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Abstract

Sensory features (i.e., atypical responses to sensory stimuli) are included in the
current diagnostic criteria for autism spectrum disorder. Yet, large population-
based studies have not examined these features. This study aimed to determine
the prevalence of sensory features among autistic children, and examine associa-
tions between sensory features, demographics, and co-occurring problems in other
areas. Analysis for this study included a sample comprised of 25,627 four- or
eight-year-old autistic children identified through the multistate Autism and
Developmental Disabilities Monitoring Network (2006-2014). We calculated the
prevalence of sensory features and applied multilevel logistic regression modeling.
The majority (74%; 95% confidence interval: 73.5%—74.5%) of the children stud-
ied had documented sensory features. In a multivariable model, children who
were male and those whose mothers had more years of education had higher odds
of documented sensory features. Children from several racial and ethnic minority
groups had lower odds of documented sensory features than White, non-Hispanic
children. Cognitive problems were not significantly related to sensory features.
Problems related to adaptive behavior, emotional states, aggression, attention,
fear, motor development, eating, and sleeping were associated with higher odds of
having documented sensory features. Results from a large, population-based sam-
ple indicate a high prevalence of sensory features in autistic children, as well as
relationships between sensory features and co-occurring problems. This study also
pointed to potential disparities in the identification of sensory features, which
should be examined in future research. Disparities should also be considered clini-
cally to avoid reduced access to supports for sensory features and related func-
tional problems.

Lay Summary: In a large, population-based sample of 25,627 autistic children,
74% had documented differences in how they respond to sensation. We also iden-
tified significant associations of sensory features with adaptive behavior and prob-
lems in other domains. Sensory features were less common among girls, children
of color, and children of mothers with fewer years of education, suggesting poten-
tial disparities in identification.
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BACKGROUND

Atypical responses to sensory stimuli, called sensory
features, are understood to be highly common in autis-
tic populations (authors’ note: while we acknowledge
significant debate in the field (e.g., Botha et al., 2021),
here we use identity-first language following recent rec-
ommendations (Bottema-Beutel et al., 2020)), and can
include over-responsiveness to  sensory input
(e.g., extreme sensitivity to sounds), diminished respon-
siveness to sensory input (e.g., no response to pain or
touch), and sensory seeking behaviors (e.g., intense
focus on parts of an object) (Ausderau et al., 2014;
Crane et al.,, 2009; Jasmin et al., 2009; Leekam
et al., 2007; Rogers & Ozonoff, 2005). Sensory features
were added to the diagnostic criteria for autism spec-
trum disorder in the Diagnostic and Statistical Manual,
Fifth  Edition (DSM-5; American Psychiatric
Association, 2013), and therefore can now contribute
to—but are not required for—receipt of the diagnosis.
Existing literature suggests sensory features in 53%-—
94% of autistic populations (Baranek et al., 2006;
Billstedt et al., 2007; Jussila et al., 2020; Klintwall
et al., 2011; Leekam et al.,, 2007; Tomchek &
Dunn, 2007), yet these estimates have primarily come
from studies that used clinical and convenience sam-
ples, limiting their generalizability. The lack of
population-based data limits our ability to accurately
estimate the prevalence of sensory features in autistic
populations, to explore demographic differences, and
to understand relevant associations with child charac-
teristics and functioning.

Sensory features are among the earliest observable
indicators of autism, with atypical responses to sensa-
tion observable within the first year of life
(Baranek, 1999; Baranek et al., 2018). In a retrospec-
tive video analysis study, Baranek (1999) identified
unique patterns of differential sensory response at
12 months of age, including diminished responses
(e.g., visual orienting and response to name-call), over-
responsiveness (e.g., aversion to touch), and sensory
seeking (e.g., excessive mouthing of objects). More
recent research provides further evidence of early sen-
sory seeking and reduced orienting among autistic chil-
dren, as well as among younger siblings who have a
greater likelihood of autism diagnosis (Baranek
et al., 2018; Damiano-Goodwin et al., 2018). The
available evidence suggests autistic people who display
sensory features present with them in early childhood
and continue through adolescence and adulthood (Ben-
Sasson et al., 2007; Crane et al., 2009; Wiggins
et al., 2009). However, there is varying evidence as to
what extent sensory features remain stable over time
(Baranek et al., 2019; Ben-Sasson et al., 2009, 2019;
McCormick et al., 2016).

Interdisciplinary perspectives suggest a relationship
between sensory functioning and “cascading effects” on

child development (Baranek et al., 2018; Brandwein
et al., 2015; Cascio et al., 2016). For instance, children
who are extremely focused on or overwhelmed by sensory
aspects of the environment may have more difficulty
engaging in activities that promote cognitive, adaptive,
motor, and social development. These effects may have
long-term impacts on autistic individuals’ abilities to
engage and participate in meaningful activities in life
(Cascio et al., 2016). Accordingly, evidence points to
associations between sensory features and problems in
other areas such as attention, mood, and anxiety
(Dellapiazza et al., 2018; Feldman et al., 2020; Green
et al., 2012), as well as with critical daily activities includ-
ing sleeping and eating (Mazurek et al, 2013;
Mazurek & Petroski, 2015; Thomas et al., 2015). Studies
of family routines illustrate how some daily activities can
be stressful for autistic children due to sensory features
(e.g., over-responsiveness to food tastes and textures,
extreme sensitivity to noise) (Bagby et al., 2012; Schaaf
et al., 2011).

Existing literature shows associations between cogni-
tion and sensory features, with lower cognitive scores
associated with greater sensory features (Ben-Sasson
et al.,, 2019). Several studies also found associations
between sensory features and adaptive behavior levels,
with patterns of lower adaptive behavior scores in the
presence of increased sensory features, even when
accounting for cognition (Jasmin et al., 2009; Lane
et al., 2010; Liss et al., 2006; Rogers et al., 2003;
Tomchek et al., 2015; Watson et al., 2011; Williams
et al., 2018). However, there is some variation in longi-
tudinal results examining the relationship between early
sensory features and later adaptive behavior
challenges—with one study finding a significant positive
association for autistic children (Williams et al., 2018)
and another finding no association (McCormick
et al., 2016).

Knowledge about the ways that sensory features
relate to functioning for autistic children can inform sen-
sory evaluation and treatment recommendations. Yet,
there is a dearth of population-based evidence to inform
clinical recommendations and future research on this
topic. In the current study, we used surveillance data
from the multistate Autism and Developmental Disabil-
ities Monitoring (ADDM) Network to examine the prev-
alence of sensory features among 4- and 8-year-old
autistic children, as well as associations with demo-
graphic factors and challenges across various domains
among a large, population-based sample of autistic
children.

METHODS

This cross-sectional analysis utilized ADDM Network
data. Approval was granted by individual project site
institutional review boards.
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Data source

The ADDM Network is a population-based ongoing
records-based surveillance system for autism and other
developmental disabilities that was started in 2000 and is
overseen by the US Centers for Disease Control and Pre-
vention (CDC). ADDM conducts surveillance on even
years and includes multiple sites in the United States (site
inclusion varies by surveillance year). Each site examined
health records, and most sites also examined educational
records from children receiving special education ser-
vices, to identify children meeting the ADDM surveil-
lance case definition for autism spectrum disorder. The
ADDM case definition was based on DSM-IV or DSM-5
criteria (depending on the surveillance year), and deter-
mined by clinician review (Baio et al., 2012, 2014, 2018;
Christensen et al., 2018; Rice et al., 2009). Each year the
surveillance focused on 8-year-old children living in
ADDM catchment areas, and beginning in 2010 included
4-year-old children as well. All sites adhere to a common
protocol for record review and abstraction, overseen by
the CDC. Additional information about ADDM proce-
dures is available in prior publications (Baio et al., 2012,
2014, 2018; Christensen et al., 2018; Maenner
et al., 2016; Rice et al., 2009; Wiggins et al., 2012).

Sample

The sample for the present analyses included 8-year-old
autistic children from five sequential surveillance years
(2006, 2008, 2010, 2012, and 2014) representing data
from 16 sites (select catchment areas in AL, AR, AZ,
CO, FL, GA, MD, MN, MO, NC, NJ, PA, SC, TN,
UT, and WI), as well as 4-year-old autistic children from
three surveillance years (2010, 2012, and 2014) from
seven sites (AZ, CO, MO, NC, NJ, UT, and WI). Differ-
ent combinations of sites participated in each surveillance
year (not every included site was involved in every
included year). Five autistic children with missing data
on sensory features (0.02%) were excluded from the sam-
ple. The final sample included 25,627 autistic children
(2913 from 4-year-old surveillance and 22,714 from
8-year-old surveillance). The majority (81.8%) of the chil-
dren were male (additional sample description in
Table 1).

Variables

Demographic information

We included several demographic variables in the ana-
lyses: child sex, child race and ethnicity, and maternal

education level during pregnancy (selected as a proxy for
socioeconomic status/early childhood service access

(Crosnoe et al., 2021)). We also included whether the chi-
1d’s data were collected as part of the 4-year-old or
8-year-old surveillance.

Functional measures

A cognitive functioning estimate and an adaptive behav-
ior estimate were documented from the child’s most
recent cognitive and adaptive behavior tests during or
before the surveillance year, when available. A wide
range of standardized assessments were accepted for
ADDM surveillance (Patrick et al., 2021). The most com-
mon cognitive assessments included as the most recent
test for the children in this sample were the Wechsler
Intelligence Scale for Children (20.7%) and the Differen-
tial Ability Scales (15.8%). The most common adaptive
behavior tests were the Vineland Adaptive Behavior
Scales (59.7%) and the Adaptive Behavior Assessment
System (21.4%). Each was coded into a binary variable
representing a standard score >70 (representing scores
within two standard deviations of the mean, or higher) or
<70 (representing scores less than or equal to two stan-
dard deviations below the mean). This cutoff is consistent
with prior CDC reports, wherein a cognitive standard
score <70 represents intellectual disability (Baio
et al., 2014, 2012, 2018; Christensen et al., 2018; Rice
et al., 2009).

Sensory features

The ADDM Network collects data on various charac-
teristics common in autistic children. These “autism fea-
ture” variables were documented as binary—indicating
either presence or absence of the specified characteristic
anywhere in the child’s records, as recorded by trained
clinician reviewers. For this analysis, we used ADDM’s
sensory autism feature variable, defined as “odd
responses to sensory stimuli.” This variable captured a
range of atypical sensory reactions including sensitivity
or exaggerated reactions (e.g., high sensitivity to sound),
diminished reactions (e.g., decreased reaction to temper-
ature), and fascination or increased attention
(e.g., smelling objects, staring at lights) to sensory
stimuli.

Co-occurring challenges

Other “autism feature” variables we included in the anal-
ysis were problems related to emotional states, aggres-
sion, motor development, hyperactivity/attention, fear
(either lack of, or excessive), sleep, and eating or drink-
ing. As with sensory features, these were documented as
binary (presence or absence).
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TABLE 1 Autism and Developmental Disabilities Monitoring (ADDM) Network (2006-2014) sample characteristics of 4- and 8-year-old
autistic children, cross-tabulated proportions with sensory features, and results from univariate and multivariable logistic regression models

(dependent variable: sensory features) (N = 25,627)

Sample description
number (percent)

Proportion with sensory
features percent

Univariate logistic
regression® OR (95% CI)

Multivariable logistic
regression® OR (95% CI)

Sensory feature variable®
Sensory features
No sensory features

Age of cohort
4 years old
8 years old

Sex
Female
Male
Missing

Race/ethnicity®
White, NH
Black, NH

American Indian or
Alaska native, NH

Asian or Pacific
Islander, NH

Other race, NH

Hispanic (any race)

Missing
Mother’s education

<12 years

12 years

13-15 years

16 years

>16 years

Missing
Cognition

SS > 70

SS <70

Missing
Adaptive behavior

SS > 170

SS <70

Missing
Emotional states

No mood or affect
problems

Mood or affect
problems

Aggression

No aggression
problems

Aggression problems

18,968 (74.0)
6659 (26.0)

2913 (11.4)
22,714 (88.6)

4672 (18.2)
20,954 (31.8)
1(<0.1)

14,071 (54.9)
5144 (20.1)
136 (0.5)

919 (3.6)

747 (2.9)
3924 (15.3)
686 (2.7)

2259 (8.8)
4785 (18.7)
4209 (16.4)
3722 (14.5)
2275 (8.9)
8377 (32.7)

12,493 (48.7)
6534 (25.5)
6600 (25.8)

6625 (25.9)
7464 (29.1)
11,538 (45.0)

5849 (22.8)

19,778 (77.2)

12,175 (47.5)

13,452 (52.5)

70.1
74.5

71.8
74.5

71.8
68.2
71.3

71.9

75.2
68.7
71.3

67.1
70.5
74.3
71.3
79.9
74.7

76.9
77.1
65.5

77.2

79.6
68.6

78.3

68.3

79.2

Reference
1.07 (0.97-1.17)

Reference
1.17 (1.08-1.25)

Reference
0.63 (0.58-0.68)
0.64 (0.44-0.93)

0.70 (0.60-0.82)

0.81 (0.68-0.97)
0.64 (0.59-0.70)
0.90 (0.76-1.08)

Reference

1.20 (1.08-1.34)
1.48 (1.32-1.66)
1.75 (1.55-1.97)
2.06 (1.79-2.37)
1.42 (1.28-1.59)

Reference
1.06 (0.99-1.14)
0.60 (0.56-0.65)

Reference
1.19 (1.10-1.30)
0.68 (0.63-0.73)

Reference

2.18 (2.04-2.32)

Reference

1.72 (1.62-1.82)

Reference
0.86 (0.78-0.96)

Reference
1.20 (1.11-1.30)

Reference
0.71 (0.66-0.78)
0.71 (0.47-1.07)

0.78 (0.66-0.92)

0.86 (0.71-1.04)
0.76 (0.69-0.83)
1.15 (0.94-1.40)

Reference

1.17 (1.04-1.32)
1.47 (1.30-1.67)
1.69 (1.48-1.93)
2.03 (1.74-2.37)
1.43 (1.27-1.61)

Reference
1.01 (0.93-1.10)
0.83 (0.76-0.90)

Reference
1.11 (1.01-1.21)
0.90 (0.82-0.98)

Reference

1.41 (1.31-1.51)

Reference

1.19 (1.11-1.27)

(Continues)
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TABLE 1 (Continued)
Sample description Proportion with sensory Univariate logistic Multivariable logistic
number (percent) features percent regression® OR (95% CI) regression® OR (95% CI)
Motor
No motor delay 6978 (27.2) 56.9 Reference Reference
problems
Motor delay problems 18,649 (72.8) 80.4 2.99 (2.81-3.18) 2.16 (2.02-2.31)
Hyperactivity/attention
No hyperactivity or 3254 (12.7) 54.9 Reference Reference
attention problems
Hyperactivity or 22,373 (87.3) 76.8 2.62 (2.42-2.84) 1.67 (1.53-1.82)
attention problems
Fear (lack of, or excessive)
No problems in lack 14,097 (55.0) 65.2 Reference Reference
of/excessive fear
Problems in lack 11,530 (45.0) 84.8 2.74 (2.57-2.92) 1.99 (1.85-2.13)
of/excessive fear
Sleep
No sleep problems 16,693 (65.1) 68.9 Reference Reference
Sleep problems 8934 (34.9) 83.5 2.12 (1.99-2.27) 1.36 (1.27-1.47)
Eating/drinking
No eating/drinking 11,434 (44.6) 62.5 Reference Reference
problems
Eating/drinking 14,193 (55.4) 83.3 2.84 (2.68-3.02) 2.10 (1.97-2.24)
problems

Note: SSs >70 represent scores within two standard deviations of the mean or higher, SSs <70 represent scores less than or equal to two standard deviations below the

mean. Bolded results are significant at o = 0.05 level.

Abbreviations: CI, confidence interval; NH, non-Hispanic; OR, odds ratio; SS, standard score.
“The logistic regressions to test the univariate and multivariate associations with sensory features were fit as multilevel models with site and surveillance year * site as

random effects.

®The sensory features variable indicates documentation of the presence of any atypical sensory behaviors in a single ADDM variable (further defined in the text),

proportions were suppressed for cell sizes <5.
“Race/ethnicity groups are coded as mutually exclusive.

Data analysis

We used R (Version 4.0.3, R Foundation for Statistical
Computing) for data management and analyses. To
examine the prevalence of sensory features across all
included years and sites, we calculated the total percent-
age of the autism sample with reported sensory features
and 95% confidence interval (CI; estimated as a one-
sample proportions test with continuity correction) across
all included years and sites; we also calculated prevalence
for 4- and 8-year-olds separately.

We used the mlogit package and glmer function in R
to conduct multilevel logistic regression analyses, account-
ing for clustering by site and surveillance year * site (ran-
dom effects). First, we conducted multilevel univariate
analyses to examine associations between sensory features
and each of the other study variables, while accounting for
clustering. We then conducted multivariable multilevel
logistic regression analyses to assess associations between
the presence of sensory features with the demographic
(i.e., surveillance age, sex, race/ethnicity, and mother’s
education), autism feature (i.e., co-occurring challenges in

the areas of emotional states, aggression, motor develop-
ment, hyperactivity/attention, fear [lack of, or excessive],
eating/drinking, and sleeping), and functional variables
(i.e., cognition, adaptive behavior) in a combined model,
while accounting for clustering.

Children were missing data for several variables includ-
ing race/ethnicity (2.7%), maternal education (32.7%), cog-
nitive score (25.8%), and adaptive behavior score (45.0%)
(see Table 1). We compared the children with complete data
to those with missing data on the demographic variables
using y? tests, revealing slight but significant differences on
surveillance age and race/ethnicity (see Table S1). Due to
the high levels of missingness, we retained the full sample
size for analyses, including children with missing data as an
additional categorical level for each of these variables. We
examined variance inflation factors for the multivariable
model and identified no multicollinearity.

Due to the 2013 release of the DSM-5—and its inclu-
sion of sensory features as a diagnostic criteria—some
children in the 2014 surveillance year may have had more
likelihood to have documented sensory features in their
records. Although we do account for study year in the
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analyses, we also re-ran our final regression model
removing the 2014 participants as an additional robust-
ness check.

RESULTS

The prevalence of sensory features in the full sample was
74.0% (95% CI. 73.5%-74.5%). Among children sur-
veilled at ages 4 and 8 years, the prevalence of sensory
features was 70.1% (95% CI: 68.4%-71.7%) and 74.5%
(95% CI: 73.9%-75.1%), respectively, revealing a slightly
higher unadjusted prevalence in children studied at the
older age.

With the exception of surveillance age and cognitive
score, all other studied variables had a statistically signifi-
cant univariate relationship with sensory features (see
Table 1). In the multivariable multilevel logistic regres-
sion model, the variance (standard deviation) for the ran-
dom effects of site were 0.02(0.14), and for surveillance
year * site were 0.13(0.36). See Table 1 for full results of
the fixed effects. In the model, male children had 1.20
(95% CI: 1.11-1.30) times greater odds than female chil-
dren to have documented sensory features. Compared to
White, non-Hispanic children, we observed a signifi-
cantly lower odds of documented sensory features for
Black, non-Hispanic children (odds ratio [OR]: 0.71; 95%
CI: 0.66-0.78), Asian or Pacific Islander, non-Hispanic
children (OR: 0.78; 95% CI: 0.66-0.92), and Hispanic
children (OR: 0.76; 95% CI: 0.69-0.83). Children of
mothers with more than 12 years of education had signif-
icantly higher odds of documented sensory features than
those with fewer than 12 years of education. Adaptive
behavior challenges were associated with sensory fea-
tures; children with below-average scores had 1.11 (95%
CIL: 1.01-1.21) times the odds of demonstrated sensory
features than children with higher adaptive behavior
scores. Other co-occurring challenges we examined were
all significantly and positively associated with sensory
features, including problems related to emotional states,
aggression, motor development, hyperactivity/attention,
fear (lack of, or excessive), sleep, and eating or drinking.
Consistent with the univariate model, cognitive problems
were not significantly associated with odds of sensory fea-
tures in the multivariable model. In contrast with the
unadjusted results demonstrating higher rates of sensory
features among 8-year old children, and non-significance
in the univariate model, the multilevel multivariable
model revealed significantly lower odds of sensory fea-
tures among the 8-year old surveillance group.

In both the univariate and multivariable models, chil-
dren with missing data on race/ethnicity did not have sig-
nificantly different odds of sensory features than White,
non-Hispanic children. However, those with missing data
on mother’s education, cognition, and adaptive behavior
did have significantly different odds of sensory features
than the reference groups. Specifically, in the

multivariable model, those without mother’s education
data had 1.43 (95% CI: 1.27-1.61) times the odds of
documented sensory features than those with less than
12 years of education, similar to children with mothers
with more years of education. For both cognitive and
adaptive behavior scores in the multivariable model, chil-
dren without these assessments in their records were sig-
nificantly less likely to have documented sensory
features, with odds of 0.83 (95% CI: 0.76-0.90) and 0.90
(95% CI: 0.82-0.98), respectively.

When the multivariable model was repeated with
2014 removed (see Table S2), the results remained highly
consistent with the exception of the Asian or Pacific
Islander, non-Hispanic group no longer being signifi-
cantly different than the White, non-Hispanic group
(likely due to small sample size).

DISCUSSION

Almost three-quarters of 4- and 8-year-old children in the
ADDM Network had documented sensory features,
within the 53%-94% range observed in prior research
with samples of autistic children (Ausderau et al., 2014;
Baranek et al., 2006; Billstedt et al., 2007; Crane
et al., 2009; Jussila et al., 2020; Klintwall et al., 2011;
Leekam et al., 2007; Tomchek & Dunn, 2007). These
findings highlight the need for early screening of sensory
concerns to guide treatment referrals. Most early screen-
ing tools (Hyman et al., 2020) include sensory-related
questions, including the most commonly used tool for
toddler autism screening, the Modified Checklist for
Autism in Toddlers (Robins et al., 2014). Some early
screening tools also include sensory subscales, such as the
First Year Inventory (Watson et al., 2007), which may
offer more thorough information about sensory features
in young children. For older children and adults, there
are also autism screening tools that include items related
to sensory features (Thabtah & Peebles, 2019). Occupa-
tional therapists are trained in sensory assessments and
treatments, and can provide services to support autistic
children to more successfully participate in their daily
activities (Schoen et al., 2019).

Prior evidence indicates sensory features impact the
everyday lives of autistic children and their families, with
cascading effects theorized to impact daily living, educa-
tional, and mental health outcomes (Cascio et al., 2016).
Adaptive behavior challenges and other problems such as
attention, and internalizing and externalizing behaviors
have shown associations with sensory features in previous
work. Consistent with existing studies (e.g., Dellapiazza
et al., 2018; Feldman et al., 2020; Green et al., 2012;
Mazurek et al., 2013; Thomas et al., 2015; Tzischinsky
et al., 2018), we identified that problems in areas of adap-
tive behavior, motor development, attention, emotional
states, hyperactivity, fear, sleeping, and eating were asso-
ciated with increased odds of sensory features. These
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findings offer further support for the theorized relation-
ships between sensory features and other areas of life for
autistic children (Cascio et al., 2016).

Notably, we did not identify associations between
cognitive measures and sensory features, despite prior
work finding a relationship with sensation seeking in par-
ticular (Ben-Sasson et al., 2019). Interestingly, Ben-
Sasson et al. found no significant relationship between
cognition and either of the other two sensory patterns
investigated (e.g., sensory over-responsivity and sensory
under-responsivity). The current findings reinforce the
idea that sensory features may be a unique factor in
autism profiles, separate from cognitive ability. Finally,
despite our results demonstrating statistically significant
relationships on several variables, it is important to
acknowledge that sensory features were quite prevalent
across the sample, even among children without docu-
mented problems in other areas. This implies that sensory
features are a prominent feature for most autistic chil-
dren, regardless of other factors.

If and how sensory features change across develop-
ment have not been well established. Consistent with the
findings from Ben-Sasson et al.’s (2009, 2019) two meta-
analyses we found a slightly increased rate of sensory fea-
tures in the 8- versus 4-year-old surveillance datasets.
However, we found the opposite pattern when modeled
hierarchically in a multivariable model. The differences
observed in the raw numbers could be an artifact of the
increased opportunities children had over 8 years of life
to have sensory features documented by healthcare
and/or educational providers, and/or related to missing
data. Prior longitudinal studies have noted some declines
over time, but overall consistency in the presence of sen-
sory features during childhood (Baranek et al., 2018,
2019; McCormick et al, 2016; Perez Repetto
et al., 2017). Studies including autistic adults also indicate
that sensory features persist into adulthood, and impact
meaningful participation in activities (Crane et al., 2009;
Kern et al., 2006; Leekam et al., 2007). In the current
study, we only had access to cross-sectional data from
record reviews of 4- and 8-year-old children. Future work
is needed to understand age-related changes in sensory
features, and the impact of development over time, for
autistic people across the lifespan.

While this study offers a large-scale overview of asso-
ciations with sensory features, it also provides insight into
potential disparities in the identification of sensory fea-
tures. We found that children who were male, White,
non-Hispanic, and had a more highly educated mother at
birth were significantly more likely to have sensory fea-
tures documented in their records. Given existing evi-
dence about disparities in autism (Yuan et al., 2021), we
expect these are disparities in identification and possibly
in access to specialized services such as occupational ther-
apy that can address sensory features (Cascio
et al., 2016). For example, it is possible that similar
behaviors may be documented differently for different

children by clinicians and educators (e.g., sensory fea-
tures misidentified as problem behavior among Black
children; Meek & Gilliam, 2016; Obeid et al., 2020)
and/or go unidentified (e.g., different clinician expecta-
tions or different presentation in female children;
Halladay et al., 2015). More research is needed to
uncover potential biases and structural barriers that may
limit the identification of sensory features in autistic girls
and children from diverse backgrounds, as well as to
improve access to services that may help mitigate poten-
tial long-term challenges. The identified sex differences in
sensory features should also be explored in the emerging
research examining autism in girls, and the complex
intersections of biological and sociocultural factors
(e.g., Harrop et al., 2021).

Limitations

A primary limitation of this study is the focus on a single,
binary sensory variable rather than a robust validated
tool, such as the Sensory Profile (Dunn, 1999; see Burns
et al., 2017 and DuBois et al., 2017 for relevant reviews
of available sensory measures). Prior studies using such
tools have established differential associations with
unique aspects of sensory features (e.g., over-res-
ponsivity, under-responsivity, and sensory seeking). Fur-
ther, since the variable was documented based upon
record review rather than through standardized direct
assessment, absence of the documentation did not neces-
sarily equate to absence of the feature. ADDM Network
methodology involved review of a child’s evaluations
documented throughout their development (up to the sur-
veillance year), providing the opportunity to consider a
child’s complete record; however, by design, data col-
lected were dependent on myriad factors. It is possible
that some children may have had less complete records,
and thus fewer opportunities to have sensory features and
other examined variables documented in their records.
To check the possibility of this phenomenon, we exam-
ined the dataset posthoc and found that over 99% of the
sample had at least one autism feature variable endorsed,
and the few children without any autism feature variables
endorsed had available cognitive data. Therefore, we do
believe there was sufficient opportunity for all children in
the sample to have sensory features documented in their
included records. Further, it is important to note that we
were not able to infer causality using the available cross-
sectional data.

Another notable limitation is the high levels of miss-
ing data on certain included variables, introducing the
potential for bias. In particular, mother’s education level,
cognitive assessment, and adaptive behavior assessment
data were missing in a sizable proportion of the sample.
We observed that children without cognitive scores and
children without adaptive behavior scores were signifi-
cantly less likely to have recorded sensory features in
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their records than children with both high and low scores
on these measures. It is possible that these children did
not present any potential problems in the areas of adap-
tive behavior or cognition (thus not warranting assess-
ment), and that this corresponds with a decreased
likelihood of sensory features. However, the lack of these
assessments could also signal decreased exposure to ser-
vice providers who could be more likely to recognize and
document sensory-related concerns. Further research is
needed to understand these relationships.

Finally, our results regarding potential disparities in
the identification of sensory features (e.g., among chil-
dren of color and female children) also have implications
for our prevalence findings; if there was under-
identification of sensory features in some groups, then
the true prevalence of sensory features could potentially
be higher than reported here.

CONCLUSION

The current study using ADDM Network data identified
that approximately three-quarters of 4- and 8-year-old
autistic children demonstrate sensory features. We identi-
fied statistically significant relationships with several
other characteristics demonstrating that challenges in the
areas of adaptive behavior, emotional states, hyperactiv-
ity, motor development, aggression, fear, sleeping, and
eating are associated with the presence of sensory fea-
tures. Our findings also revealed potential
sociodemographic disparities that warrant further investi-
gation of potential biases and/or structural barriers to the
identification and treatment of sensory features.

ACKNOWLEDGMENTS

This manuscript was supported by the Centers for Dis-
ease Control and Prevention’s National Center on Birth
Defects and Developmental Disabilities under contract
NUS3DD000009. We acknowledge CDC ADDM pro-
ject personnel, ADDM projects coordinators, clinician
reviewers, abstractors, data managers, and ADDM
investigators at each site who contributed to the ADDM
surveillance project and data collection. The findings and
conclusions in this report are those of the authors and do
not necessarily represent the official position of the Cen-
ters for Disease Control and Prevention.

ORCID
Anne V. Kirby © https://orcid.org/0000-0003-0395-6684

REFERENCES

American Psychiatric Association. (2013). Diagnostic and statistical
manual of mental disorders (5th ed.). American Psychiatric
Association.

Ausderau, K., Sideris, J., Furlong, M., Little, L. M., Bulluck, J., &
Baranek, G. T. (2014). National survey of sensory features in chil-
dren with ASD: Factor structure of the sensory experience

questionnaire (3.0). Journal of Autism & Developmental Disorders,
44(4), 915-925. https://doi.org/10.1007/s10803-013-1945-1

Bagby, M. S., Dickie, V. A., & Baranek, G. T. (2012). How sensory
experiences of children with and without autism affect family occu-
pations. American Journal of Occupational Therapy, 66(1), 78-86.
https://doi.org/10.5014/ajot.2012.000604

Baio, J., & Autism and Developmental Disabilities Monitoring Net-
work Surveillance Year 2008 Principal Investigators. (2012). Prev-
alence of autism spectrum disorders — Autism and
Developmental Disabilities Monitoring Network, 14  sites,
United States, 2008. Morbidity and Mortality Weekly Report Sur-
veillance Summaries, 61(3), 1-19.

Baio, J., & Autism and Developmental Disabilities Monitoring Net-
work Surveillance Year 2010 Principal Investigators. (2014). Prev-
alence of autism spectrum disorder among children aged 8 years
— Autism and Developmental Disabilities Monitoring Network,
11 sites, United States, 2010. Morbidity and Mortality Weekly
Report Surveillance Summaries, 63(2), 1-21.

Baio, J., Wiggins, L., Christensen, D. L., Maenner, M. J., Daniels, J.,
Warren, Z., Kurzius-Spencer, M., Zahorodny, W., Robinson
Rosenberg, C., White, T., Durkin, M. S., Imm, P., Nikolaou, L.,
Yeargin-Allsopp, M., Lee, L.-C., Harrington, R., Lopez, M.,
Fitzgerald, R. T., Hewitt, A., ... Dowling, N. F. (2018). Preva-
lence of autism spectrum disorder among children aged 8 years —
Autism and Developmental Disabilities Monitoring Network,
11 sites, United States, 2014. Morbidity and Mortality Weekly
Report Surveillance Summaries, 67(6), 1-23. https://doi.org/10.
15585/mmwr.ss6706al

Baranek, G. T. (1999). Autism during infancy: A retrospective video
analysis of sensory-motor and social behaviors at 9—12 months of
age. Journal of Autism & Developmental Disorders, 29, 213-224.
https://doi.org/10.1023/A:1023080005650

Baranek, G. T., Carlson, M., Sideris, J., Kirby, A. V., Watson, L. R.,
Williams, K. L., & Bulluck, J. (2019). Longitudinal assessment of
stability of sensory features in children with autism spectrum disor-
der or other developmental disabilities. Autism Research, 12(1),
100-111. https://doi.org/10.1002/aur.2008

Baranek, G. T., David, F. J., Poe, M. D., Stone, W. L., &
Watson, L. R. (2006). Sensory experiences questionnaire: Discrim-
inating sensory features in young children with autism, develop-
mental delays, and typical development. Journal of Child
Psychology and Psychiatry, 47, 591-601. https://doi.org/10.1111/j.
1469-7610.2005.01546.x

Baranek, G. T., Woynaroski, T. G., Nowell, S., Turner-Brown, L.,
DuBay, M., Crais, E. R., & Watson, L. R. (2018). Cascading
effects of attention disengagement and sensory seeking on social
symptoms in a community sample of infants at-risk for a future
diagnosis of autism spectrum disorder. Developmental Cognitive
Neuroscience, 29, 30-40. https://doi.org/10.1016/j.den.2017.08.006

Ben-Sasson, A., Cermak, S. A., Orsmond, G. I., Tager-Flusberg, H.,
Carter, A. S., Kadlec, M. B., & Dunn, W. (2007). Extreme sensory
modulation behaviors in toddlers with autism spectrum disorders.
American Journal of Occupational Therapy, 61, 584-592. https://
doi.org/10.5014/aj0t.61.5.584

Ben-Sasson, A., Gal, E., Fluss, R., Katz-Zetler, N., & Cermak, S. A.
(2019). Update of a meta-analysis of sensory symptoms in ASD: A
new decade of research. Journal of Autism & Developmental Disor-
ders, 49, 4974-4996. https://doi.org/10.1007/s10803-019-04180-0

Ben-Sasson, A., Hen, L., Fluss, R., Cermak, S. A., Engel-Yeger, B., &
Gal, E. (2009). A meta-analysis of sensory modulation symptoms
in individuals with autism spectrum disorders. Journal of Autism &
Developmental Disorders, 39, 1-11. https://doi.org/10.1007/s10803-
008-0593-3

Billstedt, E., Gillberg, 1. C., & Gillberg, C. (2007). Autism in adults:
Symptom patterns and early childhood predictors. Use of the
DISCO in a community sample followed from childhood. Journal
of Child Psychology and Psychiatry, 48(11), 1102-1110. https://doi.
org/10.1111/5.1469-7610.2007.01774.x


https://orcid.org/0000-0003-0395-6684
https://orcid.org/0000-0003-0395-6684
https://doi.org/10.1007/s10803-013-1945-1
https://doi.org/10.5014/ajot.2012.000604
https://doi.org/10.15585/mmwr.ss6706a1
https://doi.org/10.15585/mmwr.ss6706a1
https://doi.org/10.1023/A:1023080005650
https://doi.org/10.1002/aur.2008
https://doi.org/10.1111/j.1469-7610.2005.01546.x
https://doi.org/10.1111/j.1469-7610.2005.01546.x
https://doi.org/10.1016/j.dcn.2017.08.006
https://doi.org/10.5014/ajot.61.5.584
https://doi.org/10.5014/ajot.61.5.584
https://doi.org/10.1007/s10803-019-04180-0
https://doi.org/10.1007/s10803-008-0593-3
https://doi.org/10.1007/s10803-008-0593-3
https://doi.org/10.1111/j.1469-7610.2007.01774.x
https://doi.org/10.1111/j.1469-7610.2007.01774.x

KIRBY ET AL.

| 759

Botha, M., Hanlon, J., & Williams, G. L. (2021). Does language mat-
ter? Identity-first versus person-first language use in autism
research: A response to Vivanti. Journal of Autism & Developmen-
tal Disorders, 1-9. https://doi.org/10.1007/s10803-020-04858-w

Bottema-Beutel, K., Kapp, S. K., Lester, J. N., Sasson, N. J., &
Hand, B. N. (2020). Avoiding ableist language: Suggestions for
autism researchers. Autism in Adulthood, 3(1), 18-29. https://doi.
org/10.1089/aut.2020.0014

Brandwein, A. B., Foxe, J. J., Butler, J. S., Frey, H.-P., Bates, J. C.,
Shulman, L. H., & Molholm, S. (2015). Neurophysiological indi-
ces of atypical auditory processing and multisensory integration
are associated with symptom severity in autism. Journal of
Autism & Developmental Disorders, 45, 230-244. https://doi.org/
10.1007/s10803-014-2212-9

Burns, C. O., Dixon, D. R., Novack, M., & Granpeesheh, D. (2017). A
systematic review of assessments for sensory processing abnormali-
ties in autism spectrum disorder. Review Journal of Autism and
Developmental Disorders, 4, 209-224. https://doi.org/10.1007/
s40489-017-0109-1

Cascio, C. J., Woynaroski, T., Baranek, G. T., & Wallace, M. T.
(2016). Toward an interdisciplinary approach to understanding
sensory function in autism spectrum disorder. Autism Research,
9(9), 920-925. https://doi.org/10.1002/aur.1612

Christensen, D. L., Braun, K. V. N., Baio, J., Bilder, D., Charles, J.,
Constantino, J. N., Daniels, J., Durkin, M. S., Fitzgerald, R. T.,
Kurzius-Spencer, M., Lee, L.-C., Pettygrove, S., Robinson, C.,
Schulz, E., Wells, C., Wingate, M. S., Zahorodny, Z., & Yeargin-
Allsopp, M. (2018). Prevalence and characteristics of autism spec-
trum disorder among children aged 8 years - Autism and Develop-
mental Disabilities Monitoring Network, 11 sites, United States,
2012. Morbidity and Mortality Weekly Report Surveillance Sum-
maries, 65(13), 1-23. https://doi.org/10.15585/mmwr.ss6513al

Crane, L., Goddard, L., & Pring, L. (2009). Sensory processing in adults
with autism spectrum disorders. Autism, 13(3), 215-228. https://
doi.org/10.1177/1362361309103794

Crosnoe, R., Johnston, C., & Cavanagh, S. (2021). Maternal education
and early childhood education across affluent English-speaking
countries. International Journal of Behavioral Development, 45(3),
226-237. https://doi.org/10.1177/0165025421995915

Damiano-Goodwin, C. R., Woynaroski, T. G., Simon, D. M.,
Ibafiez, L. V., Murias, M., Kirby, A., Newsom, C. R.,
Wallace, M. T., Stone, W. L., & Cascio, C. J. (2018). Develop-
mental sequelae and neurophysiologic substrates of sensory seek-
ing in infant siblings of children with autism spectrum disorder.
Developmental Cognitive Neuroscience, 29, 41-53. https://doi.org/
10.1016/j.den.2017.08.005

Dellapiazza, F., Vernhet, C., Blanc, N., Miot, S., Schmidt, R., &
Baghdadli, A. (2018). Links between sensory processing, adaptive
behaviours, and attention in children with autism spectrum disor-
der: A systematic review. Psychiatry Research, 270, 78-88. https://
doi.org/10.1016/j.psychres.2018.09.023

DuBois, D., Lymer, E., Gibson, B. E., Desarkar, P., & Nalder, E.
(2017). Assessing sensory processing dysfunction in adults and
adolescents with autism spectrum disorder: A scoping review.
Brain Sciences, 7, 108. https://doi.org/10.3390/brainsci7080108

Dunn, W. (1999). The sensory profile. The Psychological Corporation.

Feldman, J. 1., Cassidy, M., Liu, Y., Kirby, A. V., Wallace, M. T., &
Woynaroski, T. G. (2020). Relations between sensory responsive-
ness and features of autism in children. Brain Sciences, 10, 775.
https://doi.org/10.3390/brainscil0110775

Green, S. A., Ben-Sasson, A., Soto, T. W., & Carter, A. S. (2012). Anxi-
ety and sensory over-responsivity in toddlers with autism spectrum
disorders: Bidirectional effects across time. Journal of Autism &
Developmental Disorders, 42(6), 1112-1119. https://doi.org/10.
1007/s10803-011-1361-3

Halladay, A. K., Bishop, S., Constantino, J. N., Daniels, A. M.,
Koenig, K., Palmer, K., Messinger, D., Pelphrey, K.,

Sanders, S. J., Singer, A. T., Taylor, J. L., & Szatmari, P. (2015).
Sex and gender differences in autism spectrum disorder: Summa-
rizing evidence gaps and identifying emerging areas of priority.
Molecular  Autism, 6, 36. https://doi.org/10.1186/s13229-015-
0019-y

Harrop, C., Libsack, E., Bernier, R., Dapretto, M., Jack, A.,
McPartland, J. C., Van Horn, J. D., Webb, S. J., Pelphrey, K., &
GENDAAR Consortium. (2021). Do biological sex and early
developmental milestones predict the age of first concerns and
eventual diagnosis in autism spectrum disorder? Autism Research,
14, 156-168. https://doi.org/10.1002/aur.2446

Hyman, S. L., Levy, S. E., Myers, S. M., & Council on Children with
Disabilities, Section on Developmental and Behavioral Pediatrics.
(2020). Identification, evaluation, and management of children
with autism spectrum disorder. Pediatrics, 145(1), €20193447.
https://doi.org/10.1542/peds.2019-3447

Jasmin, E., Couture, M., McKinley, P., Reid, G., Fombonne, E., &
Gise, E. (2009). Sensori-motor and daily living skills of preschool
children with autism spectrum disorders. Journal of Autism &
Developmental Disorders, 39, 231-241. https://doi.org/10.1007/
$10803-008-0617-z

Jussila, K., Junttila, M., Kielinen, M., Ebeling, H., Joskitt, L.,
Moilanen, I., & Mattila, M.-L. (2020). Sensory abnormality and
quantitative autism traits in children with and without autism
spectrum disorder in an epidemiological population. Journal of
Autism & Developmental Disorders, 50, 180-188. https://doi.org/
10.1007/s10803-019-04237-0

Kern, J. K., Trivedi, M. H., Garver, C. R., Grannemann, B. D.,
Andrews, A. A., Savla, J. S., Johnson, D. G., Mehta, J. A., &
Schroeder, J. L. (2006). The pattern of sensory processing abnor-
malities in autism. Autism, 10(5), 480-494. https://doi.org/10.1177/
1362361306066564

Klintwall, L., Holm, A., Eriksson, M., Carlsson, L. H., Olsson, M. B.,
Hedvall, A., Gillberg, C., & Fernell, E. (2011). Sensory abnormali-
ties in autism. A brief report. Research in Developmental Disabil-
ities, 32(2), 795-800. https://doi.org/10.1016/j.ridd.2010.10.021

Lane, A. E., Young, R. L., Baker, A. E., & Angley, M. T. (2010). Sen-
sory processing subtypes in autism: Associations with adaptive
behavior. Journal of Autism & Developmental Disorders, 40(1),
112-122. https://doi.org/10.1007/s10803-009-0840-2

Leekam, S. R., Nieto, C., Libby, S. J., Wing, L., & Gould, J. (2007).
Describing the sensory abnormalities of children and adults with
autism. Journal of Autism & Developmental Disorders, 37, 894—
910. https://doi.org/10.1007/s10803-006-0218-7

Liss, M., Saaulnier, C., Fein, D., & Kinsbourne, M. (2006). Sensory
and attention abnormalities in autistic spectrum disorders. Autism,
10(2), 155-172. https://doi.org/10.1177/1362361306062021

Maenner, M. J., Yeargin-Allsopp, M., Braun, K. V. N,
Christensen, D. L., & Schieve, L. A. (2016). Development of a
machine learning algorithm for the surveillance of autism spec-
trum disorder. PLoS One, 11(12), e0168224. https://doi.org/10.
1371/journal.pone.0168224

Mazurek, M. O., & Petroski, G. F. (2015). Sleep problems in children
with autism spectrum disorder: Examining the contributions of
sensory over-responsivity and anxiety. Sleep Medicine, 16, 270—
279. https://doi.org/10.1016/j.sleep.2014.11.006

Mazurek, M. O., Vasa, R. A., Kalb, L. G., Kanne, S. M,
Rosenberg, D., Keefer, A., Murray, D. S., Freedman, B., &
Lowery, L. A. (2013). Anxiety, sensory over-responsivity, and gas-
trointestinal problems in children with autism spectrum disorders.
Journal of Abnormal Child Psychology, 41, 165-176. https://doi.
org/10.1007/s10802-012-9668-x

McCormick, C., Hepburn, S., Young, G. S., & Rogers, S. J. (2016).
Sensory symptoms in children with autism spectrum disorder,
other developmental disorders and typical development: A longitu-
dinal study. Autism, 20(5), 572-579. https://doi.org/10.1177/
1362361315599755


https://doi.org/10.1007/s10803-020-04858-w
https://doi.org/10.1089/aut.2020.0014
https://doi.org/10.1089/aut.2020.0014
https://doi.org/10.1007/s10803-014-2212-9
https://doi.org/10.1007/s10803-014-2212-9
https://doi.org/10.1007/s40489-017-0109-1
https://doi.org/10.1007/s40489-017-0109-1
https://doi.org/10.1002/aur.1612
https://doi.org/10.15585/mmwr.ss6513a1
https://doi.org/10.1177/1362361309103794
https://doi.org/10.1177/1362361309103794
https://doi.org/10.1177/0165025421995915
https://doi.org/10.1016/j.dcn.2017.08.005
https://doi.org/10.1016/j.dcn.2017.08.005
https://doi.org/10.1016/j.psychres.2018.09.023
https://doi.org/10.1016/j.psychres.2018.09.023
https://doi.org/10.3390/brainsci7080108
https://doi.org/10.3390/brainsci10110775
https://doi.org/10.1007/s10803-011-1361-3
https://doi.org/10.1007/s10803-011-1361-3
https://doi.org/10.1186/s13229-015-0019-y
https://doi.org/10.1186/s13229-015-0019-y
https://doi.org/10.1002/aur.2446
https://doi.org/10.1542/peds.2019-3447
https://doi.org/10.1007/s10803-008-0617-z
https://doi.org/10.1007/s10803-008-0617-z
https://doi.org/10.1007/s10803-019-04237-0
https://doi.org/10.1007/s10803-019-04237-0
https://doi.org/10.1177/1362361306066564
https://doi.org/10.1177/1362361306066564
https://doi.org/10.1016/j.ridd.2010.10.021
https://doi.org/10.1007/s10803-009-0840-2
https://doi.org/10.1007/s10803-006-0218-7
https://doi.org/10.1177/1362361306062021
https://doi.org/10.1371/journal.pone.0168224
https://doi.org/10.1371/journal.pone.0168224
https://doi.org/10.1016/j.sleep.2014.11.006
https://doi.org/10.1007/s10802-012-9668-x
https://doi.org/10.1007/s10802-012-9668-x
https://doi.org/10.1177/1362361315599755
https://doi.org/10.1177/1362361315599755

760

KIRBY ET AL.

Meek, S. E., & Gilliam, W. S. (2016). Expulsion and suspension in early
education as matters of social justice and health equity. NAM Per-
spectives, 6, 1-12. https://doi.org/10.31478/201610e

Obeid, R., Bisson, J. B., Cosenza, A., Harrison, A. J., James, F.,
Saade, S., & Gillespie-Lynch, K. (2020). Do implicit and explicit
racial biases influence autism identification and stigma? An
implicit association test study. Journal of Autism & Developmental
Disorders, 51, 106-128. https://doi.org/10.1007/s10803-020-
04507-2

Patrick, M. E., Shaw, K. A., Dietz, P. M., Baio, J., Yeargin-
Allsopp, M., Bilder, D. A., Kirby, R. S., Hall-Lande, J. A.,
Harrington, R. A., Lee, L.-C., Lopez, M. L. C., Daniels, J., &
Maenner, M. J. (2021). Prevalence of intellectual disability among
eight-year-old children from selected communities in the
United States, 2014. Disability and Health Journal, 14(2), 101023.
https://doi.org/10.1016/j.dhjo.2020.101023

Perez Repetto, L., Jasmin, E., Fombonne, E., Gisel, E., & Couture, M.
(2017). Longitudinal study of sensory features in children with
autism spectrum disorder. Autism Research and Treatment, 2017,
1934701. https://doi.org/10.1155/2017/1934701

Rice, C., & Autism and Developmental Disabilities Monitoring Net-
work Surveillance Year 2006 Principal Investigators. (2009). Prev-
alence of autism spectrum disorders — Autism and
Developmental Disabilities Monitoring Network, United States,
2006. Morbidity and Mortality Weekly Report Surveillance Sum-
maries, 58(SS10), 1-20.

Robins, D. L., Casagrande, K., Barton, M., Chen, C. M., Dumont-
Mathieu, T., & Fein, D. (2014). Validation of the modified check-
list for autism in toddlers, revised with follow-up (M-CHAT-R/F).
Pediatrics, 133(1), 37-45. https://doi.org/10.1542/peds.2013-1813

Rogers, S. J., Hepburn, S., & Wehner, E. (2003). Parent reports of sen-
sory symptoms in toddlers with autism and those with other devel-
opmental disorders. Journal of Autism & Developmental Disorders,
33(6), 631-642. https://doi.org/10.1023/b:jadd.0000006000.
38991.a7

Rogers, S. J., & Ozonoff, S. (2005). What do we know about sensory
dysfunction in autism? A critical review of the empirical evidence.
Journal of Child Psychology and Psychiatry, 46(12), 1255-1268.
https://doi.org/10.1111/j.1469-7610.2005.01431.x

Schaaf, R. C., Toth-Cohen, S., Johnson, S. L., Outten, G., &
Benevides, T. W. (2011). The everyday routines of families of chil-
dren with autism: Examining the impact of sensory processing dif-
ficulties on the family. Autism, 15(3), 373-389. https://doi.org/10.
1177/1362361310386505

Schoen, S. A., Lane, S. J., Mailloux, Z., May-Benson, T.,
Parham, L. D., Smith Roley, S., & Schaaf, R. C. (2019). A system-
atic review of Ayres sensory integration intervention for children
with autism. Autism Research, 12(1), 6-19. https://doi.org/10.1002/
aur.2046

Thabtah, F., & Peebles, D. (2019). Early autism screening: A compre-
hensive review. International Journal of Environmental Research
and  Public Health, 16(18), 3502. https://doi.org/10.3390/
ijerph16183502

Thomas, S., Bundy, A. C., Black, D., & Lane, S. J. (2015). Toward
early identification of sensory over-responsivity (SOR): A con-
struct for predicting difficulties with sleep and feeding in infants.
OTJR: Occupation, Participation, and Health, 35(3), 178-186.
https://doi.org/10.1177/1539449215579855

Tomchek, S. D., & Dunn, W. (2007). Sensory processing in children
with and without autism: A comparative study using the short

sensory profile. American Journal of Occupational Therapy, 61(2),
190-200. https://doi.org/10.5014/aj0t.61.2.190

Tomchek, S. D., Little, L. M., & Dunn, W. (2015). Sensory pattern con-
tributions to developmental performance in children with autism
spectrum disorder. American Journal of Occupational Therapy,
69(5), 6905185040p1-10. https://doi.org/10.5014/ajot.2015.018044

Tzischinsky, O., Meiri, G., Manelis, L., Bar-Sinai, A., Flusser, H.,
Michaelovski, A., Zivan, O., Ilan, M., Faroy, M., Menashe, 1., &
Dinstein, 1. (2018). Sleep disturbances are associated with specific
sensory sensitivities in children with autism. Molecular Autism, 9,
22. https://doi.org/10.1186/s13229-018-0206-8

Watson, L., Baranek, G., Crais, E., Reznick, J., Dykstra, J., &
Perryman, T. (2007). The first-year inventory: Retrospective par-
ent responses to a questionnaire designed to identify one-year-olds
at risk for autism. Journal of Autism & Developmental Disorders,
37,49-61. https://doi.org/10.1007/s10803-006-0334-4

Watson, L. R., Patten, E., Baranek, G. T., Poe, M., Boyd, B. A.,
Freuler, A., & Lorenzi, J. (2011). Differential associations between
sensory response patterns and language, social, and communica-
tion measures in children with autism or other developmental dis-
abilities. Journal of Speech, Language, and Hearing Research,
54(6), 1562-1576. https://doi.org/10.1044/1092-4388(2011/10-0029)

Wiggins, L. D., Baio, J., Schieve, L., Lee, L. C., Nicholas, J., &
Rice, C. E. (2012). Retention of autism spectrum diagnoses by
community professionals: Findings from the Autism and Develop-
mental Disabilities Monitoring Network, 2000 and 2006. Journal
of Developmental & Behavioral Pediatrics, 33(5), 387-395. https:/
doi.org/10.1097/DBP.0b013e3182560b2f

Wiggins, L. D., Robins, D. L., Bakeman, R., & Adamson, L. B. (2009).
Brief report: Sensory abnormalities as distinguishing symptoms of
autism spectrum disorders in young children. Journal of Autism &
Developmental Disorders, 39(7), 1087-1091. https://doi.org/10.
1007/s10803-009-0711-x

Williams, K. L., Kirby, A. V., Watson, L. R., Sideris, J., Bulluck, J., &
Baranek, G. T. (2018). Sensory features as predictors of adaptive
behaviors: A comparative longitudinal study of children with
autism spectrum disorder and other developmental disabilities.
Research in Developmental Disabilities, 81, 103-112. https://doi.
org/10.1016/j.ridd.2018.07.002

Yuan, J., Li, M., & Lu, K. (2021). Racial/ethnic disparities in the preva-
lence and trends of autism spectrum disorder in US children and
adolescents. JAMA Network Open, 4(3), e210771. https://doi.org/
10.1001/jamanetworkopen.2021.0771

SUPPORTING INFORMATION
Additional supporting information may be found in the
online version of the article at the publisher’s website.

How to cite this article: Kirby, A. V., Bilder, D. A.,
Wiggins, L. D., Hughes, M. M., Davis, J.,
Hall-Lande, J. A., Lee, L.-C., McMahon, W. M.,
& Bakian, A. V. (2022). Sensory features in autism:
Findings from a large population-based
surveillance system. Autism Research, 15(4),
751-760. https://doi.org/10.1002/aur.2670



https://doi.org/10.31478/201610e
https://doi.org/10.1007/s10803-020-04507-2
https://doi.org/10.1007/s10803-020-04507-2
https://doi.org/10.1016/j.dhjo.2020.101023
https://doi.org/10.1155/2017/1934701
https://doi.org/10.1542/peds.2013-1813
https://doi.org/10.1023/b:jadd.0000006000.38991.a7
https://doi.org/10.1023/b:jadd.0000006000.38991.a7
https://doi.org/10.1111/j.1469-7610.2005.01431.x
https://doi.org/10.1177/1362361310386505
https://doi.org/10.1177/1362361310386505
https://doi.org/10.1002/aur.2046
https://doi.org/10.1002/aur.2046
https://doi.org/10.3390/ijerph16183502
https://doi.org/10.3390/ijerph16183502
https://doi.org/10.1177/1539449215579855
https://doi.org/10.5014/ajot.61.2.190
https://doi.org/10.5014/ajot.2015.018044
https://doi.org/10.1186/s13229-018-0206-8
https://doi.org/10.1007/s10803-006-0334-4
https://doi.org/10.1044/1092-4388(2011/10-0029)
https://doi.org/10.1097/DBP.0b013e3182560b2f
https://doi.org/10.1097/DBP.0b013e3182560b2f
https://doi.org/10.1007/s10803-009-0711-x
https://doi.org/10.1007/s10803-009-0711-x
https://doi.org/10.1016/j.ridd.2018.07.002
https://doi.org/10.1016/j.ridd.2018.07.002
https://doi.org/10.1001/jamanetworkopen.2021.0771
https://doi.org/10.1001/jamanetworkopen.2021.0771
https://doi.org/10.1002/aur.2670

	Sensory features in autism: Findings from a large population-based surveillance system
	BACKGROUND
	METHODS
	Data source
	Sample
	Variables
	Demographic information
	Functional measures
	Sensory features
	Co-occurring challenges

	Data analysis

	RESULTS
	DISCUSSION
	Limitations

	CONCLUSION
	ACKNOWLEDGMENTS
	REFERENCES


