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Abstract
Background  Neurodevelopmental disorders are a heterogeneous group of conditions that manifest as delays or deviations 
in the acquisition of expected developmental milestones and behavioral changes. Autism spectrum disorder (ASD) is a neu-
rodevelopmental disorder characterized by deficits in communication and social interaction and by repetitive and restricted 
patterns of behavior, interests and activities. The aim of this review is to discuss the clinical features of the differential 
diagnoses of ASD that are prevalent among preschoolers, focusing on their similarities and disparities.
Data sources  The international medical literature search was conducted using PubMed and was revised regarding the subject 
using single and/or combined keywords as follows: differential diagnosis, preschoolers, diagnostic challenge, attention deficit 
hyperactivity disorder, intellectual disability, high abilities/giftedness, childhood apraxia of speech, social communication 
disorder, Landau–Kleffner syndrome, stereotyped movement disorder and excessive screen time.
Results  We describe conditions commonly found in clinical practice, taking ASD as a reference. We addressed converg-
ing and divergent aspects of behavior, cognition, communication, language, speech, socialization, and stereotypes for the 
diagnosis of ASD and other disorders identified as potential differential or comorbid diagnoses.
Conclusions  The ranking and characterization of symptoms appear to be essential for better understanding the underlying 
common ground between children with developmental disorders and children with ASD, thus properly diagnosing and 
directing social, professional, or medication interventions. This detailed discussion adds to the literature since, although 
ASD differential diagnoses are frequently mentioned and discussed in textbooks and journal articles, they rarely occupy a 
prominent place as we aimed herein.
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Introduction

Neurodevelopmental disorders are a heterogeneous group of 
conditions characterized by delays or deviations in the acqui-
sition of expected developmental milestones and behavioral 
changes. These disorders manifest early during the child’s 

development, in general before the school period, and are 
characterized by developmental deficits that impair personal, 
social, academic, and professional functioning [1, 2].

Autism spectrum disorder (ASD) is a developmental dis-
order that can be comorbid or differentially diagnosed with 
other disorders. According to the Diagnostic and Statistical 
Manual of Mental Disorders fifth version (DSM-5) [1], ASD 
is characterized by deficits in two key domains: (1) deficits 
in communication and social interaction and (2) repetitive 
and restricted patterns of behavior, interests and activities. 
These symptoms are present from early childhood and limit 
or impair daily functioning. The stage at which the func-
tional impairment becomes evident varies according to the 
characteristics of the patient and his/her environment. The 
manifestations of the disorder also vary greatly, depending 
on the severity of the condition, the level of development, 
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and the chronological age. Hence, the term spectrum is 
used, which encompasses distinct conditions according to 
the DSM [1].

Studies have demonstrated an increase in the prevalence 
of ASD in recent years. The reported frequencies of ASD 
in the population have reached 1% in the United States and 
in other countries. This prevalence was higher among boys 
than girls across all locations and years, ranging from 2.6 
to 5.2 boys per girl. The estimated prevalence of ASD was 
13.4 per 1000 children aged four years in 2010 and ranged 
from 14.1 to 17.0 in 2014 [3]. It remains unclear whether 
the higher rates reflect the expansion of the DSM diagnostic 
criteria, increased awareness, differences in the methodol-
ogy of the studies, or an actual increase in the frequency of 
the disorder.

Despite advances in the detection of early signs of ASD, 
the diagnosis of autism remains a challenge, especially in the 
preschool age group, when an early diagnosis would allow 
prompt intervention. Part of the diagnostic challenge is due 
to the similarities between autism and other developmen-
tal disorders at an early age. In children under the age of 
two years, the diagnostic process should be conducted by a 
clinician with experience in developmental assessment [4]. 
Notably, many of the early behaviors linked to ASD overlap 
with those associated, for example, with language delays and 
intellectual disability [5, 6]. Even experienced profession-
als may be uncertain about the clinical diagnosis of ASD in 
young children, which can also be difficult for families that 
seek answers and help for their children. Thus, a complete 
assessment of the child’s development comprising several 
domains is needed, including cognition, language, communi-
cation and adaptive functioning, as well as social interaction, 
communication and play skills, which constitute essential 
features for a differential diagnosis [7, 8].

There is a paucity of literature on the approach to dif-
ferential diagnoses in ASD, even though they are frequently 
mentioned and discussed in textbooks and journal articles 
on ASD, they rarely occupy a prominent place. Thus, the 
present review discusses potential differential diagnoses of 
autism with other neurodevelopmental disorders, focusing 
on similarities and disparities.

We addressed converging and divergent aspects of behav-
ior, cognition, communication, language, speech, socializa-
tion, and stereotypes for the diagnosis of ASD and other 
disorders identified as potential differential or comorbid 
diagnoses. The ranking and characterization of symptoms 
appear to be essential for better understanding the underly-
ing common ground between children with developmental 
disorders and children with ASD, thus properly diagnos-
ing and directing social, professional, or medication inter-
ventions. For this, we reviewed international medical lit-
erature regarding the subject using single and/or combined 
keywords as follows: differential diagnosis, preschoolers, 

diagnostic challenge, attention deficit hyperactivity disor-
der, intellectual disability, high abilities/giftedness, child-
hood apraxia of speech, social communication disorder, 
Landau–Kleffner syndrome, stereotyped movement disor-
der, and excessive screen time. The literature search was 
conducted using PubMed. We discussed each of these top-
ics following a sequence including definition, epidemiology, 
clinical characteristics, and ASD interfaces with similarities 
and disparities, and then we addressed general interventions.

According to the neurodevelopmental disorders listed by 
DSM-5, we chose these topics, which present with overlap-
ping symptoms and clinical signs of ASD. Therefore, we 
excluded specific learning disorders, tic disorders, devel-
opmental coordination disorders, and other communication 
disorders. In addition to the neurodevelopmental symp-
toms, we added Landau–Kleffner syndrome, high abilities/
giftedness and excessive screen time as they present with 
symptoms that may overlap with autism symptoms. These 
conditions are discussed in the supplementary materials 
(Supplementary conditions).

Attention deficit hyperactivity disorder

Attention deficit hyperactivity disorder (ADHD) is defined 
as the presence of inappropriate levels of inattention, hyper-
activity, and impulsivity in two or more settings that begin 
before the age of 12 and that cannot be explained by another 
condition [1]. Studies of clinical samples have shown a prev-
alence of 6% of ADHD in preschool children [9]. The diag-
nosis of ADHD in the preschool age group is challenging 
because of the lack of knowledge about tolerable levels (nor-
mal range) of hyperactivity and impulsivity in preschoolers.

ADHD and ASD can share common clinical features that 
may have clinical onset presenting simultaneously either as 
successively, a fact that sometimes makes it difficult to dif-
ferentiate between these neurodevelopmental entities [1, 
10, 11]. Therefore, the two disorders can either represent 
comorbid or differential diagnoses [1]. Unlike ASD patients, 
patients with ADHD are interested in multiple activities and 
are easily distracted, being unable to focus on one activity 
for long periods of time. In addition, these patients have dif-
ficulties in playing quietly, with routines and rules. These 
features can help in the differential diagnosis between the 
two [10, 12, 13], albeit previous discussions have focused 
on the similarities between them in terms of social behavior, 
communication, and sensory processing [10, 12, 14].

Social deficits manifest differently in ASD and ADHD. 
The existing social issues in children with ASD are a 
feature of the disorder, compromising typical behaviors 
such as social approach and eye contact [15]. Conversely, 
social impairment is not clearly established as a diag-
nostic criterion of ADHD, even though deficits in this 
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area can be found in children with ADHD with signs and 
symptoms of hyperactivity/impulsivity, such as being 
unable to play or engage in leisure activities calmly, 
waiting for their turn, intruding, or interrupting games 
[1, 16]. According to Connor, the severity of symptoms 
in preschool children is an indicator of ADHD, as chil-
dren who show early symptoms of hyperactive/impulsive 
behavior and/or inattention that are clearly over what is 
expected for age or developmental level are at greater 
risk of developing the disorder. Other indicators of the 
presence of ADHD in preschool children would be the 
duration and persistence of symptoms in all contexts to 
which the child is exposed [17].

Deficits in communication are common in both ASD 
and ADHD [14]. In patients with ASD, communication 
impairment is also part of the preestablished diagnostic 
criteria. Although changes in communication are frequent 
in ASD, early language development is very heterogene-
ous, causing several atypical language and speech pro-
files [18–20]. Some children with ASD have significant 
language delays or deficits, while others show typical 
early language development but may develop a mild lan-
guage delay and later recover [19]. Language deficits in 
preschool children with ASD may range from receptive 
and/or phonological disorders to impairments in syntax, 
semantics and pragmatics [21]. Although not part of the 
ADHD diagnostic criteria, communication impairment 
is present as a comorbidity [14, 22]. A study found that 
22.4% of 303 preschoolers with ADHD evaluated con-
comitantly had some kind of communication disorder, 
including phonological disorder, expressive language 
disorder, communication disorder not otherwise speci-
fied, mixed receptive-expressive language disorder, and 
stuttering [9].

Sensory processing problems affect the responses 
of children to daily life events [23, 24]. According to 
Geschwind, more than 90% of children with ASD have 
sensory processing alterations in any of the different 
modalities (tactile, oral, auditory, vestibular, and visual 
systems) [25]. Ghanizadeh conducted a systematic review 
involving 11 studies that analyzed the sensory profile of 
preschool and school-aged children with ADHD. They 
showed that alterations in tactile, auditory and visual pro-
cessing are more common in children with ADHD than in 
typically developing children [26].

ADHD and ASD share similar clinical features, such 
as impaired sensory processing, social skills, and com-
munication. On the other hand, the child with ADHD is 
interested in multiple activities with difficulty maintain-
ing attention in a single focus, which are characteristics 
that differ from the child with ASD, who usually have 
hyperfocus and restricted interests.

Intellectual disability

The essential features of intellectual disability (ID) include 
deficits in cognitive skills and impairment in daily adap-
tive functioning when compared to individuals matched 
for age, gender, and sociocultural factors. These deficits 
should be recognized as early as possible during the child’s 
development. The term global developmental delay is used 
in the DSM-5 for children who do not meet the expected 
milestones of intellectual functioning for their age. This 
diagnosis is reserved for children under five years of age, 
whose areas of intellectual functioning and severity of 
commitment cannot be reliably assessed, since age is a 
limiting factor for the application of standardized tests [1].

The estimated prevalence of ID ranges from 2% to 3% 
[27–29]. Its severity is established based on the results 
of psychometric tests and the child’s level of dependence 
for performing basic daily activities. Committed people 
exhibit deficits in both verbal and nonverbal domains, 
although not necessarily to the same extent. Additionally, 
impairment in at least one of the following domains of 
adaptive functioning must be present to meet the definition 
of ID, according to the DSM-5: conceptual, social and/or 
practical domains.

ID can manifest in various forms and at different ages 
in pediatric patients. The more severe the disability, the 
greater the probability that it will manifest and be diag-
nosed earlier. The child may first show delays in receptive 
and expressive language and adaptive skills, fine motor 
deficits, difficulties in problem-solving skills, social 
immaturity, and behavioral disturbances. Expectations 
for social skills were found to decrease as the severity 
of ID increases, which may eventually result in diffi-
culty in identifying or interpreting social cues [1]. Since 
ID is associated with general deficits in developmental 
domains, including socialization problems, the differential 
or concomitant diagnosis with other neurodevelopmental 
disorders such as autism is of fundamental importance. 
Furthermore, genes associated with ASD are often the 
same as those associated with ID [30, 31], validating the 
phenotypic and genotypic overlap between the two condi-
tions. This scenario becomes even more challenging when 
the child also has other comorbidities, such as a sensory 
disorder, deafness or blindness [32], affecting communica-
tion and social skills.

Although potentially common to both conditions, spe-
cific deficits in social communication have particularly 
detrimental effects in children with autism. Children 
with ID (without ASD) have a greater capacity for shared 
attention, showing and directing attention better, and 
show more affection, in addition to having the appropri-
ate eye gaze for communication purposes [33, 34]. In a 
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retrospective study, Osterling et al. compared the devel-
opment and behavior of 20 infants with a diagnosis of 
autism, 14 infants with ID and 20 typically developing 
infants. The authors observed that children with autism 
and children with ID used fewer gestures, looked less fre-
quently at objects held by other people and engaged in 
repetitive motor actions more frequently than normally 
developing infants. The results also indicated that deficits 
in interaction through gaze and orientation in response to 
name calling may have higher specificity as markers of 
ASD in one-year-old patients [35]. These data suggest that 
careful evaluation of social communication as a tool may 
have an impact on the differential diagnosis between ASD 
and ID, since other aspects of development may overlap in 
the two disorders. According to Steinhausen et al., the pro-
file of children with ASD appears to exhibit specificities 
linked to behavioral excesses. The authors suggested that 
autistic children tend to more frequently show disruptive 
and self-absorbed behavior, in addition to their communi-
cation and anxiety disorders, than children with ID [36].

As ID is a common feature in ASD, differential diag-
nosis can become even more difficult. The prevalence of 
this association used to be high, reaching 50%–70% [37]; 
however, studies have demonstrated a decrease to 20%–38% 
in recent years [38, 39]. These comorbid conditions are 
related to greater impairment of adaptive skills [40, 41], 
which increases functional dependence. Furthermore, data 
from clinical populations suggest that the distribution of the 
severity of ID among people with ASD is underestimated, 
with the rate of severe to profound ID being higher among 
those with associated ASD and ID [42]. Careful assessment 
of the severity of ID when diagnosing ASD in a person with 
ID is important. Thurm et al. suggested that the mental age 
associated with ID should not be less than 18 months, con-
sidering that the assessment of certain developmental skills, 
such as language, is more limited in this range [32]. Thus, 
the child development specialist team can rely on these data 
to determine when the observed deficits are attributable to 
ID and when an additional diagnosis of ASD is warranted.

ASD and ID can commonly present as differential diag-
noses or comorbidities, and both are associated with deficits 
in social skills. Generally, the interaction domain is more 
preserved in children with ID, which helps in the differential 
diagnoses between these two conditions.

Childhood apraxia of speech

The term currently recommended by the American Speech-
Language-Hearing Association for cases of nonacquired 
childhood apraxia is “childhood apraxia of speech” [56]. 
Childhood apraxia of speech (CAS) is defined as a “neu-
rological childhood (pediatric) speech sound disorder in 

which the precision and consistency of movements under-
lying speech are impaired in the absence of neuromuscu-
lar deficits (e.g., abnormal reflexes, abnormal tone). CAS 
may occur as a result of known neurological impairment, 
in association with complex neurobehavioral disorders of 
known and unknown origin, or as an idiopathic neurogenic 
speech sound disorder. The core impairment in planning 
and/or programming spatiotemporal parameters of move-
ment sequences results in errors in speech sound production 
and prosody” [56].

Regarding the prevalence of CAS, the number of cases 
has increased substantially over the past decade. Current 
data indicate a prevalence of CAS of 1–2 children per 1000 
children aged 4–8 years [57]. When we analyze the asso-
ciation of CAS with other neurodevelopmental conditions, 
this rate increases to approximately 4%, and specifically in 
the case of genetic syndromes such as Down syndrome, the 
percentage can reach 11% [58].

Children with CAS can exhibit great heterogeneity in 
their speech and language manifestations–receptive and 
expressive, and differentiation from other speech sound 
disorders is a complex task. However, there are three diag-
nostic features that are consistent with deficits in the plan-
ning and programming of speech movements: inconsistent 
errors in consonants and vowels during repeated production 
of syllables or words, disrupted coarticulatory transitions 
between sounds and syllables with prolonged and frequent 
interruptions, and inadequate prosody, especially lexical 
accent (intonation) [56]. Other characteristics that may be 
present in these children are delays in language develop-
ment; expressive language problems such as word confusion 
and grammatical errors; difficulties in the development of 
written language; social/pragmatic language problems; gross 
and fine motor delays; eating disorders; and abnormal sen-
sory perception (hyper or hyposensitivity, especially in the 
oral region) [56]. Some of the above characteristics, such as 
speech and language delays, expressive language delay, pro-
sodic alterations, and sensory perceptual problems, are also 
found in ASD. A study evaluating children diagnosed with 
ASD who had a good prognosis (all children were diagnosed 
early, did not have ID, and underwent at least two years of 
intervention) showed that 60% of these children had mod-
erate or severe language problems and that 21% also had 
speech problems [59].

Regarding prosodic skills, the literature is unanimous 
regarding the presence of abnormal prosody in children with 
ASD and CAS. In children with ASD, these alterations can 
affect receptive [60, 61], emissive [62], emotional [60, 61] 
and linguistic prosody. In the case of emissive prosody in 
children with ASD, alterations occur mainly in phrase accent 
(intonation, use of excessive melodic variation) and in word 
accent (excessive accentuation of the stressed syllable or 
incorrect accentuation) [62]. On the other hand, emissive 
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prosody is impaired in CAS [56]: difficulties in accentuating 
the stressed syllable (uniform use of accentuation) are the 
main findings, i.e., the stressed syllables are not differenti-
ated [63].

Diagnosing CAS in children under the age of three years 
is challenging for a variety of reasons, including the poten-
tial existence of neurodevelopmental disorders or comorbid 
conditions, the fact that some primary features of CAS are 
characteristics of speech emergence in typically develop-
ing children under the age of three, and behavioral issues 
(difficulty in obtaining a sufficient speech sample size for 
diagnosis, either due to inability or refusal to perform activi-
ties) [56]. The differential diagnosis of this condition with 
other neurodevelopmental disorders such as ASD can be 
even more complex. An interdisciplinary approach (speech 
therapist, psychologist, neurologist and others) is needed 
to obtain the most accurate diagnosis among the diverse 
conditions. If there are any doubts, a provisional diagnostic 
classification is used, such as “suspicion of CAS” or “not 
possible to differentiate between CAS and ASD at this time”. 
The child must then be referred for therapeutic follow-up. 
An accurate diagnosis will be possible by observing the 
response to the intervention and with advancing age [1, 56].

CAS and ASD share similar clinical presentations, such 
as language delays, expressive language delay, prosodic 
alterations, and sensory perceptual problems. It is notewor-
thy that the child's global language should be evaluated, 
since there is more significant global impairment in children 
with ASD and higher impairment in expressive language in 
children with CAS.

Social communication disorder

In addition to the changes in the diagnostic criteria for 
autism, the DSM-5 conceptualized social communication 
disorder (SCD). This disorder is included in the group of 
communication disorders. An individual with impaired 
social communication and social interactions, but without 
restricted and repetitive behaviors or interests, may meet 
the criteria for social (pragmatic) communication disorder, 
rather than ASD, as long as ASD is ruled out and symptoms 
cannot be explained by either ID or general language delays 
[1].

However, the concept of SCD as a separate entity is still 
questioned among researchers because of its clinical simi-
larities with other disorders. Norbury reported high rates 
of SCD associated with other DSM diagnoses and raised 
doubts concerning the clinical utility of this new diagnosis 
[64]. Mandy et al. selected 1081 patients aged 4–18 years 
who were followed up at a specialized clinic for children 
with social communication deficits and concluded that SCD 
might be borderline to the autism spectrum. According to 

the authors, SCD may be useful in identifying patients with 
autistic traits that are not severe enough for the diagnosis of 
ASD but who still require support. Young people who met 
the criteria for SCD in that clinical sample showed high 
rates of psychopathology (internalizing and externalizing) 
and social disability, suggesting that this population has sub-
stantial needs that must be addressed by care services [65]. 
Thus, future research will be crucial to assess the clinical 
and pathophysiological link between these disorders.

Stereotypy and stereotyped movement 
disorder

According to the DSM-5, stereotyped movement disorder 
(SMD) is characterized by apparently purposeless repetitive 
motor behaviors that interfere with social or academic activi-
ties and may result in self-injury [1]. Motor stereotypies can 
be divided into pathological and physiological stereotyp-
ies. Motor stereotypies can be divided into pathological and 
physiological stereotypies. Physiological stereotypies usu-
ally start during the early developmental period and often 
represent a physiological and transitory stage. These ste-
reotypies are common in early childhood, with a maximum 
age of manifestation of three years, and affect 60% of neu-
rologically typical children, who exhibit some stereotypic 
movement or behavior between two and five years [66–68].

Physiological stereotyped movements are characterized 
by an apparently nongoal-directed repetitive motor behav-
ior that does not interfere with daily activities. Since the 
child's daily routine is rarely affected and stereotyped move-
ments generally do not cause suffering, they cannot be char-
acterized as a disorder. Social isolation and environmental 
stress are risk factors since fear can alter the individual's 
physiological state, resulting in an increased frequency of 
stereotyped behaviors. Lower cognitive functioning is also 
associated with a higher risk of stereotyped behaviors and a 
poorer response to interventions, especially when the child 
is exposed to an adverse rearing environment [1].

Pathological stereotyped movements can be subdivided 
into stereotyped movement disorder (primary) and stereo-
typed movements secondary to other neurodevelopmental 
disorders. The onset of SMD occurs during the early devel-
opmental period and cannot be explained by the effect of 
substance use or by another neurodevelopmental or men-
tal disorder. The stereotyped movements usually last for 
seconds to minutes and tend to occur in clusters and many 
times throughout the day [69, 70]. They are often triggered 
by periods of excitement, activities, stress, fatigue, bore-
dom, or sleep deprivation [71–73]. Primary stereotypies are 
classified according to the pattern of movement in common 
behaviors (e.g., rocking, head banging, finger drumming) 
and two forms with atypical behavior: head nodding and 
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complex motor movements (e.g., hand and arms flapping/
waving) [69].

Stereotyped movements secondary to other neurodevel-
opmental disorders can occur in ID, genetic syndromes, and 
ASD [74–76]. In ASD, studies have provided evidence that 
stereotyped and repetitive behaviors are multifunctional. 
In addition to providing sensory relief, these movements 
also permit attention, focus on a tangible object, or avoid 
demanding tasks [77–80]. Evidence also suggests that moti-
vations for stereotyped and repetitive behaviors can become 
more complex over time as associations with new social 
effects and consequences are established [81, 82].

ASD should always be considered when repetitive move-
ments and behaviors are being evaluated. While deficits in 
social communication and reciprocity are typical manifesta-
tions of ASD, they are usually absent in stereotyped move-
ment disorder. Thus, social interactions, social communi-
cation, and repetitive and rigid behaviors and interests are 
distinctive features of ASD. Once the diagnosis of autism 
is established, stereotyped movements become one of the 
patient's symptoms, no longer being considered an SMD, 
except for more severe cases of autism, in which stereotypes 
can become the focus of treatment [1].

Once again, given this scenario, the diagnostic chal-
lenge is to rule out comorbidities or disorders that justify 
the condition as secondary since the movement alone does 
not permit this differentiation. Small studies have tried to 
compare the stereotyped movements of children in the gen-
eral population with those of autistic children. MacDonald 
et al. recorded the number and types of repetitive move-
ments in videotaped gaming sessions and found that children 
with ASD had slightly higher levels of stereotyped behavior 
than their typically developing peers [83]. Using a similar 
approach, Smith and Van Houten suggested that children 
with developmental delays exhibited movements described 
as odd compared to those without neurodevelopmental 
impairment [84].

This is still a field that needs to be further explored. The 
authors who evaluated patients with stereotypies classified 
as SMD found autistic behaviors in their series. Robinson 
et al. studied 23 pediatric neuropsychiatry patients with 
complaints of stereotypies, of which 65% had a final diag-
nosis of primary complex motor stereotypy. Remarkably, 
in many of these children, the authors identified ritualistic 
behaviors, sameness, and restricted interests [73]. Similarly, 
Valente et al. studied 26 preschool children with repetitive 
motor movements after excluding secondary causes, includ-
ing autism. The authors observed that the repetitive move-
ments of the patients were characterized by complex motor 
stereotypies, often involving the arms, trunk, and mouth, 
but rarely accompanied by vocalizations. Although the 
diagnosis of ASD based on the DSM-5 was excluded from 
the study, some children exhibited autistic traits such as 

behavioral rigidity, ritualistic or compulsive behavior, and 
a tendency toward social withdrawal, along with nonspecific 
stereotypic patterns. Since these features represent the car-
dinal symptoms of ASD, the challenge of defining the limits 
between primary and secondary motor stereotypy must be 
highlighted. Therefore, global assessment determines the 
definitive diagnosis [85]. Once accurately diagnosed, the 
next step is ruling out comorbidities. Studies involving chil-
dren with a primary complex stereotyped movement disorder 
[70, 86] have demonstrated a low percentage of comorbidi-
ties, such as ADHD, tic disorders, developmental coordi-
nation disorder, or other neuropsychological problems. In 
another study with nonautistic motor stereotypy pediatric 
patients, almost 50% received at least one comorbid diag-
nosis. Among seven-year-old children, 30% had ADHD, and 
18% had tics [68].

All children who have stereotyped movements should be 
evaluated to better characterize the movements and identify 
whether they are primary or secondary to other neurodevel-
opmental disorders, such as autism. Other clinical features 
may aid in the differential diagnoses of ASD, such as social 
interactions, social communication, and rigid behaviors 
and interests. Supplementary Table 1 shows a summary of 
clinical ASD features and differential diagnoses, and Fig. 1 
shows a graphic of ASD diagnostic criteria and differential 
diagnosis.

Comorbidities

In addition to the differential diagnoses, the prevalence of 
other developmental disorders as comorbidities in children 
with ASD is estimated to be high. ADHD, ID, SMD, high 
abilities and CAS are disorders that may occur both as dif-
ferential diagnoses and as comorbidities with ASD. Studies 
have evaluated the prevalence of these symptoms in children 
with ASD, including ADHD (between 37% and 85%) [140, 
141], ID (between 20% and 70%) [37–39], and giftedness 
(3%) [142]. On the other hand, Landau–Kleffner syndrome 
(LKS) and SCD are differential diagnoses of ASD.

Interventions

Early intervention by a multidisciplinary team (psycholo-
gist and/or occupational therapist and/or speech therapist) 
will assist both with the differential diagnoses and the 
improvement of symptoms of all these conditions. How-
ever, the interventions available for each of them may vary. 
Children with ASD are aimed at the acquisition of social, 
communication, and adaptive skills, consequently promot-
ing behavioral and functional improvements [10, 143]. In 
preschool children with (or at risk of) ADHD, the main 
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treatment consists of the guidance/training of parents in 
managing their child's behaviors by a psychologist. The 
remaining therapists will become involved according to 
the child's specific needs [9, 144]. Children under suspi-
cion of ID should be referred to multidisciplinary treat-
ment and enrolled in a special education program. The 
attending physician needs to be aware of other associated 
comorbidities, including ADHD, mood disorders, and 
aggressive and self-injurious behaviors. Treatment with 
psychotropic drugs based on the target symptoms can be 
considered in patients who do not respond to behavioral 
therapies [145]. Childhood Apraxia of Speech and Social 
Communication Disorders will mostly benefit from speech 
therapy.

The goals of electrical status epilepticus during sleep 
treatment are more complex. They include seizure control, 
the reduction of electroencephalography abnormalities, and, 
most importantly, potential improvement or prevention of 
cognitive impairment. No single treatment protocol exists 
for this condition. The most commonly used anti-seizure 
medications are sodium valproate, ethosuximide, sulthi-
ame, levetiracetam, clobazam, and acetazolamide. Steroids 
are also indicated, and surgical treatment may be considered 
[146, 147].

Concerning prognosis, although epileptic encephalopa-
thies such as LKS cause developmental regression, the 
intensity and time to improvement may vary. In general, 
some degree of delay or deficiency remains, which might 
be related to the length of time spent between the beginning 
of symptoms and effective intervention [98]. In addition, the 
recovery process in LKS is comparatively slow or limited, 

and the long-term prognosis is inversely related to the age 
of onset [148].

The treatment of stereotyped movement disorder requires 
the identification of triggering factors and possible comor-
bidities with the aim of adequate therapeutic targeting. 
However, stereotyped movement disorder has a prolonged 
course in most patients, regardless of therapy, especially in 
early-onset cases [68]. Last, the recommendations of the 
American Academy of Pediatrics to avoid or limit the use 
of screen media for children should be accepted, especially 
for young children [149].

Limitations

Since there is a paucity in the literature on some topics, such 
as high abilities/giftedness, childhood apraxia of speech, 
social communication disorders, stereotyped movement dis-
order, and excessive screen time, reviewing these themes 
presented limitations. Psychiatric conditions such as mood 
and personality disorders are also differential diagnoses with 
ADS but were not addressed in the review since they are 
outside the developmental scope.

Conclusions

The clinical manifestations of neurodevelopmental disorders 
might encompass points of convergence and overlap, some-
times compromising diagnostic accuracy, particularly in the 
preschool age group. Defining the diagnosis is even more 

Fig. 1   Autistic spectrum disorder and its differential diagnosis. ADHD attention deficit hyperactivity disorder, ID intellectual disability, LKS 
Landau–Kleffner syndrome, ASD autism spectrum disorder, SCD social communication disorder, SMD stereotyped movement disorder
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challenging when these conditions are comorbid or when their 
natural course is modified by social, professional or pharma-
cological interventions.

This review aimed to address converging and divergent 
aspects in the domains of behavior, cognition, communication, 
language, speech, socialization and stereotyped movements for 
the diagnosis of ASD and ADHD, ID, high abilities/giftedness, 
childhood apraxia of speech, social communication disorder, 
Landau–Kleffner syndrome, stereotyped movement disorder, 
and excessive screen time, identified as potential differential or 
comorbid diagnoses. According to the literature data, similari-
ties and disparities were highlighted for each condition based 
on clinical features to help clinical assistants and researchers. 
We detailed particular aspects of the signs and symptoms of 
each condition that are still scarce in the referred literature 
in more depth. Their ranking and characterization appear to 
be essential for better understanding the underlying common 
ground between children with developmental disorders, high 
abilities/giftedness, Landau–Kleffner syndrome, and excessive 
screen time and children with ASD. More studies involving 
this population may help to better define these overlapping 
conditions.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s12519-​022-​00629-y.

Acknowledgements  We gratefully acknowledge the assistance of MD 
Carolina Augusta Arantes Portugal for useful advice in translating the 
text.

Author contributions  LTA performed the literature search and data 
analysis, and drafted and critically revised the work. ZPA and NMEN 
performed the literature search and data analysis, and revised the work. 
HAPA had the idea for the article, and drafted and critically revised 
the work. All the authors approved the final version to be published.

Funding  Partial financial support was received from FAEPA (fundação 
de apoio ao ensino, pesquisa e assistência, grant no. 490/2021) 
HCFMRP-USP, Brazil.

Data availability  All data generated or analysed during this study are 
included in this published article (and its supplementary information 
files).

Declarations 

Ethical approval  Not needed.

Conflict of interest  No financial or non-financial benefits have been re-
ceived or will be received from any party related directly or indirectly 
to the subject of this article. The authors have no conflict of interest 
to declare.

References

	 1.	 American Psychiatric Association (APA). Diagnostic and sta-
tistical manual of mental disorders. 5th ed. Washington, DC: 
American Psychiatric Publishing; 2013.

	 2.	 Harris B, Barton EE, Albert C. Evaluating autism diagnostic 
and screening tools for cultural and linguistic responsiveness. 
J Autism Dev Disord. 2014;44:1275–87.

	 3.	 Christensen DL, Maenner MJ, Bilder D, Constantino JN, 
Daniels J, Durkin MS, et al. Prevalence and characteristics of 
autism spectrum disorder among children aged 4 years-early 
autism and developmental disabilities monitoring network, 
seven sites, United States, 2010, 2012, and 2014. MMWR 
Surveill Summ. 2019;68:1–19.

	 4.	 Zwaigenbaum L, Bryson S, Lord C, Rogers S, Carter A, Carver 
L, et al. Clinical assessment and management of toddlers with 
suspected autism spectrum disorder: insights from studies of 
high-risk infants. Pediatrics. 2009;123:1383–91.

	 5.	 Palomo R, Belinchón M, Ozonoff S. Autism and family 
home movies: a comprehensive review. J Dev Behav Pediatr. 
2006;27(2 Suppl):S59-68.

	 6.	 Zwaigenbaum L. Autistic spectrum disorders in preschool chil-
dren. Can Fam Physician. 2001;47:2037–42.

	 7.	 Johnson CP, Myers SM, American Academy of Pediatrics 
Council on Children with Disabilities. Identification and evalu-
ation of children with autism spectrum disorders. Pediatrics. 
2007;120:1183–215.

	 8.	 Lord C, Risi S. Autism spectrum disorder: a transactional 
developmental perspective. In: Wetherby AM, Prizant BM, 
editors. Diagnosis of autism spectrum disorders in young chil-
dren. Baltimore: Paul H. Brookes Publishing Company; 2000. 
p. 11–30.

	 9.	 Posner K, Melvin GA, Murray DW, Gugga SS, Fisher P, Skrobala 
A, et al. Clinical presentation of attention-deficit/hyperactivity 
disorder in preschool children: the Preschoolers with Attention-
Deficit/Hyperactivity Disorder Treatment Study (PATS). J Child 
Adolesc Psychopharmacol. 2007;17:547–62.

	 10.	 Antshel KM, Russo N. Autism spectrum disorders and ADHD: 
overlapping phenomenology, diagnostic issues, and treatment 
considerations. Curr Psychiatry Rep. 2019;21:34.

	 11.	 Rommelse N, Visser J, Hartman C. Differentiating between 
ADHD and ASD in childhood: some directions for practition-
ers. Eur Child Adolesc Psychiatry. 2018;27:679–81.

	 12.	 Kern JK, Geier DA, Sykes LK, Geier MR, Deth RC. Are 
ASD and ADHD a continuum? A comparison of pathophysi-
ological similarities between the disorders. J Atten Disord. 
2015;19:805–27.

	 13.	 Moriyama TS, Cho AJM, Verin RE, Fuentes J, Polanczyk GV. 
Attention deficit hyperactivity disorder. In: Rey JM, editor. 
IACAPAP e-textbook of child and adolescent mental health. 
Geneva: International Association for Child and Adolescent 
Psychiatry and Allied Professions; 2012. p. 18–9.

	 14.	 Hagberg BS, Miniscalco C, Gillberg C. Clinic attenders with 
autism or attention-deficit/hyperactivity disorder: cognitive pro-
file at school age and its relationship to preschool indicators of 
language delay. Res Dev Disabil. 2010;31:1–8.

	 15.	 Locke J, Shih W, Kretzmann M, Kasari C. Examining playground 
engagement between elementary school children with and with-
out autism spectrum disorder. Autism. 2016;20:653–62.

	 16.	 Ros R, Graziano PA. Social functioning in children with or at 
risk for attention deficit/hyperactivity disorder: a meta-analytic 
review. J Clin Child Adolesc Psychol. 2018;47:213–35.

	 17.	 Connor DF. Preschool attention deficit hyperactivity disorder: 
a review of prevalence, diagnosis, neurobiology, and stimulant 
treatment. J Dev Behav Pediatr. 2002;23(1 Suppl):S1-9.

	 18.	 Simms MD, Jin XM. Autism, language disorder, and social 
(pragmatic) communication disorder: DSM-V and differential 
diagnoses. Pediatr Rev. 2015;36:355–62; quiz 36.

	 19.	 Sperdin HF, Schaer M. Aberrant development of speech process-
ing in young children with autism: new insights from neuroimag-
ing biomarkers. Front Neurosci. 2016;10:393.

https://doi.org/10.1007/s12519-022-00629-y


723World Journal of Pediatrics (2023) 19:715–726	

1 3

	 20.	 Tryfon A, Foster NEV, Sharda M, Hyde KL. Speech perception 
in autism spectrum disorder: an activation likelihood estimation 
meta-analysis. Behav Brain Res. 2018;338:118–27.

	 21.	 Rapin I, Dunn M. Update on the language disorders of individu-
als on the autistic spectrum. Brain Dev. 2003;25:166–72.

	 22.	 Rohrer-Baumgartner N, Zeiner P, Eadie P, Egeland J, Gus-
tavson K, Reichborn-Kjennerud T, et al. Language delay in 
3-year-old children with ADHD symptoms. J Atten Disord. 
2016;20:867–78.

	 23.	 Miller LJ, Coll JR, Schoen SA. A randomized controlled pilot 
study of the effectiveness of occupational therapy for chil-
dren with sensory modulation disorder. Am J Occup Ther. 
2007;61:228–38.

	 24.	 Yochman A, Parush S, Ornoy A. Responses of preschool children 
with and without ADHD to sensory events in daily life. Am J 
Occup Ther. 2004;58:294–302.

	 25.	 Geschwind DH. Advances in autism. Annu Rev Med. 
2009;60:367–80.

	 26.	 Ghanizadeh A. Sensory processing problems in children with 
ADHD, a systematic review. Psychiatry Investig. 2011;8:89–94.

	 27.	 Roeleveld N, Zielhuis GA, Gabreëls F. The prevalence of mental 
retardation: a critical review of recent literature. Dev Med Child 
Neurol. 1997;39:125–32.

	 28.	 Leonard H, Wen X. The epidemiology of mental retardation: 
challenges and opportunities in the new millennium. Ment Retard 
Dev Disabil Res Rev. 2002;8:117–34.

	 29.	 Shapiro BK, Batshaw M. Mental retardation (intellectual dis-
ability). In: Kliegman RM, Behrman RE, Jenson HB, Stanton 
BF, editors. Nelson textbook of pediatrics. 18th ed. St Louis: 
Saunders/Elsevier; 2008. p. 191–7.

	 30.	 Casanova EL, Sharp JL, Chakraborty H, Sumi NS, Casanova MF. 
Genes with high penetrance for syndromic and non-syndromic 
autism typically function within the nucleus and regulate gene 
expression. Mol Autism. 2016;7:18.

	 31.	 Zhu L, Wang X, Li XL, Towers A, Cao X, Wang P, et al. Epi-
genetic dysregulation of SHANK3 in brain tissues from indi-
viduals with autism spectrum disorders. Hum Mol Genet. 
2014;23:1563–78.

	 32.	 Thurm A, Farmer C, Salzman E, Lord C, Bishop S. State of the 
field: differentiating intellectual disability from autism spectrum 
disorder. Front Psychiatry. 2019;10:526.

	 33.	 Lord C, Pickles A. Language level and nonverbal social-com-
municative behaviors in autistic and language-delayed children. 
J Am Acad Child Adolesc Psychiatry. 1996;35:1542–50.

	 34.	 Wing L, Gould J. Severe impairments of social interaction and 
associated abnormalities in children: epidemiology and classifi-
cation. J Autism Dev Disord. 1979;9:11–29.

	 35.	 Osterling JA, Dawson G, Munson JA. Early recognition of 
1-year-old infants with autism spectrum disorder versus mental 
retardation. Dev Psychopathol. 2002;14:239–51.

	 36.	 Steinhausen HC, Metzke CW. Differentiating the behavioural 
profile in autism and mental retardation and testing of a screener. 
Eur Child Adolesc Psychiatry. 2004;13:214–20.

	 37.	 Fombonne E. Epidemiological surveys of autism and other per-
vasive developmental disorders: an update. J Autism Dev Disord. 
2003;33:365–82.

	 38.	 Ghirardi L, Brikell I, Kuja-Halkola R, Freitag CM, Franke 
B, Asherson P, et  al. The familial co-aggregation of ASD 
and ADHD: a register-based cohort study. Mol Psychiatry. 
2018;23:257–62.

	 39.	 Autism and Developmental Disabilities Monitoring Network Sur-
veillance Year 2008 Principal Investigators, Centers for Disease 
Control and Prevention. Prevalence of autism spectrum disor-
ders–Autism and Developmental Disabilities Monitoring Net-
work, 14 sites, United States, 2008. MMWR Surveill Summ. 
2012;61:1–19.

	 40.	 Ashwood KL, Tye C, Azadi B, Cartwright S, Asherson P, 
Bolton P. Brief report: adaptive functioning in children with 
ASD, ADHD and ASD + ADHD. J Autism Dev Disord. 
2015;45:2235–42.

	 41.	 Duncan AW, Bishop SL. Understanding the gap between 
cognitive abilities and daily living skills in adolescents with 
autism spectrum disorders with average intelligence. Autism. 
2015;19:64–72.

	 42.	 Fombonne E. Epidemiological trends in rates of autism. Mol 
Psychiatry. 2002;7(Suppl 2):S4-6.

	 43.	 Silverman LK. Gifted children with learning disabilities. In: Col-
angelo NA, Davis GA, editors. Handbook of gifted education. 
3rd ed. Boston: Allyn & Bacon; 2003. p. 533–43.

	 44.	 Pfeiffer SI. The gifted: clinical challenges for child psychiatry. J 
Am Acad Child Adolesc Psychiatry. 2009;48:787–90.

	 45.	 Renzulli JS. What makes giftedness? Re-examining a definition. 
Phi Delta Kappan. 1978;60:180–4.

	 46.	 Bates TC. The general factor of intelligence: how general is it? 
Intelligence. 2002;30:577–8.

	 47.	 Guénolé F, Louis J, Creveuil C, Baleyte JM, Montlahuc C, Four-
neret P, et al. Behavioral profiles of clinically referred children 
with intellectual giftedness. BioMed Res Int. 2013;2013:540153.

	 48.	 Doobay AF, Foley-Nicpon M, Ali SR, Assouline SG. Cogni-
tive, adaptive, and psychosocial differences between high ability 
youth with and without autism spectrum disorder. J Autism Dev 
Disord. 2014;44:2026–40.

	 49.	 VanTassel-Baska J, Zuo L, Avery LD, Little CA. A curriculum 
study of gifted-student learning in the language arts. Gift Child 
Q. 2002;46:30–44.

	 50.	 Lovecky DV. Different minds: gifted children with AD/HD, 
Asperger syndrome, and other learning deficits. London and 
Philadelphia: Jessica Kingsley Publishers; 2003.

	 51.	 Neihart M. Gifted children with Asperger’s syndrome. Gift Child 
Q. 2000;44:222–30.

	 52.	 Vaivre-Douret L. Developmental and cognitive characteristics of 
“high-level potentialities” (highly gifted) children. Int J Pediatr. 
2011;2011:420297.

	 53.	 Foley-Nicpon M, Fosenburg SL, Wurster KG, Assouline SG. 
Identifying high ability children with DSM-5 autism spectrum 
or social communication disorder: performance on autism diag-
nostic instruments. J Autism Dev Disord. 2017;47:460–71.

	 54.	 Winisdorffer J, Vaivre-Douret L. Detect the “high potential” 
child (gifted). Longitudinal retrospective study on 19 children 
during 18 years in a rural general practitioner office. Rev Prat. 
2012;62:1205–11 (in French).

	 55.	 Eklund K, Tanner N, Stoll K, Anway L. Identifying emo-
tional and behavioral risk among gifted and nongifted chil-
dren: a multi-gate, multi-informant approach. Sch Psychol Q. 
2015;30:197–211.

	 56.	 American Speech-Language-Hearing Association. Childhood 
apraxia of speech (technical report). 2007. https://​www.​asha.​
org/​policy/​tr2007-​00278. Accessed 10 Feb 2021.

	 57.	 Shriberg LD, Kwiatkowski J, Mabie HL. Estimates of the prev-
alence of motor speech disorders in children with idiopathic 
speech delay. Clin Linguist Phon. 2019;33:679–706.

	 58.	 Shriberg LD, Strand EA, Jakielski KJ, Mabie HL. Estimates of 
the prevalence of speech and motor speech disorders in persons 
with complex neurodevelopmental disorders. Clin Linguist Phon. 
2019;33:707–36.

	 59.	 Kjellmer L, Fernell E, Gillberg C, Norrelgen F. Speech and lan-
guage profiles in 4- to 6-year-old children with early diagnosis 
of autism spectrum disorder without intellectual disability. Neu-
ropsychiatr Dis Treat. 2018;14:2415–27.

	 60.	 Chiew J, Kjelgaard M. The perception of affective prosody in 
children with autism spectrum disorders and typical peers. Clin 
Arch Commun Disord. 2017;2:128–41.

https://www.asha.org/policy/tr2007-00278
https://www.asha.org/policy/tr2007-00278


724	 World Journal of Pediatrics (2023) 19:715–726

1 3

	 61.	 Rosenblau G, Kliemann D, Dziobek I, Heekeren HR. Emotional 
prosody processing in autism spectrum disorder. Soc Cogn Affect 
Neurosci. 2017;12:224–39.

	 62.	 Zuanetti PA, Silva K, Pontes-Fernandes AC, Dornelas R, Fukuda 
MTH. Characteristics of the emissive prosody of children with 
autism spectrum disorder. Rev Cefac. 2018;20:2018.

	 63.	 Shriberg LD, Aram DM, Kwiatkowski J. Developmental apraxia 
of speech: II. Toward a diagnostic marker. J Speech Lang Hear 
Res. 1997;40:286–312.

	 64.	 Norbury CF. Practitioner review: social (pragmatic) communica-
tion disorder conceptualization, evidence and clinical implica-
tions. J Child Psychol Psychiatry. 2014;55:204–16.

	 65.	 Mandy W, Wang A, Lee I, Skuse D. Evaluating social (prag-
matic) communication disorder. J Child Psychol Psychiatry. 
2017;58:1166–75.

	 66.	 Evans DW, Leckman JF, Carter A, Reznick JS, Henshaw D, King 
RA, et al. Ritual, habit, and perfectionism: the prevalence and 
development of compulsive-like behavior in normal young chil-
dren. Child Dev. 1997;68:58–68.

	 67.	 Leekam S, Tandos J, McConachie H, Meins E, Parkinson K, 
Wright C, et al. Repetitive behaviours in typically developing 
2-year-olds. J Child Psychol Psychiatry. 2007;48:1131–8.

	 68.	 Harris KM, Mahone EM, Singer HS. Nonautistic motor stereo-
typies: clinical features and longitudinal follow-up. Pediatr Neu-
rol. 2008;38:267–72.

	 69.	 Singer HS. Motor stereotypies. Semin Pediatr Neurol. 
2009;16:77–81.

	 70.	 Freeman RD, Soltanifar A, Baer S. Stereotypic movement disor-
der: easily missed. Dev Med Child Neurol. 2010;52:733–8.

	 71.	 Barry S, Baird G, Lascelles K, Bunton P, Hedderly T. Neurode-
velopmental movement disorders-an update on childhood motor 
stereotypies. Dev Med Child Neurol. 2011;53:979–85.

	 72.	 Robinson S, Woods M, Cardona F, Baglioni V, Hedderly T. 
Intense imagery movements: a common and distinct paedi-
atric subgroup of motor stereotypies. Dev Med Child Neurol. 
2014;56:1212–8.

	 73.	 Robinson S, Woods M, Cardona F, Hedderly T. Intense imagery 
movements (IIM): more to motor stereotypies than meets the eye. 
Eur J Paediatr Neurol. 2016;20:61–8.

	 74.	 Tierney E, Nwokoro NA, Porter FD, Freund LS, Ghuman JK, 
Kelley RI. Behavior phenotype in the RSH/Smith-Lemli-Opitz 
syndrome. Am J Med Genet. 2001;98:191–200.

	 75.	 Temudo T, Ramos E, Dias K, Barbot C, Vieira JP, Moreira A, 
et al. Movement disorders in Rett syndrome: an analysis of 60 
patients with detected MECP2 mutation and correlation with 
mutation type. Mov Disord. 2008;23:1384–90.

	 76.	 Galéra C, Taupiac E, Fraisse S, Naudion S, Toussaint E, 
Rooryck-Thambo C, et al. Socio-behavioral characteristics of 
children with Rubinstein-Taybi syndrome. J Autism Dev Disord. 
2009;39:1252–60.

	 77.	 Berkson G, Gutermuth L, Baranek G. Relative prevalence and 
relations among stereotyped and similar behaviors. Am J Ment 
Retard. 1995;100:137–45.

	 78.	 Durand VM, Carr EG. Social influences on “self-stimulatory” 
behavior: analysis and treatment application. J Appl Behav Anal. 
1987;20:119–32.

	 79.	 Hall GB, Szechtman H, Nahmias C. Enhanced salience and 
emotion recognition in autism: a PET study. Am J Psychiatry. 
2003;160:1439–41.

	 80.	 Sturmey P. Assessing the functions of aberrant behaviors: a 
review of psychometric instruments. J Autism Dev Disord. 
1994;24:293–304.

	 81.	 Bodfish JW. Treating the core features of autism: are we there 
yet? Ment Retard Dev Disabil Res Rev. 2004;10:318–26.

	 82.	 Willemsen-Swinkels SH, Buitelaar JK, Dekker M, van 
Engeland H. Subtyping stereotypic behavior in children: the 

association between stereotypic behavior, mood, and heart rate. 
J Autism Dev Disord. 1998;28:547–57.

	 83.	 MacDonald R, Green G, Mansfield R, Geckeler A, Garde-
nier N, Anderson J, et al. Stereotypy in young children with 
autism and typically developing children. Res Dev Disabil. 
2007;28:266–77.

	 84.	 Smith EA, Van Houten R. A comparison of the characteristics 
of self-stimulatory behaviors in “normal” children and children 
with developmental delays. Res Dev Disabil. 1996;17:253–68.

	 85.	 Valente F, Pesola C, Baglioni V, Teresa Giannini M, Chiarotti 
F, Caravale B, et al. Developmental motor profile in preschool 
children with primary stereotypic movement disorder. Biomed 
Res Int. 2019;2019:1427294.

	 86.	 Mahone EM, Ryan M, Ferenc L, Morris-Berry C, Singer HS. 
Neuropsychological function in children with primary complex 
motor stereotypies. Dev Med Child Neurol. 2014;56:1001–8.

	 87.	 Dorris L, O’Regan M, Wilson M, Zuberi SM. Progressive intel-
lectual impairment in children with encephalopathy related 
to status epilepticus during slow sleep. Epileptic Disord. 
2019;21:88–96.

	 88.	 Tassinari CA, Cantalupo G, Dalla Bernardina B, Dalla F, Bureau 
M, Cirelli C, et al. Encephalopathy related to status epilepticus 
during slow sleep (ESES) including Landau-Kleffner syndrome. 
In: Bureau M, Genton P, Dravet C, Delgado-Escueta A, Tassinari 
CA, Thomas P, Wolf P, editors., et al., Epileptic syndromes in 
infancy. Childhood and adolescence. Paris: John Libbey Euro-
text; 2012. p. 255–75.

	 89.	 De Negri M. Electrical status epilepticus during sleep (ESES). 
Different clinical syndromes: towards a unifying view? Brain 
Dev. 1997;19:447–51.

	 90.	 Hughes JR. A review of the relationships between Landau-
Kleffner syndrome, electrical status epilepticus during sleep, 
and continuous spike-waves during sleep. Epilepsy Behav. 
2011;20:247–53.

	 91.	 Morikawa T, Seino M, Watanabe M. Long-term outcome of 
CSWS syndrome. In: Beaumanoir A, Bureau M, Deonna T, 
Mira L, Tassinari CA, editors. Continuous spikes and waves dur-
ing slow sleep. Electrical status epilepticus during slow sleep: 
acquired epileptic aphasia and related conditions. London: John 
Libbey; 1995. p. 27–36.

	 92.	 Stefanatos G. Changing perspectives on Landau-Kleffner syn-
drome. Clin Neuropsychol. 2011;25:963–88.

	 93.	 Solomon GE, Carson D, Pavlakis S, Fraser R, Labar D. Intrac-
ranial EEG monitoring in Landau-Kleffner syndrome associated 
with left temporal lobe astrocytoma. Epilepsia. 1993;34:557–60.

	 94.	 Huppke P, Kallenberg K, Gärtner J. Perisylvian polymicrogyria 
in Landau-Kleffner syndrome. Neurology. 2005;64:1660.

	 95.	 Caraballo RH, Yépez II, Soprano AL, Cersósimo RO, Medina 
C, Fejerman N. Acquired epileptic aphasia. Rev Neurol. 
1999;29:899–90 (in Spanish).

	 96.	 De Negri M. Developmental dysphasias, epilepsy, and Landau-
Kleffner syndrome. Brain Dev. 1993;15:319.

	 97.	 Deonna TW. Acquired epileptiform aphasia in children (Landau-
Kleffner syndrome). J Clin Neurophysiol. 1991;8:288–98.

	 98.	 Deonna T, Roulet-Perez E. Early-onset acquired epileptic aphasia 
(Landau-Kleffner syndrome, LKS) and regressive autistic disor-
ders with epileptic EEG abnormalities: the continuing debate. 
Brain Dev. 2010;32:746–52.

	 99.	 Perez ER, Davidoff V. Sign language in childhood epileptic 
aphasia (Landau-Kleffner syndrome). Dev Med Child Neurol. 
2001;43:739–44.

	100.	 Deonna T, Beaumanoir A, Gaillard F, Assal G. Acquired aphasia 
in childhood with seizure disorder: a heterogeneous syndrome. 
Neuropadiatrie. 1977;8:263–73.

	101.	 Soprano A, Garcia E, Caraballo R, Fejerman N. Neuropsy-
chologic and neurolinguistic aspects in acquired epileptic 



725World Journal of Pediatrics (2023) 19:715–726	

1 3

aphasia (AEA) or Landau-Klefener syndrome. Pediatr Neurol. 
1992;8:398–9.

	102.	 Baynes K, Kegl JA, Brentari D, Kussmaul C, Poizner H. 
Chronic auditory agnosia following Landau-Kleffner syn-
drome: a 23 year outcome study. Brain Lang. 1998;63:381–425.

	103.	 Denes G. Acquired epileptiform aphasia or Landau-Kleffner 
syndrome: clinical and linguistic aspects. In: Stemmer B, Whi-
taker HA, editors. Handbook of the neuroscience of language. 
London: Academic Press; 2008. p. 361–6.

	104.	 Kaga M. Language disorders in Landau-Kleffner syndrome. J 
Child Neurol. 1999;14:118–22.

	105.	 Koeda T, Kohno Y. Non-verbal auditory agnosia with EEG 
abnormalities and epilepsy; an unusual case of Landau-Klef-
fner syndrome. No To Hattatsu. 1992;24:262–7.

	106.	 Stefanatos GA. Speech perceived through a damaged tempo-
ral window: lessons from word deafness and aphasia. Semin 
Speech Lang. 2008;29:239–52.

	107.	 Tharpe AM, Olson BJ. Landau-Kleffner syndrome: 
acquired epileptic aphasia in children. J Am Acad Audiol. 
1994;5:146–50.

	108.	 Caraballo RH, Cejas N, Chamorro N, Kaltenmeier MC, For-
tini S, Soprano AM. Landau-Kleffner syndrome: a study of 29 
patients. Seizure. 2014;23:98–104.

	109.	 Nass R, Petrucha D. Acquired aphasia with convulsive disor-
der: a pervasive developmental disorder variant. J Child Neu-
rol. 1990;5:327–8.

	110.	 Rapin I. Autistic regression and disintegrative disorder: 
how important the role of epilepsy? Semin Pediatr Neurol. 
1995;2:278–85.

	111.	 Stefanatos GA, Grover W, Geller E. Case study: corticos-
teroid treatment of language regression in pervasive devel-
opmental disorder. J Am Acad Child Adolesc Psychiatry. 
1995;34:1107–11.

	112.	 Boyd SG, Rivera-Gaxiola M, Towell AD, Harkness W, Neville 
BG. Discrimination of speech sounds in a boy with Landau-Klef-
fner syndrome: an intraoperative event-related potential study. 
Neuropediatrics. 1996;27:211–5.

	113.	 El Achkar CM, Spence SJ. Clinical characteristics of children 
and young adults with co-occurring autism spectrum disorder 
and epilepsy. Epilepsy Behav. 2015;47:183–90.

	114.	 Goin-Kochel RP, Trinh S, Barber S, Bernier R. Gene disrupting 
mutations associated with regression in autism spectrum disor-
der. J Autism Dev Disord. 2017;47:3600–7.

	115.	 Spence SJ, Schneider MT. The role of epilepsy and epi-
leptiform EEGs in autism spectrum disorders. Pediatr Res. 
2009;65:599–606.

	116.	 Tuchman R, Rapin I. Epilepsy in autism. Lancet Neurol. 
2002;1:352–8.

	117.	 Viscidi EW, Triche EW, Pescosolido MF, McLean RL, Joseph 
RM, Spence SJ, et al. Clinical characteristics of children with 
autism spectrum disorder and co-occurring epilepsy. PLoS One. 
2013;8:e67797.

	118.	 Werner E, Dawson G. Validation of the phenomenon of autis-
tic regression using home videotapes. Arch Gen Psychiatry. 
2005;62:889–95.

	119.	 Barger BD, Campbell JM, McDonough JD. Prevalence and onset 
of regression within autism spectrum disorders: a meta-analytic 
review. J Autism Dev Disord. 2013;43:817–28.

	120.	 Shao LR, Stafstrom CE. Pediatric epileptic encephalopathies: 
pathophysiology and animal models. Semin Pediatr Neurol. 
2016;23:98–107.

	121.	 van den Munckhof B, Alderweireld C, Davelaar S, van Teeseling 
HC, Nikolakopoulos S, Braun K, et al. Treatment of electrical 
status epilepticus in sleep: clinical and EEG characteristics and 

response to 147 treatments in 47 patients. Eur J Paediatr Neurol. 
2018;22:64–71.

	122.	 Beniczky S, Hirsch LJ, Kaplan PW, Pressler R, Bauer G, Aurlien 
H, et al. Unified EEG terminology and criteria for nonconvulsive 
status epilepticus. Epilepsia. 2013;54(Suppl 6):28–9.

	123.	 Radesky JS, Silverstein M, Zuckerman B, Christakis DA. Infant 
self-regulation and early childhood media exposure. Pediatrics. 
2014;133:e1172–8.

	124.	 Kirkorian HL, Pempek TA, Murphy LA, Schmidt ME, Anderson 
DR. The impact of background television on parent-child interac-
tion. Child Dev. 2009;80:1350–9.

	125.	 Kuhl PK, Tsao FM, Liu HM. Foreign-language experi-
ence in infancy: effects of short-term exposure and social 
interaction on phonetic learning. Proc Natl Acad Sci U S A. 
2003;100:9096–101.

	126.	 Zivan M, Bar S, Jing X, Hutton J, Farah R, Horowitz-Kraus T. 
Screen-exposure and altered brain activation related to attention 
in preschool children: an EEG study. Trends Neurosci Educ. 
2019;17:100117.

	127.	 Heffler KF, Oestreicher LM. Causation model of autism: audio-
visual brain specialization in infancy competes with social brain 
networks. Med Hypotheses. 2016;91:114–22.

	128.	 Chonchaiya W, Sirachairat C, Vijakkhana N, Wilaisakditipakorn 
T, Pruksananonda C. Elevated background TV exposure over 
time increases behavioural scores of 18-month-old toddlers. Acta 
Paediatr. 2015;104:1039–46.

	129.	 Zimmerman FJ, Christakis DA, Meltzoff AN. Television and 
DVD/video viewing in children younger than 2 years. Arch Pedi-
atr Adolesc Med. 2007;161:473–9.

	130.	 Tomopoulos S, Dreyer BP, Berkule S, Fierman AH, Brockmeyer 
C, Mendelsohn AL. Infant media exposure and toddler develop-
ment. Arch Pediatr Adolesc Med. 2010;164:1105–11.

	131.	 Varadarajan S, Govindarajan Venguidesvarane A, Ramaswamy 
KN, Rajamohan M, Krupa M, Winfred Christadoss SB. Preva-
lence of excessive screen time and its association with devel-
opmental delay in children aged <5 years: a population-based 
cross-sectional study in India. PLoS One. 2021;16:e0254102.

	132.	 Mongillo EA, Irwin JR, Whalen DH, Klaiman C, Carter AS, 
Schultz RT. Audiovisual processing in children with and without 
autism spectrum disorders. J Autism Dev Disord. 2008;38:1349–58.

	133.	 Varni JW, Magnus B, Stucky BD, Liu Y, Quinn H, Thissen D, 
et al. Psychometric properties of the PROMIS® pediatric scales: 
precision, stability, and comparison of different scoring and 
administration options. Qual Life Res. 2014;23:1233–43.

	134.	 Mazurek MO, Wenstrup C. Television, video game and social 
media use among children with ASD and typically developing 
siblings. J Autism Dev Disord. 2013;43:1258–71.

	135.	 Jones RA, Downing K, Rinehart NJ, Barnett LM, May T, McGil-
livray JA, et al. Physical activity, sedentary behavior and their 
correlates in children with autism spectrum disorder: a system-
atic review. PLoS One. 2017;12:e0172482.

	136.	 Soden SE, Garrison CB, Egan AM, Beckwith AM. Nutrition, 
physical activity, and bone mineral density in youth with autistic 
spectrum disorders. J Dev Behav Pediatr. 2012;33:618–24.

	137.	 Thompson DA, Christakis DA. The association between televi-
sion viewing and irregular sleep schedules among children less 
than 3 years of age. Pediatrics. 2005;116:851–6.

	138.	 Chonchaiya W, Nuntnarumit P, Pruksananonda C. Comparison 
of television viewing between children with autism spectrum 
disorder and controls. Acta Paediatr. 2011;100:1033–7.

	139.	 Heffler KF, Sienko DM, Subedi K, McCann KA, Bennett DS. 
Association of early-life social and digital media experiences 
with development of autism spectrum disorder-like symptoms. 
JAMA Pediatr. 2020;174:690–6.



726	 World Journal of Pediatrics (2023) 19:715–726

1 3

	140.	 Leitner Y. The co-occurrence of autism and attention deficit 
hyperactivity disorder in children-what do we know? Front Hum 
Neurosci. 2014;8:268.

	141.	 Miodovnik A, Harstad E, Sideridis G, Huntington N. Timing 
of the diagnosis of attention-deficit/hyperactivity disorder and 
autism spectrum disorder. Pediatrics. 2015;136:e830–7.

	142.	 Charman T, Pickles A, Simonoff E, Chandler S, Loucas T, Baird 
G. IQ in children with autism spectrum disorders: data from 
the Special Needs and Autism Project (SNAP). Psychol Med. 
2011;41:619–27.

	143.	 Volkmar F, Siegel M, Woodbury-Smith M, King B, McCracken 
J, State M, et al. Practice parameter for the assessment and treat-
ment of children and adolescents with autism spectrum disorder. 
J Am Acad Child Adolesc Psychiatry. 2014;53:237–57.

	144.	 Wolraich ML, Hagan JF Jr, Allan C, Chan E, Davison D, Earls M, 
et al. Clinical practice guideline for the diagnosis, evaluation, and 
treatment of attention-deficit/hyperactivity disorder in children 
and adolescents. Pediatrics. 2019;144:e20192528.

	145.	 Purugganan O. Intellectual disabilities. Pediatr Rev. 
2018;39:299–309.

	146.	 Jansen FE, Nikanorova M, Peltola M. Current treatment options 
for encephalopathy related to status epilepticus during slow 
sleep. Epileptic Disord. 2019;21:76–81.

	147.	 Fine AL, Wirrell EC, Wong-Kisiel LC, Nickels KC. Acetazola-
mide for electrical status epilepticus in slow-wave sleep. Epilep-
sia. 2015;56:e134–8.

	148.	 Bishop DV. Age of onset and outcome in “acquired aphasia with 
convulsive disorder” (Landau-Kleffner syndrome). Dev Med 
Child Neurol. 1985;27:705–12.

	149.	 Council on Communications and Media. Media and young 
minds. Pediatrics. 2016;138:e20162591.

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor holds exclusive rights to this article under 
a publishing agreement with the author(s) or other rightsholder(s); 
author self-archiving of the accepted manuscript version of this article 
is solely governed by the terms of such publishing agreement and 
applicable law.


	Differential diagnosis between autism spectrum disorder and other developmental disorders with emphasis on the preschool period
	Abstract
	Background 
	Data sources 
	Results 
	Conclusions 

	Introduction
	Attention deficit hyperactivity disorder
	Intellectual disability
	Childhood apraxia of speech
	Social communication disorder
	Stereotypy and stereotyped movement disorder
	Comorbidities
	Interventions
	Limitations
	Conclusions
	Anchor 17
	Acknowledgements 
	References




