
Vol.:(0123456789)1 3

European Child & Adolescent Psychiatry 
https://doi.org/10.1007/s00787-020-01516-5

ORIGINAL CONTRIBUTION

Sensory processing related to attention in children with ASD, ADHD, 
or typical development: results from the ELENA cohort

Florine Dellapiazza1,2,3 · Cécile Michelon1 · Christelle Vernhet1,2,3 · Filippo Muratori4 · Nathalie Blanc3 · 
Marie‑Christine Picot5 · Amaria Baghdadli1,2,6   on behalf of for ELENA study group

Received: 22 July 2019 / Accepted: 16 March 2020 
© Springer-Verlag GmbH Germany, part of Springer Nature 2020

Abstract
Autism-spectrum disorder (ASD) and attention-deficit hyperactivity disorder (ADHD) are early neurodevelopmental con-
ditions that share clinical characteristics, raising important issues in clinical diagnosis. We aimed to compare (1) sensory 
processing in four groups of children: ASD alone, ASD + ADHD, ADHD alone, and typical development (TD) and (2) the 
association between sensory processing and attention in the three groups with neurodevelopmental disorders. Our sample 
included 120 children aged from 6 to 12 years divided into four groups: ASD alone (N = 43), ASD + ADHD (N = 18), ADHD 
alone (N = 28), and TD (N = 31). Atypical sensory processing was more frequent in ASD and/or ADHD than in TD, without 
a significant difference between ASD and ADHD. However, the variance analysis of attention problems revealed differences 
between the ADHD and ASD groups. Thus, the rate of atypical sensory processing was comparable between the ASD and 
ADHD groups, suggesting that further studies are needed to explore atypical SP in all neurodevelopmental disorders.

Keywords  Autism spectrum disorders · Attention deficit disorder · Sensory processing · Attention · Children

Introduction

Autism-spectrum disorder (ASD) and attention-deficit 
hyperactivity disorder (ADHD) are neurodevelopmental 
disorders often associated with unusual responses to sen-
sory stimulations [1–3]. ASD is defined by impairments in 
communication and socialization, associated with a pattern 

of repetitive behaviors and restricted interests [4] and ADHD 
is characterized by a persistent pattern of inattention and/or 
hyperactivity, and impulsivity [4]. The prevalence of ASD 
is estimated to be approximately one child in 68 [5] and the 
prevalence of ADHD is estimated to 7.2% [6].

There is an important overlap between the symptoms of 
ASD and ADHD [7–9], with 30 to 80% of children with ASD 
exhibiting significant co-occurring symptoms of ADHD [10, 
11]. In addition, 20 to 50% of children with ADHD show 
ASD-related symptoms [11]. Furthermore, since the pub-
lication of DSM-5, ASD and ADHD have been recognized 
as potentially comorbid conditions [4]. Such comorbidity is 
found in 17.3% of preschoolers with ASD [12]. However, 
children with only ASD or ADHD can have similar clinical 
profiles [13, 14]. Thus, the differential diagnosis between 
the two conditions can raise important issues for clinicians 
and it is essential to better understand the clinical overlap 
by comparing the clinical profiles, including responses to 
sensory stimulation [3, 15].

Sensory information has to be selected from the envi-
ronment and processed by the brain to produce an adapted 
behavioral response [16]. According to Dunn’s model, 
reactivity to sensory stimulation can vary, depending on the 
individual and neurological threshold. Such neurological 
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processes, called sensory processing (SP), can be disturbed, 
leading to two categories of atypical SP [17]. A high neu-
rological threshold is involved in hypo-reactivity to sensory 
stimulation, whereas hyper-reactivity involves a low neuro-
logical threshold, with all sensory modalities (visual, audi-
tory, tactile, olfactory, taste, vestibular, and proprioceptive) 
potentially affected. Atypical SP is found in 12% of chil-
dren in the general population [18] and requires strategies 
to adapt their behavior to daily life.

Among neuro-developmental disorders, ASD is most 
often associated with atypical SP. Thus, hyper- and hypo-
reactivity to sensory stimulation are crucial diagnostic cri-
teria of ASD [4]. In addition, findings from the ELENA 
cohort show that the prevalence of atypical SP in children 
with ASD ranges from 82 to 97%, independently of age and 
cognitive level [19]. A systematic review based on 11 stud-
ies showed that atypical SP was more frequently reported 
among individuals with ADHD than among those with TD 
[20]. Approximately 50% of children with ADHD show 
atypical SP, as measured by the short version of the Sen-
sory Profile questionnaire [21]. They also displayed distinct 
atypical SP in all modalities relative to that of TD children 
[22]. Another study found that ADHD traits are related to 
SP and can predict them in the general population, suggest-
ing that atypical SP may be part of the ADHD phenotype 
[15]. A pilot study, which compared 13 children with ASD 
and comorbid ADHD to 17 children with ADHD alone, 
found that children with ASD and comorbid ADHD pre-
sented greater atypical SP than children with ADHD alone 
[23]. Two studies comparing children with ASD alone and 
those with ADHD alone reported similar frequencies and 
patterns of atypical SP relative to that of TD children [1, 2]. 
Children with ASD had greater atypical oral processing and 
children with ADHD greater atypical visual processing [2]. 
In addition, atypical neural reactions in ASD and ADHD 
are found to be related to visual and auditory processing [7]. 
Another study found more atypical touch processing among 
both children with ADHD and those with ASD + ADHD 
than among children with TD [3]. Due to the inconclusive 
nature of the literature, it is impossible to draw conclusions 
concerning the specificity of SP patterns in neurodevelop-
mental disorders and this underlie the need of more studies 
using a comparative design.

Although problems of attention are core signs of ADHD, 
they are also common in ASD [24]. A review on the over-
lap of symptoms between ASD and ADHD highlighted that 
attention problems are highly common between these two 
disorders but possibly related to divergent mechanisms [9]. 
However, very few studies have examined the links between 
inattention symptoms and SP in ASD [25]. Atypical SP in 
ASD are predicted by inattention described through parental 
questionnaires [26, 27]. Moreover, in ASD, SP difficulties 
appear to be associated with attention problems [28]. In the 

general population, ADHD traits are associated with sensory 
sensitivity [15]. In ADHD, atypical SP is associated with 
inattention and distractibility [1, 22]. These findings suggest 
that atypical SP could be related to attention problems in 
both ASD and ADHD.

Intergroup comparisons concerning the differences in 
SP between ASD, ADHD, and TD individuals need to be 
performed using standardized assessment tools for SP and 
samples of children with ascertained diagnoses to clarify the 
inconsistent findings in the literature. Moreover, the role of 
SP in problems of attention has to be investigated to better 
understand mechanisms and target interventions.

We aimed first to compare SP in four groups of children: 
with ASD alone, with ASD + ADHD, with ADHD alone, 
and with TD. The second aim was to compare the associa-
tion between SP and attention in children with ASD alone, 
ASD + ADHD, and ADHD alone. We hypothesized that 
atypical SP occurs more frequently in children with ASD 
alone, ASD + ADHD, and ADHD alone than those with TD, 
and that children with ASD + ADHD have more atypical 
SP than those with ASD alone or ADHD alone. We also 
expected that children with atypical SP would have more 
severe problems of attention.

Methods

Participants

The current study included 120 participants aged from 6 to 
12 years, divided into four groups:

The ASD group (N = 43) was recruited from the ELENA 
cohort [29] a large, multicentre and prospective study in 
which children with an ascertained diagnosis of ASD 
according to DSM-5 criteria were recruited. Included chil-
dren have a validation established by a multidisciplinary 
team using a standardized process, including the Autism 
Diagnostic Observation Schedule 2 (ADOS 2: Lord et al. 
[30]) and Autism Diagnostic Interview-Revised (ADI-R: Le 
Couteur, Lord and Rutter [31]), administered by licensed and 
trained psychologists. For this study, we selected a subset of 
children from the ELENA cohort that fulfilled the following 
inclusion criteria: 6 to 12 years of age and questionnaires 
(Sensory profile, CBCL and SRS-2) completed by their par-
ents. We excluded children with genetic syndromes (as they 
commonly exhibit atypical sensory reactions), a cognitive 
level under 80, or an ADHD diagnosis according to DSM-5 
criteria [4].

The ASD + ADHD group (N = 18) was also recruited from 
the ELENA cohort and the diagnostic process was the same 
as for the ASD group. They also had a diagnosis of ADHD 
established by a multidisciplinary team according to DSM-5 
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criteria [4]. We also excluded children with genetic syn-
dromes and a cognitive level under 80.

The ADHD group (N = 28) was recruited from the Depart-
ment of Child and Adolescent Psychiatry of the University 
Hospital of Montpellier during parental therapeutic groups 
or child psychiatric consultations. Experienced child psy-
chiatrists diagnosed children with ADHD according to the 
DSM-5 criteria and excluded the diagnosis of ASD [4]. The 
exclusion criterion was to have received treatment by medi-
cation for attention problems.

The TD group (N = 31) consisted of children in main-
stream school, without any medical history of neurodevel-
opmental disorders, matched for age with the other clinical 
groups. The absence of a history of neurodevelopmental 
disorders in the TD group was verified first by asking the 
parents whether they were aware of a diagnosis of a neu-
rodevelopmental disorder for their child and whether such a 
diagnosis had already been mentioned about him or her. In 
addition, SRS-2 and CBCL scales were used to systemati-
cally screen for ASD and ADHD, respectively. No children 
in this study reached the clinical thresholds of these scales.

Exclusion criteria for all groups were children with 
“blindness” or an “auditory deficit”.

Measures

Sensory processing (SP) was assessed using the long-form 
of the Sensory Profile [17]. This 125-item parental ques-
tionnaire focuses on daily-life sensory responses in children 
aged from three to 11 years. The results are given according 
to four quadrants which summarize behavioral responses 
to sensory stimulation in four profiles: sensory-seeking, 
low-registration, sensory-avoiding, and sensory-sensitivity. 
The results can also be presented according to each sensory 
modality (auditory, visual, vestibular, oral, touch, and mul-
tisensory sections). Frequencies are recorded on a five-point 
Likert scale. Lower Sensory Profile scores imply greater SP 
difficulties. Atypical scores were defined in this study by 
probable and definite difference as scores over 1 to 2 stand-
ard deviations from the norm (less and much less than the 
other). Internal consistency of the Sensory Profile ranged 
from 0.70 to 0.90 and internal validity correlations from 
0.25 to 0.76 [17].

Attention problems were assessed using the CBCL form 
[32], a norm-referenced measure exploring a wide range of 
emotional and behavioral disorders in children aged from 
6 to 18 years. There are 10 items focusing on attention 
problems. Parents completed items on a three-point Likert 
scale, which provides raw scores. They were transformed 
into T-scores based on published norms: T-scores above 70 
were considered to be indicative of clinical impairment for 
attention problem syndrome. Internal consistency ranged 

from 0.72 to 0.91, the inter-rater reliability from 0.63 to 
0.88, and the test–retest reliability was 0.90 [32].

The non-verbal cognitive level was assessed from psy-
chometric scales, depending on the age of each participant. 
The non-verbal cognitive level was estimated from the “fluid 
reasoning” of the WISC-V (n = 21) [33] and the WPPSI-
IV (n = 4) [34], “perceptual reasoning” of the WISC-IV 
(n = 42) [35], “performance IQ” of the WPPSI-III (n = 4) 
[36], “simultaneous process” of the K-ABC II (n = 4) [37], 
or “cognitive verbal/pre‐verbal” of the PEP-III (n = 1) [38]. 
Overall, the non-verbal cognitive level was assessed for 76 
children.

Autism symptomatology was assessed using the SRS-2 
[39], which assesses ASD-related symptoms. This scale 
assesses: social awareness (ability to pick up on social cues), 
social cognition (ability to interpret social cues), social com-
munication (includes expressive social communication), 
social motivation (motivated to engage in social commu-
nication), and restricted interests and repetitive behaviors 
(includes stereotypic behavior) of children aged four to 
18 years. Each of the 65 items was rated on a four-point 
scale ranging from 1 (Not True) to 4 (Almost Always True). 
The Total composite score (T) was used to assess the sever-
ity of symptoms.

A standardized questionnaire was used to collect the fol-
lowing information concerning the children: date of birth, 
presence of other neurodevelopmental disorders, presence 
of sensory deficit and we asked parents whether their child 
was receiving any medication for attention problems and the 
type of treatment.

Procedure

Parents of the children recruited in the ELENA cohort com-
pleted questionnaires electronically (CBCL, SRS-2, and 
Sensory Profile) on a web database. Parents of the children 
of the ADHD and TD groups completed paper question-
naires in the same order and returned them personally or by 
mail. The intellectual level of the children included in the 
ELENA cohort (ASD and ASD + ADHD groups) and those 
with ADHD were performed during the diagnostic process. 
The intellectual level of the TD children was not assessed 
but information on their class level in school was collected 
and corresponded to their age. Informed consent forms were 
completed by all parents and data were anonymized.

Data analyses

Descriptive statistics were calculated to characterize each 
group. Intergroup comparisons were conducted by ANOVA 
for parametric variables and the Kruskal–Wallis test for non-
parametric parameters. In case of significant differences, a 
Bonferroni correction was applied for 2-by-2 comparisons. 
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The association between the Sensory Profile questionnaire 
and attention problems in each group were analysed using 
Pearson’s or Spearman’s correlation coefficient. Multiple 
linear regression analysis was performed for the ASD and 
ADHD groups using the attention score as the dependent 
variable and age, non-verbal cognitive level, and sensory-
seeking score (and low-registration score for ADHD) as 
independent variables. Linearity was assessed by a plot of 
studentized residuals against the predicted values. A Dur-
bin–Watson test statistic of 1.8 (for the ASD group) and 2.3 
(for the ADHD group) showed independence of residuals. 
Other assumptions required for multiple regression (e.g., no 
multicollinearity, normality, homoscedasticity, etc.) were 
met. The goodness-of-fit (GOF) measure, consisting of the 
adjusted R2, was used to assess the adequacy of the fitted 
model. Statistical analyses were performed using SAS 9.3 
software. A two-sided p < 0.05 was considered to be statisti-
cally significant.

Results

A total of 120 participants were enrolled in the study. Their 
mean age was 9.2 years (SD = 1.8). The clinical charac-
teristics of each group are reported in Table 1. Intergroup 
comparisons showed no difference according to gender, 
age, or nonverbal cognitive level (all p > 0.05). Males made 
up 61.3% of the TD group and 82.1% of the ADHD alone, 
83.3% of the ASD + ADHD, and 86% of the ASD alone 
groups. However, there were significant differences in ASD-
related symptoms between the groups as assessed by the 
SRS-2. Post hoc analysis showed that the three groups with 
neurodevelopmental disorders had higher total scores on the 

SRS-2 and higher scores for all subscales than the TD group 
(p < 0.05). As expected, the ADHD group showed a lower 
total SRS-score and lower social cognition and restrictive 
interest and repetitive behavior scores than the ASD and 
ASD + ADHD groups (p < 0.05). There were four partici-
pants in the ASD + ADHD group and two participants in the 
ASD group who received treatment for attention problems. 
These participants were similar to others of their clinical 
group for age, non-verbal cognitive level, and score for the 
Sensory Profile (all p > 0.05).

Prevalence of atypical sensory processing

The prevalence of atypical scores on the Sensory Profile 
for each group is reported in Table 2. Depending on the 
quadrant, more than the half of the three groups with neu-
rodevelopmental disorders showed atypical SP: from 56.8 to 
92.5% in the ASD group, 61.1 to 80.0% in the ASD + ADHD 
group, and 57.1 to 71.4% in the ADHD group, compared 
to 0.0 to 9.7% in the TD group. Depending on the sensory 
modality (sections), the three groups with neurodevelop-
mental disorders showed a high percentage of atypical audi-
tory processing: 84.6% in the ASD + ADHD, 75.0% in the 
ADHD, and 51.2% in the ASD groups.

Description and intergroup comparison of sensory 
processing

The intergroup comparisons of Sensory Profile scores are 
reported in Table 2. There were significant differences between 
the groups for the quadrants and all sections of the Sensory 
Profile (p < 0.0001). Post hoc analysis of the quadrants showed 
the three groups with neurodevelopmental disorders to have 

Table 1   Clinical characteristics of each group and intergroup comparison

ASD autism spectrum disorder, ADHD attention deficit hyperactivity disorder, ASD + ADHD comorbidity form, TD typical development, ALL all 
other groups, RIRB restricted interests and repetitive behaviors
*e.g. The TD Total SRS score is lower than that of all other groups and the score for the ADHD group is lower than that of the ASD and 
ASD + ADHD groups
a Bonferroni correction

Children’s characteristics ASD n = 43 ASD + ADHD n = 18 ADHD n = 28 TD n = 31 p value Post hoc testa

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Chronological age 9.4 (1.9) 8.7 (1.8) 9.2 (1.8) 9.3 (1.6) 0.61
Non-verbal IQ 103.6 (14.3) 103.5 (15.9) 109.0 (16.2) – 0.46
TOTAL SRS-2 94.2 (15.0) 98.0 (12.5) 74.8 (27.6) 20.6 (11.2) 0.0001 TD < ADHD < ASD + ADHD,ASD*
Social awareness 10.1 (2.4) 10.6 (2.9) 10.0 (3.9) 4.2 (2.6) 0.0001 TD < ALL
Social cognition 18.7 (3.9) 18.7 (3.4) 13.6 (5.6) 3.9 (2.7) 0.0001 TD < ADHD < ASD + ADHD,ASD
Social communication 31.7 (6.1) 32.3 (5.0) 24.9 (10.9) 6.4 (4.2) 0.0001 TD < ALL; ADHD < ASD
Social motivation 13.5 (3.1) 15.2 (2.8) 12.1 (4.4) 4.0 (2.6) 0.0001 TD < ALL; ADHD < ASD + ADHD
RIRB 20.2 (5.6) 22.0 (5.3) 14.2 (7.4) 2.2 (2.5) 0.0001 TD < ADHD < ASD + ADHD,ASD
Attention problems 8.7 (4.0) 12.0 (4.4) 12.3 (3.8) 1.7 (2.0) 0.0001 TD < ASD < ADHD, ASD + ADHD
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significantly more atypical SP than the TD group (p < 0.05). 
There were significant intergroup differences for the Sensa-
tion-Avoiding quadrant between the three groups with neu-
rodevelopmental disorders (p < 0.05). Indeed, the ASD and 
ASD + ADHD groups showed greater atypical SP than the 
ADHD group (p < 0.05). Post hoc analysis of the sections of 
the Sensory Profile showed that the three groups with neu-
rodevelopmental disorders showed significantly more atypi-
cal SP than the TD group (p < 0.05) (except for oral process-
ing, for which the TD group score was similar to that of the 
ASD + ADHD group). There were also significant differences 
in auditory processing and multisensory processing, with the 
ASD + ADHD group showing more atypical SP than the ASD 
alone group (p < 0.05).

Association between sensory processing 
and attention problems

Significant correlations between the Sensory Profile and atten-
tion problems scores for the ASD, ADHD, and ASD + ADHD 
groups are reported in Table 3. Children of all groups who 
presented more atypical multisensory processing also showed 
more attention problems. Only children of the ASD group who 
had atypical touch processing also presented more attention 
problems. Children of the ADHD and ASD + ADHD groups 
with higher vestibular processing scores also had more atten-
tion problems. The increase of atypical sensory seeking in the 
ASD and ADHD groups was associated with greater attention 
problems.

We performed two multiple linear regressions for the 
ADHD and ASD groups for significant associations found 
by univariate analysis. For the ADHD group, the results of 
the regression provided a significant model (p = 0.0009) that 
explained 64% of the variance of the attention score and the 
intercept was significant (β0 = 35.8; p < 0.0001). The non-
verbal cognitive level and the sensory-seeking profile had 
a negative effect on the attention score; such that the atten-
tion score decreased when the non-verbal cognitive level 
increased by one-unit (β1 = -0.12; p < 0.01) as well as that 
of the sensory-seeking profile (β2 = -0.10; p < 0.02). For the 
ASD group, the results of the regression provided a signifi-
cant model (p = 0.0028) which explained 30% of the vari-
ance of the attention score and the intercept was significant 
(β0 = 31.09; p < 0.0001). There was no effect of the non-verbal 
cognitive level (β1 = -0.07; p = 0.09), but the attention score 
decreased when the sensory-seeking profile increased by one-
unit (β2 = -0.16; p = 0.0011).
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Discussion

The results confirm that atypical SP is more frequent in chil-
dren with ASD and/or ADHD than those with TD, in accord-
ance with the literature [1]. Thus, atypical SP in children can 
be a non-specific marker of multiple neurodevelopmental 
conditions. Indeed, atypical SP was highly frequent in both 
ADHD and ASD children and more similar than expected. 
In addition, the two conditions only differed for one profile, 
atypical avoidance being more severe in ASD alone than 
in ADHD alone. Atypical sensory seeking was related to 
attention problems and explained a large proportion of them 
in the ADHD group and a smaller proportion in the ASD 
group.

Although atypical SP is widely studied in ASD and cur-
rently used as a core diagnostic criteria, it is just beginning 
to be investigated in ADHD. Our findings suggest that atypi-
cal SP is more similar and frequent than expected in ASD 
and ADHD, and reinforce recent published results [1, 2]. 
Moreover, diagnoses based on SP results in the misclassi-
fication of children with ASD or ADHD in 45.9% of cases 
[1], supporting the findings of an overlap between the symp-
toms of these two disorders [9, 13]. Consequently, in clini-
cal practice, the presence of atypical SP cannot help in the 
differential diagnosis between ASD and ADHD, and further 
studies are needed to determine to what extent atypical SP is 
also present in other developmental disorders.

In our sample, the avoiding-sensation profile was more 
severe in children with ASD (with or without ADHD) than 
those with ADHD alone. In addition, studies of the general 
population have shown that avoidance behaviors are associ-
ated with anxiety [40], whereas hyper-reactivity to sensory 
stimuli is related to anxiety in ASD [41, 42]. Thus, it is 

possible that children with ASD resort to more avoidance 
behavior strategies to manage their hyper reactivity to sen-
sory stimulation than children with ADHD.

As expected, children with ASD and comorbid ADHD 
presented more overall atypical SP than those with ASD 
alone or ADHD alone, in accordance with previous studies 
[3]. Moreover, psychiatric comorbidities can be observed 
early in the life in preschoolers and are more severe [12]. 
This result reinforces the necessity to investigate the pres-
ence of comorbid ADHD during the diagnostic process of 
ASD to provide specific support and intervention.

Our results suggest that most of the attention problems 
of children with ADHD alone is related to the presence of 
an atypical sensory-seeking profile and a lower cognitive 
level. We also found this to be true for children with ASD, 
but most of their attention problems were unexplained by the 
regression model. Based on our regression analysis, we can 
hypothesize that heterogeneity within the ASD and ADHD 
groups may be related to the wide variation in atypical sen-
sory processing and its negative impact on attention. In 
ADHD children, patterns of sensory seeking (especially for 
the vestibular sensory modality) were negatively associated 
with attention problems, consistent with the results of a pre-
vious study [22], suggesting that body movement symptoms, 
such as motor hyperactivity in ADHD, can be interpreted as 
vestibular stimulation seeking. Thus, the role of atypical SP 
on ADHD symptoms, especially motor hyperactivity and 
inattention, needs to be further investigated. The effect of 
treatment that focuses on atypical SP in ADHD could also be 
considered, as we found that atypical SP increased attention 
problems in ADHD.

We found auditory SP to be the sensory dimension that 
was the most affected in the groups with neurodevelopmental 

Table 3   Correlations between 
the Sensory Profile and 
attention problems scores 
among children of the ASD, 
ADHD, and ASD + ADHD 
groups

Significant associations (p value < .05) are presented in bold
ASD autism spectrum disorder, ADHD attention deficit hyperactivity disorder, ASD + ADHD comorbidity 
form

ASD n = 43 ASD + ADHD n = 18 ADHD n = 28

r p r p r p

Quadrant
 Low registration − 0.12 0.49 − 0.29 0.3 − 0.46 0.01
 Sensation seeking − 0.56 0.001 − 0.51 0.06 − 0.57 0.001
 Sensory sensitivity − 0.25 0.2 − 0.42 0.22 − 0.33 0.09
 Sensation avoiding − 0.15 0.4 − 0.43 0.19 − 0.35 0.06

Section
 Auditory processing − 0.42 0.02 − 0.03 0.93 − 0.47 0.01
 Visual processing − 0.28 0.11 − 0.50 0.14 − 0.12 0.55
 Vestibular processing − 0.20 0.25 − 0.74 0.005 − 0.64 0.0002
 Touch processing − 0.46 0.007 − 0.52 0.08 − 0.22 0.25
 Multisensory processing − 0.51 0.002 − 0.60 0.03 − 0.40 0.03
 Oral sensory processing − 0.23 0.19 − 0.16 0.59 − 0.19 0.33
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disorders. In addition, auditory SP was more disturbed in 
children with ASD and comorbid ADHD than in those with 
ASD alone, as reported in another study [3]. Atypical SP was 
associated with more attention problems but with intergroup 
and sensory-modality differences. We also found a trend for 
a link between atypical multisensory processing and greater 
attention problems for all clinical groups. Greater attention 
problems were associated with tactile SP in the ASD group 
alone and vestibular SP in the ADHD and comorbid groups. 
Atypical sensory seeking predicted more attention problems 
for the ASD alone and ADHD alone groups. These find-
ings are concordant with those of a study demonstrating 
that children with ASD had greater physical reactivity and 
worse cognitive performance in a noisy environment than 
TD children [43]. We believe that these results underline 
the need to assess SP and manage the environment to limit 
the negative impact of SP and improve children’s attention 
skills, especially at school. Moreover, a study showed that 
atypical SP in the early life of children with ASD predicts 
their later social impairment, as this association is mediated 
by social attention and children with atypical SP are less 
sensitive to social stimulation [44]. The authors suggested 
that atypical SP influences attention skills from early devel-
opment. Future studies need to focus on SP and the role of 
attention in ADHD during early development.

An important strength of our study was the comparison of 
our clinical groups with a TD group matched for age. Also, 
children with ASD alone or ASD + ADHD recruited from 
the ELENA cohort were rigorously diagnosed and children 
with ADHD alone were also thoroughly diagnosed. Finally, 
SP was assessed with a validated and standardized tool. Nev-
ertheless, our study had several limitations. First, data on SP 
were collected from parental questionnaires and not direct 
examinations, as is common practice in published studies. 
However, positive correlations have been found between 
direct measures and parental reporting of behavior using 
the Sensory Profile [17]. Second, we selected children who 
were not receiving medication for attention problems for the 
ADHD group and thus the disorder may have been of lower 
severity than that of the general patient population. However, 
the results were statistically significant, despite this poten-
tial bias. Third, children with ASD and those with ADHD 
were all diagnosed according to DSM 5 criteria and multi-
disciplinary assessments, but their recruitment from differ-
ent sources (Child and Adolescent Psychiatry Department 
for the ADHD group and Elena cohort for the ASD group) 
resulted in a potential risk of selection bias. However, this 
risk was limited by standardization of the diagnostic process 
for the two groups. Finally, since the sample size for each 
group was small, further studies are required to verify our 
observation of the same intensity of SP in ADHD and ASD. 
In addition, the small sample size of the ASD + ADHD 
group prevented regression analysis for this group.

In conclusion, our findings confirm that atypical SP is more 
frequent in children with neurodevelopmental disorders than 
children with TD. In addition, we found that atypical SP was 
as prevalent in ASD as ADHD. Thus, the rate of atypical sen-
sory processing was comparable between the ASD and ADHD 
groups, suggesting that further studies are needed to explore 
atypical SP in all neurodevelopmental disorders. SP has to be 
systematically explored in children with neurodevelopmental 
disorders and not only in those suspected of having ASD to 
propose specifics supports. Indeed, atypical SP contributes to 
attention problems in ASD, but even more so in ADHD, high-
lighting the need for further studies to better understand the 
underlying processes to better adapt treatment and the sensory 
environment. Especially, it is important to take into account 
the child’s sensory characteristics in learning setting and their 
potential negative impact on attention to adapt environment 
and propose psychoeducational strategies.
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