investigated early
SIB among young children at risk for developmental delay
(Rojahn et al. 2015; Schroeder et al. 2014) and with devel-
opmental disabilities (Berkson 2002; Berkson et al. 2001;
Richman and Lindauer 2005) that included some children
with ASD. With a sample of young children at risk for a
behavior disorder such as aggression or SIB from Peru
(n=180; age=4-48 months), Schroeder et al. (2014)
examined potential risk factors across three time points.
Results indicated that SIB varied by diagnostic group status
over time. More specifically, children screening positive for
ASD engaged in high rates of SIB at time 1 that decreased
over time, while children with Down syndrome showed
low levels of SIB at time 1 that increased modestly there-
after. Using the same data from Schroeder et al. (2014) and
Rojahn et al. (2015) examined the relationship of motor
stereotypy to SIB over time using latent growth modeling.
The authors concluded that the best fitting model included
stereotypy as a predictor of later SIB. Berkson (2002)
examined age trends among young children receiving early
intervention services, finding that SIB emerged early on,
with certain topographies, such as head banging, appearing
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first. Richman and Lindauer (2005) also examined emerg-
ing SIB over time among young children with develop-
mental delay (n=12; age=14-32 months) using functional
analyses. Each analysis was individualized and stereotypy,
proto-SIB and SIB were targeted and followed over time.
The results indicated that the topography and function of
the target behavior stayed the same for most of the partici-
pants. While most participants in that study showed both
motor stereotypies and proto-SIB at study entry, the latter
behavior changed over time to include new topographies or
to increase in severity (causing tissue damage) for 5 of 12
children. Taken together, SIB onset patterns appear to vary
dynamically over time in relation to diagnostic status and to
other forms of repetitive behavior.

To date, there are no prospective cohort studies of SIB
among young children at high familial risk for ASD, who
are defined as such by virtue of having an older sibling with
the disorder, during the first years of life. Because SIB is an
early-emerging behavioral disorder associated with autism
and developmental delay (Dominick et al. 2007; Duerden
et al. 2012), the focus of the current study was to downward
extend the literature on potential risk factors for SIB devel-
opment and persistence to infants at high risk for ASD.
Specifically, we examined cognitive and behavioral charac-
teristics at age 12 months in relation to presence or absence
of SIB at age 24 months in a longitudinal study of 235 chil-
dren at familial high risk for ASD.

Methods
Participants

Study participants were from the Infant Brain Imagin-
ing Study (IBIS), an ongoing longitudinal multisite study
of infants at high familial risk for ASD. Participants were
recruited from across the United States through research
registries, flyers, brochures, community clinics, websites,
and email blasts. Assessments were performed at one of
four clinical data collection sites including Children’s Hos-
pital of Philadelphia, University of North Carolina, Uni-
versity of Washington, and Washington University in St.
Louis. Exclusion criteria entailed: (1) evidence of a spe-
cific genetic condition or syndrome; (2) significant medi-
cal or neurological condition affecting development; (3)
significant vision or hearing impairment; (4) birth weight
<2000 g or gestational age <36 weeks; (5) significant
perinatal adversity or prenatal exposure to neurotoxins, (6)
contraindication for MRI, (7) predominant home language
other than English, (8) children who were adopted or half
siblings, (9) 1st degree relative with psychosis, schizo-
phrenia, or bipolar disorder, and (10) twins. Familial high-
risk status was defined by having an older sibling with a

community diagnosis of the ASD confirmed by the Autism
Diagnostic Interview-Revised (ADI-R; Lord et al. 1994)
and Social Communication Questionnaire (SCQ; Rutter
et al. 2003).

The present study included a sample of infant siblings
considered to be at high risk for ASD, for whom cogni-
tive and behavioral assessment batteries were completed
at 12 and 24 months of age (n=235). The cognitive and
behavioral assessments included a parent-report measure
of repetitive and self-injurious behavior. For the purpose
of providing context, descriptive data on SIB is also pro-
vided for a sample of low-risk control infants; however, this
group was not included in subsequent analyses given our
study aims and overall low base rate of SIB in this group
[n=95; SIB at 24 months=14/95 (14.7%)]. Low-risk
infants were recruited and assessed as part of the parent
study. Low-risk infants met the exclusion criteria described
above and had typically developing older siblings as con-
firmed by the SCQ and no first-degree relatives with ASD
or intellectual disability. High- and low-risk infants had
complete Repetitive Behavior Scales-Revised (RBS-R) at
both 12 and 24 months. Subgrouping of high-risk partici-
pants on the basis of diagnostic status at age 2 was based on
clinical best-estimate using DSM-IV-TR criteria made by
experienced, licensed clinicians using all available clinical
and developmental assessment data, with confirmation by a
second senior clinician blind to risk and diagnostic status.
Study procedures were approved by institutional review at
each clinical assessment site with informed consent docu-
mented for all participants.

Measures

The Repetitive Behavior Scales—Revised (RBS-R; Bod-
fish et al. 2000) is a parent or caregiver rated measure of
restricted and repetitive behaviors comprised of 43 discrete
behavioral topographies. The RBS-R provides scores for
total repetitive behavior as well as for six subtypes thereof.
RBS-R measures of interest to the present study were
inventories of self-injurious behavior (SIB) and stereotypi-
cal motor. The SIB subscale was the primary dependent
variable and was used as a binary grouping variable (SIB
or no SIB) based on the presence or absence of any SIB
item endorsed by caregivers at 24 months. The SIB and
stereotypical motor subscales were also used to catalogue
the number and type of these behaviors at ages 12 and
24 months. The RBS-R, including our subscales of inter-
est, captures individual differences in behavior among tod-
dlers at high-risk for ASD (Wolff et al. 2014) and has been
independently validated for use in young children (Mirenda
et al. 2010).

The Autism Diagnostic Observation Schedule (ADOS;
Lord et al. 2000) is a semi-structured diagnostic assessment
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designed to probe for symptoms associated with ASD. The
ADOS was used to generate a standardized symptom sever-
ity score (Gotham et al. 2009) as well as domain scores for
repetitive behavior and social affective symptoms. Assess-
ment data from the ADOS also contributed to the deter-
mination of diagnostic classification. While updates have
been made to the ADOS subsequent to the initiation of our
longitudinal study, use of the ADOS-G was maintained to
ensure consistency across subjects and time.

The Mullen Scales of Early Learning (MSEL; Mullen
1995) is a standardized developmental assessment designed
for children ages 0—68 months. The Early Learning Com-
posite (ELC) score, an index of overall cognitive and
behavioral development, was used to provide an estimate
of overall developmental quotient. The ELC is a standard
score with M =100, SD=15. Subscales from the MSEL
were used in secondary analyses and included expressive
and receptive language, fine and gross motor, and visual
reception. These subscales yield T-scores with M =50,
SD=10. Separate non-verbal and verbal developmental
quotients were also calculated based on age-equivalent
scores.

Vineland Adaptive Behavior Scales-II The Vineland
(Sparrow et al. 2005) is a standardized and norm-refer-
enced assessment of adaptive function based on a semi-
structured parent interview. The Vineland provides an
Adaptive Behavior Composite (ABC) score as well as
indexes of adaptive function in each of four subdomains,
including socialization, which indexes interpersonal rela-
tionships, play and leisure skills, and interpersonal coping
skills. This subdomain was of specific interest given a pre-
viously observed inverse relationship between socializa-
tion skill and repetitive behavior in toddlers who developed
ASD (Wolff et al. 2014). Although daily living skills have
been previously linked to SIB in older individuals (Kier-
nan and Alborz 1996; Emerson et al. 2001b; Ngttestad and
Linaker 2001; Chadwick et al. 2008), this Vineland sub-
domain was not examined given questionable relevance to
toddlerhood. The Vineland ABC and Socialization scores
are standardized, M =100, SD=15.

Statistical Analyses

To explore the relationship between the variables of inter-
est and the outcome (presence or absence of SIB as defined
by the RBS-R), descriptive and correlational analyses were
conducted to characterize the high risk infants included in
this study. Point-prevalence (number of participants with
SIB, new and preexisting, at one time point divided by the
total sample), cumulative incidence (number of participants
who developed SIB in the specific time period divided by
the number of participants at risk of developing SIB at
the beginning of the period), and relative risk (cumulative
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incidence in the exposed group, i.e. group with the poten-
tial risk factor, divided by the cumulative incidence in the
unexposed group) estimates were calculated (Aschengrau
and Seage 2014). Next, a series of logistic regression mod-
els were fitted to test which psychosocial variables (based
on the extant literature) at 12 months (time 1) were predic-
tive of parent-endorsed SIB (SIB or no SIB) at 24 months
(time 2). Odds ratios were calculated based on these mod-
els for each predictor variable tested. Bootstrap sampling
with replacement (B=1000) was used to generate confi-
dence interval estimates. Finally, secondary analyses using
one-way ANOVA were conducted to further characterize
and explore possible group-level differences in select cog-
nitive and behavioral features between participants based
on SIB status at times 1 and 2 (persistent SIB, incident SIB,
transient SIB, and no SIB). This included MSEL composite
and subscale scores and Vineland adaptive composite and
socialization score. Post-hoc pairwise comparisons were
performed following the omnibus ANOVA and corrected
using the Tukey method.

Results

The primary study sample of high risk infants included
62.6% males and was 87.3% white. The mean age at 12 and
24 months assessment dates were 12.5 (SD=0.6) and 24.8
(SD=1.5) months, respectively (see Table 1 for descrip-
tive and demographic information). Of the 235 high risk
infants, 47 (20%) met clinical best-estimate criteria for
ASD at age 24 months (combined autistic disorder or per-
vasive developmental disorder, not otherwise specified).

Prevalence

At age 12 months, the point prevalence estimate for chil-
dren who engaged in SIB was approximately 39%. In com-
parison, at age 24 months, the point prevalence estimate
for children who exhibited SIB was 32%. Of the children
whose parents endorsed at least one topography of SIB at
12 months, 48% persisted in engaging in SIB at 24 months.

Incidence and Persistence

At 24 months of age, there were 31 incident cases of SIB
(i.e., new cases of SIB at 24 months). The cumulative
incidence estimate (i.e., absolute risk) was 0.22 over 12
months. Among the children who engaged in SIB at both
12 and 24 months, 47% decreased in the total number of
topographies of SIB (i.e., total SIB items endorsed), while
28% were reported to have an increase in number of topog-
raphies. The remaining 26% of children who persisted in
SIB from 12 to 24 months were reported to have the same
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Table 1 Descriptive and

. . Demographics/variables
demographic characteristics

Total sample (n=235)

Males (%)
Race/Ethnicity

White/ Caucasian

Black

Asian

More than one race/ethnicity
Maternal education

No college degree

College degree

Graduate degree
Household Income

<$50k

$50k—$100k

>$100k

Not answered
Mean age at 12 month assessment
Mean age at 24 month assessment

MSEL early learning composite at 12 months
Vineland adaptive behavior composite at 12 months

ASD diagnosis at 24 months

62.6%

87.3%
5.1%
0.6%
7.0%

30.4%
36.7%
32.3%

21.5%

34.8%

38.0%

5.7%

12.55 (0.62)
24.83 (1.47)
98.53 (13.69)
95.66 (9.85)
19.9%

MSEL Mullen scales of early learning; standard scores are reported for the MSEL and Vineland (M =100)

overall number of topographies of behavior at both time
points. For low risk infants, cumulative incidence was 0.08
and persistence of SIB from 12 to 24 months was approxi-
mately 6%. Cumulative incidence and persistence were
significantly lower for low risk infants in comparison to
high-risk infants (Fisher’s exact test; p <.001 and p=.003,
respectively).

Relative Risk

One or more topographies of SIB were endorsed at either
time point for 74% of participants with an ASD diagnosis
and 47% for those without. A relative risk estimate was cal-
culated comparing participants who received a diagnosis
at 24 months compared to those who did not. The results
indicated that the risk of engaging in SIB at 24 months was
1.85 times higher among children who were later diag-
nosed with ASD compared to children who did not receive
a diagnosis.

ASD Diagnosis by SIB Group

A chi-square test was performed to evaluate if a diagno-
sis of ASD significantly differed by SIB status. The four
groups compared were children who engaged in SIB at
both 12 and 24 months (persistent n=44), children who
started engaging in SIB at 24 months (incident n=31),
children who engaged in SIB at 12 months but not at follow

up (transient n=48), and children who had no SIB at either
time point (no SIB n=112). There was a significant rela-
tionship between a diagnostic group status and SIB status,
X % (3, n=235)=10.1, p=.02. Children meeting criteria
for ASD at age 24 months constituted 32% of the persis-
tent group, 36% of the incident group, 19% of the transient
group, and 14% of the no SIB group.

SIB Subscale Items

At 12 months, participants engaged in hitting against a sur-
face and pulling skin or hair the most (Fig. 1). The least
endorsed item within the SIB subscale at 12 months was
skin picking. Caregivers also endorsed hitting self against
a surface the most at 24 months. The least endorsed item at
24 months was hits self with an object. SIB only increased
in terms of item endorsement for bites self and inserts
finger or object. Overall, all other forms decreased at 24
months, with pulling hair and/or skin decreasing the most.
The SIB items endorsed were also compared at 24
months between participants who engaged in SIB at both
time points (i.e., persistent cases) and those who just started
engaging in SIB at Time 2 (i.e., incident cases) (Fig. 2). A
similar pattern was observed at 24 months with the both
the incident and persistent SIB cases engaging in hits body
against a surface the most, with 39 and 49%, respectively.
The least endorsed item for both types of cases was hits
self with object, (7% incident and 12% persistent). Overall,
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Fig. 1 Caregiver endorsement
of items on RBS-R stereotyped
and self-injurious behavior
subscales

Fig. 2 Self-injurious behavior
items endorsed by caregivers at
24 months among incident cases
(n=31) and persistent cases
(n=43)
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proportions of reported topographies on the SIB subscale
were relatively similar between incident and persistent
cases.

Stereotyped Behavior Subscale Items

Figure 1 also displays the topographies endorsed (item-
level RBS-R data) for stereotyped behavior on the RBS-R.
At 12 months, caregivers endorsed hand finger stereotyped
behavior the most, and locomotion the least. At 24 months
for the stereotyped behavior subscale, caregivers endorsed
repetitive object usage the most, and repetitive head move-
ment the least. Overall, topographies of stereotyped behav-
iors that decreased from 12 to 24 months at assessment
time included head, whole body, and hand finger. Con-
versely, topographies that increased in terms of caregiver
endorsement at 24 months were locomotion, sensory, and
object usage.

Risk Factors

Four logistic regression models (Table 2) were fitted to
examine which characteristics significantly predicted
SIB at 24 months among all high-risk infants. The first
model included all variables of interest, based on the lit-
erature, including sex, MSEL ELC (developmental quo-
tient), Vineland ABC (adaptive behavior), and endorsed
SIB and stereotyped behavior items from the RBS-R. Of
these predictors, only MSEL ELC score and SIB at 12
months were statistically significant predictors of SIB at
24 months at (X2=35.83, df=5, p<0.001). Subsequent
to this result, Model B was fit with MSEL ELC, endorsed
items of SIB, and endorsed items of stereotyped behavior
at age 12 months. In Model B, again only MSEL ELC and
SIB endorsement were statistically significant predictors.

For Model C, we tested only MSEL ELC and stereotyped
behavior in relation to later SIB. Both factors were statisti-
cally significant. For a final Model D, we tested the con-
tribution of MSEL ELC and SIB items endorsed. Both
predictors were statistically significant and model fit was
similar to that of Models A and B and superior to Model
C. Overall, the results of logistic regression analysis indi-
cated that for participants who exhibited SIB at 12 months,
the odds of engaging in SIB at 24 months was between
75-92%. Consistent across models, the odds of SIB at Time
2 decreased by 3% for each unit increase in the MSEL ELC
score. Goodness-of-fit was relatively consistent across
Models A, B, and D, with Rzpseud0=0.21 for A and B, and
Rzpseud0=0.19 for Model D. Goodness-of-fit for Model C,
which included MSEL ELC and stereotyped behavior, was
less robust with R? .4, =0.13.

pseudo

Secondary Analyses

Table 3 displays the results of a one-way ANOVA to test
mean differences in MSEL ELC and subscale scores and
select Vineland scores between children who persisted in
engaging in SIB from 12 to 24 months of age, those who
did not (i.e., no SIB or transient), and incident cases of SIB
at 24 months. There were statistically significant mean dif-
ferences between groups for the MSEL composite score as
well as receptive language, gross motor, and visual recep-
tion subscales (see Table 3). For the Vineland, there were
statistically significant mean differences between groups
for both adaptive composite score and socialization scores.

Post-hoc analyses corrected for multiple comparisons
suggested that groups with no or transient SIB (i.e., SIB
at 12 months but not at 24 months) did not differ signifi-
cantly from one another and were characterized by higher
scores across MSEL and Vineland measures relative to the

Table 2 Unadjusted odds

. . Predictor Model A Model B Model C Model D
.ratlos with 95% confidence . OR [CT] OR [CT] OR [CT] OR [CT]
intervals between psychosocial
characteristics at 12 months and MSEL ELC 0.97* 0.97%* 0.97%:* 0.97%

SIB at 24 months [0.94,0.99] [0.94, 0.99] [0.95, 0.99] [0.94,0.99]

RBS-R SIB endorsed 1.75%%:* 1.75%%:% - 1,923
[1.26,1.91] [1.27, 1.90] [1.45,2.54]

RBS-R stereotyped endorsed 1.18 1.20 1.42%%
[0.92,1.45] [0.94, 1.45] [1.17,1.61]

Vineland adaptive behavior composite 0.99 - - -
[0.95,1.02]

Sex 1.1 - - -
[0.75,1.43]

Omnibus X* 35.8%%:* 36.8%** 22 4%k 34 Fwk

Nagelkerke R 0.21 0.21 0.13 0.19

MSEL ELC mullen early learning composite, RBS-R repetitive behavior scale, revised

*p<0.05, **p <0.01, **%p <0.001

@ Springer



J Autism Dev Disord (2017) 47:1403-1415

1410

$9109s-, 18 $2100s 9[edsqns THSIN (001 = W) PIz!
-pIepue)s aIe SAI00S UONRZI[RIO0S pue 931sodwo)) [-pue[ourA pue )T TASIA IoTAeyaq snounfur-jjos g7§ ‘Surures] A[1ea Jo sa[eds o[t 77 S/ “JUSISHIp A[JuedyrusIs Jou oIe 10)J9] € Ieys Jey)
sueow (GO > d) yuaroyIp APueoyIuSis oIe 10))9] B 9Jeys JOU Op Jey) SUBSJAl 'q PUE © SI9Y9] AQ POJEOIPUI SOJUQIQHIP UedW YIIM S)[NSAT I59) (JSH ADNT, 90H-1s0d "uostredwiod snqruuwio st anjea g

2000 [ 06 qS°001 0¢l q9°001 LTI q6'96 601 ¢V'c6  UONBZIEIDOS
100°0 145 L8 q6'66 0l q8°001 8°01 896 40! vE'C6 ansoduwio)
[I-PUe[ouIA
uon
100°0 8¢ 601 qC'ES 701 q£'€S el @V 6v L6 9SGy -dedar fensip
100 Le L8 q0'8¥ [ q7'0S 66 <081 €6 87y 100U SSOID
0c0 91 8'6 cov 8'8 8y 611 (494 0cCl L9y Jojour QuLy
o3en3ue|
00 9¢ 41! q£'0S €l ql'0S LYy ql V¥ gel oY oandoooy
a8en3ue|
900 4 ['T1 S'Ly el S8y 4! vey 4! v'ey oarssardxy
o1
€000 Ly L91 q9°001 6°L1 q€'001 9°0¢ V' Co €81 ©£°06 aysoduro)
TdSIN
as W as W as W as W
d A (T1T=1) dIS ON (81 =) JuaIsuel], (1€ =) Jueprouy (Pr =) Ju2IsISIog

Syjuow /¢ 93e Je [[-pue[oUIA Pue THSIA U0 sdnoid gIS uoamioq SOOUIJIP UBSN € I[qBL

pringer

Qs



J Autism Dev Disord (2017) 47:1403-1415

1411

persistent and incident SIB groups. Children in the persis-
tent SIB group had the lowest MSEL and Vineland scores
overall, and their scores were significantly lower than
those of the transient and no-SIB groups on the majority
of MSEL and Vineland measures. The incident SIB group
was intermediate to the persistent and transient SIB groups.

Discussion

The purpose of this study was to evaluate characteristics at
age 12 months that predicted self-injurious behavior (SIB)
at age 24 months among infants at familial high risk for
ASD. We were particularly interested in downward extend-
ing findings from the extant literature on SIB in order to
test putative risk markers for later emerging SIB. In the
most parsimonious model, we found that SIB at 12 months
in an infant’s repertoire and lower developmental/intel-
lectual functioning significantly predicted the emergence
and/or persistence of SIB at age 24 months among infants
at high risk. Contrary to some of the extant literature on
potential risk markers (e.g. Emerson et al. 2001b; Rojahn
et al. 2015), we did not find strong evidence for motor ste-
reotypy as a predictor of SIB. Indeed, stereotypy was only
modestly predictive of later SIB in a model which did not
account for early manifestations of SIB-related topogra-
phies. This may be due to how highly correlated SIB and
stereotyped behavior are or may indicate that specific
topographies of stereotypy, versus stereotypy in general,
are associated with SIB. For example, in a cross-sectional
sample of 1871 children and adults with intellectual dis-
abilities, Barnard-Brak et al. (2015) found that stereotyped
behavior was a strong predictor of SIB for 69% of partici-
pants but not for the remaining 31%. Their results also indi-
cated that specific topographies of stereotypy (yelling and
body rocking) may predict specific forms of SIB, versus a
more general relationship between these classes of behav-
ior. Alternatively, the present findings may indicate that the
relationship between stereotypy and SIB qualitatively dif-
fers for children at-risk for ASD during early development.

With regard to the relationship of SIB to stereotypy,
there are two issues which merit consideration. First, there
is evidence that, despite some topographical similarity,
SIB and stereotypy may be distinct phenomenon in terms
of both behavior (Bishop et al. 2013; Mirenda et al. 2010;
Richler et al. 2007; Wolff et al. 2016) and underlying neu-
robiology (Wolff et al. 2013). Second, as opposed to ste-
reotypies in general, it is feasible that the SIB topographies
reported (i.e., endorsed SIB items) among our sample of
toddlers at risk for ASD more closely reflect proto-SIB
as originally conceived (Berkson et al. 2001; Richman
and Lindauer 2005). That is, stereotyped motor behav-
iors which have the potential to cause tissue damage (e.g.,

light head or leg slapping, banging of objects against self,
or hand mouthing) but that have not yet risen to a pivotal
level of severity or concern (e.g., audible self-directed hit-
ting that produces red marks or bruises; hand mouthing that
results in chapped hands or other tissue damage).

While our sample overall was relatively typically devel-
oping as indicated by mean cognitive and adaptive behav-
ior scores, a substantial minority will be characterized
by atypical development in the form of ASD or a related
neurodevelopmental or psychiatric disorder by school age
(Miller et al. 2016). At age 24 months, approximately 20%
of high-risk children met diagnostic criteria for ASD. SIB
occurred at a higher rate among children receiving a diag-
nosis of ASD, but was not exclusive to this subset of high-
risk infants. The relative risk of a child with ASD engag-
ing in SIB at 24 months was almost two-fold that of a child
without a diagnosis. These data are consistent with previ-
ous work and suggest that SIB emerges early in life, can
be persistent, and is prevalent among children with ASD
(e.g., Baghdadli et al. 2008; Berkson et al. 2001; Schroeder
et al. 2014). Almost half of the participants who engaged
in SIB at Time 1 persisted in engaging in SIB at follow up.
Other studies report high persistence estimates among indi-
viduals with intellectual disabilities (Taylor et al. 2011) and
children with PDD-NOS (Baghdadli et al. 2008). Based on
these data, it is likely that once proto-injurious behavior or
SIB emerges, it may remain stable, and should be evaluated
even if it is not yet severe yet.

A strength of this study was its use of a longitudinal and
prospective cohort design, adding to a very limited pub-
lished literature using such an approach to the study SIB
among young children with or at-risk for a developmental
disability. With the prospective cohort design, we were
able to calculate the cumulative incidence of SIB (i.e., new
cases of SIB that developed over a period of time) over a
12-month period. There are very few cumulative incidence
estimates of SIB reported in the literature. Incidence esti-
mates are needed for the assessment of prevention trials
(i.e., the impact of the program on the incidence of SIB)
and so the inclusion of this estimate may lay the ground-
work for future research. Berkson et al. (2001) estimated
that among 39 children under the age of 40 months receiv-
ing early intervention services for general developmental
delay, incident cases of SIB were 1.3% over 1-3 years of
follow up. Murphy et al. (1999) followed an older sample
of 614 children with intellectual disabilities (under the age
of 10 years) and reported a cumulative incidence of 3%.
Among a sample of adults with intellectual disabilities,
Cooper et al. (2009) reported a cumulative incidence of
SIB of 0.6% over 2 years of follow up (n=651). Measure-
ment variability and sample characteristics likely contrib-
ute to this range of cumulative incidence estimates. Results
from the present study pertain to a particular risk group
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over a focused age interval: toddlers at familial high risk
for autism from 12 to 24 months of age. While we expect
that our findings may not generalize to other risk groups
or ages, they do provide specific targets for further study,
including the possibility of developing early intervention or
prevention strategies.

In general, the developmental progression of early SIB is
not well understood. Results from two published cross-sec-
tional studies and one longitudinal study suggest that head
banging is the most common early SIB topography (Berk-
son et al. 2001; MacLean and Dornbush 2012; Kurtz 2012).
Hand biting and hand mouthing are also common SIB
topographies reported for young children with intellectual
and developmental disabilities (Murphy et al. 1999; Hall
et al. 2001; Richman and Lindauer 2005). Within the pre-
sent sample, changes in SIB topographies (endorsed items
on the SIB subscale) were observed from 12 to 24 months.
Hitting self against surface (e.g., head banging) was the
most commonly endorsed topography at 12 and 24 months,
and tended to remain in the children’s repertoires across
time points and across SIB groups (incident, persistent, and
transient). Overall, a majority of the items endorsed (47%)
decreased from ages 12 to 24 months. For example, skin
and hair pulling decreased sharply over this interval. Other
forms showed an increase, as with self-biting. An early
developmental pattern of decreasing SIB, function notwith-
standing, has been reported in typically developing children
among whom such behaviors are relatively common and
often associated with tantrums (Berkson and Tupa 2000;
Hoch et al. 2015). It may be that stability of SIB into tod-
dlerhood is a clinically relevant feature that merits specific
consideration in future prospective research (Emerson et al.
2001a). Given that those with a diagnosis of ASD were
almost twice as likely to engage in SIB at 24 months than
those who did not receive a diagnosis, it may be prudent
to monitor early repetitive behavior in general and SIB in
particular closely during the first years of life for children
who are at high risk.

In an attempt to further elucidate risk markers predict-
ing SIB within our sample, secondary analyses focused on
MSEL subscales and the Vineland were performed. We
examined group-level differences in cognitive and behav-
ioral features among children based on whether their SIB
from 12 to 24 months was persistent, transient, or incident,
as well as those with no reported SIB. The results of these
analyses suggest that those with persistent and, to a lesser
extent, incident SIB were characterized by lower cognitive
and adaptive behavior scores relative groups with transient
or no SIB. Effects were strongest for measures of receptive
language, gross motor skill, visual reception, and adap-
tive and socialization skills. These differences are consist-
ent with correlational evidence in the SIB literature (e.g.,
Matson et al. 2009) and may inform early intervention

@ Springer

strategies targeted to skill acquisition in specific functional
domains, such as receptive language or social and play
skills, as inoculation against SIB risk.

Limitations

The present study relied on parent reported repetitive
behavior, aggregating SIB into two categories (i.e., SIB or
no SIB at 24 months based on parent endorsement of any
SIB item on the RBS-R). Direct observation of SIB would
preclude potential biases associated with proxy report
of behavior and could also provide information about the
frequency or function of SIB (e.g., Richman and Lindauer
2005). Further, our analyses relied on reports of occurrence
of SIB without regard to severity. This limitation is related
in part to use of the RBS-R, which is a clinical measure not
necessarily suited to detecting severity among very young
children. Indeed, it is not clear how a parent would judge
severity of self-directed behaviors performed by an infant
or toddler. Future work might address this issue through
more developmentally appropriate or objective means of
quantifying severity, perhaps clarifying the distinction and
developmental relationship between SIB and proto-SIB.
Because the sample evaluated was not restricted to only
incident SIB cases in the logistic regression analyses, we
were unable to directly assess which predictors preceded
the emergence of SIB or proto-SIB. Optimally, recruit-
ment of a cohort of infants at high risk for ASD that are not
engaging in any SIB at study entry, and prior to the age of
12 months, would facilitate research specific to the emer-
gence of SIB, while following children to later ages would
provide a clearer understanding as to the natural progres-
sion of SIB and SIB-like behavior. While we did not detect
a significant effect for sex in predicting SIB, this does not
preclude the possibility that such effects were masked by a
disproportionately male sample.

In closing, the purpose of this study was to evaluate cog-
nitive and behavioral characteristics predicting early SIB
among children at high familial risk for ASD. With only
a handful of studies utilizing a prospective research design
to identify risk factors for SIB during the first years of
life, this study provides an initial examination of risk fac-
tors associated with SIB among young children who are at
elevated risk for ASD. Continued efforts to ameliorate the
deleterious effects and high treatment costs associated with
SIB are warranted, and one promising strategy is to pursue
preventative approaches by identifying early risk factors.
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