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Abstract

Background: Autism spectrum disorder (ASD) is one of the most common neurodevelopmental disorders. In DSM-
IV, the diagnostic criteria of autism consisted of three domains: impairment in social interaction, communication
deficits, and stereotypic behavior, while in DSM-5 they were condensed into two domains: social communication
deficits and restricted patterns of behavior to which sensory processing deficits (SPD) were added, manifested by
hypo- or hyper-reactivity to sensory stimuli or uncommon interests in sensory aspects of the surrounding
environment. The purpose of this study is to determine the relation between SPD and the symptom triad in ASD
namely social interaction, communication deficits, and stereotypic behavior. To our knowledge, this issue was not
studied before in Egyptian literature.

Results: There was a significant negative correlation between SPD (assessed by short sensory profile: SSP) and
symptom triad in ASD. As regards social interaction, the ADI-R (A), there was significant negative correlation with
the SSP total scores and all subscales except for low energy/weak and visual/auditory sensitivity, whereas under-
responsive/seeks sensation held the highest negative correlation (p ˂ 0.008). As regards communication deficits, the
ADI-R (B), there was significant negative correlation with the SSP total scores and the auditory filtering held the
highest negative correlation (p ˂ 0.008), and as regards stereotypic behavior, the ADI-R (C), there was significant
negative correlation with the SSP total scores and all subscales except for low energy/weak and visual/auditory
sensitivity whereas taste/smell sensitivity and auditory filtering held the highest negative correlation (p ˂ 0.001).
There was a high significant negative correlation between the severity of autistic symptoms (assessed by CARS) and
the SSP total scores, and for all subscales (p ˂ 0.001) except for low energy/weak, the correlation was significant (not
highly significant) (p ˂ 0.05). Finally, there was high percentage of parental consanguinity among the participants
(80%).

Conclusions: SPD negatively affected the ASD symptom triad which highlights the importance of sensory
integration therapy (SIT) as a major core of ASD treatment alongside the other treatment modalities. Early ASD
screening is mandatory in families with parental consanguinity.
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Background
Autism spectrum disorder (ASD) is one of the most
common neurodevelopmental disorders. Worldwide
prevalence is 1–2% of the population with an average
male to female ratio of 4–5:1 [1].
The prevalence of ASD among the developmentally

disabled children in Egypt was estimated to be 33.6% [2].
Meanwhile, in the USA, prevalence of ASD (among

children aged 8 years) has increased from one in 150
children during 2000–2002 to one in 68 during 2010–
2012, reaching 1 in 59 children in the 2014 survey [3].
This increase is hypothesized partly due to changes in

the understanding of the disorder and diagnostic methods,
and partly due to an actual increase in ASD [4].
Sensory hypo-responsiveness or hyper-responsiveness

was considered in DSM-III as infantile autism-associated
features [5], while DSM-III-R and DSM-IV did not include
sensory abnormalities as definite diagnostic criteria [6, 7].
In DSM-IV, the diagnostic criteria of autism was a

triad of symptoms: social interaction impairment, com-
munication deficits, and stereotypic behavior, while in
DSM-5 they were condensed into two domains: the defi-
cits in social communication and restricted patterns of
behavior which included an added behavior of hyper- or
hypo-reactivity to sensory stimuli or unusual attentive-
ness in sensory aspects of the environment [1].
Sensory processing deficits (SPD) in ASD were re-

ported across all ages and levels of symptom severity.
They adversely affect daily functioning and academic
performance [8].
In autistic children, sensory abnormalities are from the

earliest symptoms emerging in infancy as early as 6
months of age [9].
The following are some of the examples of sensory ab-

normalities cited by the DSM-5: visual fascination with
lights or spinning objects; adverse response to specific
sounds or textures; excessive smelling or touching of ob-
jects; apparent indifference to pain, heat, or cold. Almost
any sensory channel may be involved, either in the sense
of reduced responsiveness to stimulation or in the sense
of excessive responsiveness to stimulation. There may be
several types of sensory abnormalities in the same per-
son throughout life, or even at the same time [10].
To our knowledge, the relation between SPD and

other symptoms in ASD was not studied among Egyp-
tian children. Moreover, the sensory integration therapy
designed to improve SPD is rarely used in ASD children
in Egypt unlike the other modalities of therapy.
The present study aimed to assess the relation between

SPD and symptom triad in ASD.

Methods
This descriptive, cross-sectional study was conducted on
forty children (27 males and 13females) diagnosed with

ASD according to the diagnostic criteria in DSM-5 [10].
The participants were attending the Autism Disorders
Clinic, Medical Research Centre of Excellence, National
Research Centre, Cairo, Egypt. The participants were
collected during the period from October 2017 to Febru-
ary 2018.

Inclusion criteria of the participants
Children diagnosed with ASD, using DSM-5 [10] and
Autism Diagnostic Interview-Revised (ADI-R) [11], with
age ranged between 2 and 5 years were included.

Exclusion criteria of the participants
Cases with congenital syndromes, neurological and
metabolic disorders (to limit confounding comorbidity)
were excluded.
All participants were subjected to the following:

1. Full history taking including demographic data
2. Clinical examination

a. General examination to detect any systemic
illnesses in the heart, chest, or abdomen

b. Neurological examination
3. Confirmed diagnosis according to the criteria of

DSM-5 and ADI-R
4. Assessment of SPD using short sensory profile

(SSP)
5. Assessment of the severity of autistic symptoms

using Childhood Autism Rating Scale (CARS)

ADI-R
ADI-R is a semi-structured standardized, investigator-
based interview for caregivers using the ICD-10 and
DSM-IV-TR guidelines for autism. It can be used for
diagnostic purposes and treatment planning for any
child with a mental age of at least 18 months and fo-
cuses on abnormalities in three main domains; recip-
rocal social interaction (A), communication and
language (B), and restricted, repetitive, and stereo-
typed behaviors (C) [11].

SSP
SSP is a 38-item questionnaire intended to rate a var-
iety of sensory impairments. Domain scores were mea-
sured in the areas of tactile sensitivity, taste/smell
sensitivity, movement sensitivity, seeking sensation,
auditory filtering, low energy levels, and visual/auditory
sensitivity. Domain scores and overall sensory re-
sponses were categorized as typical performance, prob-
able difference from typical performance, or definite
difference from typical performance. The SSP assists
occupational therapists in assessing and planning
much-needed interventions for children with ASD such
as sensory integration therapy [12].
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CARS
CARS is a 15-item behavior rating scale which helps to
identify and classify children with autism. Each item is
scored from one to four as no, mild, moderate, and se-
vere. Severe gets a score of 4. Scores are added and the
following scale is used: non-autistic scored 15–29,
mildly-moderately autistic scored 30–37, and severely
autistic scored 37–60 [13].

Statistical analysis
Recorded data were analyzed using the Statistical Pack-
age for Social Sciences, version 20.0 (SPSS Inc., Chicago,
Illinois, USA). Quantitative data were expressed as mean
± standard deviation (SD). Qualitative data were
expressed as frequency and percentage.

Results
Application of ADI-R on the participants revealed the
following: As regards reciprocal social interaction (A),
the range [mean ± SD] was 10–26 [16.975 ± 4.15] and
the cutoff score is 10. As regards communication abnor-
malities (B), 10% of the participants had verbal abnor-
malities (V) while 90% had non-verbal abnormalities
(NV) with a range [mean ± SD] of 6–14 [10.65 ± 2.27],
and the cutoff score is 8 (if verbal) or 7 (if non-verbal).
As regards restricted, repetitive, and stereotyped patterns
of behavior (C), the range [mean ± SD] was 3–12 [6.7 ±
2.4] and the cutoff score is 3. SSP application on the par-
ticipants revealed the highest definite differences from
normal in under-responsive/seeks sensation (n = 23,
57.5%), followed by tactile sensitivity (n = 21, 52.5%),
auditory filtering (n = 20, 50.0%), taste/smell sensitivity
(n = 19, 47.5%), visual/auditory sensitivity (n = 17,
42.5%), and movement sensitivity (n = 15, 37.5%), while
hypo-activity (low energy/weak domain) showed the
lowest difference from normal (n = 14, 35.0%).
In the SSP, a definite difference indicates scores

greater than 2 standard deviations in the standardization
sample, whereas a probable difference indicates scores
greater than 1 and less than 2 standard deviations from

children who were normally developing. Here, 77.5% of
cases (n = 31 out of 40) fell into the category of probable
and definite differences from what is seen in normally
developing children on the SSP overall score. (Table 1)
Assessment of the relation between the ADI-R recip-

rocal social interaction domain (A) and SSP revealed a
negative correlation with the SSP total and all subscales
scores except for low energy/weak domain whereas
under-responsive/seeks sensation held the highest nega-
tive correlation (p ˂ 0.008). This means that participants
with more sensory symptoms showed more impairment
in social interaction (Table 2 and Fig. 1).
There was a negative correlation between the ADI-R

communication abnormalities (B) and the SSP total and
all subscales scores except for movement sensitivity, low
energy/weak, and visual/ auditory sensitivity domains
and the auditory filtering held the highest negative cor-
relation (p ˂ 0.008). This means that participants with
more sensory symptoms showed more impairment in
communication (Table 3 and Fig. 2).
On assessing the relation between the ADI-R restricted,

repetitive, and stereotyped patterns of behavior (C) and
SSP, there was a negative correlation with the SSP total
and all subscales scores except for low energy/weak and
visual/auditory sensitivity whereas taste/smell sensitivity
and auditory filtering held the highest negative correlation
(p ˂ 0.001). This means that participants with more sen-
sory symptoms showed more restricted, repetitive, and
stereotyped patterns of behavior (Table 4 and Fig. 3).
There was a high significant negative correlation be-

tween the severity of autistic symptoms (assessed by
CARS) and the SSP total scores and all subscales (p ˂
0.001) except for low energy/weak; the correlation was
significant (not highly significant) (p ˂ 0.05). In other
words, the severely autistic the child was, the more sen-
sory deficits he/she suffered (Table 5 and Fig. 4).
Lastly, we found high percentage of parental consan-

guinity among the participants (80%). Of them, 37.5%
were mildly autistic, 15% were moderately autistic, and
47.5% were severely autistic.

Table 1 SSP subscales and overall total scores of the participants

SSP
n = 40

Normal Probable difference Definite difference

Tactile sensitivity 11 (27.5%) 8 (20.0%) 21 (52.5%)

Taste/smell sensitivity 7 (17.5%) 14 (35.0%) 19 (47.5%)

Movement sensitivity 11 (27.5%) 14 (35.0%) 15 (37.5%)

Under-responsive/seeks sensation 9 (22.5%) 8 (20.0%) 23 (57.5%)

Auditory filtering 10 (25.0%) 10 (25.0%) 20 (50.0%)

Low energy/weak 18 (45.0%) 8 (20.0%) 14 (35.0%)

Visual/auditory sensitivity 8 (20.0%) 15 (37.5%) 17 (42.5%)

Total SSP 9 (22.5%) 5 (12.5%) 26 (65.0%)
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Discussion
SPD has been added to the diagnostic criteria of ASD in
DSM-5 in 2013, but the relation between SPD and the
other diagnostic criteria of ASD was not in focus in
Egyptian literature.
SPD may be considered central in autistic symptom-

atology as it precedes and predicts the occurrence of so-
cial interaction impairment and repetitive behaviors in
the developmental cascade [14].
Although the presence of SPD may pass unnoticed, if

it is not treated it reduces the response to treatment of
other symptoms in ASD [15].
In our study, the most affected sensory processing was

in under-responsive/seeks sensation (57.5%), followed by
tactile sensitivity (52.5%), auditory filtering (50.0%),
taste/ smell sensitivity (47.5%), and visual/ auditory sen-
sitivity (42.5%), while the least affected sensory

processing was hypo-activity (low energy/ weak subscale)
(35.0%).
Our results were consistent with a study by Kojovic

et al. [14] who found sensory processing abnormalities
in items of under-responsiveness/sensation seeking,
auditory filtering, and tactile sensitivity sections in autis-
tic children.
In agreement with the present study, came a study by

Posar and Visconti [15] who found three main sensory
patterns in children with ASD namely hypo-
responsiveness, hyper-responsiveness, and sensory
seeking.
Under-responsiveness/seeks sensation may reflect re-

sponse to multiple sensory stimuli. Our participants
seemed to seek sensory input from multiple sensory sys-
tems (e.g., auditory, vestibular, tactile, proprioception).
Tasks involving multisensory input include difficulty

Table 2 Correlation between ADI-R (A) and SSP of the
participants

SSP A (reciprocal social interaction)

R p value

Tactile sensitivity − .520** < 0.001**

Taste/smell sensitivity − .404** 0.010*

Movement sensitivity − .443** 0.004*

Under-responsive/seeks sensation − .412** 0.008*

Auditory filtering − .386* 0.014*

Low energy/ weak − 0.054 0.742

Visual/auditory sensitivity − 0.298 0.062

Total SSP − .470** 0.002*

r Pearson correlation coefficient
*p value < 0.05 S; **p value < 0.001 HS

Fig. 1 Pearson correlation test between ADI-R (A) and total SSP. One-sided paired t-test analysis for the Pearson correlation test, p < 0.05

Table 3 Correlation between ADI-R (B) and SSP of the
participants

SSP B (communication)

R p value

Tactile sensitivity − .419** 0.007*

Taste/smell sensitivity − .422** 0.007*

Movement sensitivity − 0.263 0.101

Under-responsive/seeks sensation − 0.284 0.076

Auditory filtering − .413** 0.008*

Low energy/weak − 0.150 0.356

Visual/auditory sensitivity − 0.240 0.136

Total SSP − .416** 0.008*

r Pearson correlation coefficient
*p value < 0.05 S; **p value < 0.001 HS
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paying attention, getting lost easily, fidgeting in an active
environment, or leaving clothing twisted on the body.
Proper working of the multisensory system is

mandatory for the integration of stimuli obtained from
different sensory systems to perceive the environment
accurately [16]. Several studies revealed multisensory ab-
normalities in autistic children [17–19].
As regards tactile sensitivity subscale, our partici-

pants seemed to be hyper-responsive to tactile stimuli
in some items such as reacting emotionally or aggres-
sively to touch, irritated when wearing shoes or socks,
or avoiding being barefoot. While they were hypo-
responsive in other items such as decreased awareness
to pain and temperature, and not noticing when face
or hands are messy.
Both hyper- and hypo-responsiveness to tactile stimuli

are reported in autistic children [20–22]. and were
steered together as the strongest predictors of social
interaction deficits [23].

In contrast to under-responsiveness/seeks sensation
and tactile sensitivity subscales which were among the
highest definite difference from normal among our study
participants, came the hypo-activity (low energy/ weak)
subscale as the lowest in difference from normal. Most
of the participants’ parents reported that their children
were strong, were active, had good tolerance, and were
exploring their environment without a purpose.
This came in disagreement with various studies which

found that this subscale is often seen in autistic children
manifested by difficulty with sustained engagement in
daily routines. The low energy/ weak domain includes
items such as the following: seems to have weak mus-
cles, poor tolerance/ tires easily, especially when stand-
ing or holding particular positions and props to support
self [24].
In the present study, there was a negative correlation

between the ADI-R reciprocal social interaction domain
(A) and SSP (the SSP total and all subscales scores

Fig. 2 Pearson correlation test between ADI-R (B) and total SSP. One-sided paired t-test analysis for the Pearson correlation test, p < 0.05

Table 4 Correlation between ADI-R (C) of participants and SSP

SSP C (restricted, repetitive, and stereotyped patterns of behavior)

R p value

Tactile sensitivity − .368* 0.019*

Taste/smell sensitivity − .568** < 0.001**

Movement sensitivity − .401* 0.010*

Under-responsive/seeks sensation − .432** 0.005*

Auditory filtering − .519** < 0.001**

Low energy/weak − 0.099 0.545

Visual/auditory sensitivity − 0.176 0.278

Total SSP − .470** 0.002*

r Pearson correlation coefficient
*p value < 0.05 S; **p value < 0.001 HS
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except for low energy/weak domain). This means that
participants with more sensory symptoms showed more
impairment in social interaction.
Thye and colleagues [18] revealed that primary sensory

processing deficits in visual, auditory, tactile, and olfac-
tion/gustatory responses could lead to social difficulties
in ASD.
Also, our results came in agreement with a study done

by Kojovic et al. [14] who confirmed the association be-
tween sensory processing and social impairments and its
presence at a younger age before 6 years old.
We found a negative correlation relation between the

ADI-R communication abnormalities (B) and the SSP
total and all subscales scores except for movement sensi-
tivity, low energy/weak, and visual/ auditory sensitivity
domains. This means that participants with more
sensory symptoms showed more impairment in
communication.

Caminha and Lampreia [25] agreed with us as they re-
lated that sensory deficits were reflected in language and
communication developmental deficits.
Studies revealed that SPD may have an effect on

the essential sensorimotor skills concerned in non-
verbal language and communication like gesture and
imitation, therefore resulting in what is perceived as
idiosyncratic behaviors, i.e., eye gaze aversion, lim-
ited non-verbal communication, and restricted facial
expression. These atypical behaviors may later affect
social learning opportunities, with a huge impact on
development of effective social communication skills
[26].
The present study revealed a negative correlation be-

tween the ADI-R restricted, repetitive, and stereotyped
patterns of behavior (C) and the SSP total and all sub-
scale scores except for low energy/weak and visual/audi-
tory sensitivity in our study. This means that
participants with more sensory symptoms showed more
restricted, repetitive, and stereotyped patterns of
behavior.
Restricted and repetitive behaviors (RRBs) are core

symptoms of ASD. Analytical studies applying ADI-R
showed a pair of subclasses: repetitive motor and sen-
sory behaviors like repetitive hand or finger move-
ments, and insistence on sameness, together with
limited interests, rigid routines, and rituals [27].
These classes of behaviors are usually correlative and
frequently occur along within the same individual
[28].
Previous studies discovered that SPD is often related

to RRBs, where SPD were more obvious in people ex-
periencing more RRBs [27, 29].
Indeed, sensory hypersensitivity could clarify the co-

occurrence of anxiety and RRBs in ASD. RRBs may act

Fig. 3 Pearson Correlation test between ADI-R (C) and total SSP. One-sided paired t-test analysis for the Pearson correlation test, p < 0.05

Table 5 Correlation between CARS and SSP among the
participants

SSP CARS

r p value

Tactile sensitivity − .755** < 0.001**

Taste/smell sensitivity − .818** < 0.001**

Movement sensitivity − .605** < 0.001**

Under-responsive/seeks sensation − .726** < 0.001**

Auditory filtering − .693** < 0.001**

Low energy/weak − .315* 0.048*

Visual/auditory sensitivity − .556** < 0.001**

Total SSP − .839** < 0.001**

r Pearson correlation coefficient
*p value < 0.05 S; **p value < 0.001 HS
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as a coping mechanism to reduce anxiety resulting from
sensory hypersensitivity [30].
In a study by Gal et al. [31], they found that stereo-

typed movements are initiated or terminated in response
to sensory stimulation.
RRBs appear to reflect trials to control a chaotic per-

ceived environment caused by sensory deficits in chil-
dren with autism [25].
Better understanding of the effect of sensory profiles

on adaptive behavior and therefore the development of
behavioral issues in children with ASD should urge cre-
ating higher tailored clinical support [32].
Collectively, our study found a negative correlation be-

tween SPD and the symptom triad in autistic children.
Tavassoli et al. [33] agreed with our results as they

suggested a negative correlation between SPD and other
autistic symptoms.
Caminha and Lampreia [25] said sensory problems

would promote the triad of impairment in autistic chil-
dren from a developmental perspective.
In our study, children with more severe autism had

more sensory deficits. CARS was negatively correlated
with the SSP total and all subscales scores. These find-
ings are consistent with several previous studies in which
the severity of ASD had been associated with the severity
of sensory deficits [34–37].
However, other studies found no significant difference

between low and high functioning autism subgroups in
the frequency of sensory symptoms [38].
In the present study, there was a high percentage of

parental consanguinity (80% of the participants), 37.5%
of them were mildly autistic, 15% were moderately autis-
tic, and 47.5% were severely autistic, suggesting that par-
ental consanguinity is a risk factor for ASD and predicts
its severity. This highlights the importance of early
screening of ASD in families with parental
consanguinity.

The nearest percentage of paternal consanguinity in
families with autistic children to our study was in a
study conducted in Qatar who found paternal consan-
guinity in 45% of their studied sample and linked it to
the ASD severity [39].
In another Egyptian study, there was parental consan-

guinity in 20% of the forty studied autistic cases [40].
Meanwhile in Israel, there was a significant difference

regarding parental consanguinity in families of autistic
children between Arabs (21.1%) and Jews (2.3%) [41].
And in the first epidemiological Iranian study of autis-

tic children, the paternal consanguinity was 32.4% [42].
The high percentage of parental consanguinity in our

results may be due to small sample size or such a coinci-
dence as the participants were selected randomly from
the autistic children attending the ASD clinic. This issue
needs further studies.

Conclusion
SPD negatively affects symptom triad in ASD namely so-
cial interaction, communication deficits, and stereotypic
behavior which highlights the importance of sensory in-
tegration therapy (SIT) (which is unfortunately rarely
used in Egypt) as a major core in ASD therapy alongside
the other treatment modalities and therefore we recom-
mend the implementation of SIT in facilities concerned
with ASD treatment all over Egypt if possible. Parental
consanguinity may be considered a risk factor for ASD
and predicts its severity so early screening of ASD in
families with parental consanguinity is mandatory.
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