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ABSTRACT

Objective: The present study explores the co-occurrence of autism spectrum disorder (ASD) with associated disorders such as epilepsy, attention
deficit hyperactive disorder (ADHD), Down’s syndrome (DS), and cerebral palsy (CP).

Methods: This cross-sectional study was carried out in special schools of four districts in Karnataka. A total of 49 ASD individuals were identified
among 552 developmentally challenged children. ASD individuals were screened for associated neurological disorders and segregated the data as
ASD, ASD with epilepsy, ASD-epilepsy-ADHD, ASD with DS, and ASD with CP. The karyotype analysis was carried out for chromosomal anomalies.

Results: It is found that 57% of the individuals showed only ASD features and the remaining 43% shared ASD features with other neurological
disorders. Among 43% of comorbidity, 35% of ASD individuals have epilepsy, 2% have epilepsy-ADHD, 4% have DS, and 2% have CP.

Conclusion: This study supports the strong association between ASD with epilepsy, DS, ADHD, and CP. However, the extent of association of ASD with
epilepsy is higher than other neurological disorders. As both are complex neurological disorders, they both show intellectual disability and involve
multiple genetic factors. The present investigation is the unique and first report of this study region and also supports earlier studies, suggesting that
there is an association of ASD with other neurological disorders.
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INTRODUCTION

Autism spectrum disorder (ASD) is a group of developmental
impairments in communication, social interaction, and stereotyped
behaviors. ASD children prefer their own world, do not like to mingle
with the age-appropriate children. Most of the ASD children look
normal and invest their time alone in frightening behavior. About 1%
of the world’s population are estimated to be affected by ASD [1,2].
The typical ASD has been found to be associated with phenotypes of
other known etiologies in 10-25% of cases, including disorders such
as cognitive impairment, Fragile X syndrome [3-8], Rett syndrome [4],
Down'’s syndrome (DS), neurofibromatosis and tuberous sclerosis [6,7],
Epilepsy [9], attention deficit hyperactive disorder (ADHD) [10,11],
and cerebral palsy (CP) [12]. All these earlier studies suggest that many
neurological disorders are associated with ASD.

Epilepsy is one of the most common neurological disorders in which
brain activities become abnormal and earlier it is estimated to have
affected 70 million individuals in the world [13]. Both ASD and epilepsy
have been affected by many genes. Similar to ASD, epilepsy is also
a spectrum condition in which 977 genes have been reported to be
associated [14]. Autism databases revealed that around 837 genes are
found to be associated with ASD (https://gene.sfari.org/). Association
of ASD with epilepsy is fascinating and remains conundrum and this
may be due to the involvement of multiple genes in both. The meta-
analysis studies on ASD and epilepsy have been tackled by many
researchers. An earlier study [15] reveals that both ASD and epilepsy
are neurological disorders and exhibit with intellectual disability (ID).
It also suggested that the prevalence of epilepsy varies by the degree of
ID. ASD occurs 3 times more in males than that of females and the age
of onset is early infancy. Whereas, epilepsy can occur in anyone at any
time irrespective of gender and age. A study carried out in Denmark
found a positive predictive value for epilepsy of 81% [16].

ADHD is one of the neurodevelopmental disorders with a prevalence of
5% worldwide [17]. It is associated with many neurological disorders
in various proportions. It has been reported earlier that about 30-50%
of ASD [18] and 30% of epilepsy [19] have been found to be associated
with ADHD. All these three conditions (ASD-epilepsy-ADHD) together
make a strong association and more complex.

DS is the most commonly found birth defect caused due to 21 trisomy
which occurs 1 in 400-1500 live births [20]. Earlier reports suggest
that DS and ASD co-occur with each other [7,21]. Similarly, CP is also
one of the neurological motor disabilities that occurs 2 in 1000 live
births [22] and it co-occurs with ASD at 8% [12]. The present study
describes the comorbidity of ASD and associated disorders. There were
no earlier studies reported yet in this region. Further, this study helps to
know the relationship between ASD, epilepsy, ADHD, DS, and CP.

METHODS

The present study was approved by the Institutional Ethical Committee
(registration number KU/IEC/05-10/2014-15). This study was carried
out in four districts such as Shivamogga, Chikmagalur, Davangere, and
Haveri of Karnataka. A total of 552 developmentally challenged children
were screened for ASD by following the criteria set in the Diagnostic
and statistical manual of mental disorder-IV. The parents/caretakers
of ASD individuals were also interviewed, and keen observation was
made to screen the behavior of each ASD individual. Along with this, a
detailed medical report of ASD individuals obtained from doctors was
scrutinized for developmental regression and other associated clinical
conditions such as epilepsy, ADHD, DS, and CP

RESULTS

A significant number of 49 individuals with ASD were identified from
the pool of special schools. It reveals that the males (71.43%) have been
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affected with ASD by two and a half (2.5 times) fold higher than females
(28.57%).

Comorbidity of associated disorders with ASD

ASD is associated with many neurological disorders, with varying
degrees of severity. All the individuals with ASD were showing a
different kind of clinical conditions. Among 49 ASD patients, 42.85%
of them showed an association with other medical conditions. In the
present study, four different associations (Fig. 1) were observed such
as (1) ASD with epilepsy (35%), (2) ASD with epilepsy-ADHD (2%), (3)
ASD with DS (4%), and (4) ASD with CP (2%).

ASD with epilepsy

In this study, 18 individuals showed an association with epilepsy.
One among them showed the clinical features of ADHD. Moreover, the
severity of endophenotype was varied in these individuals. Most of
them were in the age group of 11-15 years (Table 1).

ASD-epilepsy-ADHD

One male child among 49 ASD individuals was found to exhibit
symptoms of both epilepsy and ADHD. In dispersion through all the
other associations, this boy exhibited a higher degree of severity. In
this case, the severity may be due to a combination of two medical
conditions along with ASD, as both epilepsy and ASD involve
multiple genes. Due to the comorbidity of three clinical conditions
(ASD+epilepsy+ADHD) in that individual, the severity was so high due
to which the boy died at the age of 14 years. The ASD severity scoring
has been given from 1 to 4 (i.e., absent to high severity) as represented
in Fig. 2.

ASD with DS

Two of the male ASD individuals have shown the association with DS
as revealed by karyotypic analysis, and both the individuals had 21
trisomy. In both cases, the parents were consanguineously married
and both ASD individuals showed stereotyped motor mannerism,
difficulty in modulating behavior, lack of socialness, autistic withdrawal
(preferred to be alone), sensory impairments, echolalia, and speech
impairment (Table 2).

Fig. 1: Representation of autism spectrum disorder and
association of other clinical conditions
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ASD with CP

Among 49 autistic individuals, one female individual has shown to
have CP. All the autistic endophenotypes such as impairments in motor,
behavior, sensory, physical, social, and speech were observed in this
individual. The clinical examination has reported that during infancy,
the child did not show proper development and her neck had got fixed
at the age of 6 years.

DISCUSSION

Most of the neurological disorders show association with each other
and this can affect the children qualitatively and quantitatively. In
the earlier study, about 35-50% of the psychiatric children show

Table 1: Description of autism spectrum disorder patients with
epilepsy

Total no. of patients (%)
No. of males 77.78
No. of females 22.22
Age during the study (years)
0-5

6-10

11-15

16-20

BO W

Table 2: List of endophenotypic impairments observed between
two autistic individuals with down’s syndrome

Autistic endophenotypes Case 1 Case 2

Toe walk +
Preoccupation to object -
Stereotyped motor mannerism
Attachment to object

Auditory withdrawal -
Visual attending
Autistic withdrawal
Not toilet trained
Sleep disturbance
Smelling objects -
Lack of peer relation

Speech impairment

Lack of multiple non-verbal behaviors
Deficit in social communication

1+
+ 4+ o+ o+ o+ o+

+ o+ + o+

+ + 4+ +

+ o+ o+ o+

+: Indicates the presence of autistic endophenotypes. —: Indicates the absence of
autistic endophenotypes

4.5 4
4
3.5 4
3 4
2.5 A
2 -
15 H
1 4
0.5 -
0

Score

Endophenotype impairments

Fig. 2: Autistic endophenotype impairment in an individual with
“autism spectrum disorder-epilepsy-attention deficit hyperactive
disorder”
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comorbidity with epilepsy [23]. Due to the comorbidity of neurological
conditions, it is difficult to treat the children. In the present study,
comorbidity of ASD with other neurological disorders was recorded. Of
49 autistic individuals, 21 (42.85%) of these children have shown an
association with other medical conditions such as epilepsy, DS, ADHD,
and CP. The severity of autism varies from one individual to another due
to variation in the expression of autistic endophenotypes [24]. It also
depends on associated parameters such as psychopathology, genetic
etiology, and other factors [25]. In addition, it has been reported that
oxidative stress can also initiate different neurological disorders [26].

ASD and epilepsy are neurological disorders and in both cases, ID is
found to be a major risk factor. It is very difficult to identify whether
ASD is caused due to epilepsy or epilepsy is caused due to ASD.
Several meta-analysis studies described that the rate of epilepsy in
ASD individuals ranges from 6 to 27% and it is more common [9,27].
However, in our study, the range of association is reported to be 36.73%.
A study in Denmark found a positive predictive value for epilepsy of
about 81% [16]. Cross verification of the earlier study [14] and autism
database (https://gene.sfari.org/) has revealed that there are 166
genes that are common in both ASD and epilepsy.

Further, in one of the patients, the severity was high due to the
comorbidity of two conditions with ASD such as ADHD and epilepsy,
and this made the individual to die at the age of 14 years. All these three
neurological disorders interfere with the functioning or development
and contributing to the ASD to become more complex. Therefore,
pathologically, these conditions are interlinked due to which the
individual was severely affected. This is a case that provides a shred of
evidence for the strong association of ASD with epilepsy-ADHD and this
is supported by an earlier study [27].

DS is a genetic disorder and most common autosomal chromosomal
trisomy (21 chromosome) resulting in physical and mental deterioration.
In the present study, 4% of cases showed an association with DS. An
earlier study [21] suggests that about 1-11% of comorbidity of ASD and
DS was observed.

CP is the most common motor disability and occurs from 1.5 to 4/1000
live births [12]. The present study shows 2% of children with CP had
ASD and both share similar symptoms. However, an in-depth study is
necessary to understand the association between ASD and CP.

The results of the present study are suggestive that, when causal factors
are more, it makes the understanding of diseases more complex. Hence,
it is required to carry out further research to understand the ASD and
other associated disorders by studying the several candidate genes
involved in these disorders. As a result, we will be able to know the
molecular mechanism and processes involved in the etiology of ASD.

CONCLUSION

The present study reveals the significant association of ASD with
neurological disorders. The study further revealed that among all the
associated disorders, epilepsy is most noticeable with ASD. Even though
the sample size is small, the results obtained were prominent which is
unique and the first report of this study region.
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