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Abstract
Background  Autism spectrum disorder and intellectual disability (ID) are linked to atypical sensory processing, but con-
sensus lacks on the impact of their co-occurrence. We studied the impact of the presence of ID in autistic individuals on (1) 
sensory processing and (2) the relation between sensory processing and behavioral outcomes.
Methods  A systematic review was performed on English-language peer-reviewed studies.
Results  Eleven papers were included. Papers based on overall and sensory subscales reported no impact of the presence of 
ID. Papers based on subtypes reported hyporesponsiveness and sensory seeking related to the presence of ID; hyporespon-
siveness showed the poorest behavioral outcomes.
Conclusions  Findings regarding the impact of the presence of ID are contradictory. More research regarding sensory subtypes 
is needed to investigate the needs of autistic individuals with ID.
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Individuals with an autism spectrum disorder (ASD) or an 
intellectual disability (ID) show more atypical sensory pro-
cessing than the general population (e.g., Engel-Yeger et al. 
2011; Jussila et al. 2020). However, consensus is lacking 
regarding the impact of combined ASD and ID on sensory 

processing. Considering the disorders separately, within 
ASD the majority (45 to 95%) of individuals experience 
atypical sensory processing (Ben-Sasson et al. 2019; Marco 
et al. 2011; Tomchek and Dunn, 2007). In the current ASD 
literature, sensory processing is categorized mainly under 
three distinctive patterns: (1) hyporesponsiveness, referring 
to a lack of, or muted response to, sensory stimuli (Baranek 
et al. 2006); (2) hyperresponsiveness, meaning showing 
exaggerated responses (Baranek et al. 2006); and (3) sensory 
seeking, meaning craving for sensory stimuli (Miller et al. 
2007). This categorization is sometimes supplemented with 
(4) enhanced perception, referring to superior awareness to 
specific sensory stimuli and focus on specific elements of 
stimuli (Mottron et al. 2009). Hyper- or hyporeactivity to 
sensory input has recently been added to the fifth edition of 
the Diagnostic and Statistical Manual of Mental Disorders 
(DSM) as a diagnostic symptom of ASD (American Psy-
chiatric Association (2013). With regard to ID, individuals 
with all levels of ID also seem to experience atypical sensory 
processing (Engel-Yeger et al. 2011), but to a lesser degree 
than individuals with only ASD (Rogers et al. 2003). Sen-
sory processing problems in persons with ID may be caused 
by structural deviations in their central nervous system and 

 *	 M. F. Werkman 
	 m.f.werkman@umcg.nl

1	 Department of Health Sciences, University Medical Center 
Groningen, University of Groningen, P.O. Box 30.001, 
FA10, 9700 RB Groningen, the Netherlands

2	 Department of Health Sciences, Applied Health Research, 
University Medical Center Groningen, University 
of Groningen, Groningen, the Netherlands

3	 Faculty of Social and Behavioural Sciences, Clinical Child 
and Adolescent Studies, LUBEC, University of Leiden, 
Leiden, the Netherlands

4	 Faculty of Social and Behavioural Sciences, Clinical Child 
and Adolescent Studies, University of Leiden, Leiden, 
the Netherlands

5	 Department of Clinical, Neuro and Developmental 
Psychology, Vrije Universiteit Amsterdam, and Amsterdam 
Public Health Research Institute, Amsterdam, 
the Netherlands

/ Published online: 19 January 2022

http://crossmark.crossref.org/dialog/?doi=10.1007/s40489-022-00301-1&domain=pdf


1 3

Review Journal of Autism and Developmental Disorders (2023) 10:422–440

related to their adaptive functioning (Engel-Yeger, et al. 
2011). However, to date, no systematic review has been 
performed on studies of the impact of the presence of ID on 
sensory processing within the ASD population.

A substantial percentage (33%) of ASD individuals has 
co-occurring ID, according to the latest estimates from 
the Centers for Disease Control and Prevention (Maenner 
et al. 2020). The co-occurrence of ASD and ID may lead 
to more and/or different sensory processing problems than 
ASD alone. However, evidence for this assumption is con-
tradictory (Hazen et al. 2014). Some studies conclude that in 
lower functioning ASD individuals, more sensory process-
ing domains are affected (e.g., Leekam et al. 2007), whereas 
another study reported a high prevalence of sensory process-
ing problems in high-functioning ASD individuals (Hoch-
hauser and Engel-Yeger, 2010). This contrast may be due to 
different hypotheses regarding the underlying mechanisms 
of each disorder (Kroon et al. 2013). The co-occurrence 
of ASD and ID may reinforce underlying mechanisms of 
each separate disorder, thereby amplifying atypical sensory 
processing.

Taxonomies of sensory processing are based on varying 
criteria: (1) variation in the severity of sensory processing 
problems; (2) variation in reactions to stimuli, such as 
differentiation into the sensory processing patterns, 
hyperresponsiveness, hyporesponsiveness, and sensory 
seeking; and/or (3) differentiation into the sensory modalities, 
e.g., the auditory, visual, vestibular, and proprioceptive senses 
(Ausderau et al. 2014; Lane et al. 2014; Uljarevic et al. 2016). 
These taxonomies are based on different assessments, like 
the Sensory Experiences Questionnaire (Baranek et al. 2006) 
and the Sensory Profile (Dunn, 1999). To date, no study has 
merged these different categorizations into one taxonomy, and 
consensus is lacking as to the distinct impact of the various 
categories on behavioral outcomes. A homogenous taxonomy 
should lead to subgroups of ASD individuals with similar 
sensory processing patterns. This could contribute to a better 
understanding of the etiological similarities of these patterns 
and to more uniform responses to interventions (Gottesman 
and Gould, 2003). Moreover, a differentiation in homogenous 
subgroups could contribute to our understanding of individual 
variability (e.g., Lane et al. 2014).

Consensus is also lacking regarding the extent to 
which sensory processing is associated with behavioral 
outcomes for individuals with a comorbidity of ASD and 
ID (Gonthier et al. 2016). In general, these individuals 
show more stereotyped and challenging behaviors and 
problems in their verbal and nonverbal communication as 
well as in their social and adaptive functioning (Matson 
et al. 2009). Moreover, the more severe the ID, the higher 
the rates of behavioral problems, and the greater the 
severity of these problems for individuals with combined 
ASD and ID (Matson and Shoemaker, 2009). However, 

evidence on the association between sensory processing 
and behavioral outcomes is lacking for these individuals 
with both ASD and ID.

For the total ASD population (with and without ID), 
or ASD individuals without ID, atypical sensory process-
ing has been linked to several behavioral outcomes. In 
particular, specific sensory processing patterns have been 
linked to the internalizing problems anxiety (Mazurek 
et al. 2012) and depression (Bitsika et al. 2016) and to 
the externalizing problems stereotyped movements (Fetta 
et al. 2021) and restricted repetitive behaviors (Schulz 
and Stevenson, 2019). Sensory processing patterns have 
also been linked to social participation (Ismael et al. 
2018), so far restricted to educational participation (e.g., 
Ashburner et al. 2008) and leisure participation (e.g., 
Hochhauser and Engel-Yeger, 2010). We thus have some 
knowledge about sensory processing and associated out-
comes for the ASD population (Suarez, 2012), but little 
is known about these associations in individuals with 
both ASD and ID (Gonthier et al. 2016).

Therefore, we aimed to investigate (1) the impact of the 
presence of ID on sensory processing in individuals with 
ASD and (2) the impact of the presence of ID on the rela-
tion between sensory processing and behavioral outcomes 
in individuals with ASD.

Methods

Search Strategy

We performed this review following the 27 steps of the 
checklist of the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) Group (Moher et al. 
2009). The databases PubMed, PsycINFO, and Education 
Resources Information Center (ERIC) were searched. For 
each database, a specific search strategy was developed, using 
“sensory processing” and “autism” as core search terms. 
Appendix A shows the full search strategies for all databases. 
Appendix B provides the completed PRISMA Checklist.

Inclusion and Exclusion Criteria and Data Extraction

We selected papers using the following inclusion 
criteria: (1) English language; (2) peer-reviewed primary 
studies from 2000 to 2019; (3) reported association 
between sensory processing and at least one behavioral 
outcome; (4) individuals with ASD separately reported 
as a distinct research group; (5) individuals with an ID 
(i.e., developmental functioning < 70; see definition of 
variables) reported as part of the ASD sample; and (6) 
a main focus on sensory processing in general. We thus 
excluded papers focused exclusively on one modality 
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(e.g., auditory) or one pattern (e.g., hyporesponsiveness) 
and papers which described different modalities for one 
pattern (e.g., auditory hyperresponsiveness). Exclusion 
criteria were (1) intervention studies, (2) studies in which 
measurement tools were validated, (3) studies providing 
only theoretical overview of sensory processing, (4) 
neurophysiological studies, and (5) studies exclusively 
including clinical groups, e.g., individuals with attention 
deficit hyperactivity disorder or sensory processing 
disorder. For full-text screening, papers were included 
that investigated aim 1, the impact of the presence of ID 
on sensory processing in individuals with ASD, and/or 
aim 2, the impact of the presence of ID on the relation 
between sensory processing and behavioral outcomes in 
individuals with ASD — i.e., papers that assessed only 
aim 1, only aim 2, or both. Two researchers (MW and JL) 
independently screened papers for eligibility, based on title 
and abstract. In case of disagreement, a third researcher 
(AF) gave her opinion. During the full-text screening, 
we contacted authors if papers did not report the level 
of functioning (e.g., IQ values or adaptive functioning) 
of their sample. If the inclusion of individuals with ID 
within the ASD sample remained unclear or we received 
no response, papers were excluded. Full-text screening 
and data extraction were performed by MW and JL or 
MW and AF. For data extraction, a standardized form 
was used, subdivided into descriptive information of the 
study, impact of the presence of ID on sensory processing 
(aim 1), impact of the presence of ID on the association 
between sensory processing and behavioral outcomes (aim 
2), and conclusions and implications of the study.

Definition of Variables

We defined sensory processing as the reception, modu-
lation, integration, and organization of sensory stimuli 
and behavioral responses to sensory input (Miller and 
Lane, 2000).

We divided behavioral outcomes under externalizing 
behavior, defined as the expression of outward behav-
ior affecting the external environment (Campbell et al. 
2000; Eisenberg et al. 2001); internalizing behavior, e.g., 
depression and anxiety, that influence the internal psy-
chological environment (Campbell et al. 2000; Eisenberg 
et al. 2001); and social participation, defined in terms of 
functioning in five domains: school, work, independent 
living, friends, and community participation.

ID was defined as level of either adaptive or 
intelligence functioning or both. For inclusion in our 
review, the level of functioning had to be below 70 for 
the group of individuals with both ASD and ID on a 
standardized measurement scale (100 is average). For 
individuals with ASD, with and without ID (mixed 

group), the score should fall within a range from below 
to above 70, or values below and above 70, within one 
standard deviation. Studies were included when ID 
was a main or confounding variable in the statistical 
analyses of associations as well as when the sample was 
described based on ID.

Quality Assessment

To assess the quality of the included papers, we used the 
Quality in Prognosis Studies Instrument (Hayden et al. 
2013). This instrument assesses six potential domains 
regarding risk of bias: (1) study participation, (2) study 
attrition, (3) prognostic factor measurement, (4) outcome 
measurement, (5) study confounding, and (6) statistical 
analysis and reporting. Pairs of researchers (MW and 
JL or MW and AF) performed a quality assessment of 
each included paper. Discrepancies between judgments 
were discussed and resolved. The six domain scores were 
assessed based on three to seven underlying questions. 
For the third domain, “prognostic factor measurement,” 
the variable sensory processing was evaluated, and for 
the fourth domain, “outcome measurement,” the variable 
behavioral outcome was assessed. As not all questions 
were applicable to the included papers, we decided in 
those cases to give an overall judgement of the domain 
(low, moderate, or high bias). If two or more domains got 
a score of “high,” the overall bias of the research in this 
paper was also rated as high.

Data Synthesis

First, a flow chart describing the full process of selecting 
papers was presented. Second, each included study was 
described. Third, findings regarding the impact of the 
presence of ID on sensory processing, and the impact of the 
presence of ID on the relation of sensory processing with 
behavioral outcomes, were synthesized. We categorized 
studies as reporting or not reporting an impact of the presence 
of ID. Studies were grouped for syntheses under two types: (1) 
studies that included individuals with both ASD and ID and 
(2) studies that compared two separate groups of individuals 
with ASD: those with and those without ID. Finally, the 
quality assessment of the included papers was presented.

Results

Study Selection

For title/abstract screening, 933 papers were identi-
fied, 74 of which met the criteria and were included 
for full-text review for eligibility. Eleven papers made 
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a differentiation in ID within the ASD population and 
were therefore included. The full selection process is pre-
sented in Fig. 1. Examples of reasons for exclusion were 
an ID  sample (e.g., Joosten and Bundy, 2010), a lack of 
behavioral outcomes (e.g., Ben-Sasson et al. 2007), role 
of ID not researched (e.g., McCormick et al. 2016), ASD 
without ID (e.g., Hochhauser and Engel-Yeger, 2010), or 
exclusive focus on only one response pattern (hypore-
sponsiveness, e.g., Baranek et al. 2013).

Characteristics of the Included Studies

Six of the 11 included studies were cross-sectional stud-
ies. Nine of the 11 studies included children, with eight 
studies including a maximum age of 14 years in their 
sample, and one a mean age of eight and a half (with 
no maximum reported) (Liss et  al. 2006). The other 
two studies included both children and adolescents 
with a maximum age of 20 years (Gabriels et al. 2008) 
and adults with an age range of 19–59 years (Gonthier 
et al. 2016). For both sensory processing and behavioral 

outcomes, only proxy measures were used. The most 
frequently used measurement—instrument for sensory 
processing, was the Short Sensory Profile, and for behav-
ioral outcomes the Vineland Adaptive Behavior Scale, 
both proxy-reported measures. The methods for assessing 
ID were more varied, including care center registrations 
(Gonthier et al. 2016), different measurement tools for 
intelligence or adaptive behavior, and several general 
development assessment tools. Studies also differed in 
the type of analysis used to investigate the impact of the 
presence of ID, for instance, performing correlation anal-
yses, cluster analyses, and linear regression analyses or 
controlling for IQ. One study included only individuals 
with a comorbidity of ASD and ID (Gonthier et al. 2016); 
10 studies included the mixed ASD group, i.e., ASD indi-
viduals with and without ID. All 11 studies used a study 
sample of n > 20 (range: N = 26 to N = 960). Included 
ID levels varied from only individuals with a profound 
to severe ID (Gonthier et al. 2016) to a broad IQ range 
of 19 to 136 (Green et al. 2016). Table 1 presents the 
characteristics of each individual study, including the 

Fig. 1   PRISMA flow diagram 
of included papers (Moher 
et al., 2009)

Records identified through database searching

PubMed 539

ERIC 267
PsycINFO 550

(Total n =1356)

Records after duplicates removed

(n = 933)

Records screened

(n = 933)

Records excluded

(n = 859)

Full-text articles assessed for 

eligibility

(n = 74)

Papers included in review 

(n = 11)

Full-text articles excluded, with reasons

(n =63) 

- Duplicate (n=1)

- No sensory processing in general (n=2)

- ASD without ID (n=26)

- Not within ASD population (n=1)

- Not researching relation of sensory processing 

with behavioral outcome (n=2)

- No behavioral outcome: (n=2)

- Role of ID not researched (n=26)

- Commentary (n=1)

- Neurological study (n=1)

- No statistical data reported (n=1)
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original terminology used to describe ID. In the text, we 
give a description per aim, ordering papers according to 
their study characteristics (e.g., measures used, analyzing 
technique) to explore possible causes of heterogeneity 
among study results.

Quality of the Included Studies

Two of the 11 papers had a high risk of bias, meaning that 
for at least two domains, these papers received a “high” 
score (Liss et al. 2006; Rogers et al. 2003) (Table 2). 
All papers had good statistical analysis and reporting. 
Measurements of sensory processing and behavioral out-
comes were mostly of moderate quality, because they 
included only proxy measurements. Furthermore, for 
all papers, “study participation” was of low to moderate 
quality. The “study attrition” received the most “high” 
scores, followed by the “study confounding,” indicating 
that these factors were most likely to cause bias in the 
papers concerned.

The Impact of the Presence of ID on Sensory 
Processing for Individuals with ASD

In Table 3, we present results of the synthesis of both 
aim 1, i.e., the impact of the presence of ID on sensory 
processing in individuals with ASD (reported by 10 of 
the 11 papers), and aim 2, i.e., the impact of the presence 
of ID on the relation between sensory processing and 
behavioral outcomes in individuals with ASD (reported 
by five of the 11 papers).

Seven papers reported that the presence of ID 
had no impact on sensory processing (all without 
IQ cutoff criteria). Green et  al. (2016) (N = 116; age 

range:10–13.8 years; Short Sensory Profile; and three items 
of the Autism Diagnostic Interview-Revised), O'Donnell 
et al. 2012) (N = 42; age range: 36 to 59 months, Short 
Sensory Profile), and Rogers et al. (2003) (N = 26; age 
range: 26–41 months, Short Sensory Profile) all found that 
the presence of ID had no impact on sensory processing 
in general. The study of Green et al. (2016) was based on 
regression analysis, and those of O'Donnell et al. (2012) 
and Rogers et al. (2003) were based on correlation analysis; 
all three used a range of factors, including ID. Nadon et al. 
(2011) (N = 95; age range: 3–10  years, Short Sensory 
Profile) and Wolff et al. (2019) (N = 74; age range: 12 and 
24 months, Sensory Experiences Questionnaire) found 
no impact of the presence of ID on sensory processing, 
both in general and for the subscores. These studies 
used linear regression analyses with ID as one of the 
covariates and Pearson correlations, respectively. Lane 
et al. (2010) (N = 54; age range: 33–115 months, Short 
Sensory Profile) concluded that the presence of ID had no 
impact on the categorization of three sensory processing 
subtypes, based on the seven sensory domain scores: 
sensory-based inattentive seeking, sensory modulation 
with movement sensitivity, and sensory modulation with 
taste/smell sensitivity; their study was based on cluster 
analysis, among others including ID (operationalized as 
the Daily Living Subscale), performing a one-way ANOVA 
with post hoc Tukey analyses for multiple comparisons. 
Dellapiazza et al. (2020) (N = 197; age range: 3–10 years 
and 11 months, Sensory Profile) found some indications 
of small effects, but their overall conclusion was that the 
presence of ID had no impact on sensory processing, based 
on the Student’s t-test for parametric variables and the 
Mann–Whitney test, in both of which ID was entered as 
one of the variables.

Table 2   Quality assessment of the included papers

L, low risk of bias; M, moderate risk of bias; H, high risk of bias

Paper Study par-
ticipation

Study attrition Prognostic factor 
measurement

Outcome 
measurement

Study con-
founding

Statistical analy-
sis and reporting

Overall risk of bias

Ausderau et al. (2016) M M M M L L Moderate
Dellapiazza et al. (2020) L H L L M L Moderate
Gabriels et al. (2008) M H M M L L Moderate
Gonthier et al. (2016) L L M L L L Low
Green et al. (2016) L L L M H L Moderate
Lane et al. (2010) M H M M M L Moderate
Liss et al. (2006) L M H M H L High
Nadon et al. (2011) M H L L M L Moderate
O’ Donnell et al. (2012) M L M M H L Moderate
Rogers et al. (2003) M H H M M L High
Wolff et al. (2019) L H L M L L Moderate
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The other three papers found that certain types of sen-
sory processing were more prevalent among individuals 
with ASD and ID. Gonthier et al. (2016) (N = 148; age 
range: 19–59 years, Adolescent/Adult Sensory Profile-
modified version) found four subtypes of sensory pro-
cessing: hypersensitive, hyposensitive, hyporesponsive, 
and balanced. The hyporesponsive subtype was associ-
ated with the lowest and the balanced subtype with the 
highest verbal levels, indicating that the hyporesponsive 
subtype involves the most severe group. Gonthier et al. 
(2016) exclusively included individuals with ASD and 
profound to severe ID (318.1 or 318.2 DSM-IV TR), 
living in care centers (no comparison group), and per-
formed hierarchical cluster analysis to identify distinct 
sensory subtypes. The subtypes were based on the pat-
terns hyperresponsiveness, hyporesponsiveness, sensory 
seeking, and sensory avoiding. Ausderau et al. (2016) 
and Liss et al. (2006) also found four different subtypes 
of sensory processing in their sample. Both Ausderau 
et al. (2016) (N = 960; age range: 2–12 years, Sensory 
Experiences Questionnaire 3.0) (without an IQ cutoff) 
and Liss et al. (2006) (N = 144; age mean: 102.4 months, 
standard deviation: 50.1, Sensory Questionnaire consist-
ing of 60 items from the Sensory Profile and 43 newly 
developed items) reported that one sensory processing 
subtype involving hyporesponsiveness and sensory seek-
ing was related to the lowest ID. In addition, Ausderau 
et al. (2016) reported that a subtype involving the pat-
terns hyperresponsiveness and enhanced perception was 
related to the highest IQ (2016), for Liss et al. (2006), the 
highest developmental functioning was related to hyper-
responsiveness. Furthermore, Ausderau et  al. (2016) 
found that of the four subtypes of sensory processing, 
two were positively associated with ID: the sensitive 
distressed subtype, which entails the sensory patterns 
hyperresponsiveness and enhanced perception, and the 
extreme-mixed subtype, consisting of high sensory prob-
lems across the sensory patterns hyporesponsiveness, 
hyperresponsiveness, sensory seeking, and enhanced 
perception. The mild subtype, which entails below aver-
age sensory problems for all four sensory patterns, and 
an attenuated-preoccupied subtype, consisting of more 
hyporesponsiveness and sensory seeking, were negatively 
associated with ID. This indicates that ASD children in 
the first two subtypes were more likely to have higher 
IQs, whereas those in the last two subtypes more likely 
had lower IQs. Ausderau et al. (2016) analyzed four dis-
tinct sensory subtypes found prior to this analysis, using 
a regression model in which ID was a covariate. The 
subtypes were developed based on hyperresponsiveness, 

hyporesponsiveness, sensory seeking, and enhanced per-
ception patterns. Liss et al. (2006) operationalized ID as 
developmental functioning, based on the Vineland daily 
living standard score without an IQ cutoff. They per-
formed cluster analyses based on a variety of variables, 
to determine the impact of the presence of ID, using the 
patterns hyperreactivity, hyporeactivity, and sensory 
seeking regarding sensory processing.

The Impact of the Presence of ID on the Relation 
Between Sensory Processing and Behavioral 
Outcomes for Individuals with ASD

Three papers found the presence of ID (without IQ cut-
off) to have no impact. Gabriels et al. (2008) (N = 70; 
age range: 3–19.7  years, Sensory Profile) concluded 
that the presence of ID had no impact on the association 
between overall sensory processing and behavioral out-
comes (defined as restricted, repetitive, and stereotyped 
behaviors and interests (RBs)), based on a correlation 
analysis including control for ID. The other two papers 
(Nadon et  al. 2011, and Wolff et  al. 2019) found the 
presence of ID to have no impact on the association of 
overall sensory processing and sensory subscores with 
behavioral outcomes. Nadon et al. (2011) (N = 95; age 
range: 3–10 years, Short Sensory Profile) performed 
linear regression, including control for ID, to determine 
the association between sensory processing and the num-
ber of eating problems. Wolff et al. (2019) (N = 74; age 
range: 12 and 24 months) used the Sensory Experiences 
Questionnaire and performed Spearman correlations con-
trolling for ID to determine the association between sen-
sory processing and restricted and repetitive behaviors.

Two papers found some impact of the presence of ID 
on the relation between sensory processing and behav-
ioral outcomes. Gonthier et  al. (2016) (N = 148; age 
range: 19–59 years, Adolescent/Adult Sensory Profile-
modified version) included only individuals with both 
ASD and profound to severe ID (318.1 or 318.2 DSM-
IV TR) living in care centers (no comparison group); 
they concluded that the presence of ID had an impact on 
the relation between four sensory processing subtypes 
and different behavioral outcomes. In particular, the 
hyposensitive and hyporesponsive subtypes were asso-
ciated with the most severe behavioral outcomes: with 
the hyposensitive subtype, a wide range of behavioral 
outcomes such as emotional problems, social behavior 
disorders, and aggression to others and themselves, and 
with the hyporesponsive subtype, e.g., unresponsive-
ness, hypoactivity, and indifference. The hypersensitive 

433



1 3

Review Journal of Autism and Developmental Disorders (2023) 10:422–440

and balanced types were associated with normal to mild 
behavioral outcomes on almost all behavioral disorders. 
Gonthier et al. (2016) performed bivariate correlations 
and ANOVAs and, where applicable, post hoc compari-
sons, using Fisher’s least significant difference to assess 
the association between sensory processing and behav-
ioral outcomes. Ausderau et  al. (2016) (N = 960; age 
range: 2–12 years, Sensory Experiences Questionnaire 
3.0) (without an IQ cutoff) also found sensory processing 
subtypes to be related to different behavioral outcomes. 
The subtype in which ASD children were more likely 
to have lower IQs (consisting of a combination of the 
sensory processing patterns hyporesponsiveness and sen-
sory seeking) was related to the most severe behavioral 
outcomes, i.e., lower scores on all Vineland Adaptive 
Behavior Scales domains: the ABC, communication, 
daily living, and socialization domains (except for mala-
daptive functioning). The subtypes in which the ASD 
children were likely to have higher IQs, consisting of the 
patterns hyperresponsiveness and enhanced perception 
(sensitive-distressed subtype) and below average sensory 
problems for all four sensory patterns (mild subtype), 
had fewer problems according to all four Vineland Adap-
tive Behavior Scales scores. Ausderau et al. (2016) per-
formed simple pairwise comparisons between four previ-
ously found distinct sensory subtypes (differing in level 
of IQ) and the different VABS domains.

All 11 included papers investigated the relation 
between sensory processing and behavioral outcomes. 
Five focused on how the presence of ID impacted the 
relation between sensory processing and behavioral out-
comes. Of these five, one investigated both internaliz-
ing and externalizing behavior (Gonthier et al. 2016), 
two studied externalizing behavior (Gabriels et al. 2008; 
Wolff et al. 2019), and no paper investigated social par-
ticipation. Two papers investigated other behavioral out-
comes: adaptive behavior (Ausderau et al. 2016), and 
number of eating problems (Nadon et al. 2011).

Regarding the quality assessment, findings were similar, 
both when including only the high-quality papers and when 
including only the papers with the greatest risk of bias.

Discussion

In this review, seven studies reported that the presence 
of ID had no impact on overall sensory processing and 
sensory processing subscores, and three concluded that 
subtypes consisting of more hyporesponsiveness and sen-
sory seeking were associated with ASD individuals with 

ID. Next, five studies found that the presence of ID did 
not impact the relation of sensory processing in general 
and sensory subscores with behavioral outcomes for indi-
viduals with ASD. Two studies found that the presence 
of ID impacted the relation between sensory processing 
and behavioral outcomes when subtypes were assessed 
based on hyperresponsiveness and hyporesponsiveness; 
the latter had the poorest outcomes. More specifically, 
the subtypes based on hyporesponsiveness were associ-
ated with a range of behavioral outcomes, including less 
adaptive functioning and different patterns of behavioral 
dysfunction and behavioral disorders, such as hypoactiv-
ity and indifference.

Although seven studies reported no impact of the pres-
ence of ID on sensory processing, three studies did report 
an impact. The seven studies that reported no impact 
dealt with overall sensory processing and most separate 
subscores, whereas the studies that did find an impact 
dealt with subtypes consisting of more hyporesponsive-
ness and sensory seeking. These contradictory findings 
on the impact of ID are in line with the review of Hazen 
et al. (2014), which showed heterogeneous findings about 
the role of IQ on sensory processing in individuals with 
ASD. A possible explanation for our findings may be, 
first, that the presence of ID has a diverse impact on sen-
sory processing. Second, the contrasting findings could 
be related to heterogeneity among the characteristics of 
the studies, although age, IQ cutoffs, or types of meas-
ures did not play a role here. Sample sizes were slightly 
higher for the studies finding an impact. Therefore, a 
more plausible explanation could be that using average 
scores of sensory processing, or analyzing subscores 
separately, gave a distorted view, since operationaliza-
tion in subtypes combining different subscores or factors 
based on hyper- and hyporesponsiveness patterns showed 
that the presence of ID did have an impact. Development 
of a generally accepted taxonomy of sensory process-
ing is needed to adequately assess the sensory process-
ing of individuals with ASD and ID, using as starting 
point a categorization based on hyperresponsiveness and 
hyporesponsiveness.

Studies based on overall sensory processing and sen-
sory processing subscores found no impact of the pres-
ence of ID on the association between sensory processing 
and behavioral outcomes, whereas two studies found sub-
types of sensory processing based on hyperresponsive-
ness and hyporesponsiveness to be related to ID and the 
subtypes based on hyporesponsiveness to be associated 
with the poorest outcomes. These contradictory findings 
correspond with the review of Schauder and Bennetto 
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(2016), which reported diverse associations between sen-
sory processing patterns and behavioral outcomes within 
the ASD population. A possible explanation for our find-
ings could be that the presence of ID has a diverse impact 
on the association between sensory processing and 
behavioral outcomes. Moreover, differences could be due 
to study characteristics. However, studies did not differ 
in their reported study characteristics, except that those 
based on a higher sample size reported the presence of 
ID as having an impact. A more plausible explanation 
could be that using overall scores, or separately analyz-
ing subscores, confounded the relationship. Analysis of 
subtypes of sensory processing in which different sub-
scores were combined found some impact of the presence 
of ID. More research into the impact of the presence of 
ID, and particularly into subtypes of sensory processing, 
is needed to further predict outcomes in clinical practice.

Researchers found no impact of the presence of ID 
when using only total scores, subscores, or subtypes 
based on the domain scores. In contrast, a categorization 
into subtypes based on hyperresponsiveness and hypore-
sponsiveness showed an impact of the presence of ID on 
sensory processing (aim 1) and on the relation between 
sensory processing and behavioral outcomes (aim 2) in 
individuals with ASD. These findings suggest a need 
for more research into the impact of the presence of ID 
on the sensory processing of ASD individuals. Also, a 
classification of sensory processing subtypes, built upon 
the subdivisions hyper- and hyporesponsiveness, could 
be developed for further assessment of differences in the 
presence of ID.

Of all the included studies, none had the primary aim 
to investigate the presence of ID on sensory processing 
and/or whether the presence of ID impacted the asso-
ciation between sensory processing and behavioral out-
comes within the ASD population. This indicates a need 
for future studies focused primarily on the impact of the 
presence of ID to fully grasp this topic.

The papers included in our review varied in quality. 
However, in studies with a high risk of bias compared 
to studies with a low risk of bias, findings were similar. 
For some of the included papers, specific domains of 
the quality assessment tool were not fully applicable. 
More specifically, the domain “study attrition” was most 
frequently “not applicable” to the included studies. The 
heterogeneity of the findings could thus be related to the 
content, and not to a difference in quality, between the 
included papers.

Our review has several strengths. First, we included 
studies using only individuals with ASD and ID in their 
sample, as well as studies using mixed samples of ASD 
individuals with and without ID. Second, we did not 
restrict our review to a certain age range or to only one 
categorization or type of measurement of sensory pro-
cessing. Third, for papers that did not report the ID val-
ues of their sample, authors were contacted, and papers 
were in- or excluded based on their information.

Nevertheless, our review has some limitations. First, 
we had strict in- and exclusion criteria, which could have 
led to exclusion of some papers which may appear to 
meet the inclusion criteria. In particular, during our title/
abstract selection, we excluded papers that focused on 
sensory processing without a link with behavioral out-
comes. Therefore, we may have missed papers giving 
more information about the impact of the presence of ID 
on sensory processing in individuals with ASD (our first 
aim). Second, we defined an ID as either low adaptive 
functioning or low intelligence functioning. This may 
have led to the inclusion of some respondents who did 
not fully meet the DSM-5 criteria for ID (American Psy-
chiatric Association, 2013), potentially a somewhat less 
severely affected group.

First, we found that most studies reported no impact 
of the presence of ID, whereas a few studies did, based 
on subtypes. Thus careful attention should be paid to an 
individualized sensory processing analysis, using sensory 
processing problems rather than level of functioning as start-
ing point. Second, our findings that only certain subtypes 
of sensory processing among individuals with ASD and 
ID are associated with severe behavioral outcomes imply 
that these subtypes should be more definitely determined in 
clinical practice in order to establish a prognosis. Moreover, 
information on subtypes of sensory processing is needed, 
since the impact of the presence of ID was missed when 
average scores or subscores were compared. Third, sensory 
processing and related behavioral outcomes could best be 
assessed through analyzing a person’s behavior. This implies 
that proxy questionnaires and other measurement tools, 
like observation, should be combined in routine practice 
to obtain more reliable evidence on how the presence of 
ID impacts sensory processing and related behavioral out-
comes. This is particularly important, because interpretation 
of behavior (including sensory processing) of individuals 
functioning at lower developmental levels is more complex.

First, further research into the specific impact of the 
presence of ID on sensory processing subtypes among 
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individuals with ASD and ID is needed for development 
of a sensory processing taxonomy. This should include the 
relation of sensory processing with behavioral outcomes 
for individuals with both ASD and ID. Second, more lon-
gitudinal research on individuals with both ASD and ID 
is needed, particularly in older children, adolescents, and 
adults. Third, most of the included studies used parent 
questionnaires to assess sensory processing and behavio-
ral outcomes. Future studies should use more observational 
and objective measurements. This will not only strengthen 
the reliability of the data collection method but also reduce 
the risk of bias. Lastly, more research is needed about the 
relation between sensory processing and broader behav-
ioral outcomes, as overlapping symptoms could represent 
one underlying mechanism, especially in younger children 
and individuals functioning at lower developmental levels 
(Gillberg, 2010). In particular, the impact of the presence 
of ID on the association between sensory processing and 
social participation in individuals with ASD should be 
investigated, since this has not as yet been studied. In con-
trast, on a more fundamental level, ID and ASD probably 
have different underlying pathophysiological mechanisms. 
Future research should, therefore, include a physiological 
perspective on sensory processing problems and associated 
outcomes. Even though symptoms on different develop-
mental domains are quite similar in both disorders (Gill-
berg, 2010), the underlying mechanisms of each disorder 
may be different and are not yet fully understood (Kroon 
et al. 2013).

In summary, our review showed contrasting findings 
regarding the impact of the presence of ID. On the one 
hand, papers based on overall sensory processing and 
most separate sensory subscores found no impact of ID 
on sensory processing and its association with behavioral 
outcomes. On the other hand, papers studying subtypes 
based on hyperresponsiveness and hyporesponsiveness 
in individuals with ASD found subtypes consisting of 
hyporesponsiveness and sensory seeking to be associ-
ated with the presence of ID and hyporesponsiveness to 
be associated with the most severe behavioral outcomes. 
In-depth analysis of sensory processing is needed to fur-
ther assess sensory processing and its association with 
behavioral outcomes in individuals with both ASD and 
ID. In particular, operationalizing sensory processing 
into subtypes based, among others, on the level of ID 
could help us to better grasp sensory patterns and out-
comes, resulting in greater knowledge of how to support 
individuals with both ASD and ID.

Appendix A

Search strategies

For all three databases: publications from 2000.
Pubmed:
(“Sensory Gating”[Mesh] OR sensory*[TI] OR 

habituation[TI] OR (response[TI] AND input[TI]) OR 
(reactivity [TI] AND input[TI]) OR hypo-respon*[TI] 
OR hyper-respon*[TI] OR hyporespon*[TI] OR 
hyperrespon*[TI] OR overrespon*[TI] OR over-respon*[TI] 
OR underrespon*[TI] OR under-respon*[TI]) AND 
(“Child Development Disorders, Pervasive”[Mesh] OR 
autism spectrum disorder*[TIAB] OR autis*[TIAB] OR 
ASD[TIAB] OR asperger[TIAB] OR pervasive devel-
opmental disorder*[TIAB] OR pervasive development 
disorder*[TIAB]) NOT (animal NOT human) Filters: Pub-
lication date from 2000/01/01.

PsycINFO:
( (DE “Sensory Gating” OR TI (sensory* OR habituation 

OR response N5 input OR reactivity N5 input OR hypo-
respon* OR hyper-respon* OR hyporespon* OR hyperre-
spon* OR overrespon* OR over-respon* OR underrespon* 
OR under-respon*)) AND ( (DE “Autism Spectrum Disor-
ders” OR TI(autis* OR ASD OR asperger OR pervasive 
developmental disorder* OR pervasive development disor-
der*) OR AB(autis* OR ASD OR asperger OR pervasive 
developmental disorder* OR pervasive development disor-
der*))) NOT PO ( animal NOT human).

ERIC:
( (DE “Sensory Experience” OR (TI (sensory* OR 

habituation OR response N5 input OR reactivity N5 input 
OR hypo-respon* OR hyper-respon* OR hyporespon* 
OR hyperrespon* OR overrespon* OR over-respon* OR 
underrespon* OR und.er-respon*))) AND ( (DE “Pervasive 
Developmental Disorders” OR DE “Asperger Syndrome” 
OR DE “Autism” OR (TI ( autis* OR ASD OR asperger OR 
“pervasive developmental disorder*” OR “pervasive devel-
opment disorder*”) OR AB (autis* OR ASD OR asperger 
OR “pervasive developmental disorder*” OR “pervasive 
development disorder*”))))

Date of search: May 18, 2020.

Appendix B

Completed PRISMA 2009 Checklist
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Section/topic # Checklist item Page 
TITLE 
Title  1 Identify the report as a systematic review, meta-analysis, or both.  1 

ABSTRACT 
Structured summary  2 Provide a structured summary including, as applicable: background; 

objectives; data sources; study eligibility criteria, participants, and 

interventions; study appraisal and synthesis methods; results; 

limitations; conclusions and implications of key findings; systematic 

review registration number.  

1

INTRODUCTION 
Rationale  3 Describe the rationale for the review in the context of what is already 

known.  

2,3

Objectives  4 Provide an explicit statement of questions being addressed with 

reference to participants, interventions, comparisons, outcomes, and 

study design (PICOS).  

4

METHODS 
Protocol and 

registration  

5 Indicate if a review protocol exists, if and where it can be accessed 

(e.g., Web address), and, if available, provide registration information 

including registration number.  

4/App. B

Eligibility criteria  6 Specify study characteristics (e.g., PICOS, length of follow-up) and 

report characteristics (e.g., years considered, language, publication 

status) used as criteria for eligibility, giving rationale.  

4,5

Information sources  7 Describe all information sources (e.g., databases with dates of coverage, 

contact with study authors to identify additional studies) in the search 

and date last searched.  

4

Search  8 Present full electronic search strategy for at least one database, 

including any limits used, such that it could be repeated.  

App. A

Study selection  9 State the process for selecting studies (i.e., screening, eligibility, 

included in systematic review, and, if applicable, included in the meta-

analysis).  

4,5

Data collection process  10 Describe method of data extraction from reports (e.g., piloted forms, 

independently, in duplicate) and any processes for obtaining and 

confirming data from investigators.  

4,5

Data items  11 List and define all variables for which data were sought (e.g., PICOS, 

funding sources) and any assumptions and simplifications made.  

5/App. A

Risk of bias in 

individual studies  

12 Describe methods used for assessing risk of bias of individual studies 

(including specification of whether this was done at the study or 

outcome level), and how this information is to be used in any data 

synthesis.  

5,6

Summary measures  13 State the principal summary measures (e.g., risk ratio, difference in 

means).  

NA 

Synthesis of results  14 Describe the methods of handling data and combining results of 

studies, if done, including measures of consistency (e.g., I2) for each 

meta-analysis.  

NA

Risk of bias across 

studies  

15 Specify any assessment of risk of bias that may affect the cumulative 

evidence (e.g., publication bias, selective reporting within studies).  

NA

Additional analyses  16 Describe methods of additional analyses (e.g., sensitivity or subgroup 

analyses, meta-regression), if done, indicating which were pre-

specified.  

NA

RESULTS 
Study selection  17 Give numbers of studies screened, assessed for eligibility, and 

included in the review, with reasons for exclusions at each stage, 

ideally with a flow diagram.  

6/Fig. 1

Study characteristics  18 For each study, present characteristics for which data were extracted 

(e.g., study size, PICOS, follow-up period) and provide the citations.  

6,7/Table 

1

Risk of bias within 

studies  

19 Present data on risk of bias of each study and, if available, any 

outcome level assessment (see item 12).  

7/Table 2

Results of individual 

studies  

20 For all outcomes considered (benefits or harms), present, for each 

study: (a) simple summary data for each intervention group (b) effect 

estimates and confidence intervals, ideally with a forest plot.  

NA

Synthesis of results  21 Present results of each meta-analysis done, including confidence 

intervals and measures of consistency.  

NA

Risk of bias across 

studies  

22 Present results of any assessment of risk of bias across studies (see 

Item 15).  

NA

Additional analysis  23 Give results of additional analyses, if done (e.g., sensitivity or 

subgroup analyses, meta-regression [see Item 16]).  

NA

DISCUSSION 
Summary of evidence  24 Summarize the main findings including the strength of evidence for 

each main outcome; consider their relevance to key groups (e.g., 

healthcare providers, users, and policy makers).  

11, 12, 

13,14

Limitations  25 Discuss limitations at study and outcome level (e.g., risk of bias), and 

at review-level (e.g., incomplete retrieval of identified research, 

reporting bias).  

13

Conclusions  26 Provide a general interpretation of the results in the context of other 

evidence, and implications for future research.  

11,12, 

13,14

FUNDING 
Funding  27 Describe sources of funding for the systematic review and other 

support (e.g., supply of data); role of funders for the systematic 

review.  

Title page
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