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Abstract
Limited information about self-injurious behavior (SIB) is known for children and adolescents with Autism Spectrum Disor-
der (ASD) who require intensive behavioral health interventions. We examined risk-factors for SIB in 302 individuals with 
ASD (ages 4–20) admitted to six specialized psychiatric inpatient units. Seventy-four percent were reported by a caregiver 
to display SIB, however, only 25% were observed to engage in daily SIB during hospitalization. Those exhibiting SIB across 
environments had significantly higher ratings on caregiver questionnaires of SIB severity. Tree-structured classification was 
used to develop and validate two predictive models, one indicating which inpatient youth with ASD are likely to have SIB 
and a second indicating which individuals with SIB at home are likely to continue in an inpatient setting.

Keywords Autism Spectrum Disorder (ASD) · Autism Inpatient Collection (AIC) · Self-injurious behavior (SIB) · 
Psychiatric hospitalization

Introduction

Self-injurious behavior (SIB) is a significant concern for 
children and adolescents with Autism Spectrum Disorder 
(ASD) and is defined as non-accidental self-inflicted acts 
causing damage to or destruction of body tissue and car-
ried out without suicidal ideation or intent (Yates 2004). For 
individuals with ASD and intellectual disability (ID), SIB 
often involves behaviors such as head banging/slapping as 
well as self-biting, hair pulling, skin-picking and scratching 
(Furniss and Biswas 2012). An estimated 15–50% of indi-
viduals with ASD exhibit some form of SIB. For example, 
Baghdadli et al. (2003) found that 50% of a sample of 222 
young children (ages 6 and under) with ASD was reported 

to exhibit SIB, with 14.6% engaging in severe SIB. Simi-
larly, Richards et al. (2012) compared SIB rates among three 
groups: individuals with ASD (n = 149), Fragile X (n = 123) 
and Down syndrome (n = 49). Fifty percent of those with 
ASD had reportedly exhibited SIB within the past month, 
2.67 times more likely than those with Down syndrome, 
but fairly similar to the rate in Fragile X. Finally, Lecava-
lier (2006) reported rates of SIB in a sample of 487 non-
clinically referred children and adolescents with Pervasive 
Developmental Disorders (ages 3–21 years) by obtaining 
behavior rating scales from both parents and teachers. Only 
the frequency of behaviors rated as “moderate” or “severe” 
was reported. Individual symptom rates ranged from 4.8 to 
15.9% of the sample; however, an overall rate of SIB (tak-
ing into account all of the possible SIB symptoms) was not 
provided. Among the most commonly reported behaviors, 
15.9% of the sample were rated as moderate or severe on 
“Hits or Slaps Self” by both parents and teachers. The next 
most frequently reported behaviors were “Gouges/Eats Ined-
ible Objects” (reported to occur in 12.2% of the sample by 
parents and 11.5% by teachers) and “Physically Harms Self” 
(reported to occur in 11.0% of the sample by parents and 
10.3% by teachers). Determining an accurate estimate of the 
rate of SIB in individuals with ASD is challenging, due to 
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study differences in the definition of SIB as well as cohort 
differences (such as the severity of ASD, community versus 
clinical samples, age range and cognitive level) (Richards 
et al. 2012).

Research on potential risks for the development of SIB 
in the ASD population has examined a wide range of pos-
sible factors. For example, Richman et al. (2013) exam-
ined data collected from 617 individuals from the National 
Database of Autism Research (age range 3–35 years, mean 
11.21 years) and found that higher rates of impulsivity and 
stereotypy were most predictive of SIB (even after con-
trolling for ID and ASD severity). Baghdadli et al. (2003) 
found that younger age, perinatal conditions (e.g., pres-
ence of a genetic syndrome), more severe ASD symptoms 
and greater delays in daily living skills were most predic-
tive of SIB in a sample of 222 young children with ASD 
(age range 2–7 years). Similarly, Matson and Rivet (2008a) 
documented a significant relationship between ASD sever-
ity and SIB severity. A recent study of 180 young children 
(ages 4–48 months) at risk for intellectual and developmen-
tal disabilities (identified via mass screening and an inter-
disciplinary evaluation) found that those at-risk for ASD 
displayed greater rates of SIB (as well as aggression and 
stereotyped behavior) than children with Down syndrome 
or those with atypical development but without higher ASD 
risk (Schroeder et al. 2014). However, gender, age, intel-
lectual ability and communication level were not found to 
be related to SIB frequency among those children at-risk for 
ASD. In a study of the psychometric characteristics of the 
Institute for Basic Research (IBR) Modified Overt Aggres-
sion Scale, Cohen et al. (2010) found that in a sample of over 
2000 adults with ID, females with ASD as well as those with 
severe to profound ID were more likely to engage in SIB. 
Others have documented that individuals with both ASD and 
ID have higher rates of SIB than those with ID alone (Mat-
son and Rivet 2008b; Rojahn et al. 2010; Smith and Matson 
2010). This was confirmed by a meta-analysis of risk mark-
ers for challenging behaviors in individuals with ID which 
found that those with ASD and ID were significantly more 
likely to display SIB than those with ID alone (McClintock 
and Oliver 2003). In addition, individuals with ASD func-
tioning within the severe/profound range of ID were also 
more likely to exhibit SIB than those with mild/moderate 
ID. Finally, Esbensen et al. (2009) studied a sample of over 
700 children and adults with ASD and found that SIB was 
less severe and frequent among older than younger individu-
als. In addition, females and individuals with ID were more 
likely to display SIB.

The majority of studies conducted in the past 20–25 years 
examining factors related to SIB in the ASD population have 
focused on community samples. However, prior research 
indicates that SIB is one of the primary reasons for psy-
chiatric hospitalization in ASD (Siegel et al. 2012). It is 

possible that those who require more intensive care, such as 
an admission to psychiatric inpatient hospitalization, have 
more frequent or severe SIB and different risk factors for 
SIB. Although likely, this has not been examined and it is 
also unknown whether the factors associated with SIB would 
be similar in community and hospitalized samples. We pre-
sent the results of a naturalistic study of a large sample of 
children and adolescents with ASD who were admitted for 
psychiatric inpatient treatment. An analysis of both the rates 
and types of SIB as well as factors that might predict the 
presence of SIB was conducted. It was hypothesized that 
those individuals who exhibited SIB both at home and at 
least daily in the hospital (“Home and Hospital SIB”) would 
have significantly higher ratings on measures of irritabil-
ity and hyperactivity than those whose SIB was reported 
to occur at home but less than once a day in the hospital 
(“Home SIB”). In addition, it was hypothesized that, consist-
ent with the ASD/SIB literature, age, lower Nonverbal Intel-
ligence Quotient (NVIQ), lower adaptive functioning, higher 
ASD symptom severity and higher rates of inattention and 
hyperactivity symptoms would be most predictive of SIB 
severity for this inpatient population. Finally, an exploratory 
hypothesis was that higher rates of SIB would be reported 
among children and adolescents with ASD who were admit-
ted to inpatient psychiatric units than previously published 
rates in community samples.

Methods

Subjects

Children and adolescents with ASD admitted to six special-
ized psychiatric hospital inpatient units that treat ASD and 
other neurodevelopmental disorders were enrolled through 
the Autism Inpatient Collection (AIC). The six research 
sites included Western Psychiatric Institute and Clinic 
(Pittsburgh, PA), Cincinnati Children’s Hospital (OH), 
Children’s Hospital Colorado (Aurora CO), Spring Harbor 
Hospital (Portland, ME), Shepphard Pratt Health System 
(Baltimore, MD) and Bradley Hospital (Providence, RI). 
The full methods of the AIC have been published previ-
ously (Siegel et al. 2015). Briefly, children aged 4–20 years 
old with a score of ≥ 12 on the Social Communication Ques-
tionnaire (SCQ; Rutter et al. 2003) or with high suspicion of 
ASD from the inpatient clinical treatment team were eligible 
for enrollment. ASD diagnoses were confirmed by admin-
istration of the Autism Diagnostic Observation Schedule-2 
(ADOS-2; Lord et al. 2012) by a study examiner trained to 
research reliability standards on the ADOS-2, and all sub-
jects met or exceeded ADOS-2 cut-offs for ASD. Exclusion 
criteria included not having a parent available who was not 
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proficient in English or the child with ASD being a prisoner. 
Figure 1 summarizes the enrollment process.

Subjects were divided into the following four groups: 
“Low/No SIB,” “Home SIB,” “Hospital SIB,” and “Home 
and Hospital SIB.” Subjects were considered to have “Low/
No SIB” if they did not have a score of 2 or more (moder-
ate impairment) for any form of SIB as measured by car-
egiver report on the Repetitive Behavior Scale—Revised 
(RBSR) (Bodfish et al. 1999; Lam and Aman 2007). The 
“Home SIB” group consisted of individuals who were given 
a severity score of 2 or greater on one or more SIB items 
of the RBSR by the caregiver, but were not determined by 
the inpatient unit’s behavioral specialist (psychologist or 
board certified behavior analyst) to have at least one daily 
occurrence of SIB during the inpatient stay. The “Hospital 
SIB” group included individuals who were not given a sever-
ity score of 2 or greater on one or more SIB items of the 
caregiver completed RBSR but who engaged in daily SIB 
on the inpatient unit. The final group, “Home and Hospital 
SIB,” included individuals with both parent reported SIB as 
well as observed daily SIB on the inpatient unit during their 
stay. Stays ranged from 5 to 47 days (average length of stay 
25.6 days).

The home-reported SIB on the RBSR reflected the car-
egiver’s observation of SIB during the month prior to inpa-
tient admission. At all the study sites, SIB target behaviors 
were identified at the time of admission. Operationalized 
definitions of SIB were developed by the unit’s behavior 

specialist and the occurrences were recorded by the direct 
care staff during the stay. Behaviors falling under the cat-
egory of SIB included any actions that were likely to cause 
harm to the child and were initiated by the child, such as 
punching, scratching or abrading oneself. Typically, behav-
iors were selected that had been endorsed on the RBSR by 
the caregiver, although additional behaviors could be added 
if observed by unit staff. A large number of direct care staff 
over different shifts worked with each child and recorded 
data over the course of a hospitalization. SIB occurrence was 
recorded dichotomously (“yes/no”) based on varied intervals 
of observation across a variety of settings in the hospital. 
The unit behavioral specialist utilized his/her observations 
and SIB occurrence data to determine if the subject had daily 
SIB during the hospitalization. Due to the large number of 
staff conducting observations, inter-rater reliability for direct 
care staff was not obtained. The analyses in the current study 
involved determining only if a child engaged in at least one 
episode of SIB per day.

Measures

IQ and Adaptive Behavior

Subjects were administered the Leiter International Perfor-
mance Scale—Third Edition (Leiter-3; Roid et al. 2013) and 
Vineland Adaptive Behavior Scales-2 (Sparrow et al. 2005). 
Due to the anticipated number of children with limited 

CONSORT Flow Diagram

Assessed for eligibility (n=1057)

Excluded from analysis for insufficient 
data (n=47)

Hospital SIB (n=1) 
(excluded from further 
analyses)

LOW/NO SIB (N=78) Home and Hospital 
SIB (n=75)

Home SIB (n=149)

Sufficient Data (n=303) 

Enrollment

Preliminary Sample (n=350)

Excluded (n=707)
•   Not meeting screening criteria (n=91)
•   Not meeting inclusion criteria (n=72)
•   Excluded prior to consent (e.g., declined, 

short stay, parent non-responsive to 
recruitment) (n=399)

•   Excluded from analysis after consent 
(e.g., data not yet entered, ADOS 
pending) (n=145)

Fig. 1  Consort flow diagram
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expressive language skills, the Leiter-3, a non-verbal test 
of cognitive functioning, was administered to all study par-
ticipants as an estimate of NVIQ. The Vineland-2 is a com-
prehensive questionnaire of adaptive functioning that was 
completed by parents. Analyses of the Vineland focused on 
the total score, where higher scores indicated higher overall 
adaptive functioning.

Aberrant Behavior Checklist—Community (ABC-C) (Parent) 
(Aman et al. 1985a)

The ABC-C is a standardized scale comprising 58 items 
for assessing problem behavior in children and adults with 
developmental disabilities. It was completed by caregiv-
ers within 10 days of admission. The scale was empirically 
derived from ratings on approximately 1000 individuals, 
resulting in five subscales: (I). Irritability (15 items), (II) 
Lethargy/Social Withdrawal (16 items), (III) Stereotypic 
Behavior (7 items), (IV) Hyperactivity (16 items), and (V) 
Inappropriate Speech (4 items). Items are rated on a 4-point 
Likert scale, ranging from (0) “not at all a problem” to (3) 
“the problem is severe in degree.” The psychometric char-
acteristics of the ABC appear to be very reliable with the 
ASD patient population (Aman et al. 1985b; Rojahan et al. 
2003). For purposes of the current analysis, two items on 
the Irritability subscale relating to SIB were excluded. If 
an individual had up to 20% of items missing on any single 
subscale, these items were imputed using the mean of the 
observed subscale items. This allowed for us to calculate the 
subscale total even if some items were missing.

Repetitive Behavior Scale-Revised (RBSR) (Bodfish et al. 
1999; Lam and Aman 2007)

The RBSR is a 44-item, parent-completed questionnaire 
that measures repetitive behaviors in children, adolescents, 
and adults with ASD. Items are rated on a 0–3 scale (0—
behavior does not occur, 1—behavior occurs and is a mild 
problem, 2—behavior occurs and is a moderate problem, 
3—behavior occurs and is a severe problem). Internal con-
sistency for the RBSR subscales ranges from .78 to .91 with 
subscale inter-rater reliability ranging from .57 to .73 (Lam 
and Aman 2007). For the current study, only the 8-item SIB 
subscale was used for the purposes of these analyses. A sub-
ject was considered to exhibit SIB if any of the 8 items was 
given a rating of ≥ 2.

ADOS-2 Comparison Scores

The ADOS-2 (ADOS-2; Lord et al. 2012) comparison score 
for participants who were administered Modules 1, 2, and 
3 were used as a measure of autism severity. The ADOS-2 
comparison score was designed to indicate an individual’s 

level of ASD symptomology compared to others diagnosed 
with ASD who are of the same age and language level.

Demographics

Information was collected on subjects’ age, race and gender 
as well as family SES (income).

Verbal Ability

Two verbal ability categories were created, minimally ver-
bal and verbal, based on which ADOS-2 (Lord et al. 2012) 
module was administered, using this instrument’s estab-
lished language guidelines for selecting the ADOS-2 mod-
ule to administer. Minimally verbal was defined as requiring 
administration of an ADOS-2 Module 1 (for pre-verbal/sin-
gle words) or Module 2 (phrase speech). Participants were 
considered verbal based on meeting ADOS-2 criteria for the 
administration of a Module 3 or 4 (verbally fluent adoles-
cents and adults).

Statistical Analysis

In the full sample and within SIB groups, descriptive sta-
tistics for clinical and demographic characteristics were 
calculated using means and standard deviations for ordered 
variables and numbers and proportions for categorical vari-
ables. To test for differences across SIB groups, ANOVA 
F-tests were calculated for continuous variables, Chi square 
or Fisher’s exact tests were calculated for categorical vari-
ables, and likelihood-ratio Chi square test statistics from 
generalized linear models with a log link were calculated 
for count variables. We controlled for multiple comparisons 
across all demographic and clinical characteristics (Tables 1, 
2, 3) using false discovery rate correction (Benjamini and 
Hochberg 1995). To assess clinical (rather than statistical) 
significance, Cohen’s d effect sizes with 95% confidence 
intervals were calculated for post-hoc pairwise group com-
parisons. If the characteristic was categorical, we converted 
the effect size to Cohen’s d’s for comparability (Gleser and 
Olkin 2009). As a sensitivity analysis, we further assessed 
whether differences across groups remained after consider-
ing site by fitting mixed effects models that included site 
as a random effect and group as a fixed effect. For continu-
ous characteristics, linear mixed effects models were used. 
For categorical and count characteristics, generalized linear 
mixed effects models with a logit and log link, respectively, 
were used.

We used tree-structured classification (Therneau et al. 
2015) to develop clinically practical predictive models for 
identifying: (1) which youth with home SIB are likely to 
have “Home and Hospital SIB,” and (2) which youth are 
likely to have “Home SIB” and/or “Home and Hospital 
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SIB.” For a given sample and a set of possible predictors, 
tree-structured classification uses a data-driven approach to 
iteratively evaluate each possible split point on each predic-
tor and select the one that best divides the sample into two 
subsamples, within which the outcomes (here, probability of 
SIB) are more similar to one another. For both categorical 
and continuous predictors, this splitting value is selected 
empirically. For example, given Age as a predictor, the algo-
rithm would test age < 14, age < 15, age < 16, and so on. This 
process is repeated on each subsequent sample until the larg-
est tree possible is grown. The tree is then “pruned back” to 
avoid overfitting based on a complexity parameter selected 
as that which provides the most parsimonious model whose 
error is no more than one standard error above the error of 
the best model (Hastie et al. 2009). To add further stability 
to the tree model structure, we also required a minimum of 
10 individuals in each subsample.

For the tree predicting any SIB, we considered all pos-
sible predictors except RBSR-based items (because SIB was 
defined based on RBSR) and included all 302 subjects. For 

the tree predicting hospital SIB if home SIB is present, we 
considered all possible predictors in Tables 1, 3 and 4 and 
used only the N = 224 with home SIB. After growing the 
trees, we estimated the potential predictive accuracy in a 
new sample by iteratively fitting tree models to 5 sites and 
testing the model in the 6th omitted site. That is, for each of 
6 iterations, we fit a tree model using 5 sites and validated 
the model using the 6th omitted site. For each omitted site 
on which the model was validated, the accuracy, true posi-
tive rate, and true negative rate of the tree were calculated. 
All analyses were performed using R version 3.3.1 (R Core 
Team 2016). Trees were developed using the rpart package 
in R (Therneau et al. 2015).

Results

A total of 303 subjects had sufficient data to be included 
in the analysis. Of these, 78 (25.7%) subjects did not dis-
play SIB at home or in the hospital (“Low/No SIB” group), 

Table 1  Subject demographics and non-verbal IQ in full sample and within SIB groups

“FE” instead of a statistic indicates that a Fisher’s Exact test was used to compare groups because of small cell sizes (this test does not generate a 
test statistic)

Mean (SD) or 
%(N)

Full (N = 302) Low/No SIB 
(“N”; N = 78)

Home 
SIB (“H”; 
N = 149)

Home and 
Hospital 
SIB (“HH”; 
N = 75)

Statistic 
(p-value)

ES (95% CI) 
HH vs. H

ES (95% CI) 
HH vs. N

ES (95% CI) H 
vs. N

Demographic
 Age, %(N) 12.9 (3.4) 13.22 (3.42) 12.97 (3.43) 12.51 (3.30) 0.87 (0.422) − 0.14 

(− 0.42, 
0.14)

− 0.21 
(− 0.53, 
0.11)

− 0.07, (− 0.35, 
0.20)

 Female, 
%(N)

21.19% (64) 16.67% (13) 20.81% (31) 26.67% (20) 2.32 (.314) 0.14 (− 0.15, 
0.41)

0.24 (− 0.07, 
0.57)

0.11 (− 0.16, 
0.39)

 Caucasian, 
%(N)

81.79% (247) 82.05% (64) 80.54% (120) 84.00% (63) 0.41 (.816) 0.09 (− 0.18 
0.40)

0.05 (− 0.25, 
0.39)

− 0.04 (− 0.32, 
0.23)

 Hispanic 
or Latino, 
%(N) 
(N = 285)

6.32% (18) 2.86% (2) 7.14% (10) 8.00% (6) FE (.413) − 0.11 
(− 0.41, 
0.16)

− 0.07 
(− 0.41, 
0.25)

0.04 (− 0.23, 
0.33)

 Income 3.91 (2.55) 4.54 (2.70) 3.66 (2.44) 3.77 (2.55) 2.85 (0.060) 0.04 (− 0.25, 
0.34)

− 0.29 
(− 0.64, 
0.05)

− 0.35 (− 0.64, 
− 0.05)

Table 2  Percent and N in each 
SIB group by site

Low/No SIB (N = 78) SIB Home (N = 149) SIB Home and 
Hospital (N = 75)

Site 1 (N = 69) 28.99 (20) 43.48% (30) 27.54% (19)
Site 2 (N = 35) 5.71% (2) 48.57% (17) 45.71% (16)
Site 3 (N = 30) 26.67% (8) 53.33% (16) 20.00% (6)
Site 4 (N = 53) 20.75% (11) 41.51% (22) 37.74% (20)
Site 5 (N = 77) 32.47% (25) 55.84% (43) 11.69% (9)
Site 6 (N = 38) 31.58% (12) 55.26% (21) 13.16% (5)
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Table 3  Summary of ADOS, SCQ and ABC subscales in full sample and within SIB groups

*p-Value not significant at α = .05 level after Benjamini–Hochberg false discovery rate adjustment for multiple comparisons

Clinical char-
acteristics

Full (N = 302) Low/No SIB 
(“N”; N = 78)

Home 
SIB (“H”; 
N = 149)

Home and 
Hospital 
SIB(“HH”; 
N = 75)

Statistic 
(p-value)

ES (95% CI) 
HH vs. H

ES (95% CI) 
HH vs. N

ES (95% CI) H 
vs. N

Nonverbal IQ 
(N = 252)

75.15 (28.74) 86.25 (28.42) 75.91 (26.84) 58.13 (26.06) 16.21 (< .0001) − .67 (− 1.0, 
− .33)

− 1.02 
(− 1.41, 
− .64)

− .38 (− .67, 
− .08)

ADOS-2 
Comp Score, 
N = 254

7.87 (1.74) 7.88 (1.59) 7.86 (1.60) 7.88 (2.10) 0.00 (0.9961) .01 (− .29, 
.31)

0.0 (− .36, 
.36)

− .01 (− .33, 
.31)

Minimally 
verbal 
(ADOS-2 
Mod Cat 
1 or 2), 
N = 298

51.34 (153) 53.24 (41) 52.74 (77) 46.67 (35) 0.88 (0.64) .10 (− .18, 
.39)

.12 (− .20, 
.44)

.02 (− .26, .30)

Social Com-
munication 
Question-
naire (SCQ), 
N = 277

23.50 (6.96) 21.69 (7.66) 23.05 (6.84) 26.25 (5.59) 8.49 (.0003) 0.5 (.20, .79) 0.68 (.33, 
1.02)

0.19 (− .10, 
.48)

ABC Irritabil-
ity (no SIB 
items), 
N = 287

24.42 (8.36) 19.33 (8.85) 25.67 (7.81) 27.39 (6.35) 22.87 (< .0001) 0.23 (− .06, 
.53)

1.04 (.68, 
1.39)

0.78 (.48, 1.07)

ABC 
Lethargy, 
N = 287

15.10 (8.16) 12.34 (7.1) 15.6 (8.23) 17.14 (8.43) 7.02 (0.0011) 0.19 (− .11, 
.48)

0.62 (.28, .96) 0.41 (.13, .70)

ABC Ste-
reotypy, 
N = 287

7.86 (5.56) 4.65 (4.16) 8.14 (5.34) 10.81 (5.62) 26.16 (< .0001) 0.49 (.20, .79) 1.26 (.89, 
1.62)

0.70 (.41, .99)

ABC Hyper-
activity, 
N = 288

28.47 (10.7) 24.15 (10.7) 29.61 (10.78) 30.88 (9.19) 9.24 (.0001) 0.12 (− .17, 
.42)

0.67 (.33, 
1.01)

0.51 (.22, .79)

ABC Inap-
propriate 
Speech, 
N = 286

5.26 (3.65) 4.36 (3.59) 5.75 (3.43) 5.21 (4.01) 3.66 (0.027)* − 0.15 (− .44, 
.14)

0.22 (− .11, 
.56)

0.40 (.11, .68)

Table 4  RBSR Scale results based on Home SIB and Home and Hospital SIB groups

RBSR Scale

%(N) or mean (SD) Any SIB (N = 224) Home 
SIB only 
(N = 149)

Home and 
Hospital SIB 
(N = 75)

Stat (p-value) ES (95% CI)

Hits self with body part (RBSR1) 65.18 (146) 55.03 (82) 85.33 (64) 18.87 (< .0001) − 0.68 (− 0.98, − 0.42)
Hits self against surface or object (RBSR2) 62.95 (141) 55.03 (82) 78.67 (59) 10.95 (0.001) − 0.51 (− 0.80, −0.24)
Hits self with object (RBSR3) 29.91 (67) 26.85 (40) 36 (27) 1.58 (0.209) − 0.20 (− 0.48, 0.09)
Bits self (RBSR4) 40.62 (91) 34.9 (52) 52 (39) 5.36 (0.021) − 0.35 (− 0.63, −0.07)
Pulls (RBSR5) 33.04 (74) 30.2 (45) 38.67 (29) 1.26 (0.262) − 0.18 (− 0.46, 0.1)
Rubs or Scratches self (RBSR6) 43.3 (97) 42.28 (63) 45.33 (34) 0.09 (0.77) − 0.06 (− 0.34, 0.22)
Inserts Finger or Object (RBSR7) 14.35 (32) 12.84 (19) 17.33 (13) 0.49 (0.482) − 0.11 (− 0.38, 0.17)
Skin Picking (RBSR8) 44.64 (100) 46.98 (70) 40.00 (30) 0.72 (0.396) 0.14 (− 0.14, 0.42)
Number of RBSR items scored ≥ 2 3.35 (1.87) 3.05 (1.83) 3.93 (1.8) 11.39 (.0007) − 0.49 (− 0.77, − 0.20)
Total RBSR Score 9.78 (5.01) 8.85 (4.94) 11.6 (4.67) 15.97 (.0001) − 0.57 (− 0.85, − 0.28)
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149 (49.2%) were determined to exhibit SIB only at home 
(“Home SIB” group), and 75 (24.8%) exhibited SIB both at 
home and in the hospital (“Home and Hospital SIB” group). 
One subject had no reported SIB at home, but was observed 
to engage in SIB while in the hospital (“Hospital SIB” 
group). The single “Hospital SIB” subject was not included 
in our analyses. Thus, our final analytic sample consisted of 
302 subjects. The 204 subjects with either Home or Hospital 
SIB (as reported by parents or staff) represent approximately 
two-thirds (67.5%) of the sample (see Fig. 1, CONSORT 
diagram).

Table 1 summarizes the demographic data on enrolled 
subjects. In addition to providing information on age, gen-
der, and socio-economic status (income) for the entire sam-
ple, the table also summarizes demographic differences 
among the “Low/No SIB,” “Home SIB” and “Home and 
Hospital SIB” groups. No significant differences across the 
groups were found. Table 2 provides further description of 
the distribution of the three groups, where it was noted that 
group distribution (“Home SIB Home,” “Home and Hospital 
SIB”, “Low/No SIB”) differed by site (χ2 = 27.9, df = 10, 
p = 0.002). Most notably, Site 2 (N = 35) had relatively few 
individuals with “Low/No SIB” (5.7%, N = 2) but more indi-
viduals with “Home and Hospital SIB” (N = 45.7%, N = 16). 
Conversely, Site 5 (N = 77) consisted of fewer individuals 
with “Home and Hospital SIB” (11.7%, N = 9) but more 
individuals with only “Home SIB” (55.8%, N = 43) or “Low/
No SIB” (32.5%, N = 25).

The results of comparisons between SIB groups on NVIQ 
as well as the ADOS, SCQ and ABC subscales are presented 
in Table 3. A significant difference was found across the 
three groups on NVIQ, in which the “Home and Hospi-
tal SIB” group mean NVIQ was almost 30 points (d(95% 
CI) = − 1.02 (− 1.41, − .64)) lower than the “Low/No SIB” 
group and over 10 points lower than the “Home SIB” group 
(d(95% CI) = − .67 (− 1.0, − .33)). The “Home SIB” group 
also had a lower NVIQ than the “No SIB” group (d(95% 
CI) = − .38 (− .67, − .08)). As hypothesized, the “Home 
and Hospital SIB” group had more severe social and com-
munication deficits than the other two groups based on the 
SCQ. Specifically, the “Home and Hospital SIB” group 
had significantly higher scores on the SCQ than both the 
“Home SIB” (d(95% CI) = 0.50 (.20, .79)) and “Low/No 
SIB” groups (d(95% CI) = 0.68 (.33, 1.02)). However, the 
mean ADOS-2 Comparison Score and percent of minimally-
verbal and verbal participants were fairly consistent across 
the three groups. The “Home and Hospital SIB” group had 
slightly fewer participants with fluent verbal speech, but the 
difference was not statistically significant. In terms of exter-
nalizing behaviors, both SIB groups were found to exhibit 
significantly higher scores than the “Low/No SIB” group 
on ABC Irritability (minus the two SIB items), Hyperac-
tivity, and Lethargy subscales. However, the “Home SIB” 

and “Home and Hospital SIB” groups did not differ mean-
ingfully on these subscales. All three groups were differ-
entiated on the ABC Stereotypy subscale, with the “Home 
and Hospital SIB” group exhibiting the greatest stereotypy 
behavior, followed by the “Home SIB” and finally the “Low/
No SIB” group.

Table 4 summarizes the RBSR Scale results for the two 
SIB groups only. The two most frequently endorsed types 
of SIB were “Hitting Oneself with a Body Part” or “Hit-
ting Oneself on a Surface or Object,” occurring in approxi-
mately two-thirds of those with any SIB. The remaining 
RBSR items were endorsed by approximately 30–45% of 
individuals with SIB, with the exception of “Inserting Fin-
ger or Object,” which was only reported among 14% of the 
individuals with SIB. Significant differences between the 
“Home SIB” and the “Home and Hospital SIB” groups were 
noted for three RBSR items: “Hits Self with Body Part,” 
“Hits Self against Surface or Object” and “Bites Self.” In 
addition, both the total number of RBSR items with severity 
scores ≥ 2 and the Total RBSR Score were also significantly 
higher in the “Home and Hospital SIB” group in comparison 
to the “Home SIB” group.

Finally, in our sensitivity analyses that included site as a 
random effect, the exact same characteristics from Tables 1, 
3 and 4 showed significant differences across groups. As 
such, these findings are robust in this regard.

Tree‑Structured Modeling

The first model aimed to predict which youth with ASD are 
likely to have hospital SIB given that they had home SIB. 
As shown in Fig. 2, the tree model empirically identified 
four subgroups (1) RBSR ≤ 1 (N = 78; 14.1% with Hospi-
tal SIB); (2) RBSR > 1 and Leiter IQ ≥ 72.5 (N = 62, 33.9% 
with Hospital SIB); (3) RBSR > 1, Leiter IQ < 72.5, and 
RBSR total < 10.5 (N = 40, 37.5% with Hospital SIB); (4) 
RBSR > 1, Leiter IQ < 72.5, and RBSR total ≥ 10.5 (N = 44, 
63.6% with hospital SIB). The second model we fit (Fig. 3) 
aimed more generally to predict which youth with ASD in an 
inpatient setting were likely to have any SIB. The tree model 
empirically identified three subgroups: (1) Stereotypy < 3.75 
and age ≥ 15.2 (N = 25, 16% with SIB); (2) Stereotypy < 3.75 
and age < 15.8 (N = 59, 64.4% with SIB); and (3) Stereo-
typy ≥ 3.75 (N = 218, 83.5% with SIB).

Table 5 shows results from our cross-validation, which 
provides estimates for the predictive accuracy of the models 
if they were to be used at a new site. The model in Fig. 2 
(“Which youth with SIB at home are likely to have SIB in 
the hospital?”) is excellent at predicting which youth will 
not have hospital SIB (true negative rate = 79.9). However, 
it was not accurate at predicting which youth will have SIB 
in the hospital (true positive rate = 23.7). Conversely, the 
model in Fig. 3 (“Which youth are likely to have SIB at 
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Fig. 2  Tree-structured model 
for predicting which youth with 
home SIB are likely to have 
hospital SIB

Fig. 3  Predicting which youth 
with ASD in an inpatient 
setting are likely to have any 
SIB (Home SIB or Home and 
Hospital SIB)

Table 5  Cross-validation results 
estimating predictive accuracy 
of tree models at a new site

Site Which youth with SIB at home are likely to 
have SIB at the Hospital (Fig. 2)

Which youth are likely to have SIB at home 
and/or hospital? (Fig. 3)

Accuracy True positive rate True nega-
tive rate

Accuracy True positive rate True 
negative 
rate

1 59.18 14.79 86.67 71.01 93.88 15
2 51.52 6.25 94.12 91.43 93.94 50
3 54.55 50 56.25 73.33 90.91 25
4 54.76 30 77.27 83.02 97.62 27.27
5 65.38 0 79.07 71.43 94.23 24
6 76.92 40 85.71 68.42 84.62 33.33
Site mean 60.38 23.67 79.85 76.44 92.53 29.10
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home and/or hospital?”) is extremely accurate at indicating 
which youth will have SIB (true positive rate = 92.5) but was 
not accurate at predicting which youth will not have SIB 
(true negative rate = 29.1).

Discussion

The current study examined the rate and possible predic-
tors of SIB in a psychiatric inpatient population of children 
and adolescents with ASD. As expected, the rate of SIB 
reported either at home only or at both home and in the 
hospital (67.5%) was higher than that reported in previously 
published community samples. While the range of reported 
SIB in the general ASD population has varied considerably 
across studies of community samples, estimates have gener-
ally ranged between 15 and 50%. This should not be con-
sidered a surprise, as SIB and externalizing behaviors (such 
as aggression and tantrums) are among the most frequent 
reasons for hospitalization in the ASD population (Siegel 
et al. 2012).

A unique feature of this study is that naturalistic data 
were paired with data obtained from caregiver self-report 
on the occurrence of SIB in the home. It is the combination 
of these two sources of data that led to some of the novel 
results that have not been reported before. Two-thirds of the 
sample had parental reports of SIB at home, whereas only 
24.8% of the sample (only about one-third of those with 
reported SIB) were observed to exhibit at least one instance 
daily of SIB while in the hospital. Upon closer examination, 
it was found that those exhibiting SIB across both the home 
and hospital environments had significantly higher scores on 
the RBSR (indicating more severe SIB). This group also had 
significantly lower scores on a measure of cognitive func-
tioning, suggesting that lower IQ is associated with SIB that 
is observed outside of the home environment and also is 
associated with more severe SIB. The association between 
lower IQ and SIB is consistent with prior findings from com-
munity samples (e.g., Richman et al. 2013).

It was also hypothesized that that those individuals who 
exhibited SIB both at home and in the hospital would have 
significantly higher ratings on measures of irritability and 
hyperactivity than those whose SIB was only observed at 
home. Interestingly, this was not found to be the case. The 
findings clearly indicate that individuals with SIB (either at 
home or home and hospital) have significantly higher rat-
ings on scales of externalizing behavior (such as the ABC 
Irritability and Hyperactivity subscales) than subjects with-
out SIB. Conversely, those with SIB in both the home and 
hospital (in comparison to those with SIB only at home) had 
significantly higher total scores on the RBSR as well as a 
significantly higher number of RBSR items rated as at least 
moderately interfering. This suggests that children whose 

parents rate them higher on the RBSR are more likely to 
exhibit observable SIB outside of the home.

Another study hypothesis was that, consistent with the 
ASD/SIB literature, age, lower IQ, higher ASD symptom 
severity and higher rates of ADHD symptoms would be most 
predictive of SIB severity for this inpatient population. How-
ever, neither ASD severity nor age were found to be associ-
ated with the presence/absence of SIB and no differences 
between the “Home SIB” and “Home and Hospital SIB” 
groups were noted on these two variables. Conversely, NVIQ 
significantly differed across all three groups, with the “Home 
and Hospital SIB” group mean NVIQ being approximately 
30 points lower than the “No SIB” group and 10 points lower 
than the “Home SIB group.” Some prior studies had also 
suggested that females with ASD were more likely to engage 
in SIB (e.g., Cohen et al. 2010). However, no gender differ-
ences were noted in the current sample. It is possible that the 
characteristics of an inpatient cohort, which include a greater 
number of individuals with SIB, differ from samples drawn 
from the community.

Finally, the results of the tree-structured classification 
models provide some possible guidance to practitioners 
serving the ASD population in more restrictive settings, 
such as psychiatric inpatient units. Based on our internal 
cross-validation, the model predicting the presentation of 
SIB in the hospital setting is expected to be very accurate at 
indicating which youth with ASD are not at risk. Conversely, 
the model predicting the presence of any SIB was very accu-
rate at indicating which youth are at risk. However, potential 
predictive accuracy varied by depending on the site that was 
used for validation and models require further validation 
on an inpatient setting to better assess their true accuracy 
in an external sample. However, results provide valuable 
insight for caregivers in psychiatric hospital settings in terms 
of identifying patients with ASD who present higher risk 
for engaging in severe forms of SIB in the hospital setting. 
Knowing these risk factors can alert providers to proactively 
identify protective equipment that may be required to man-
age such a patient to avoid patient and staff injury.

Limitations

While this study adds to our understanding of SIB in ASD 
by including a more severe cohort, aspects of the study 
design should be considered when interpreting the find-
ings. In general, it is important to keep in mind that this 
was a naturalistic observational study. An advantage of 
this approach is that it provides an estimate of what would 
be likely in real-world clinical practice, in that caregivers 
rated general concerns about their child’s behavior whereas 
inpatient staff might notice or define concerns differently 
based on their observations or expertise. However, given 
the naturalistic design, conditions were not controlled and 
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differences across settings were likely. First, there were some 
significant differences across sites in regard to both the num-
ber of subjects recruited and the relative rates of SIB which 
could have impacted the findings. In addition, sites differed 
in terms of average length of stay, which could have signifi-
cantly impacted the opportunities available to observe SIB. 
Second, parent reports of SIB were based upon a standard-
ized questionnaire rather than actual observed rates, while 
inpatient staff used direct observation. Parents were also 
asked to take into account the prior 30 day period in their 
ratings, while staff was documenting behavior as it occurred. 
While direct observation is felt to be a more accurate means 
of assessing rates of SIB, inpatient staff were unlikely to 
have reliably documented all incidents of SIB. This could 
have been a particular problem among those subjects exhib-
iting fairly low rates of self-injury, as staff may have failed 
to note such incidents. Inpatient units also have different 
levels of structure and contingencies than home settings. In 
other words, the children’s schedules and amount of struc-
tured activities likely differed between home and hospital 
which may play a role in the occurrence of SIB. Similarly, 
there likely were differences between how staff and parents 
responded to incidents of SIB. This, along with the possibil-
ity of a “honeymoon” period could also account for some 
of the differences in observed SIB rates in the two environ-
ments. Another study limitation is that many of the children 
may have been placed on medication or that more intensive 
behavioral intervention may have been provided shortly after 
entering the units, which could have significantly lowered 
daily rates of SIB.

In summary, study results suggest that children with 
ASD who are admitted to inpatient psychiatric units 
may present somewhat differently than community ASD 
cohorts with regard to SIB. First, unlike prior research, 
there were no apparent gender effects and no association 
between SIB and high rates of hyperactivity or irritability. 
Also, almost two-thirds of children with reported SIB at 
the time of admission failed to display SIB on a regular 
basis while in the hospital. Finally, the most accurate pre-
dictor of SIB in the hospital was high scores on the par-
ent RBSR and a NVIQ below 72 (essentially, functioning 
with intellectual disability). Hospital staff should, in most 
cases, know if a child has ID (based upon parent report 
or school records) and can easily use this information in 
conjunction with a parent RBSR score to determine a risk-
level for SIB in the hospital setting. Future research should 
focus on identifying those individuals who are at greatest 
risk for developing SIB. Through careful monitoring of 
the appearance of symptoms, interventions can be put into 
place as early as possible in hopes of avoiding the need 
for more intensive treatment, such as psychiatric inpatient 
hospitalization. Additional future directions might involve 
examination of the possible relationship between reported 

SIB at home and other forms of problem behaviors (e.g., 
aggression). Similarly, differences between natural contin-
gencies in the home environment and the more structured 
contingencies in place on the inpatient units might have 
affected the differential occurrence of SIB across these two 
settings and is an area that might also be examined more 
carefully. Finally, further examination of the impact of SIB 
on admission length could provide important information 
regarding the “costs” of SIB (e.g., costs of medical treat-
ment related to any injuries, daily inpatient hospital rate, 
medication costs).
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