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Abstract

Sensory dysfunction is a common feature of autism spectrum disorder (ASD). The objectives 

of this analysis were to examine risk factors and clinical correlates of sensory dysfunction in 

preschool children with and without ASD. Children aged 2–5 years were enrolled in a multi-site 

case–control study. Data were collected in eight areas across the United States in three phases. 

Caregivers completed an interview with questions on assisted delivery, maternal alcohol use, 

maternal anxiety during pregnancy, pregnancy weight gain, neonatal jaundice, preterm birth, and 

child sensory diagnosis given by a healthcare provider. Caregivers also completed an interview 

and questionnaires on sensory symptoms and clinical correlates of sensory dysfunction in their 

child. There were 2059 children classified as ASD, 3139 as other developmental delay or disability 

(DD), and 3249 as population comparison (POP). Caregivers reported significantly more sensory 

diagnoses and sensory symptoms in children classified as ASD than DD or POP (23.7%, 8.6%, 

and 0.8%, respectively, for a sensory diagnosis and up to 78.7% [ASD] vs. 49.6% [DD] for 

sensory symptoms). Maternal anxiety during pregnancy and neonatal jaundice were significantly 

associated with a sensory diagnosis and certain sensory symptoms in children with ASD and DD. 

Children’s anxiety, attention deficits/hyperactivity, and sleep problems were significantly albeit 

subtly correlated with both a sensory diagnosis and sensory symptoms in children with ASD and 

DD. These findings support sensory dysfunction as a distinguishing symptom of ASD in preschool 
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children and identify risk factors and clinical correlates to inform screening and treatment efforts 

in those with atypical development.

Lay Summary

We found that sensory dysfunction was more common in children with autism than children 

without autism. Maternal anxiety during pregnancy and neonatal jaundice were related to 

children’s sensory outcomes, as were and children’s anxiety, attention deficits/hyperactivity, and 

sleep problems. Screening for sensory dysfunction in children with specific risk factors and 

clinical characteristics may help identify appropriate treatment strategies.
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Sensory dysfunction, or abnormal response to sensory input, is one of the most common 

features of autism spectrum disorder (ASD). It is reported to affect between 45% and 95% 

of persons with ASD (Ben-Sasson et al., 2019) and is associated with reduced quality of life 

(Lin & Huang, 2019; MacLennan et al., 2022). Some people with lived experiences identify 

sensory dysfunction as a core feature of ASD that negatively impacts mental and physical 

health (MacLennan et al., 2022). Another reported outcome of sensory dysfunction is 

disengagement from the social environment (MacLennan et al., 2022). Sensory dysfunction 

may therefore have a cascading and harmful influence on social development and other areas 

of functioning (Baranek et al., 2018; Cascio et al., 2016).

Sensory dysfunction is an important component of the ASD phenotype in early childhood. 

For instance, sensory dysfunction distinguishes preschool children with ASD from those 

with subthreshold ASD characteristics (Wiggins et al., 2015) and contributes to homogeneity 

within the autism spectrum (Wiggins et al., 2022). Understanding risk factors and clinical 

correlates of sensory dysfunction in early childhood may reinforce heightened screening and 

precision therapies to support development and decrease troubling symptoms later in life. 

Yet, little is known about risk factors for sensory dysfunction in young children.

In general, assisted delivery (May-Benson et al., 2009), maternal stress during pregnancy 

(Gandara-Gafo et al., 2021), maternal weight gain during pregnancy (Crepeau-Hobson, 

2009), prenatal alcohol exposure (Fieldsted & Xue, 2019; Hansen & Jirikowic, 2013; 

Jirikowic et al., 2020), and premature birth (André et al., 2020; Crepeau-Hobson, 2009; 

Crozier et al., 2016; Ryckman et al., 2017; Wickremasinghe et al., 2013) are pre- and 

perinatal risk factors for sensory dysfunction. Maternal stress during pregnancy and prenatal 

alcohol exposure have also been shown to increase sensory difficulties in non-human 

primates (Schneider et al., 2008). After birth, neonatal jaundice (Wickremasinghe et al., 

2013) and childhood lead exposure (Cai et al., 2019) have been associated with sensory 

differences in children born preterm and those from the general population. These studies 

offer important clues to risk factors that may also lead to sensory dysfunction in young 

children with ASD and other developmental delays and disabilities (DD).
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In terms of clinical correlates, both ASD and sensory dysfunction are associated with 

adaptive delays (Kirby et al., 2022; Tillman et al., 2020), anxiety (MacLennan et al., 2020; 

Mazurek et al., 2013; Tillman et al., 2020), attention deficits (Kirby et al., 2022; Tillman 

et al., 2020), and sleep disturbance (Kirby et al., 2022; Tillman et al., 2020). Much of the 

literature on clinical correlates focuses on older children, and there are no identified studies 

that examine these same correlates in young children around the age of first ASD diagnosis 

and treatment. Given these limitations and gaps in the literature, our goals were to examine 

both risk factors and clinical correlates of sensory dysfunction in preschool children with 

and without ASD to inform early identification and treatment efforts.

METHODS

Data for this analysis are from the Study to Explore Early Development (SEED). SEED is 

a retrospective multi-site case–control study on the risk factors and behavioral phenotypes 

of ASD sponsored by the Centers for Disease Control and Prevention (CDC). To date, 

three phases of SEED have been completed. In the first two phases, data were collected 

in California, Colorado, Georgia, Maryland, North Carolina, and Pennsylvania. In the third 

phase, data were collected in Colorado, Georgia, Maryland, Missouri, North Carolina, and 

Wisconsin. All sites adhered to a common protocol that was approved by Institutional 

Review Boards at CDC and each study site.

Children between 2 and 5 years of age were identified from a broad range of diagnostic 

codes at clinic sources (potential cases) or randomly selected from birth certificate 

records (controls). All children were screened for ASD with the Social Communication 

Questionnaire (SCQ; Rutter et al., 2003) at study enrollment and asked to complete the 

Mullen Scales of Early Learning (MSEL; Mullen, 1995). The MSEL is a standardized 

evaluation of early learning abilities that has a mean of 100 points and standard deviation 

of 15 points, with higher scores indicating more advanced abilities. Children who had an 

existing ASD diagnosis or had ASD risk on the SCQ (i.e., those classified as ASD and a 

subset of those classified as DD) also received two standardized diagnostic instruments: the 

Autism Diagnostic Interview Revised (ADI-R; Lord et al., 1994) and Autism Diagnostic 

Observation Schedule (ADOS; Gotham et al., 2007). ASD case status was determined by 

results of the ADI-R and ADOS. Final study classifications were ASD, other DD, and 

population comparison (POP). See Schendel et al. (2012) and Wiggins et al. (2015) for more 

details on SEED methods and final classification procedures.

Definitions of sensory dysfunction

Several definitions of sensory dysfunction were used in this study. The first definition was 

“sensory diagnosis.” The authors acknowledge that “sensory diagnosis” is not included 

in diagnostic systems such as the Diagnostic and Statistical Manual of Mental Disorders. 

However, some providers use this term to describe recognized sensory dysfunction in the 

child, which was the primary outcome of interest in this study. Thus, sensory diagnosis was 

measured via caregiver response to the question “Has a doctor or other healthcare provider 

ever told you that this child has sensory integration disorder?” Caregivers were also asked to 

provide additional child diagnoses, and free-text responses of “sensory disorder,” “sensory 
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processing disorder,” and similar were included in this definition. Caregivers of children in 

all 3 study groups were asked to answer this question.

Subsequent definitions were defined by three items on the ADI-R. The ADI-R was 

administered by clinicians who established and maintained administration fidelity and 

scoring reliability throughout the study. The items used in this analysis asked about current 

unusual sensory interests, negative response to noise, and idiosyncratic response to certain 

stimuli. Scores of 0 represented no sensory symptoms and scores of 1, 2, or 3 represented 

sensory symptoms at varying levels of impairment. For this analysis, scores of 1, 2, or 3 

were combined to represent the presence of any current sensory symptoms. The ADI-R was 

given only to children with ASD and a subsample of children with DD who had a previous 

ASD diagnosis or demonstrated ASD risk on the SCQ. The ADI-R was not systemically 

given to children in the POP group.

Risk factors for sensory dysfunction

Caregivers of children enrolled in SEED were asked to complete an interview about 

maternal health and exposures during pregnancy and sociodemographic characteristics of 

the study sample (98% of respondents were the biological mother of the child). Independent 

variables included in this study were those found to be associated with sensory dysfunction 

in previous studies and were collected on the caregiver interview: assisted delivery, 

preterm birth, maternal alcohol use, maternal anxiety during pregnancy, pregnancy weight 

gain, and neonatal jaundice. Assisted delivery was defined as use of forceps or vacuum 

extraction. Preterm birth was defined as gestational age < 37 weeks; information from 

birth certificates was used to supplement parent report for this measure. Maternal anxiety 

during pregnancy diagnosed by a healthcare provider was assessed via caregiver report. 

Similarly, alcohol use from 3 months before pregnancy until the end of breastfeeding and the 

presence of neonatal jaundice was assessed via caregiver report. Pregnancy weight gain was 

categorized according to guidelines published by the American College of Obstetricians and 

Gynecologists (2013) as met weight gain recommendations, above recommendations, and 

below recommendations.

Clinical correlates of sensory dysfunction

Adaptive delays—The Vineland Adaptive Behavior Scales – Second edition (VABS; 

Sparrow, Balla, & Cicchetti, 2005) is a semistructured caregiver interview used to determine 

adaptive abilities. Individual skills are probed in a conversational format and rated by the 

interviewer as “0 = not performed or rarely performed without help or reminders,” “1 = 

sometimes or partially performed without help or reminders,” and “2 = usually or regularly 

performed without help or reminders.” The VABS yields four domain scores that represent 

communication, daily living, motor, and social abilities. These scores are combined to create 

an adaptive behavior composite (ABC) that has a mean of 100 points and standard deviation 

of 15 points, with higher scores indicating more advanced abilities. VABS ABC scores of 

less than 85 indicate overall adaptive delays; this cut-off was used to define the presence 

or absence of adaptive delays in these analyses. The VABS was given only to children 

with ASD and a subsample of children with DD who had a previous ASD diagnosis or 
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demonstrated ASD risk on the SCQ. The VABS was not systemically given to children in the 

POP group.

Anxiety, attention, and sleep problems—The Child Behavior Checklist—1 1/5—5-

year-old version (CBCL; Achenbach, 2013) is a widely used standardized assessment of 

child behavior problems that contains 99 behaviors rated by a caregiver as “0 = not true,” 

“1 = somewhat or sometimes true,” or “2 = very true or often true.” The CBCL yields five 

Diagnostic and Statistical Manual of Mental Disorders – Fifth Edition oriented subscales 

including affective problems, anxiety problems, pervasive developmental problems, attention 

deficit/hyperactivity problems, and oppositional problems. The CBCL also yields a separate 

empirically based scale for sleep problems. Higher CBCL scores indicate more behavior 

problems. CBCL t-scores of 65 or higher indicate borderline to clinically significant 

problems in the child; this cut-off was used to define the presence or absence of anxiety 

problems, attention deficit/hyperactivity, or sleep problems in these analyses. The CBCL 

was given to all caregivers of children enrolled in the first two phases of SEED and to 

caregivers of children in the ASD and POP groups in the third phase of SEED.

Statistical analyses

Descriptive statistics were used to characterize the sociodemographic and phenotypic 

variables in the SEED 1–3 sample. ANOVA analyses were used to compare mean 

differences in child age at enrollment and MSEL early learning composite scores between 

ASD, DD, and POP groups. Chi-square analyses were used to compare differences in 

household income as a percent of federal poverty level (≤100%, 101%–399%, and ≥400%), 

maternal education (high school or less, some college, and college graduate), and maternal 

race/ethnicity (Hispanic, non-Hispanic Black, non-Hispanic White, and Other) between 

ASD, DD, and POP groups. Chi-square analyses were also used to compare differences in 

adaptive delays (no/yes), behavior problems (anxiety no/yes, attention deficit/hyperactivity 

no/yes, and sleep problems no/yes), child sex (male/female), and sensory dysfunction 

(sensory diagnosis no/yes, unusual sensory interests no/yes, negative response to noise no/

yes, and idiosyncratic response to certain stimuli no/yes). Finally, chi-square analyses were 

used to compare differences in the presence of risk factors for sensory dysfunction (i.e., 

assisted delivery no/yes, preterm birth no/yes, maternal alcohol use no/yes, maternal anxiety 

during pregnancy no/yes, neonatal jaundice no/yes, pregnancy weight gain recommendations 

met/above/below) between ASD, DD, and POP groups. A priori statistical significance for 

chi-square analyses was set at <0.01 given multiple comparisons.

Binary logistic regression models were used to assess the relationship between sensory 

dysfunction and the risk factors previously noted. Separate analyses were conducted for 

children with ASD and other DD. Models with sensory diagnosis and with specific sensory 

symptoms were run separately. All regression models were adjusted for child age, child 

sex, household income relative to federal poverty threshold, maternal education, maternal 

race/ethnicity, and MSEL total score. Adjusted odds ratios (aOR) and 95% confidence 

intervals (CI) were reported. Finally, a bivariate correlation matrix showed correlations 

between sensory diagnosis, sensory symptoms, adaptive delays, anxiety problems, attention 

deficits/hyperactivity, and sleep problems in the child. Correlation analyses were unadjusted 
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to highlight significant associations that could inform screening, monitoring, and treatment 

efforts. Correlations of <0.30 were considered subtle, and correlations ≥0.30 were 

considered moderate. p-Values indicated statistical significance at <0.05.

RESULTS

There were 8447 children in SEED who were classified as ASD (N = 2059), other DD 

(N = 3139), or POP (N = 3249). Of those, males comprised 80.9% of the ASD group, 

64.2% of the DD group, and 52.2% of the POP group. Mean early learning composite scores 

were 63.7 for the ASD group, 85.2 for the DD group, and 102.1 for the POP group. The 

percentage of children who met study criteria for sensory disorder was statistically different 

for ASD (23.7%), other DD (8.6%), and POP (0.8%) groups. Similarly, the percent of 

children who met study criteria for specific sensory symptoms was statistically different for 

ASD (38.6%–78.7%) and other DD (26.0%–49.6%) groups. Other sociodemographic and 

phenotypic characteristics of the study sample are provided in Tables 1 and 2.

There were statistically significant differences between study groups in risk factors for 

sensory dysfunction (Table 3). The ASD group had higher percent endorsement than the DD 

and POP groups for maternal weight gain during pregnancy above recommendations and 

higher percent endorsement for assisted delivery and preterm birth than the POP group. The 

DD group had higher percent endorsement than the ASD and POP groups for preterm birth 

and maternal weight gain during pregnancy below recommendations. The POP group had 

higher percent endorsement than the ASD or DD groups for maternal alcohol use. There 

were no statistically significant differences between the ASD and DD groups in terms of 

maternal anxiety during pregnancy or neonatal jaundice, but both were significantly higher 

than the POP group.

Assisted delivery and maternal alcohol use were excluded from logistic regression models 

since these variables had significantly more missing data than others and models did not 

converge when they were included (Table 3). Maternal anxiety during pregnancy and 

neonatal jaundice were significantly associated with sensory diagnosis in children with 

ASD and other DD (Table 4). Risk factors for specific sensory symptoms differed by ASD 

status. For children with ASD, maternal anxiety during pregnancy was associated with 

idiosyncratic response to certain stimuli. For children with other DD, neonatal jaundice 

was associated with negative response to noise and idiosyncratic response to certain stimuli 

(Table 4).

In terms of clinical correlates, among both children with ASD and children with other 

DD, child’s anxiety problems, attention deficits/hyperactivity, and sleep problems were 

significantly correlated with each other, and adaptive delays were significantly correlated 

with attention deficits/hyperactivity (Table 5). Anxiety was significantly albeit subtly 

correlated with sensory diagnosis and all three sensory symptoms in children with ASD 

and children with other DD. Attention deficits/hyperactivity and sleep problems were 

significantly correlated with a sensory diagnosis and at least one sensory symptom, and 

adaptive delays were correlated with unusual sensory interests in both study groups.
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DISCUSSION

Sensory dysfunction is a common feature of ASD in preschool children. We found that 

23.7% of preschool children with ASD in SEED had been diagnosed with sensory disorder 

by a healthcare provider; this estimate was significantly higher than children with DD and 

POP (8.6% and 0.8%, respectively). The most common sensory symptom in children with 

ASD was unusual sensory interests (78.7%) followed by negative response to noise (64.6%) 

and idiosyncratic response to specific stimuli(38.6%). These estimates were significantly 

higher than children with other DD (46.7%, 49.6%, and 26.0%, respectively). Overall, these 

findings support the idea that sensory dysfunction is a distinguishing symptom of ASD in 

early childhood that offers potential as an early screening and treatment target (Bizzell et al., 

2020).

Understanding risk factors for sensory dysfunction could support heightened screening in 

certain populations and offer clues to etiologic pathways of development. Our findings 

highlight maternal anxiety during pregnancy and neonatal jaundice as the most robust 

predictors of sensory dysfunction in children with ASD and other DD. Maternal anxiety 

during pregnancy was associated with a diagnosis of sensory disorder in children with ASD 

and other DD and idiosyncratic response to certain stimuli in children with ASD. Maternal 

anxiety during pregnancy has been associated with a range of adverse childhood outcomes, 

including increased risk of affective and anxiety disorders and executive functioning 

deficits, and clinical diagnoses of attention-deficit/hyperactivity disorder (ADHD) and ASD 

(Lautarescu et al., 2020). Underlying mechanisms in animal and human models have 

primarily focused on the hypothalamic–pituitary–adrenal axis and role of prenatal cortisol 

exposure on fetal brain development (Lautarescu et al., 2020). Integrating mental health 

services into primary care and identifying best mental health practices for pregnant women 

may increase access to effective care during this critical period (Payne et al., 2020).

Neonatal jaundice was associated with a diagnosis of sensory disorder in children with 

ASD and other DD. Neonatal jaundice was also associated with negative response to 

noise and idiosyncratic response to certain stimuli in children with other DD. Some 

previous studies support a link between neonatal jaundice and executive functioning 

deficits and clinical diagnoses of ADHD and ASD; yet, results are mixed and have not 

always been replicated in later analyses (Wusthoff & Loe, 2015). Theories on underlying 

mechanisms suggest that heightened bilirubin crosses the blood–brain barrier and causes 

encephalopathy and neurological impairment in the child (Kemper et al., 2022; Wusthoff & 

Loe, 2015). Heightened bilirubin is sometimes detected with visual examination, but total 

serum bilirubin or transcutaneous bilirubin measures are recommended (Muchowski, 2014). 

Heightened bilirubin can be treated with phototherapy and, for more severe cases, exchange 

transfusion (Kemper et al., 2022; Muchowski, 2014).

Clinical correlates of sensory dysfunction found in previous studies were also implicated 

albeit subtly among children with ASD and DD in this study. Specifically, anxiety problems, 

attention deficits/hyperactivity, and sleep problems had significant and positive relationships 

with both sensory diagnosis and at least one sensory symptom, and with each other. These 

correlates are more prevalent in preschool children with ASD than those with other DD 
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(Wiggins et al., 2015) and may exacerbate sensory dysfunction in the child, and vice 

versa. Moreover, both maternal anxiety during pregnancy and neonatal jaundice have been 

associated with ASD and one or more of these correlates in other studies, suggesting a 

complex connection between these specific risk factors and childhood outcomes (Lautarescu 

et al., 2020; Wusthoff & Loe, 2015). Thus, if a child presents with one of these symptoms, 

they may demonstrate sensory dysfunction as well as the other clinical symptoms and could 

be screened, monitored, and treated accordingly.

The strengths of this study are the community-based recruitment strategy, comprehensive 

data collection protocol, comprehensive evaluation of children, large sample size for diverse 

study groups, and standardized definitions of children with and without ASD. Some 

limitations are retrospective caregiver report of risk factors for sensory dysfunction and 

inclusion of “sensory diagnosis” and interview items as outcomes rather than a standardized 

measure that evaluates specific components of sensory dysfunction in preschool children 

(e.g., over-responsiveness, under-responsiveness vs. sensory seeking). Other limitations are 

that SEED did not systematically collect information on adaptive delays, behavior problems, 

and sensory symptoms across all phases in all study groups or collect information on 

childhood lead exposure, which could limit generalizability of the findings. Finally, there 

were too much missing data on assisted delivery and maternal alcohol use by trimester to 

conduct meaningful logistic regression analyses.

In conclusion, our findings highlight sensory dysfunction as a common symptom of ASD 

in preschool children. Maternal anxiety during pregnancy and neonatal jaundice were robust 

risk factors for a sensory diagnosis in children with ASD and DD. Maternal anxiety during 

pregnancy was associated with specific sensory symptoms in children with ASD, whereas 

neonatal jaundice was associated with specific sensory symptoms in children with other DD. 

These results suggest that heightened screening for sensory dysfunction may be appropriate 

for young children with these specific exposures. Understanding how these exposures could 

lead to sensory dysfunction may help identify primary prevention strategies. Other avenues 

for future research may include identifying risk factors for unusual sensory interests, 

examining whether other maternal mental health diagnoses are associated with sensory 

dysfunction, and exploring genetic contributions to the associations found in this analysis. 

Finally, sensory dysfunction was correlated with children’s anxiety problems, attention 

deficits/hyperactivity, and sleep problems. Thus, screening and emphasizing coordinated 

care for these interrelated clinical symptoms in comprehensive treatment plans may be 

beneficial.

ACKNOWLEDGMENTS

This work was supported by cooperative agreements between study sites and the Centers for Disease Control and 
Prevention. We would like to thank children and families who completed the Study to Explore Early Development 
(SEED). We would also like to thank the SEED Data Coordinating Center team at the Clinical and Translational 
Sciences Institute of Michigan State University for their technical support throughout this study. The findings and 
conclusions in this report are those of the authors and do not necessarily reflect the views of the Centers for Disease 
Control and Prevention. Some deidentified data may be available upon request after considering confidentiality 
restrictions.

Wiggins et al. Page 8

Autism Res. Author manuscript; available in PMC 2024 June 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Funding information

Centers for Disease Control and Prevention

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available on request from the 

corresponding author. The data are not publicly available due to privacy or ethical 

restrictions.

REFERENCES

Achenbach T (2013). Achenbach system of empirically based assessment. Child behavior checklist. 
Acenbach System of Empirically Based Assessment.

American College of Obstetricians and Gynecologists. (2013). ACOG Committee opinion 
no. 548: Weight gain during pregnancy. Obstetrics & Gynecology, 121(1), 210–212. 
10.1097/01.aog.0000425668.87506.4c [PubMed: 23262962] 

André V, Durier V, Beuchée A, Roue J-M, Lemasson A, Hausberger M, Sizun J, & Henry S (2020). 
Higher tactile sensitivity in preterm infants at term-equivalent age: A pilot study. PLoS One, 15, 
e0229270. 10.1371/journal.pone.0229270 [PubMed: 32134950] 

Baranek G, Woynaroski T, Nowell S, Turner-Brown L, DuBay M, Crais E, & Watson L 
(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. 10.1016/j.dcn.2017.08.006 [PubMed: 
28869201] 

Ben-Sasson A, Gal E, Fluss R, Katz-Zetler N, & Cermak S (2019). Update of a meta-analysis of 
sensory symptoms in ASD: A new decade of research. Journal of Autism and Developmental 
Disorders, 49, 74–96. 10.1007/s10803-019-04180-0

Bizzell E, Ross J, Rosenthal C, Dumont R, & Schaaf R (2020). Sensory features as a marker of autism 
spectrum disorders. Journal of Autism and Developmental Disorders, 50, 2240–2246. 10.1007/
s10803-019-03948-8 [PubMed: 30825080] 

Cai H, Xu X, Zhang Y, Cong X, Lu X, & Ho X (2019). Elevated levels from e-waste exposure 
are linked to sensory integration difficulties in preschool children. Neurotoxicology, 71, 150–158. 
10.1016/j.neuro.2019.01.004 [PubMed: 30664973] 

Cascio C, Woynaroski T, Baranek G, & Wallace M (2016). Toward an interdisciplinary approach 
to understanding sensory function in autism spectrum disorder. Autism Research, 9, 920–925. 
10.1002/aur.1612 [PubMed: 27090878] 

Crepeau-Hobson MF (2009). The relationship between perinatal risk factors and sensory processing 
difficulties in preschool children. Journal of Developmental and Physical Disabilities, 21, 315–
328.10.1007/s10082-009-9144-x

Crozier S, Goodson J, Mackay M, Synnes A, Grunau R,Miller S, & Zwicker J (2016). Sensory 
processing patterns in children born very preterm. American Journal of Occupational Therapy, 70, 
1–7. 10.5014/ajot.2016.018747

Fieldsted B, & Xue L (2019). Sensory processing in young children with fetal alcohol 
spectrum disorder. Physical & Occupational Therapy in Pediatrics, 39, 553–565. 
10.1080/01942638.2019.1573775 [PubMed: 30947610] 

Gandara-Gafo B, Delgado-Lobete L, Montes-Montes R, Vil-Paz A, & Santos-del-Riego S (2021). 
Predictive factors for sensory processing disorders. Physical and Medical Rehabilitation 
International, 8, 1174.

Gotham K, Risi S, Pickles A, & Lord C (2007). The autism diagnostic observation schedule: Revised 
algorithms for improved diagnostic validity. Journal of Autism and Developmental Disorders, 37, 
613–627. 10.1007/s10803-006-0280-1 [PubMed: 17180459] 

Wiggins et al. Page 9

Autism Res. Author manuscript; available in PMC 2024 June 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Hansen K, & Jirikowic T (2013). A comparison of the sensory profile and sensory processing measure 
home form for children with fetal alcohol spectrum disorders. Physical & Occupational Therapy in 
Pediatrics, 33, 440–452. 10.3109/01942638.2013.791914 [PubMed: 23663112] 

Jirikowic T, Thorne J, McLaughlin S, Waddington T, Lee A, & Hemingway S (2020). Prevalence 
and patterns of sensory processing behaviors in a large clinical sample of children with 
prenatal alcohol exposure. Research in Developmental Disabilities, 100,103617. 10.1016/
j.ridd.2020.103617 [PubMed: 32203885] 

Kemper A, Newman T, Slaughter J, Maisels M, Watchko J,Downs S, Grout R, Bundy D, Stark 
A, Bogen D, Holmes A, Feldman-Winter L, Bhutani V, Brown S,Maradiaga Panayotti G, 
Okechukwu K, Rappo P, & Russell T (2022). Clinical practice guideline revision: Management 
of hyperbilirubinemia in the newborn infant 35 or more weeks of gestation. Pediatrics, 150(3), 
e2022058859. 10.1542/peds.2022-058859 [PubMed: 35927462] 

Kirby A, Bilder D, Wiggins LD, Hughes MM, Davis J, Hall-Lande AJ, Lee L, McMahon WM, 
Bakian AV, (2022). Sensory features in autism: Findings from a large populationbased surveillance 
system. Autism Research, 15, 751–760. 10.1002/aur.2670 [PubMed: 35040592] 

Lautarescu A, Criag M, & Glover V (2020). Prenatal stress: Effects on fetal and child brain 
development. International Review of Neurobiology, 150, 17–40. 10.1016/bs.irn.2019.11.002 
[PubMed: 32204831] 

Lin L-Y, & Huang P-C (2019). Quality of life and its related factors for adults with autism spectrum 
disorder. Disability and Rehabilitation, 41, 896–903. 10.1080/09638288.2017.1414887 [PubMed: 
29228834] 

Lord C, Rutter M, & Le Couteur AL (1994). Autism diagnostic interview-revised: A revised version 
of a diagnostic interview for caregivers of individuals with possible pervasive developmental 
disorders. Journal of Autism and Developmental Disorders, 24,659–685. 10.1007/BF02172145 
[PubMed: 7814313] 

MacLennan K, O’Brien S, & Tavassoli T (2022). In our own words: The complex sensory experiences 
of autistic adults. Journal of Autism and Developmental Disorders, 52, 3061–3075. 10.1007/
s10803-021-05186-3 [PubMed: 34255236] 

MacLennan K, Roach L, & Tavassoli T (2020). The relationship between sensory reactivity differences 
and anxiety subtypes in autistic children. Autism Research, 13, 785–795. 10.1002/aur.2259 
[PubMed: 31909874] 

May-Benson T, Koomar K, & Teasdale A (2009). Incidence of pre-, peri-, and post-natal birth 
and developmental problems of children with sensory processing disorder and children with 
autism spectrum disorder. Frontiers in Integrative Neuroscience, 3, 31. 10.3389/neuro.07.031.2009 
[PubMed: 19936320] 

Mazurek M, Vasa R, Kalb L, Kanne S, Rosenberg D,Keefer A, Murray D, Freedman B, & 
Lowery L (2013). Anxiety, sensory over-responsivity, and gastrointestinal problems in children 
with autism spectrum disorders. Journal of Abnormal Child Psychology, 41, 165–176. 10.3389/
fpsyt.2019.00194 [PubMed: 22850932] 

Muchowski K (2014). Evaluation and treatment of neonatal hyperbilirubinemia. American Family 
Physician, 89, 873–878. [PubMed: 25077393] 

Mullen E (1995). Mullen scales of early learning. Pearson.

Payne JL, Umberson D, & Kellogg E (2020). Maternal mental health: Where should our research and 
policy priorities be? National Academy of Medicine, Commentary. 10.31478/202011g

Rutter M, Bailey A, & Lord C (2003). The Social Communication Questionnaire. Western 
Psychological Services.

Ryckman J, Hilton C, Rogers C, & Pineda R (2017). Sensory processing disorder in preterm infants 
during early childhood and relationships to early neurobehavior. Early Human Development, 113, 
18–22. 10.1016/j.earlhumdev.2017.07.012 [PubMed: 28711561] 

Schendel D, DiGuiseppi C, Croen L, Fallin D, Reed P, Schieve L, Wiggins L, Daniels J, Grether 
J, Levy S, Miller L, Newschaffer C, Pinto-Martin J, Robinson C, Windham G, Alexander A, 
Aylsworth A, Mernal P, Bonner J, … Yeargin-Allsopp M (2012). The Study to Explore Early 
Development (SEED): A multi-site epidemiologic study of autism by the centers for autism and 

Wiggins et al. Page 10

Autism Res. Author manuscript; available in PMC 2024 June 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



developmental disabilities research and epidemiology (CADDRE) network. Journal of Autism and 
Developmental Disorders, 42, 2121–2140. 10.1007/s10803-012-1461-8 [PubMed: 22350336] 

Schneider M, Moore C, Gajewski L, Laughlin N, Larson J,Gay C, Roberts A, Converse A, & DeJesus 
O (2008). Sensory processing disorder in a primate model: Evidence from a longitudinal study 
of prenatal stress effects. Child Development, 79, 100–113. 10.5014/ajot.61.2.247 [PubMed: 
18269511] 

Sparrow S, Balla D, & Cicchetti D (2005). Vineland Adaptive Behavior Scales, Second Edition. 
Pearson.

Tillmann J, Uljarevic M, Crawley D, Dumas G, Loth E, Murphy D, Buitler J, Charman T, & AIMS-2-
TRIALS LAEP Group. (2020). Dissecting the phenotypic heterogeneity in sensory features in 
autism spectrum disorder: A factor mixture modeling approach. Molecular Autism, 11, 67. 
10.1186/s13229-020-00367-w [PubMed: 32867850] 

Wickremasinghe A, Rogers E, Johnson B, Shen A, Barkovich A, & Marco E (2013). Children 
born prematurely have atypical sensory profiles. Journal of Perinatology, 33, 631–635. 10.1038/
jp.2013.12 [PubMed: 23412641] 

Wiggins L, Levy S, Daniels J, Schieve L, Croen L, DiGuiseppi C, Blaskey L, Giarelli E, Lee L-C, 
Pinto-Martin J, Reynolds A, Rice C, Robinson-Rosenberg C, Thompson P, Yeargin-Allsopp M, 
Young L, & Schendel D (2015). Autism spectrum disorder symptoms among children enrolled in 
the Study to Explore Early Development. Journal of Autism and Developmental Disorders, 45, 
3183–3194. 10.1007/s10803-015-2476-8 [PubMed: 26048040] 

Wiggins L, Tian L, Rubenstein E, Schieve L, Daniels J,Pazol K, DiGuiseppi C, Barger B, Moody 
E, Rosenberg S,Bradley C, Hsu M, Robinson-Rosenberg C, Christensen D,Crume T, Pandey 
J, & Levy S (2022). Features that best define the heterogeneity and homogeneity of autism 
in preschool-age children: A multisite case-control analysis replicated across two independent 
samples. Autism Research, 15, 539–550. 10.1002/aur.2663 [PubMed: 34967132] 

Wusthoff C, & Loe I (2015). Impact of bilirubin induced neurological dysfunction on 
neurodevelopmental outcomes. Seminars in Fetal & Neonatal Medicine, 20, 52–57. 10.1016/
j.siny.2014.12.003 [PubMed: 25585889] 

Wiggins et al. Page 11

Autism Res. Author manuscript; available in PMC 2024 June 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Wiggins et al. Page 12

TA
B

L
E

 1

So
ci

od
em

og
ra

ph
ic

 c
ha

ra
ct

er
is

tic
s 

of
 p

re
sc

ho
ol

 c
hi

ld
re

n 
en

ro
lle

d 
in

 th
e 

St
ud

y 
to

 E
xp

lo
re

 E
ar

ly
 D

ev
el

op
m

en
t P

ha
se

s 
1–

3,
 s

tr
at

if
ie

d 
by

 s
tu

dy
 g

ro
up

.

A
SD

D
D

P
O

P
A

SD
:D

D
A

SD
:P

O
P

D
D

:P
O

P

N
 =

 2
05

9
N

 =
 3

13
9

N
 =

 3
24

9
p-

V
al

ue
p-

V
al

ue
p-

V
al

ue

N
 (

%
)

N
 (

%
)

N
 (

%
)

C
hi

ld
 s

ex

 
Fe

m
al

e
39

4 
(1

9.
1)

11
23

 (
35

.8
)

15
52

 (
47

.8
)

<
0.

01
<

0.
01

<
0.

01

 
M

al
e

16
65

 (
80

.9
)

20
16

 (
64

.2
)

16
97

 (
52

.2
)

H
ou

se
ho

ld
 in

co
m

e 
re

la
tiv

e 
to

 f
ed

er
al

 p
ov

er
ty

 th
re

sh
ol

d

 
≤1

00
%

18
5 

(9
.5

)
27

4 
(1

0.
7)

15
9 

(6
.1

)
0.

27
<

0.
01

<
0.

01

 
10

1%
−

39
9%

75
1 

(3
8.

5)
93

7 
(3

6.
5)

74
3 

(2
8.

3)

 
≥4

00
%

10
15

 (
52

.0
)

13
55

 (
52

.8
)

17
19

 (
65

.6
)

 
M

is
si

ng
10

8
57

3
62

8

M
at

er
na

l e
du

ca
tio

n

 
H

ig
h 

sc
ho

ol
 o

r 
le

ss
40

6 
(1

9.
8)

71
3 

(2
3.

0)
48

3 
(1

5.
0)

<
0.

01
<

0.
01

<
0.

01

 
So

m
e 

co
lle

ge
63

0 
(3

0.
7)

75
2 

(2
4.

3)
70

9 
(2

2.
0)

 
C

ol
le

ge
 g

ra
du

at
e

10
18

 (
49

.5
)

16
33

 (
52

.7
)

20
32

 (
63

.0
)

 
M

is
si

ng
5

41
25

M
at

er
na

l r
ac

e/
et

hn
ic

ity

 
H

is
pa

ni
c

26
8 

(1
3.

1)
43

8 
(1

5.
1)

32
1 

(1
0.

8)
<

0.
01

<
0.

01
<

0.
01

 
N

on
-H

is
pa

ni
c 

B
la

ck
48

3 
(2

3.
5)

67
0 

(2
3.

1)
49

7 
(1

6.
7)

 
N

on
-H

is
pa

ni
c 

W
hi

te
10

79
 (

52
.6

)
17

40
 (

60
.0

)
20

93
 (

70
.4

)

 
O

th
er

22
2 

(1
0.

8)
52

 (
1.

8)
64

 (
2.

1)

 
M

is
si

ng
7

23
9

27
4

N
ot

e:
 p

-V
al

ue
s 

do
 n

ot
 in

cl
ud

e 
m

is
si

ng
 c

at
eg

or
ie

s.

A
bb

re
vi

at
io

ns
: A

SD
, a

ut
is

m
 s

pe
ct

ru
m

 d
is

or
de

r;
 D

D
, o

th
er

 d
ev

el
op

m
en

ta
l d

el
ay

 d
is

ab
ili

ty
; P

O
P,

 p
op

ul
at

io
n 

co
m

pa
ri

so
n.

Autism Res. Author manuscript; available in PMC 2024 June 05.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Wiggins et al. Page 13

TA
B

L
E

 2

Ph
en

ot
yp

ic
 c

ha
ra

ct
er

is
tic

s 
of

 p
re

sc
ho

ol
 c

hi
ld

re
n 

en
ro

lle
d 

in
 th

e 
St

ud
y 

to
 E

xp
lo

re
 E

ar
ly

 D
ev

el
op

m
en

t P
ha

se
s 

1–
3,

 s
tr

at
if

ie
d 

by
 s

tu
dy

 g
ro

up
.

A
SD

D
D

P
O

P
A

SD
:D

D
A

SD
:P

O
P

D
D

:P
O

P

N
 =

 2
05

9
N

 =
 3

13
9

N
 =

 3
24

9
p-

V
al

ue
p-

V
al

ue
p-

V
al

ue

M
ea

n
M

ea
n

M
ea

n

C
hi

ld
 a

ge
 a

t e
nr

ol
lm

en
t (

m
on

th
s)

51
.7

52
.6

50
.8

<
0.

01
<

0.
01

<
0.

01

E
ar

ly
 le

ar
ni

ng
 c

om
po

si
te

 s
co

re
63

.7
85

.2
10

2.
1

<
0.

01
<

0.
01

<
0.

01

N
 (

%
)

N
 (

%
)

N
 (

%
)

A
da

pt
iv

e 
de

la
ys

 
N

o
33

5 
(1

6.
5)

44
6 

(4
0.

6)
/

<
0.

01
/

/

 
Y

es
16

99
 (

83
.5

)
65

3 
(5

9.
4)

/

 
M

is
si

ng
25

20
40

/

B
eh

av
io

r 
pr

ob
le

m
s

 
A

nx
ie

ty

 
 

N
o

15
72

 (
78

.6
)

16
96

 (
86

.6
)

23
22

 (
96

.1
)

<
0.

01
<

0.
01

<
0.

01

 
 

Y
es

42
9 

(2
1.

4)
26

3 
(1

3.
4)

95
 (

3.
9)

 
 

M
is

si
ng

58
11

80
83

2

 
A

tte
nt

io
n 

de
fi

ci
ts

/h
yp

er
ac

tiv
ity

 
 

N
o

14
08

 (
70

.4
)

16
97

(8
6.

6)
23

65
 (

97
.8

)
<

0.
01

<
0.

01
<

0.
01

 
 

Y
es

59
3 

(2
9.

6)
26

2 
(1

3.
4)

52
 (

2.
2)

 
 

M
is

si
ng

58
11

80
83

2

 
Sl

ee
p 

pr
ob

le
m

s

 
 

N
o

15
83

 (
79

.1
)

17
32

 (
88

.4
)

23
27

 (
96

.3
)

<
0.

01
<

0.
01

<
0.

01

 
 

Y
es

41
8 

(2
0.

9)
22

7 
(1

1.
6)

90
 (

3.
7)

 
 

M
is

si
ng

58
11

80
83

2

Se
ns

or
y 

dy
sf

un
ct

io
n

 
Se

ns
or

y 
di

ag
no

si
s

 
 

N
o

15
36

 (
76

.3
)

24
64

 (
91

.4
)

26
60

 (
99

.2
)

<
0.

01
<

0.
01

<
0.

01

 
 

Y
es

47
7 

(2
3.

7)
23

3 
(8

.6
)

22
 (

0.
8)

 
 

M
is

si
ng

46
44

2
56

7

 
U

nu
su

al
 s

en
so

ry
 in

te
re

st
s

Autism Res. Author manuscript; available in PMC 2024 June 05.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Wiggins et al. Page 14

A
SD

D
D

P
O

P
A

SD
:D

D
A

SD
:P

O
P

D
D

:P
O

P

N
 =

 2
05

9
N

 =
 3

13
9

N
 =

 3
24

9
p-

V
al

ue
p-

V
al

ue
p-

V
al

ue

 
 

N
o

44
8 

(2
1.

3)
39

0 
(5

3.
3)

/
<

0.
01

/
/

 
 

Y
es

16
09

 (
78

.7
)

34
2 

(4
6.

7)
/

 
 

M
is

si
ng

2
24

07
/

 
N

eg
at

iv
e 

re
sp

on
se

 to
 n

oi
se

 
 

N
o

72
8 

(3
5.

4)
35

3 
(5

0.
4)

/
<

0.
01

/
/

 
 

Y
es

13
28

 (
64

.6
)

37
7 

(4
9.

6)
/

 
 

M
is

si
ng

3
24

09
/

 
Id

io
sy

nc
ra

tic
 r

es
po

ns
e 

to
 c

er
ta

in
 s

tim
ul

i

 
 

N
o

12
62

 (
61

.4
)

54
0 

(7
4.

0)
/

<
0.

01
/

/

 
 

Y
es

79
2 

(3
8.

6)
19

0 
(2

6.
0)

/

 
 

M
is

si
ng

5
24

09
/

N
ot

e:
 p

-V
al

ue
s 

do
 n

ot
 in

cl
ud

e 
m

is
si

ng
 c

at
eg

or
ie

s;
 a

da
pt

iv
e 

de
la

ys
, u

nu
su

al
 s

en
so

ry
 in

te
re

st
s,

 n
eg

at
iv

e 
re

sp
on

se
 to

 n
oi

se
, a

nd
 id

io
sy

nc
ra

tic
 r

es
po

ns
e 

to
 c

er
ta

in
 s

tim
ul

i w
er

e 
no

t m
ea

su
re

d 
in

 P
O

P 
ch

ild
re

n 
(d

en
ot

ed
 w

ith
 a

/s
ym

bo
l)

 a
nd

 o
nl

y 
a 

su
bs

et
 o

f 
D

D
 c

hi
ld

re
n;

 a
nd

 b
eh

av
io

r 
pr

ob
le

m
s 

w
er

e 
m

ea
su

re
d 

on
ly

 in
 a

 s
ub

se
t o

f 
D

D
 c

hi
ld

re
n.

 A
bb

re
vi

at
io

ns
: A

SD
, a

ut
is

m
 s

pe
ct

ru
m

 d
is

or
de

r;
 D

D
, o

th
er

 d
ev

el
op

m
en

ta
l 

de
la

y 
or

 d
is

ab
ili

ty
; P

O
P,

 p
op

ul
at

io
n 

co
m

pa
ri

so
n.

Autism Res. Author manuscript; available in PMC 2024 June 05.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Wiggins et al. Page 15

TA
B

L
E

 3

R
is

k 
fa

ct
or

s 
fo

r 
se

ns
or

y 
dy

sf
un

ct
io

n 
co

lle
ct

ed
 in

 S
tu

dy
 to

 E
xp

lo
re

 E
ar

ly
 D

ev
el

op
m

en
t P

ha
se

s 
1–

3,
 s

tr
at

if
ie

d 
by

 s
tu

dy
 g

ro
up

.

A
SD

D
D

P
O

P
A

SD
:D

D
A

SD
:P

O
P

D
D

:P
O

P

N
 =

 2
05

9
N

 =
 3

13
9

N
 =

 3
24

9
p-

V
al

ue
p-

V
al

ue
p-

V
al

ue

N
 (

%
)

N
 (

%
)

N
 (

%
)

A
ss

is
te

d 
de

liv
er

y

 
N

o
17

85
 (

91
.8

)
17

79
 (

93
.2

)
22

33
 (

93
.4

)
0.

06
0.

05
0.

42

 
Y

es
15

9 
(8

.2
)

13
0 

(6
.8

)
15

8 
(6

.6
)

 
M

is
si

ng
11

5
12

30
85

8

Pr
et

er
m

 b
ir

th

 
N

o
16

81
 (

83
.3

)
23

69
 (

77
.5

)
28

69
 (

89
.2

)
<

0.
01

<
0.

01
<

0.
01

 
Y

es
33

8 
(1

6.
7)

68
6 

(2
2.

5)
34

7 
(1

0.
8)

 
M

is
si

ng
40

84
33

N
eo

na
ta

l j
au

nd
ic

e

 
N

o
12

39
 (

61
.1

)
16

85
 (

61
.9

)
18

97
 (

69
.8

)
0.

29
<

0.
01

<
0.

01

 
Y

es
78

9 
(3

8.
9)

10
36

 (
38

.1
)

82
0 

(3
0.

2)

 
M

is
si

ng
31

41
8

53
2

M
at

er
na

l a
lc

oh
ol

 u
se

 
N

o
10

13
 (

52
.5

)
10

01
 (

52
.9

)
91

7 
(3

8.
6)

0.
42

<
0.

01
<

0.
01

 
Y

es
91

6 
(4

7.
5)

89
1 

(4
7.

1)
14

56
 (

61
.4

)

 
M

is
si

ng
13

0
12

47
87

6

M
at

er
na

l a
nx

ie
ty

 d
ur

in
g 

pr
eg

na
nc

y

 
N

o
18

46
 (

91
.3

)
24

84
 (

92
.1

)
25

47
 (

94
.5

)
0.

16
<

0.
01

<
0.

01

 
Y

es
17

6 
(8

.7
)

21
2 

(7
.9

)
14

7 
(5

.5
)

 
M

is
si

ng
37

44
3

55
5

Pr
eg

na
nc

y 
w

ei
gh

t g
ai

n 
re

co
m

m
en

da
tio

ns

 
M

et
65

3 
(3

5.
0)

89
8 

(3
6.

4)
10

22
 (

39
.6

)
<

0.
01

<
0.

01
<

0.
01

 
A

bo
ve

88
4 

(4
7.

3)
10

06
 (

40
.7

)
11

05
 (

42
.8

)

 
B

el
ow

33
0 

(1
7.

7)
56

5 
(2

2.
9)

45
3 

(1
7.

6)

 
M

is
si

ng
19

2
67

0
66

9

N
ot

e:
 p

-V
al

ue
s 

do
 n

ot
 in

cl
ud

e 
m

is
si

ng
 c

at
eg

or
ie

s.

Autism Res. Author manuscript; available in PMC 2024 June 05.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Wiggins et al. Page 16
A

bb
re

vi
at

io
ns

: A
SD

, a
ut

is
m

 s
pe

ct
ru

m
 d

is
or

de
r;

 D
D

, o
th

er
 d

ev
el

op
m

en
ta

l d
el

ay
 o

r 
di

sa
bi

lit
y;

 P
O

P,
 p

op
ul

at
io

n 
co

m
pa

ri
so

n.

Autism Res. Author manuscript; available in PMC 2024 June 05.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Wiggins et al. Page 17

TA
B

L
E

 4

R
el

at
io

ns
hi

p 
be

tw
ee

n 
ri

sk
 f

ac
to

rs
 a

nd
 s

en
so

ry
 d

ys
fu

nc
tio

n 
am

on
g 

pr
es

ch
oo

l c
hi

ld
re

n 
w

ith
 a

ut
is

m
 s

pe
ct

ru
m

 d
is

or
de

r 
an

d 
ot

he
r 

de
ve

lo
pm

en
ta

l d
el

ay
s 

or
 

di
sa

bi
lit

ie
s 

in
 th

e 
St

ud
y 

to
 E

xp
lo

re
 E

ar
ly

 D
ev

el
op

m
en

t P
ha

se
s 

1–
3.

Se
ns

or
y 

di
ag

no
si

s
U

nu
su

al
 s

en
so

ry
 in

te
re

st
s

N
eg

at
iv

e 
re

sp
on

se
 t

o 
no

is
e

Id
io

sy
nc

ra
ti

c 
re

sp
on

se
 t

o 
ce

rt
ai

n 
st

im
ul

i

A
SD

D
D

A
SD

D
D

A
SD

D
D

A
SD

D
D

aO
R

 (
95

%
 C

I)
aO

R
 (

95
%

 C
I)

aO
R

 (
95

%
 C

I)
aO

R
 (

95
%

 C
I)

aO
R

 (
95

%
 C

I)
aO

R
 (

95
%

 C
I)

aO
R

 (
95

%
 C

I)
aO

R
 (

95
%

 C
I)

Pr
et

er
m

 b
ir

th

 
N

o 
(R

E
F)

 
Y

es
1.

24
0.

91
1.

28
0.

89
0.

77
0.

66
0.

88
0.

58

(0
.9

2,
 1

.6
7)

(0
.6

1,
 1

.3
5)

(0
.8

8,
 1

.8
7)

(0
.5

9,
 1

.3
4)

(0
.5

8,
 1

.0
3)

(0
.4

3,
 1

.0
1)

(0
.6

7,
 1

.1
5)

(0
.3

6,
 0

.9
6)

N
eo

na
ta

l j
au

nd
ic

e

 
N

o 
(R

E
F)

 
Y

es
1.

40
1.

53
1.

08
1.

37
1.

22
1.

50
1.

18
1.

54

(1
.1

2,
 1

.7
6)

(1
.1

0,
 2

.1
1)

(0
.8

3,
 1

.4
0)

(0
.9

7,
 1

.9
5)

(0
.9

8,
 1

.5
2)

(1
.0

4,
 2

.1
7)

(0
.9

7,
 1

.4
4)

(1
.0

5,
 2

.2
8)

M
at

er
na

l a
nx

ie
ty

 d
ur

in
g 

pr
eg

na
nc

y

 
N

o 
(R

E
F)

 
Y

es
1.

73
1.

88
1.

60
1.

29
1.

49
1.

82
1.

45
1.

80

(1
.2

2,
 2

.4
6)

(1
.1

4,
 3

.1
2)

(0
.9

7,
 2

.6
2)

(0
.7

0,
 2

.3
8)

(1
.0

0,
 2

.2
1)

(0
.9

2,
 3

.5
8)

(1
.0

5,
 2

.0
2)

(0
.9

6,
 3

.3
7)

Pr
eg

na
nc

y 
w

ei
gh

t g
ai

n 
re

co
m

m
en

da
tio

ns

 
M

et
 (

R
E

F)

 
A

bo
ve

1.
15

1.
24

1.
20

1.
52

0.
97

1.
09

1.
02

1.
11

(0
.9

0,
 1

.4
7)

(0
.8

7,
 1

.7
6)

(0
.9

1,
 1

.5
8)

(1
.0

3,
 2

.2
3)

(0
.7

7,
 1

.2
3)

(0
.7

6,
 1

.6
2)

(0
.8

3,
 1

.2
6)

(0
.7

2,
 1

.7
1)

 
B

el
ow

0.
93

1.
06

1.
15

0.
94

0.
95

1.
11

1.
03

1.
03

(0
.6

7,
 1

.2
9)

(0
.6

7,
 1

.6
9)

(0
.7

9,
 1

.6
6)

(0
.6

0,
 1

.4
8)

(0
.7

0,
 1

.2
9)

(0
.6

9,
 1

.7
8)

(0
.7

8,
 1

.3
6)

(0
.6

1,
 1

.7
3)

N
ot

e:
 M

od
el

s 
ad

ju
st

ed
 f

or
 c

hi
ld

 a
ge

, c
hi

ld
 s

ex
, h

ou
se

ho
ld

 in
co

m
e 

re
la

tiv
e 

to
 f

ed
er

al
 p

ov
er

ty
 th

re
sh

ol
d,

 m
at

er
na

l e
du

ca
tio

n,
 m

at
er

na
l r

ac
e/

et
hn

ic
ity

, a
nd

 e
ar

ly
 le

ar
ni

ng
 c

om
po

si
te

 s
co

re
.

A
bb

re
vi

at
io

ns
: a

O
R

, a
dj

us
te

d 
od

ds
 r

at
io

; A
SD

, a
ut

is
m

 s
pe

ct
ru

m
 d

is
or

de
r;

 C
I,

 c
on

fi
de

nc
e 

in
te

rv
al

; D
D

, o
th

er
 d

ev
el

op
m

en
ta

l d
el

ay
 o

r 
di

sa
bi

lit
y.

Autism Res. Author manuscript; available in PMC 2024 June 05.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Wiggins et al. Page 18

TA
B

L
E

 5

B
iv

ar
ia

te
 c

or
re

la
tio

ns
 b

et
w

ee
n 

cl
in

ic
al

 s
ym

pt
om

s 
an

d 
se

ns
or

y 
dy

sf
un

ct
io

n 
am

on
g 

pr
es

ch
oo

l c
hi

ld
re

n 
w

ith
 a

ut
is

m
 s

pe
ct

ru
m

 d
is

or
de

r 
(a

bo
ve

 th
e 

bo
ld

 

di
ag

on
al

) 
an

d 
ot

he
r 

de
ve

lo
pm

en
ta

l d
is

ab
ili

tie
s 

(b
el

ow
 th

e 
bo

ld
 d

ia
go

na
l)

 in
 th

e 
St

ud
y 

to
 E

xp
lo

re
 E

ar
ly

 D
ev

el
op

m
en

t P
ha

se
s 

1–
3.

Se
ns

or
y 

di
ag

no
si

s

U
nu

su
al

 
se

ns
or

y 
in

te
re

st
s

N
eg

at
iv

e 
re

sp
on

se
 t

o 
no

is
e

Id
io

sy
nc

ra
ti

c 
re

sp
on

se
 t

o 
ce

rt
ai

n 
st

im
ul

i
A

da
pt

iv
e 

de
la

ys
A

nx
ie

ty
 

pr
ob

le
m

s
A

tt
en

ti
on

 d
ef

ic
it

s/
hy

pe
ra

ct
iv

it
y

Sl
ee

p 
pr

ob
le

m
s

Se
ns

or
y 

di
ag

no
si

s
1.

00
0.

08
*

0.
08

*
0.

12
*

−
0.

07
0.

16
*

0.
09

*
0.

13
*

U
nu

su
al

 s
en

so
ry

 in
te

re
st

s
0.

18
*

1.
00

0.
08

*
0.

06
0.

12
*

0.
06

*
0.

11
*

0.
11

*

N
eg

at
iv

e 
re

sp
on

se
 to

 n
oi

se
0.

18
*

0.
23

*
1.

00
0.

18
*

0.
01

0.
12

*
0.

05
0.

06

Id
io

sy
nc

ra
tic

 r
es

po
ns

e 
to

 
ce

rt
ai

n 
st

im
ul

i
0.

14
*

0.
14

*
0.

30
*

1.
00

0.
02

0.
19

*
0.

08
*

0.
09

*

A
da

pt
iv

e 
de

la
ys

−
0.

05
0.

12
*

−
0.

06
−

0.
07

1.
00

0.
04

0.
12

*
0.

05

A
nx

ie
ty

 p
ro

bl
em

s
0.

11
*

0.
15

*
0.

20
*

0.
19

*
0.

05
1.

00
0.

28
*

0.
35

*

A
tte

nt
io

n 
de

fi
ci

ts
/

hy
pe

ra
ct

iv
ity

0.
12

*
0.

20
*

0.
09

0.
08

0.
12

*
0.

39
*

1.
00

0.
30

*

Sl
ee

p 
pr

ob
le

m
s

0.
10

*
0.

18
*

0.
21

*
0.

16
*

0.
09

*
0.

45
*

0.
34

*
1.

00

* p 
<

 0
.0

1;
 c

or
re

la
tio

ns
 o

f 
<

0.
30

 w
er

e 
co

ns
id

er
ed

 s
ub

tle
, a

nd
 c

or
re

la
tio

ns
 ≥

0.
30

 w
er

e 
co

ns
id

er
ed

 m
od

er
at

e.

Autism Res. Author manuscript; available in PMC 2024 June 05.


	Abstract
	Lay Summary
	METHODS
	Definitions of sensory dysfunction
	Risk factors for sensory dysfunction
	Clinical correlates of sensory dysfunction
	Adaptive delays
	Anxiety, attention, and sleep problems

	Statistical analyses

	RESULTS
	DISCUSSION
	References
	TABLE 1
	TABLE 2
	TABLE 3
	TABLE 4
	TABLE 5

