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Abstract

Aim: Sensory processing impairments are well characterized in children with neurodevelopmental
disorders, particularly autism, and have been associated with maladaptive behaviors. However,
little is known regarding sensory processing difficulties within Down syndrome, or how these
difficulties may influence maladaptive behavior. This study aims to characterize sensory
processing difficulties within the Down syndrome phenotype and determine the influence of
processing difficulties on maladaptive behavior.

Methods: To explore this issue, we administered the Short Sensory Profile and the
Developmental Behavior Checklist to parents or primary caregivers of young children with DS (N
= 49; M nonverbal mental age (NVMA) = 30.92 months (SD = 12.30); M chronological age (CA)
=67.04 (SD = 25.13).

Results: Results indicated that Low Energy/Weak, Under-responsive/Seeks Sensation, and
Auditory Filtering were the areas of greatest sensory regulation difficulty, and that Self-Absorbed
behavior and Disruptive/Antisocial behavior were elevated areas of maladaptive behavior.
Multivariate regression analyses indicated that Under-responsive/Seeks Sensation was the only
sensory regulation domain significantly associated with Self-Absorbed and Disruptive/Antisocial
behavior.

Conclusion: Findings indicate a consistent pattern of sensory processing impairments and
associations with maladaptive behavior in children with DS. Implications for interventions are
discussed.
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Sensory processing is the continuous integration of information from the senses, movement,
and muscle/joint position by the nervous system that facilitates an individual’s adaptive
response to the demands of everyday life (Ayres, 1972; Miller, Anzalone, Lane, Cermak, &
Osten, 2007). Impairments in sensory processing may include over- or under-responsiveness,
difficulties with stimuli discrimination, and challenges with proprioception and motor
planning (Miller et al., 2005). These impairments are common across various
neurodevelopmental disorders and linked to a range of maladaptive outcomes for these
individuals (Baranek et al., 2018). However, sensory processing profiles have been more
thoroughly characterized in some neurodevelopmental disorders, such as autism spectrum
disorders ([ASD; Baranek et al., 2002; Ben-Sasson et al., 2007; Lane et al., 2010; Lane,
Reynolds, & Dumenci, 2012), and less so in other disorders such as Down syndrome (DS).
There is evidence for phenotypic variation in sensory processing profiles both across
neurodevelopmental disorders (Ben-Sasson et al., 2009; Reynolds, Kreider, & Bendixen,
2012) as well as within neurodevelopmental disorders (Miller et al., 2005). As such, a more
thorough characterization of sensory processing profiles within the broader DS phenotype,
and in particular in the context of concurrent ASD (DS + ASD), is necessary and may
improve targeted intervention efforts.

DS, the most prevalent genetic cause of intellectual disability, occurs in 1 in approximately
691 live births (Parker et al., 2010) and has a comorbidity rate of approximately 20% with
concurrent ASD (DiGuiseppi et al., 2010). Several features of the broader DS behavioral-
cognitive phenotype predispose individuals to a greater propensity for sensory processing
impairment (Bruni, Cameron, Dua, & Noy, 2010). From infancy, individuals with DS
demonstrate greater ability (relative to their mental age) with aspects of visual-spatial
processing, yet significant challenges in aspects of auditory processing and motor
functioning (for a review, see Daunhauer & Fidler, 2011). This differential processing ability
within the DS behavioral phenotype may contribute to specific challenges with sensory
processing; yet our understanding of this aspect of the DS behavioral phenotype is limited.
While sensory processing difficulties are well documented in ASD (Baranek et al., 2002;
Ben-Sasson et al., 2007; Lane et al., 2010; Lane et al., 2012), this has not been explored in
populations with DS + ASD. This subgroup within DS may experience unique challenges
related to sensory processing difficulties and related outcomes than those with DS-only.

There is a considerable lack of empirical focus on sensory abnormalities in DS and the
nature and impact of these impairments other areas of functioning for individuals with DS
remains unclear. A study conducted by Wuang and Su (2011) used the Sensory Profile
(Dunn, 1999) in 200 school-aged children with DS. The Sensory Profile classifies children
as having “typical performance,” a “probable difference” (i.e., one standard deviation below
the mean) or “definite difference” (i.e., two standard deviations below the mean; Dunn,
1999). Approximately 41% of their sample was reported to have a definite difference with
“low registration,” 40% were reported to have a definite difference with low endurance/
muscle tone, and 39% were reported to have a definite difference in sensory sensitivity
(Wuang & Su, 2011). They also found small to moderate correlations between sensory
processing domains and adaptive behavior (r=.41-.48) as well as between sensory
processing and participation in school (r=.30-.38).
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In another study, Bruni et al. (2010) examined sensory processing in school-aged children
between 3 and 10 years old with DS using the parent-reported, abbreviated version of the
Sensory Profile, the Short Sensory Profile (SSP; Dunn, 1999), which also stratifies sensory
processing across categories of “typical performance,” a “probable difference,” and “definite
difference.” In this study, almost half of children with DS were reported to experience a
“definite difference” on the Total SSP scores, with the majority of parents (69 — 74%)
reporting a probable to definite difference on the Low Energy/Weak (i.e., passive responses
to stimuli), Under-responsive/Seeks sensation (i.e., less responsive or sought input), and the
Auditory Filtering domains.

Although this limited evidence indicates that sensory processing is disrupted in individuals
with DS, our knowledge is restricted to only these few studies, and the potential impact on
other areas of functioning, such as maladaptive behavior has not been well explored.
Maladaptive behavior, or challenging behavior, broadly encompasses consistent patterns of
negative behavior, such as tantrums, aggression, and disobedience, that interfere with
optimal functioning and engagement with one’s environment (Powell et al., 2006). An
association between sensory processing impairments and maladaptive behavior has been
reported in children with ASD (Baker et al., 2008; Lane et al., 2010; Mclintosh et al., 1999;
Miller et al., 2005; O’Donnell, Deitz, Kartin, Nalty, & Dawson, 2012). In a sample of
children with a diagnosis of Autistic Disorder based on DSM-1V diagnostic categories,
sensory processing domains of Under-responsive/Seeks Sensation, Auditory Filtering, and
Low Energy/Weak were significantly correlated (r=.36-.59) with the Vineland Adaptive
Behavior Scales Maladaptive Behavior domain (Lane et al., 2010). In preschoolers with
ASD and no comorbid diagnoses, sensory processing impairments were moderately
correlated with maladaptive behavior in irritability/agitation, lethargy/social withdrawal,
hyperactivity, and inappropriate speech (O’Donnell et al., 2012). Given features associated
with DS, such as hypotonia, challenges with verbal/auditory processing, and co-occurring
DS + ASD for a subgroup (Daunhauer & Fidler, 2011), individuals with DS may experience
similar sensory processing difficulties, which may influence maladaptive behavior.

Although individuals with DS demonstrate less maladaptive behavior than individuals with
other developmental disorders on average (Dykens & Kasari, 1997), it is estimated that
approximately one-third of individuals with DS have significant levels of maladaptive
behavior (Coe et al., 1999; Dykens, 2007). Children with DS demonstrate low-level
aggressive behaviors, such as argumentativeness, disobedience, and stubbornness, as well as
inattention (Coe et al., 1999; Dykens, Shah, Sagun, Beck, & King, 2002; Will et al., 2016),
whereas adolescents demonstrate elevated levels of internalizing behavior such as
withdrawal (Dykens et al., 2002; Jacola et al., 2014). Temperament (Fidler, Hepburn, &
Rogers, 2006) and health comorbidities such as anxiety (Esbensen, 2016), have been linked
to elevated levels of some maladaptive behaviors in children and adolescents, respectively.
Despite some evidence of areas of maladaptive behavior and associated mechanisms in DS,
a comprehensive understanding of the nature of these behaviors remains unclear. Similar to
other neurodevelopmental disorders, it is likely that certain areas of maladaptive behaviors
are particularly elevated relative to others in DS, and sensory processing impairments are
also likely to have a differential impact on maladaptive behavior profile in children with DS.
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This study has three primary aims: (1) to identify areas of sensory processing impairment in
children with DS, with and without comorbid ASD; (2) to identify areas of elevated
maladaptive behavior in children with DS, with and without comorbid ASD; and (3) to
identify the extent to which difficulties in sensory processing are associated with
maladaptive behavior outcomes.

The participants in this study were enrolled in a larger project examining social and
communicative behaviors in children with DS in Colorado. For the larger study, participants
born between January 1, 1996 and December 31, 2003 were recruited through a mailing
from the state’s Department of Public Health and the Environment to all families of children
with DS in a 10-county area and a local parent-run advocacy group for DS. Inclusion for the
present study required completing sensory processing, problem behaviors, and
developmental status assessments (see below). Of the 123 participants in the larger study, 49
participants between the ages of 2 years, 7 months old and 10 years 6 months old (M
NVMA = 30.92 months; M CA = 67.04 months) had completed sensory and maladaptive
behavior measures and were therefore included in this study (see Table 1 for participant
characteristics). Participants with a diagnosis of blindness, deafness, or other severe
impairments were excluded.

The University of Denver, Colorado institutional review board approved the larger project as
well as the present study. During an initial clinic visit, a psychologist or Master’s-level
clinician administered developmental testing to obtain mental age. Parent assessments of
sensory processing and problem behaviors were obtained during follow-up visits related to
the larger study. Participants were also screened for comorbid ASD through the larger
project. The lead psychologist reviewed all diagnostic information (including the Autism
Diagnostic Observation Schedule- Generic; Lord et al., 1999; and the Autism Diagnostic
Interview-Revised; Lord et al., 1994; Rutter et al., 2003) and medical information, with a
second clinician who reviewed every third case. If a disagreement occurred regarding a
classification of co-morbid ASD, a discussion was held to reach consensus. Of the 49
participants included, 12 had co-morbid DS and ASD.

Developmental Status—The Mullen Scales of Early Learning (MSEL; Mullen, 1995) is
a standardized developmental test that yields five subscale scores representing
developmental ages: gross motor, fine motor, visual reception, expressive language, and
receptive language. The MSEL demonstrates strong concurrent validity with other well-
known developmental tests of motor, language, and cognitive development. The MSEL was
administered to all subjects by advanced trained research staff and according to standard
instructions.
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Sensory Processing—The Short Sensory Profile (SSP; Dunn, 1999) was used to
measure functional behaviors associated with responses to sensory input. The SSP is a
parent- or caregiver-reported instrument for children ages 3 to 10 years-old with or without
disabilities. It is a factor-derived, abbreviated version of the Sensory Profile (Dunn, 1999),
which has been well-utilized and accepted for research purposes (Dunn, 1999; Mcintosh et
al., 1999). Parents rate their children’s sensory responses on a 5-point Likert scale. The 38-
item measure yields both a total sensory dysfunction score, as well as seven domain scores
including: tactile sensitivity (e.g., “avoids going barefoot”), taste/smell sensitivity (e.g., “will
only eat certain tastes”), under-responsive/seeks sensation (e.g., “touches people and
objects™), movement sensitivity (e.g. “fears falling or heights™), auditory filtering (e.g.,
“can’t work with background noise”), low energy/weak (e.g., “seems to have weak
muscles”), and visual/auditory sensitivity (e.g., “hold hands over ears to protect ears from
sound”). It was standardized on over 1,000 children with and without disabilities. The SSP is
reported to have both adequate test-retest reliability (r=.90; Dunn, 1999) and construct
validity (Dunn, 1999; Mclntosh et al., 1999; Miller et al. 2005). Lower scores on this
assessment indicate greater problems and scores are classified within a range of “Typical
Development,” a “Probable Difference,” or a “Definite Difference.” Scale classification was
used to identify the greatest proportion of participants across categories of sensory
processing classifications. Total raw scores for each subdomain of greatest difficulty were
used in multivariate regression analyses.

Maladaptive Behavior—The Developmental Behavior Checklist (DBC, Einfeld & Tonge,
1995; Dekker, Nunn, Einfeld, Tonge, & Koot, 2002) was used as a measure of maladaptive
behavior. The DBC is a 96-item checklist completed by parents, primary caregivers, or
teachers to assess behavioral and emotional problems in children with developmental
disabilities. Each item is scored on a 3-point Likert scale. Based on the revised factor
structure of the DBC (Dekker et al., 2002), a Total Behavior Problem Score is derived, in
addition to five subscale factor derived scores: Disruptive/Antisocial behavior (“deliberately
runs away” or “has temper tantrums”), Self-Absorbed behavior (“Aloof” or “has poor
attention span”), Communications Disturbance (“gets obsessed with an idea” or arranged
objects in a strict order”), Anxiety (“cries easily for no reason”), and Social Relating
(“avoids eye contact” or “doesn’t show affection™). The DBC has an adequately established
parent to parent reliability (ICC = .80) and adequate concurrent validity with similar
measures (.70-.80). Higher scores on this assessment indicate greater problems. DBC norms
based on developmental level were used, providing an appropriate fit for the sample given
the developmental delay. Mean scale scores were used in profile analyses, and raw scale
scores for the most elevated domains were included in multivariate regression analyses.

Analytic Approach

Descriptive statistics and participant characteristics were computed for each subgroup (DS-
Only and DS + ASD), as well as the overall sample (see Table 1). Calculated frequencies of
normed classifications of the SSP (Dunn, 1999) were used to examine the profile of sensory
processing across DS subgroups (DS-Only and DS + ASD), as well as the overall sample.
Specifically, the proportion of participants within each normed classification category of
performance: “Typical Performance,” “Probable Difference,” and “Definite Difference” was
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calculated. Proportions were used to account for incomplete responses across domains.
Proportions of participants within each performance category across the DS-Only and the
DS + ASD subgroups, as well as the combined groups are presented in Table 2. Given the
small sample size in the DS + ASD group and the consistency in profiles of sensory
processing impairments between the DS-Only and DS + ASD group, a maladaptive behavior
profile was examined using descriptive distributions of maladaptive behavior raw scores on
the DBC across DS subgroups, as well as the combined groups. Similarly, due to power
constraints given the combined group (/7= 49) and consistency in patterns of sensory
processing and maladaptive behavior across DS subgroups, the areas of greatest impairment
in both sensory processing and maladaptive behavior were retained for subsequent analyses
(Will et al., 2016). A multivariate regression model was used to test the association between
sensory processing impairments and maladaptive behavior across the overall sample.
Preliminarily correlations between nonverbal mental age, sensory processing, and
maladaptive behavior variables were examined to determine whether to covary for cognitive
functioning but found no significant associations.

Sensory Profile Classifications

Results from computing frequency distributions across areas of sensory processing indicated
the greatest proportion of participants experienced difficulties in the areas of Low Energy/
Weak (65% reporting a Definite Difference), Auditory Filtering (33% reporting a Definite
Difference), and Under-responsivity/Seeks Sensation (35% reporting a Definite Difference;
see Table 2 for full results). Distributions of sensory processing challenges were similar
across the DS-Only and DS + ASD subgroups (see Table 2). Low Energy/Weak, Auditory
Filtering, and Under-responsive/seeks sensation were retained as predictors in subsequent
multivariate regression analyses.

Maladaptive Behavior Profile—Results from descriptive maladaptive profile analyses
indicated that the Disruptive/Antisocial scale and the Self-Absorbed scale were the most
problematic areas of maladaptive behavior (see Figure 1) across both the DS-Only and DS +
ASD groups. Due to limited statistical power, these two domains were retained for
multivariate regression analyses.

Sensory Predictors of Maladaptive Behavior—Due to the consistency in patterns of
sensory processing and maladaptive behavior in the DS-Only and DS + ASD subgroups, as
well as statistical power considerations, these groups were collapsed for multivariate
regression analyses. The Disruptive/Antisocial and Self-Absorbed scales were regressed on
Low Energy/Weak, Under-responsive/Seeks Sensation, and Auditory Filtering in a
multivariate multiple regression (see Table 3). Collectively, sensory processing accounted for
51% of the variance in maladaptive behavior domains. Under-responsive/Seeks sensation
was the only sensory processing predictor that significantly predicted collective outcomes in
maladaptive behavior (A2,44) = 9.32; p< .001; 77 = .30). In addition, sensory processing
collectively and significantly predicted Disruptive/Antisocial behavior (A3,48) = 4.60; p=
0.007), and accounted for approximately 24% of the variance (A2 = 0.24). Sensory
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processing also collectively and significantly predicted Self-Absorbed behavior (A3,48) =
14.62; p< 0.001), and accounted for approximately 49% of the variance (/2 = 0.49).
Univariate results indicated that Under-responsive/Seeks sensation was the primary sensory
processing variable associated with these outcomes, such that more competence in this
domain was associated with decreased maladaptive behavior (see Table 3). Under-
responsive/Seeks sensation significantly predicted Disruptive/Antisocial behavior (6=
-0.44; p=0.011) such that more competent performances, that is better responsivity and
less sensation seeking, was associated with a decrease in Disruptive/Antisocial behavior (of
approximately .44 units). Low energy/Weak and Auditory Filtering did not significantly
predict Disruptive/Antisocial outcomes. Under-responsive/Seeks sensation also significantly
predicted Self-Absorbed behavior (6= -0.90; p < 0.001), such that better responsivity and
less sensation seeking was associated with an approximate 1-point decrease in Self-
Absorbed behavior. Low Energy/Weak and Auditory Filtering did not significantly predict
Self-Absorbed behavior.

Results suggested a similar profile of both sensory processing difficulties and maladaptive
behavior across the DS-Only and DS + ASD subgroups. Specifically, Under-responsive/
Seeks sensation, Auditory Filtering, and Low Energy/Weak emerged as the most
problematic areas of sensory processing in both groups, and Disruptive/Antisocial and Self-
Absorbed behavior emerged as the most elevated areas of maladaptive behavior in both the
DS-Only and DS + ASD subgroups. Regression model results examining sensory predictors
of maladaptive behavior domains across the overall DS sample indicated that under-
responsive/seeks sensation was the only aspect of sensory processing associated with
maladaptive behavior outcomes.

Discussion

This study is among the first to evaluate sensory processing predictors of maladaptive
behavior in children with DS. Findings indicate that children with DS demonstrate a
complex pattern of sensory processing challenges, with greatest challenges in Low Energy/
Weak, Under-responsive/Seeks sensation, and Auditory Filtering. Results from the current
study also replicate previous findings across all three areas of sensory processing challenges
(Bruni et al., 2010), suggesting these areas are of particular challenge for individuals with
DS. The present study also extends previous findings by providing new information
regarding elevated areas of maladaptive behavior. Specifically, Disruptive/Antisocial
behavior, and Self-Absorbed behavior were identified as the most problematic areas of
maladaptive behavior for children with DS-Only and DS + ASD. Under-responsive/Seeks
sensation was the only significant predictor of each area of maladaptive behavior.

Sensory Processing Profile

The current study replicates previous findings which identified Low Energy/Weak,
(demonstrating low strength and initiation); Under-responsive/Seeks Sensation
(demonstrating low sensory responsivity and sensory seeking behaviors); and Auditory
Filtering (demonstrating difficulty attending when multiple auditory stimuli are present) as
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the most problematic for individuals with DS (Bruni et al., 2010). Percentages reported here
differ slightly from previous reports because they were within sample proportions rather
than relative to normed cutoffs. Collective results suggest a high consistency between
characteristics of the DS phenotype and challenges in certain aspects of sensory processing.
Hypotonia (i.e., low muscle tone; for a review see Lott, 2012), for example, is characteristic
to DS and speculated to affect attainment of motor milestones and other areas of
development (Fidler et al., 2011). Many items on these scales are related to decreased
sensory perception (e.g., under-responsive/Seeks sensation), or are directly related to having
a weakened grasp or core support (e.g., Low Energy/Weak), which may also result from low
muscle tone. This aspect of the DS phenotype may increase the propensity for children with
DS to experience greater impairment in the areas of Low Energy/Weak and Under-
responsive/Seeks Sensation (Bruni et al., 2010). In turn, this may also impact overall goal-
orientation, which is also associated with problem behaviors in typically developing children
(Graziano et al., 2015; Riggs, Blair, & Greenberg, 2004).

In addition to hypotonia, other aspects of the DS behavioral phenotype, such as difficulties
with verbal/auditory processing (Daunhauer, 2011), may contribute to sensory processing
impairments. For example, many items in the Auditory Filtering area involve being hyper-
sensitive to sounds, not seeming to notice loud sounds, and having the ability to complete
tasks with background noise. Thus, individuals who have difficulties with filtering irrelevant
sounds in the environment or who are overly sensitive to sounds may have difficulty
attending to speech sounds that are crucial to the completion of verbal tasks. These
difficulties may in turn affect how attuned a child with DS is with aspects of their daily
environment.

Relying on informant report to assess for sensory processing challenges in a population with
co-occurring intellectual disability is not without challenges. Parents may misinterpret the
ability to complete tasks with background noise as relating to sensory processing difficulties
when it actually relates to a primary verbal impairment. For example, attention and
attentional control are noted areas of difficulty in children with DS (Coe et al., 1999; Ekstein
et al. 2011; Will et al., 2016), which may have implications for informant reported sensory
processing challenges. Specifically, these difficulties may be interpreted as auditory
processing impairment (Baker et al., 2008) rather than attentional difficulty, resulting in
elevated scores on this index of the SSP. However, it may be unproductive to interpret the
underlying causes of observed sensory processing difficulties — i.e., is the sensory problem
primary or an attentional problem primary. Likewise, Under-responsive/Seeks sensation is a
continuum of sensory processing in which the individual can only demonstrate under-
responsivity to input from their environment, or engage in sensory seeking behaviors to
increase input, or both (Ben-Sasson et al., 2009). Without careful item-level analysis of
sensory processing measures or utilizing direct observation measures, it may be difficult to
further specify which end of the continuum (i.e., under-responsive or seeks sensation) may
be characteristic to children with DS. These interpretative challenges also highlight the need
for objective psychophysiological studies that investigate the presence (or absence) of
sensory processing difficulties in DS (e.g., Miller et al., 2005).
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Maladaptive Behavior

In addition to areas of sensory processing challenges, we identified Disruptive/Antisocial
and Self-Absorbed domains as the most elevated areas of maladaptive behavior. The
Disruptive/Antisocial domain includes several items related to impulsivity and low-level
aggressive behaviors, such as property destruction, disobedience, and elopement, which are
consistently found as areas of elevated maladaptive behavior in children with DS (Coe et al.,
1999; Daunhauer, Fidler, & Will, 2014; Dykens et al., 2002). In addition, individuals with
DS also demonstrate relatively high rates of repetitive and stereotypic behavior such as
rocking or arm flapping (Evans, Kleinpeter, Slane, & Boomer, 2014), which are measured
by several items on the Self-Absorbed scale of the DBC (Einfeld & Tonge, 1995). These two
broader categories of maladaptive behavior (i.e., Disruptive/Antisocial and Self-Absorbed)
and their associated behaviors, such as aggression and stereotypy, have a demonstrated
impact and association with adaptive outcomes in children with DS (Evans et al., 2014; Will
et al., 2016). However, further consideration regarding targeted intervention towards
maladaptive behavior in DS and those with DS + ASD is warranted.

Sensory Processing Predictors Of Maladaptive Behavior

Sensory processing difficulties have been linked to maladaptive behavior in other
populations, such as ASD (Baranek et al., 2002; Ben-Sasson et al., 2009; Lane et al., 2012);
however, this study is one of the first to evaluate sensory processing impairments in DS (see
also Bruni et al., 2010), and more specifically, to characterize sensory processing difficulties
in children with DS + ASD. Further, it is also one of the first to determine how these
difficulties relate to maladaptive behavior in DS. Findings suggest atypical sensory
processing abilities (i.e., Auditory Filtering, Under-responsive/Seeks Sensation, and Low
Energy/Weak) indeed contribute to areas of maladaptive behavior (i.e., Self-Absorbed and
Disruptive/Antisocial) in DS. However, Under-responsive/Seeks Sensation was found to
solely account for this effect beyond that of other areas of sensory processing impairments.
Collectively, this suggests that decreased sensory sensation and perception is associated with
increased engagement in low-level aggressive behaviors and repetitive and stereotypic
behaviors in children with DS.

Individuals who demonstrate sensory under-responsivity appear to have a low drive for
sensory input and are characterized as quiet, impassive, and difficult to engage (Bundy,
Lane, & Murray, 2002), while those who are sensory seeking are captivated by stimuli (Ben-
Sasson et al., 2009; Miller et al., 2007). Accordingly, on one hand children with DS may be
difficult to engage in tasks or even social interaction given decreased sensory perception and
under-responsivity, which may result in their behavior being interpreted as anti-social or
self-absorbed. For example, if a child is more under-responsive to stimuli and therefore
participating less in the environment, an adult may perceive this as engaging in withdrawn
and self-absorbed behavior. Conversely, sensation seeking behavior is hypothesized to be
driven by a need for intense sensory input and sometimes looks like excessive running,
jumping, swinging, and other active pursuits (Bundy et al., 2002) which in some contexts
(e.g., the classroom,) can be viewed as disruptive. Therefore, if a child is engaging in
sensory seeking behaviors such as noise making or hand flapping, an adult may perceive this
as disruptive behavior. Future work incorporating direct observation measures of
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maladaptive behavior and psychophysiological measures of sensory processing is necessary
to gain a better understanding of how difficulties on the continuum of sensory under-
responsivity and sensory seeking behaviors contribute to maladaptive behavior outcomes
and impede overall engagement.

DS + ASD Subgroup

Limitations

Although children with DS-Only and DS + ASD demonstrated similar profiles of sensory
processing difficulties and maladaptive behavior, there may be differences in both of these
areas that were not identified in the present study. To our knowledge, this is the first study to
examine sensory processing profiles in children with DS + ASD and prior work on sensory
processing in DS does not appear to have considered co-occurring ASD (Bruni et al., 2010).
Thus, future and more extensive work is needed to adequately determine whether there is
complete overlap in a sensory processing profile between children with DS-Only and DS +
ASD. In fact, given that the Under-responsive/Seeks sensation domain captures a spectrum
of processing difficulties, it is a possibility that children with DS-Only are endorsed on one
end and children with DS + ASD are endorsed on the other, yet this subgroup variation is
masked given that this construct or constructs are measured on a single domain. Such effects
require item-level analysis, which are beyond the scope of the present study. However, such
an analysis would provide important information on the specific nature of not only sensory
processing impairments within each subgroup of DS, but also determine whether there are
also differential effects on maladaptive behavior outcomes.

This study is not without limitations. Most notably, no comparison group was assessed, and
therefore it is unclear whether the relation found between sensory processing and
maladaptive behavior is specific to DS. This information is critical for characterizing a
sensory processing profile specific to DS relative to other populations of
neurodevelopmental disorders. In addition, the present study was lacking in direct
observation measures, which afford the opportunity to more precisely determine possible
underlying mechanisms of maladaptive behavior. For example, there are potential alternative
functions to observed maladaptive behavior (e.g., access to attention, or escape from
demands) that may or may not relate to sensory processing difficulties. Finally, the broad
age range of the sample and cross-sectional design limit the generalizability of study
findings. Profiles of sensory processing and maladaptive behavior, as well as their
association with one another, likely shift across development. As such, examining these
profiles within certain developmental periods and their developmental changes over time can
provide a more comprehensive picture of areas of need for targeted intervention.

Implications and Conclusions

While there is a great deal of individual variability in children with DS, findings here
indicate that sensory processing issues in areas such as Low Energy/Weak, Under-
Responsive/Seeks sensation, and Auditory Filtering are likely a component of the DS
phenotypic behavioral profile and that these issues, particularly Under responsive/Seeks
sensation, appear to relate to maladaptive behaviors. The Under-responsive/Seeks sensation
domain presents as a continuum of responsivity to stimuli, but a challenge with either
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direction of this continuum indicates difficulties in regulating sensory responsiveness or
activity level. A deeper understanding regarding sensory processing impairments in this area
could prevent problem behaviors that likely impact outcomes related to school achievement
and social interactions. For example, if a child with DS demonstrates a lack of engagement
in his/her environment or in social contexts due to low sensory responsivity, targeted
intervention related to facilitating greater levels of participation can potentially circumvent
maladaptive behavior. In addition, if a child with DS is engaging in sensory seeking behavior
in a disruptive way, intervention promoting self-regulation and monitoring skills could also
potentially circumvent maladaptive behavior and in turn promote engagement and
participation. As suggested by Boyd et al. (2010) the associations between the continuum of
under-responsive and seeking behaviors may suggest shared neurobiological underpinnings
with disruptive and antisocial behaviors. Consequently, under-responsive or sensory seeking
behavior and these associated maladaptive behavioral manifestations may be addressed via
occupational or physical therapy approaches, as well as behavioral interventions.

Current findings also have implications for individuals with co-occurring DS + ASD, a
vastly understudied population. We identified similar profiles of difficulties in both sensory
processing and maladaptive behavior between children with DS-Only and DS + ASD. Given
that this study is the first to examine sensory processing profiles in subgroups of children
with DS, it is difficult to draw conclusions regarding specific needs of children with co-
occurring DS + ASD. Research on high-risk infant siblings of children with ASD indicate
that sensory seeking behaviors serve as an early indicator of ASD comorbidity (Baranek et
al., 2018). Thus, sensory seeking behaviors do not appear to be an indicator of ASD for
children with DS, given that this was a heightened area of sensory processing difficulty
across children with DS with and without ASD. Intervention approaches commonly used for
children with ASD are likely to also benefit children with DS + ASD but may also provide
benefits to those with DS-Only as well. Profile consistencies between the DS-Only and DS +
ASD subgroups also suggest that children with DS-Only may have levels of maladaptive
behavior more similar to ASD populations than previously thought. However, direct
comparisons between children with DS-Only, DS + ASD, and ASD only are required to
fully determine similarities in maladaptive behavior profiles. Finally, similarities between
the DS subgroups also suggest that all children with DS may benefit from interventions
commonly used for children with ASD to address sensory processing and maladaptive
behavior difficulties.

Future research is required to better disentangle associations between sensory processing
difficulties and maladaptive behavior outcomes. Specifically, longitudinal work can inform
the direction of influence and determine whether challenges in sensory processing precede
problem behaviors. More work is also necessary to gain a better understanding of
phenotypic similarities and differences between children with DS-Only and DS + ASD.
Despite similarities across profiles identified in the present study, children with DS + ASD
are vastly understudied as a subgroup of DS and additional work in this area is necessary to
enhance our understanding of the broader DS behavioral phenotype. Addressing these
specific gaps in current knowledge on areas of challenge in DS and their impact on
behavioral outcomes has cross-disciplinary implications for understanding the nature and
treatment of behavioral profiles in children with DS.
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Challenging behavior profile.

Phys Occup Ther Pediatr. Author manuscript; available in PMC 2021 March 31.

Page 15

B DS-Only
# DS+ASD

Collapsed



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Will et al.

Participant characteristics.

M SD
Chronological age 67.04 25.13
Mental age 3092 12.30
DBC disruptive/antisocial  10.53  6.49
DBC self-absorbed 15.16 10.10

n %
Gender (male) 33 67%
Race
Caucasian 39 80%
Black 2 4%
Biracial 4 8%
Hispanic 3 6%
Unreported 1 2%
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Table 3.

Sensory processing predictors of challenging behavior.

Disruptive/antisocial Self-absorbed
95% ClI 95% ClI

b SE(b) p Lower  Upper b SE(b) p Lower  Upper
Intercept 24.54 5.12 14.23 3484 5292 648 39.87 65.97
Auditory filtering -0.23 025 0372 -0.74 0.28 -0.63 0.32 0.06 -1.28 0.02
Low energy/weak 0.10 0.14 0463 -0.17 0.38 -0.07 0.17 0.704 -0.41 0.28
Under-responsive/seeks -0.44 017 0011 -077 -011 -090 0.21 0.000 -132 -0.48

R?=0.24 R2=0.49

Overall multivariate RZ = 0.51.
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