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Abstract

Self-injurious behaviour (SIB) is generally considered to be the product of interactions between
dysfunction stemming from the primary developmental disability and experiences that occasion
and reinforce SIB. As a result of these complex interactions, SIB presents as a heterogeneous
problem. Recent research delineating subtypes of SIB that are non-socially mediated, including
one that is amenable to change and one that is highly invariant, enables classification of SIB across
a broader continuum of relative environmental-biological influence. Directly examining how the
functional classes of SIB differ has the potential to structure research, will improve our
understanding this problem, and lead to more targeted behavioural and pharmacological
interventions. Recognizing that SIB is not a single entity, but is comprised of distinct functional
classes would better align research with conceptual models that view SIB as the product of
interactions between environmental and biological variables.
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Self-injurious behaviour (SIB) is generally considered to be the product of interactions
between dysfunction stemming from developmental disabilities and experiences that
occasion and reinforce SIB (Furniss & Biswas, 2012; Oliver et al., 2013; Richman &
Lindauer, 2006). Given the variability and complexity of these interactions, SIB is likely to
have multiple etiologies. This might also explain why it is such a heterogeneous
phenomenon that varies across numerous dimensions, including its reinforcing function, co-
occurrence with other problem behaviours, and resistance to treatment. Despite general
recognition that environmental-biological interactions lead to the emergence and
maintenance of SIB, research on SIB rarely examines these interactions. Behaviour analytic
studies typically identify the reinforcing function of SIB and other dimensions relevant to
clinical care, but rarely examine differences across functional classes or the biology of SIB.
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Research on the biology and phenomenology of SIB and medication studies carefully
characterize participants (e.g., according to age, gender, disability), but these studies rarely
examine the function of SIB (few exceptions exist; e.g., Garcia & Smith, 1999).

How SIB changes across different environmental contexts can inform us about the relative
contribution of environmental and biological variables in its maintenance. Decades of
behavioural research using functional analysis indicate SIB is maintained by social variables
(e.g., access to attention or escape) in approximately two-thirds of cases (Beavers, lwata, &
Lerman, 2013). In approximately one-quarter of cases however, SIB occurs and persists
independent of social variables (in a small percentage of cases, the function cannot be
determined). The term automatic reinforcement is used to describe this category because it is
thought that SIB itself produces some type of reinforcement (LeBlanc, Patel, & Carr, 2000).
A biological “reinforcement” process has been posited by many researchers (e.g., release of
endogenous opioids, and pain attenuation; Cataldo & Harris, 1982), while others have
suggested that this class of SIB could be an elicited response (i.e., an unconditioned
frustrative response, or established via Pavlovian conditioning; Furniss & Biswas, 2012).
Automatically reinforced SIB (ASIB) has long been considered the least understood and
most challenging type of SIB, largely because the events that occasion and maintain it are
not known.

Whereas ASIB is often assumed to be under greater relative control by biological variables,
socially-maintained SIB is thought to be under greater control by environmental variables.
Recent research delineating subtypes of ASIB, including one that is amenable to change and
one that is highly invariant, further subcategorizes ASIB and enables classification of SIB
across a broader continuum of relative environmental-biological influence (Hagopian,
Rooker, Zarcone, 2015; Hagopian, Rooker, Zarcone, Bonner, & Arevalo, 2017). ASIB
subtypes are defined based on criteria quantifying the relative difference in the rate of SIB
across high and low stimulation conditions of the functional analysis. Subtypes cannot be
derived using indirect functional assessment rating scales or questionnaires because these
methods do not provide direct observation data on the rate of SIB across these conditions.
Subtype-1 ASIB is characterized by higher rates of SIB in conditions with minimal external
stimulation, and by lower rates in the play condition (an enriched environment). Subtype-2
ASIB is characterized by high and sometimes variable rates of SIB across high and low
stimulation conditions. Thus, Subtype-1 ASIB is sensitive to disruption by alternative
reinforcement whereas Subtype-2 is generally invariant. Subtype-3 ASIB is characterized by
the presence of self-restraint, a behaviour that is incompatible with SIB and includes
wrapping body parts using clothing, continuously holding objects, and using others to
restrict movements (Oliver, Murphy, Hall, Arron, & Leggett, 2003). The presence of self-
restraint could suggest that SIB may be reinforced by one mechanism but produces aversive
consequences (such as pain) by another, which is avoided through self-restraint (Fisher &
Iwata, 1996).

In the first study describing these subtypes of ASIB in hospitalized patients (n = 39 with
ASIB; and 13 controls with socially-maintained SIB), subtypes were found to differ
markedly in terms of their response to treatment, and across other dimensions (Hagopian et
al., 2015). Subtype-1 ASIB and socially-maintained SIB were both found to be highly
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responsive to treatment involving reinforcement alone: an 80% reduction in SIB was
achieved in 75% cases with Subtype-1 ASIB, and in 84.6% of cases with socially-
maintained SIB. In contrast, Subtype-2 ASIB was found to be highly resistant to treatment
involving reinforcement alone: an 80% reduction in SIB was not achieved with any cases.
For those with Subtype-2, blocking, punishment, restraint, protective equipment, or some
combination was necessary (in addition to reinforcement). Reinforcement alone was not
even attempted for Subtype-3 because it was unsafe to evaluate it without the use of restraint
or protective equipment. Those with Subtype-2 emitted SIB at significantly higher rates
during the play condition which, again, represents an enriched environment (M = 8.6
responses per min; rpm), relative to those with Subtype-1 (M = 1.8 rpm) or socially-
maintained SIB (M = 0.3 rpm). Moreover, most individuals with Subtype-1 and socially-
maintained SIB (87.5% and 92.3%, respectively) displayed other forms of problem
behaviour, such as aggression and disruptive behaviour (which were more likely to be
maintained by social reinforcement), whereas only roughly half of those with Subtype-2 or
-3 ASIB engaged in problem behaviour other than SIB.

A subsequent study examining every published dataset of ASIB with sufficient data to
permit subtyping (n = 49 with ASIB; and 13 controls with socially-maintained SIB) largely
replicated the findings of the first study with respect to Subtypes-1 and -2 (Hagopian et al.,
2017). This sample was comprised of a diverse group, including participants treated in five
types of settings (e.g., outpatient clinics, residential programs), described in studies
published over a 20 year span, and authored by researchers affiliated with 15 different
institutions. Although self-restraint (a defining feature of Subtype-3) was reported in many
studies, only a few included sufficient data to enable formal subtyping of these cases.
Additional research is needed to confirm whether Subtype-3 ASIB as a distinct subtype, and
to better understand self-restraint and its relation to SIB. As was found in the original study,
Subtype-2 ASIB was highly resistant to treatment relative to Subtype-1 ASIB and socially-
maintained SIB. Reinforcement alone was effective in 94.1% and 100% of cases with
Subtype-1 ASIB and with socially-maintained SIB, respectively, but in only 7.7% of cases
with Subtype-2 ASIB. The relative prevalence of Subtypes-1, -2, and -3 ASIB was 41%,
38.5%, and 20.5% (respectively) in the first study where participants were drawn from an
hospital sample (Hagopian et al., 2015); and 51%, 44.9%, and 4.1% (respectively) in the
replication study (Hagopian et al., 2017). To date, no cases with Subtype-1 ASIB have been
admitted to the hospital program that was the site of the original study since 2013, whereas
those cases Subtype-2 ASIB (and Subtype-3) are frequently admitted, perhaps suggesting
that those with Subtype-1 are being successfully treated as outpatients.

The findings of the replication study (Hagopian et al., 2017) provide support for the
generality of the subtyping model. Participants clustered into distinct groups with regard to
the level of differentiation of SIB in the functional analysis in a highly comparable way
across both studies. Collectively, the findings from both studies (total n = 105 cases where
treatment data were available) showed dramatic differences in the responsiveness of these
classes of SIB to treatment: reinforcement alone was effective in 79.3% of cases with
Subtype-1 ASIB and 93.1% of cases with socially-maintained SIB, but in only 5.0% of cases
with Subtype-2 ASIB. A more recent study combining data from both studies by Hagopian
and colleagues (Hagopian et al., 2015; 2017) showed classification as Subtype-1 to be a
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predictive behavioral marker for response to treatment using reinforcement alone (positive
predictive value of 82.6%, negative predictive value of 92.6%; Hagopian, Rooker, &
Yenokyan, in press)

Implications for Research

The recent identification of Subtype-1 and -2 ASIB, when viewed along with known classes
of socially-maintained SIB, allows classification of SIB across a continuum of relative
environmental-biological influence. On one end of the continuum where environmental
variables have a relatively strong influence, are the socially-maintained functional classes of
SIB (where attention, escape, and access to preferred items reinforce SIB). Socially-
maintained functional classes of SIB are highly amenable to behavioural treatment (Greer,
Fisher, Saini, Owen, & Jones, 2016). Subtype-1 ASIB is further along the continuum toward
greater relative influence by biological variables. Although Subtype-1 occurs independent of
social reinforcement, it changes across conditions of high and low external stimulation. The
manner in which Subtype-1 varies inversely with the availability of alternative reinforcement
is a well-established characteristic of a reinforced response, perhaps suggesting Subtype-1
produces sensory reinforcement. Treatment involving reinforcement may simply provide
alternative sources of sensory stimulation that successfully compete with the stimulation
produced by SIB. Shifting still further on the continuum is Subtype-2 ASIB where the
relative influence of biological variables appears predominant and influence by
environmental variables is diminished. The insensitivity of Subtype-2 ASIB to changes in
the environment (in both the assessment and treatment contexts) suggests alternative sources
of reinforcement cannot compete with whatever occasions and/or maintains Subtype-2
ASIB. It is possible that Subtype-2 ASIB: a) may produce highly potent biologically
reinforcing consequences (e.g., endogenous opioids; Cataldo & Harris, 1982); b) may be
related to aberrant sensory function, including nocicepetion (Symons, 2011); or ¢) could be
related to some type of motoric dysfunction yet to be determined resulting in repetitive
behaviour, perhaps related to Tourette syndrome or obsessive compulsive disorder
(Muehlmann & Lewis, 2012). What is relatively clear about Subtype-2 ASIB is that its
general insensitivity to changes in the environment makes it a unique among other classes of
SIB (and problem behaviour in general), suggesting it is driven primarily, if not exclusively,
by biological variables.

Although complex interactions and developmental processes that lead to the emergence of
SIB are not fully understood, there is sufficient empirical support and the methodology
exists to classify SIB across a broad continuum of relative environmental-biological
influence. Socially-maintained SIB, Subtype-1 ASIB, and Subtype-2 ASIB appear to be
highly distinct functional classes of SIB that differ on many dimensions. They differ in terms
of their sensitivity to change related to social variables and environmental stimulation, and
with respect their response to treatment, their frequency, and co-occurrence with other
behaviours. Differences between these functional classes are robust and clinically relevant.
Subtype-2 ASIB, the most invariant and treatment-resistant class of SIB, appears to
represent a unique functional class that could be primarily under control of biological
variables. Having identified Subtype-2 ASIB, the need to understand the biological
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mechanisms underlying this subtype and develop interventions for it is now a clinical and
scientific imperative.

Although behaviour analytic research typically identifies the function of SIB and uses that to
inform treatment selection, additional research such as those discussed here (e.g., Hagopian
etal., 2015; 2017) are needed to examine how SIB differs across functional classes,
including whether certain types of treatments are more effective for one class relative to
another. Research on the biology, phenomenology, and pharmacological treatment of SIB
would be greatly enhanced if it controlled for and directly examined functional classes of
SIB. Most studies on these topics do not report on the functional class of SIB, so their
participants likely include individuals with socially-maintained SIB and ASIB of all
subtypes. A recent review of research on naltrexone (Roy, Roy, Deb, Unwin, & Roy, 2015)
examined outcomes reported in 10 randomized clinical trials. The authors found that only
50% of individuals showed a reduction in SIB and speculated that some of the non-
responders could have been individuals whose SIB was maintained by environmental
variables. These comments echo those of Symons, Thompson, and Rodriguez (2004) who
conducted a 20-year review of 27 naltrexone studies 10 years prior and concluded that
classifying SIB based on its function could reduce heterogeneity in pharmacological
research. Unfortunately, post-hoc analysis of the role of functional class of SIB in past
naltrexone trials is not possible because the majority of these studies do not report on the
functional classification of SIB (though exceptions exist, Garcia & Smith, 1999). Likewise,
the vast majority of trials examining the effects of other classes of medications on SIB do
not report on its function class and likely include similarly heterogeneous samples (e.g.,
Ruedrich et al., 2008). Future pharmacological studies could, at minimum, identify the
functional class of SIB and control for this variable. A better alternative would be select
certain functional classes of SIB for comparison and examine differential responsiveness to
medication. It is possible that certain medications are differentially effective for certain
functional classes. However without controlling for this variable, those effects are
diminished or perhaps obscured completely due to participant heterogeneity. Studies
examining the phenomenology of SIB, risk factors, and role of pain and other biological
variables in SIB could also control for and examine the effects of the functional class of SIB.
Given how distinct these classes of SIB appear to be in terms of their clinical presentation,
such an analysis has the potential to identify important differences.

Studies need not examine or compare all functional classes of SIB; rather, comparisons of at
least two classes might be sufficient depending upon the question. For example, comparison
of participants with socially-maintained SIB versus those with Subtype-2 ASIB might be
useful as these two functional classes represent extreme ends of the continuum of relative
environmental-biological influence. Comparisons across Subtype-1 and -2 ASIB might be
more useful to examine the mechanisms underlying Subtype-2 ASIB — a particularly
important endeavor because this functional class of SIB currently represents the most
treatment-resistant and severe class of SIB that is known. Analysis of SIB as distinct
functional classes would not only control for sources of variance, but would also align
research with conceptual models that view SIB as the product of interactions between
biological and environmental variables. Adopting this approach also has the potential to
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further our understanding of this complex problem and lead to more subtype-specific
behavioural and pharmacological interventions.

The value of classifying problems based on an understanding of their underlying
mechanisms is important to structuring research and advancing knowledge. This is perhaps
best illustrated with the example of precision medicine, made possible with advances in
genomics and other technologies that enable researchers to examine diseases at the
molecular level (National Research Council, 2011). This approach recognizes that seemingly
similar diseases can have subtypes when examined at a more molecular level; and has
recently been applied to SIB (Hagopian, et al., in press). The traditional model of disease
classification in terms of signs and symptoms is giving way to a model based on the causal
mechanisms of diseases, and identification of disease subtypes, thus informing
individualized care based on subtype and other individual differences. Although the analogy
of precision medicine is not perfectly applicable to SIB, as the causal mechanisms of SIB
cannot be reduced to genomic variants, it alludes to the potential benefits of conceptualizing
and classifying SIB based on an analysis of its current controlling variables. If we are to
advance knowledge of SIB and develop new and more efficacious treatments for it, we must
recognize that SIB is not a single entity, but comprised of distinct classes.
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