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Unraveling the spectrum:
overlap, distinctions, and
nuances of ADHD and ASD
in children
Sabrina Martinez †, Kalin Stoyanov*† and Luis Carcache

Herbert Wertheim College of Medicine, Florida International University, Miami, FL, United States
This review explores the clinical presentation of similarities and differences in

Attention-Deficit/Hyperactivity Disorder (ADHD) and Autism Spectrum Disorder

(ASD). This paper investigates the deficits in executive function, social function,

and emotional intelligence that are seen in both conditions and how the

presence of both conditions can exacerbate these deficiencies. Understanding

the clinical presentations in these domains is critical to refine diagnostic methods

and treatments and improve outcomes for those affected by these

neurodevelopmental disorders. The similarities in clinical presentation between

ADHD and ASD present a significant diagnostic challenge, with individuals often

exhibiting similar behaviors and difficulty navigating the complexities that

encompass reacting to their environment. Further research is paramount in

gaining more knowledge of the disorders and challenges faced by these

individuals, especially those with the presence of both conditions.
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1 Introduction

Autism Spectrum Disorder and Attention-Deficit/Hyperactivity Disorder are two

neurodevelopmental disorders that initially present in childhood (1–3). ASD is a

neurodevelopmental disorder that is distinguished by significant difficulties in social

interactions and communication deficits in two or more settings when compared to

neurotypical peers (1–3). Individuals with ASD also frequently exhibit restricted and

repetitive behaviors, interests, and activities and may have difficulties with sensory

processing. ADHD is a neurodevelopmental disorder that affects attention, hyperactivity,

and impulsivity across multiple settings, leading to reduced cognitive or behavioral

function when compared to neurotypical peers (1–4). The prevalence of ASD has

steadily increased in recent years, with 2018 statistics noting that approximately 1 in

every 44 children in the United States has ASD, or around 2.2% (1, 5). The prevalence of

ADHD was estimated to be between 5-8% of children in the United States in 2013 (4).
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Additionally, ASD and ADHD have high rates of being co-

diagnosed. Approximately 13% of children who have been

diagnosed with ADHD will eventually also be diagnosed with co-

occurring ASD (6). In children with ASD, there is a large amount of

comorbid ADHD, with sources varying but generally ranging from

40-70% (6).

It is crucial to understand these two disorders, as their

prevalence comprises a significant portion of children in the

United States. Although at a cursory glance, the diagnostic

criteria of ADHD and ASD appear to be very distinctive, the

clinical presentations and manifestations of these two disorders

may often lead to the disorders appearing similar in certain

domains to one another. Deficits in executive function, social

function, and emotional intelligence are seen in both conditions.

This may lead to difficulty for clinicians when attempting to

establish a diagnosis (7). The high rates of comorbidity among

ADHD and ASD further add to the complexity of making an

accurate diagnosis and formulating a treatment plan (3). In

comorbid ADHD and ASD, the diagnosis of only one disorder

frequently delays the diagnosis of a second comorbid condition,

often by years (3). Making the correct diagnosis and extrapolating

the correct pathology of an individual takes a keen eye and deep

understanding of the subtle manifestations of these disorders, which

will be discussed at length in this review paper.
2 DSM criteria change

The Diagnostic and Statistical Manual of Mental Disorders

(DSM) is a standardized system used to classify and diagnose

mental disorders, including neurodevelopmental disorders. The

primary application of the DSM is clinical, allowing clinicians to

understand the psychopathology that patients can face, come to a

correct diagnosis, and apply this knowledge to patient management

and treatment (2).

The most recent version of the DSM, the DSM-5-TR, was

published in 2022. The DSM-4 had several key differences, which

were changed in the DSM-5. The DSM-4 included “Pervasive

Developmental Disorders,” which encompassed Autism,

Asperger’s syndrome, Rett’s syndrome, and unspecified pervasive

developmental disorders (2). The DSM-5 saw these diagnoses

converge to different points on the same continuum, known as

Autism Spectrum Disorder (2).

The DSM-4 categorized ADHD as one of several “Disorders

Usually Diagnosed in Infancy, Childhood, and Adolescence.” The

DSM-5 categorized ASD and ADHD in the same “family” of

disorders, known as neurodevelopmental disorders, which has

ultimately helped clinicians to deepen their understanding of

these disorders and how these disorders affect and impact

individuals not only in childhood but throughout their entire

lives (2).

The changes in DSM-5-TR have decreased some of the

difficulties clinicians encounter when making a diagnosis (2). One

of the most significant changes that was made was that in the DSM-

4, a comorbid diagnosis of ADHD and ASD could not be made

(3, 4). Any inattentive or hyperactive/hyperkinetic symptoms that
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were present in a child with autism or a pervasive developmental

disorder were thought to be due to the pervasive developmental

disorder, thus making the presence of a pervasive developmental

disorder an exclusionary criterion to the diagnosis of ADHD.

Clinicians are now able to make a comorbid diagnosis of ASD

and ADHD through the DSM-5-TR (2, 8).

Although diagnostic criteria have evolved from DSM-4 to

DSM-5-TR, the real-world clinical application remains

challenging due to the limited studies directly comparing ASD,

ADHD, and their comorbid presentation.
3 Areas of impacted functioning

3.1 Executive function

One of the main areas of deficits seen in individuals with ADHD

and ASD, when compared to neurotypical peers, is deficits in

executive function (9). Executive function consists of the

cognitive skills that allow individuals to self-regulate and perform

self-directed behaviors, enabling them to plan, execute ideas, and

achieve goals (3, 7, 10, 11). Executive function also allows inhibition

of one’s responses and permits cognitive flexibility (3, 7, 11).

Cognitive flexibility is a critical component of daily functioning,

as it describes an individual’s ability to adapt and react to novel

stimuli and a changing environment (10, 12–14). Executive

function is also responsible for working memory, which is the

ability to retain and manipulate new information (3, 7, 10, 11, 15).

Deficits in executive function have been noticed in the profiles

of children as young as preschoolers who have ASD or ADHD (16).

While ADHD and ASD both have deficits in executive functioning,

the exact areas in which each disorder is typically lacking differ,

giving them each a unique “profile” (5, 7). However, executive

function is generally worse in ADHD (3, 5). Due to difficulties with

inhibition and sustained attention, children become hyperactive

and inattentive, which are the core features of ADHD (Figure 1) (7,

10, 17). Poor regulation of inhibition additionally results in

increased impulsivity (10). Those with ADHD may also have

challenges with innovation, planning, and problem-solving (3).

Another distinction to note is that executive dysfunction in ASD

generally has shown improvements with age; in contrast, executive

dysfunction in ADHD generally shows minimal improvement with

age (3).

Although individuals with ADHD have more severe

impairments in executive functioning, the deficits seen in those

with ASD are not less significant. For example, individuals with

ASD often have diminished perseverance when compared to their

peers, especially when planning and shifting between tasks (7). The

most common executive dysfunction in ASD is a lack of cognitive

flexibility (Figure 1). Deficient cognitive flexibility leads to problems

adapting to changes in routine or environment, problems

alternating between tasks and fixed and repetitive behaviors and

interests (10, 14).

Some studies, however, have hypothesized that the executive

dysfunction seen in ASD may be caused by poor high-level

cognition and an inability to infer (10, 18). Difficulties with
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inference can lead to a poor theory of mind, which is the ability to

understand and predict the mental states and actions of other

individuals (10, 18–20). Executive function has a strong

association with theory of mind. Thus, a poorly developed theory

of mind could be perceived as a confounder that has perpetuated

the idea that executive dysfunction is the cause of poor functioning

in ASD, even though the primary deficit may have always been a

deficit in theory of mind (18, 19). This alternative mechanism

should be considered, as research has shown that some individuals

with ASD without a co-occurring intellectual disability are strong in

several regions of executive functioning, such as memory and

inhibition (10). However, these individuals often still struggle in

other areas of executive functioning- namely cognitive flexibility

and planning ability (10). A comparison of the executive

dysfunction in ADHD and ASD can be seen in Figure 1.

When considering executive dysfunction, clinicians should

more carefully consider their impacts on those with co-occurring

disorders (10). A systematic review of executive function deficits in

children with comorbid conditions elucidated studies that tracked

performance on indirect assessments and performance-based

assessments. Performance-based investigations are often

performed in highly controlled clinical settings and do not always

reflect real-world function (pure problem-solving). In contrast,

indirect assessments show executive functioning (problem-solving

and adaptability) in real-world settings (13). In performance-based

assessments, those with comorbid diagnoses performed more

poorly in flexibility, shifting, and attention than either diagnosis

alone (13). However, results in inhibition, organization, planning,

and working memory were similar to single-diagnosis counterparts
Frontiers in Psychiatry 03
(13). In indirect assessments, those with comorbid diagnoses

performed more poorly in inhibition and inattention, with similar

results in organization and planning (13). In comparison, a 2024

meta-analysis assessed 36 studies that compare executive function

in children with ADHD, ASD, comorbid ADHD and ASD, and

compared them with neurotypical children (9). The authors used

performance-based neuropsychological tests as a proxy assessment

of high-order cognitive processes. While limitations existed due to a

widespread lack of studies focusing on co-occurring ADHD and

ASD, this group was found to be most similar to the ADHD-only

group and worse than the ASD-only group in neuropsychological

testing in one included study (9).

⇨ Key Point:

While ADHD and ASD are both associated with executive

function deficits, the areas of impairment differ. ADHD primarily

impacts inhibition and sustained attention, leading to hyperactivity

and inattention, while ASD is more associated with deficits in

cognitive flexibility.

⇨ Key Point:

Individuals with both ADHD and ASD may exhibit worse

executive function impairments than those with either

condition alone.
3.2 Social functioning

Socia l funct ioning al lows individuals to funct ion

interdependently in society. Similarly to how executive

dysfunction was the hallmark of ADHD, social dysfunction
FIGURE 1

Comparison of executive dysfunction in ADHD and ASD.
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encompasses a large portion of the core deficits in ASD. Many

factors separate and hinder individuals with ASD from appropriate

socialization with their peers. One set of factors is a lack of behaviors

that are seen positively and strengthen social relationships

(Figure 2). For example, children with ASD often don’t make

enough eye contact or display joint or shared attention with their

peers (21, 22). Difficulties in executive function, such as focusing

attention, impair social relationships (15). Children with ASD

frequently lack a social smile, attention, and shared enjoyment of

different activities or topics due to their restricted interests (6, 21).

Thus, they fail to respond appropriately to peers during social

interactions (21). These difficulties result in a lack of perceived

empathy, leading to problems choosing and navigating different

conversational topics (21) The lack of skills and positive behaviors

needed to socialize with peers culminates in noticeable deficits that

impair even basic social interactions (21, 22). Thus, significant

difficulties are encountered with complex social interactions and

interpreting social contexts and cues (6, 21). Additionally, children

with ASD not only lack the skills to play and make friends with

peers but often lack the interest in establishing friendships

altogether. Many individuals with autism prefer to do things

alone, often withdrawing from their peers and avoiding social

interactions (21).

Children with ASDmay also have an atypical approach to social

situations, and the oddities they display lead to poor

communication, both verbal and nonverbal (Figure 3).

Communication differences may include unusual production of

speech, peculiar speech patterns, odd vocal intonations and

inflections, and difficulties with paralinguistics (23). Difficulties

with paralinguistics impair the reciprocity commonly seen in

conversation and make it more difficult for these children to

develop and maintain friendships beyond childhood (23).

Individuals with ASD additionally often have strange body

language and unusual mannerisms (21). Their peers may see

repetitive and self-soothing behaviors, such as body rocking, vocal
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noises, hand or finger movements, or flapping movements as

atypical, leading to exclusion from groups (1, 23). Their touches

may also appear intrusive to their peers (21). Of note, these

difficulties worsen with age as the difference between their

expected and actual social functioning continues to widen with

time (Figure 3) (23). Therefore, while children with ASD can

sometimes develop friendships when they are young, and peers

are more forgiving, this becomes increasingly difficult when they are

unable to overcome the continued increase in expectations for social

relations (23).

While social impairment is not required as part of the diagnosis

for ADHD, it is often present (3). Social impairments in ADHD

may be due to either a central social dysfunction or the result of

executive dysfunction, particularly lack of attention and inhibition,

causing impulsivity and hyperactivity (3, 6). For example,

inattention can cause social cues to be missed, and impulsivity

can upset other children (21). Further, hyperactivity can cause

decreased participation in social events (21). Those with ADHD

also face difficulties with theory of mind, although far less severe

than is seen in ASD (24). Other common complaints may include

“often has difficulty waiting in line,” “often blurts out answers,” and

“often interrupts or intrudes on others,” as seen in ADHD

diagnostic questionnaires; parents commonly note that these

habits cause social difficulties (3). Other socially inappropriate

behaviors often noted are intrusiveness, impulsive speech, and

impulsive aggressive behaviors (5, 6). Specific behaviors include

being “annoying,” controlling, explosive, not paying attention

during activities, and rule violations (Figure 2) (21).

Children with ADHD often have very little insight into their

social skills and functioning, leading to interpersonal dysfunction

and difficulties with their relationships (Figure 3) (6). Poor social

functioning may lead children with ADHD to be rejected by their

peers more often, thus developing a “negative reputation” with

peers. The impact of this negative reputation can last even after

receiving interventions and treatment to enhance social skills; peer
FIGURE 2

Comparison of positive and negative behaviors.
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denial is still present, even with measurable improvement in social

skills (6, 21).

A critical difference between those with ADHD and ASD is that

children with ADHD have the social knowledge that they need to

make friendships and develop socially (3). However, they have a

“poor performance” when interacting with peers (3). So, although

individuals with ADHD might know what to do, they are often

unable to execute socially correct behaviors (3). Conversely,

children with ASD have social knowledge deficits and don’t

understand how or have the skills needed to make friends (3).

Thus, they do not perform well with their peers due to their

knowledge gap (3). When children with ASD receive clinical

social skills and friendship development training, individuals with

ASD are much more likely to show improvement in social skills

when compared to children with ADHD (3). Children with ADHD

generally show less improvement in social skills after training and

display less growth and change.

Some studies have found significant similarities in social deficits

between ADHD and ASD, most often in the lack of social and

emotional reciprocation, poor conversational skills, restricted

interests, rituals, stereotypes, and preoccupations (25–27). Many

parents of children with ADHD have noted difficulties in social

functioning which are similar to those in autism and autism-like

symptoms; symptoms described include difficulties with holding

conversations (especially initiating conversations), odd speech

patterns, irrelevant interjections, stereotyped movements, and

issues with understanding and participating in nonverbal

communication, including respecting personal space boundaries

(25). A comparison of similarities and differences in social

dysfunction in ADHD and ASD can be seen in Figure 3.

Few studies have been done on the effect of comorbid ASD and

ADHD on social functioning. Previous studies by Rao in 2014 and
Frontiers in Psychiatry 05
Factor in 2017 found that children with comorbid ADHD and ASD

had significantly greater social impairment compared to their ASD-

only counterparts (28, 29). Both of these studies utilized the Social

Responsiveness Scale, 2nd Edition (SRS-2), an autism assessment

completed by parents or teachers that is designed to assess the

severity of social impairment in ASD (28, 29). However, a 2015

study completed by Salley revealed that individuals with ASD-only

had worse social impairment than comorbid ASD and ADHD

groups. The study completed by Salley utilized the Autism

Diagnostic Observation Schedule (ADOS), a standardized

assessment completed by trained clinicians to evaluate several

skills, including social interaction, in individuals with ASD (30).

A more recent study by Harkins in 2022 compared patients using

the standardized ADOS-2 and found no significant differences in

the comorbid ASD and ADHD group when compared to the ASD-

only group (21). The differences between these studies may be

explained by differences in the study groups and measurement tools

used between studies. While Rao and Factor studied individuals in

the community, Salley and Harkins studied individuals who had

been referred clinically and may have had more severe symptoms of

ASD as compared to individuals in the community (21, 28–30).

Furthermore, Rao and Factor utilized the SRS-2 assessment, which

is completed by parents who may overestimate certain behaviors,

while Salley and Harkins utilized the ADOS assessment, which is

observational and completed by clinicians who may underestimate

certain behaviors (21, 28–30).

Additionally, the authors in the Salley 2015 study noted that

there was a different distribution of the ADOS modules in the

comorbid ASD and ADHD group when compared to the module

distribution in all of the other groups (30). Thus, there is the

potential that the scores for this group were suppressed (30).

Although results from studies throughout the years have been
FIGURE 3

Comparison of social behaviors in ADHD and ASD.
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inconsistent, it appears that studies using objective measures of data

in a controlled environment seem to favor the idea that a comorbid

diagnosis does not worsen social functioning when compared to

ASD-only groups. However, the SRS-2 assessment may be more

favorable in measuring global social functioning, in addition to the

fact that the ADOS is targeted towards assessing features of autism,

which may overlook social impairments attributable to ADHD (21).

⇨ Key Point:

While children with ADHD often know what to do but fail to

execute, children with ASD typically lack the social knowledge

entirely. Children with ASD may benefit more from social skills

training than those with ADHD, likely due to the difference between

social knowledge and social performance deficits.

⇨ Key Point:

Research on the social functioning of individuals with comorbid

ASD and ADHD is mixed. Some studies suggest greater social

impairment in comorbid cases compared to ASD alone, while

others find no significant difference. Differences in study

populations and measurement tools may account for some of

these inconsistencies.
3.3 Emotional intelligence

The differences and overlap of emotional intelligence in ADHD

and ASD are complex. One part of emotional intelligence is the

ability to recognize emotions. It has been long known that children

with ASD have deficits in emotion recognition, possibly due to a

central impairment and lack of social cognition; studies have delved
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into the reasons behind these inabilities to recognize emotions, such

as lack of eye gaze and decreased visual attention (3, 7, 20). One test

that suggests a central dysfunction is the reading of the “eyes test,”

where an individual looks at a picture of eyes displaying different

facial expressions in black and white and then selects the emotion

being conveyed from a set of options (3). While those with ASD

have the lowest score, or most significant deficits in social

perception and cognition, those with ADHD have an

intermediate score, showing deficits in both disorders (3).

Individuals with ADHD perform most poorly when identifying

anger and fear (7, 24). Not only do children with ASD have a

decreased ability to recognize emotions, but they also do not have

the same autonomic responses, such as variations in heart rate and

respiration rate, in response to another person’s emotional

expressions that neurotypical individuals exhibit (7). Similarly to

social impairments, difficulties in emotion recognition may increase

with time, thus widening the gap between those with ASD and

neurotypical peers (20, 24).

Emotion regulation is the individual’s ability to modulate or

modify the actual occurrence and degree of their emotions (23, 26).

Emotion dysregulation impacts the ability to cope and function in

society due to its association with poor social skills and acceptance

by peers (23, 26, 27).

Children with ADHD have difficulties regulating their

emotions, with studies showing that around 50% exhibit emotion

dysregulation (23, 26, 27). It is difficult to ascertain the degree of

emotional dysregulation that children with ASD possess because

emotional dysregulation may be masked, overlooked, or conflated

with the diagnostic criteria of the disorder. Essentially, emotional
FIGURE 4

Explanations for common clinical features in ASD and ADHD.
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dysregulation may become “lumped in” with core diagnostic

features of ASD, and thus, emotional problems tangential to the

actual diagnostic criteria may be overlooked. For example, a

clinician may see a child experiencing a tantrum and mistakenly

assume that this is a feature of ASD rather than a separate problem

with emotional regulation (23).
4 Masquerading symptoms

Despite the differences discussed in executive, social, and

emotional domains, core features of either disorder may

masquerade as symptoms more commonly seen in the

other disorder.

For example, while children with ASD may truly have

inattention and hyperactivity due to a secondary diagnosis of

ADHD, children with ASD often exhibit symptoms of inattention

or hyperactivity even if they do not have an additional diagnosis of

ADHD. This may be due to core features of ASD appearing as

ADHD-like symptoms (6). Upon closer investigation, the

“inattention”-like symptoms seen in some children with ASD

may just be due to their disinterest in social ongoings and

behaviors and preoccupation with their own fixated and internal

interests (Figure 4) (6). Therefore, while a child with ASD may pay

close attention to an inanimate object or even a thought, they may

appear to be “inattentive” to the social situations at hand (6).

Similarly, ADHD questionnaires often contain a statement

along the lines of “this child may often seem not to listen when

spoken to directly” (31). A similar complaint is often voiced by

parents or teachers of children with ASD; however, these behavioral

issues may not always be due to a true deficit in sustained attention,

but once again may be due to the specific interests and internal

fixation of those with ASD (1, 31). Similarly, due to their restricted

interests, if a conversation arises regarding a topic that interests

them, they may frequently “talk excessively” or “interrupt and

intrude on others,” which are additional ADHD clinical features

(Figure 4) (31). This is likely due to a fixated and extreme interest in

one subject combined with poor social and communication skills

(31). Children with autism often exhibit unilateral communication

(talking “at” one person) rather than reciprocal communication in

the usual back-and-forth manner (31).

Another example is that, “hyperactivity” symptoms, such as

fidgeting, may be noticed due to the repetitive movements children

with autism often perform (Figure 4) (6). These movements may

intensify in new situations or unfamiliar settings or if an individual

with ASD is feeling agitated (6). Thus, these repetitive movements

may appear as fidgeting and hyperactivity when they are actually a

self-soothing mechanism and based on a core feature of ASD.When

inattention and hyperactivity present in this way in children with

ASD, an additional diagnosis of ADHD may be unnecessary (6).

There is a wide range of symptoms that individuals with ASD or

ADHD display more frequently (Figure 4) (25). Individuals with

ASD or ADHD often have higher levels of anger, irritability, and

general behavioral issues (25). Both groups also exhibit dysgraphia,

slow processing speed, and learning disabilities- especially in

written formats- and thus have language delays (25). They often
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experience deficits in perception of the world around them (25).

Studies have also found significant differences between ADHD and

ASD in the areas of communication deficits, restricted and

repetitive behaviors and movements, difficulties in adapting to

change, and reaction to sound and sensory input (25). Both

groups exhibit deficits in executive functioning. Although not

officially part of either diagnostic criterion, difficulties and deficits

in motor coordination and motor persistence are often seen in

ADHD and ASD (6). Children with ADHD may additionally show

difficulty in inhibiting motor responses, possibly contributing to

hyperactivity (6). Figure 4 offers an overview of the common clinical

features seen in ASD and ADHD.

⇨ Key Point:

Clinicians often struggle to distinguish ADHD from ASD due to

the possibility that the core features of one disorder may appear

similar to behaviors typically seen in the other disorder.
5 Presenting symptoms in co-
occurring ADHD and ASD

The final, and least studied, issue is that of co-occurring ADHD

and ASD. Individuals with co-occurring ADHD and ASD diagnoses

face a large variety of challenges. In children with comorbid ADHD

and ASD, the diagnosis of ADHD sometimes precedes the diagnosis

of ASD (17, 25). This may be due to the fact that ADHD symptoms

may sometimes cause noticeable functional difficulty for children

sooner than symptoms of autism (17). ADHD is often diagnosed in

elementary or middle school when the demands of school and an

increased number of social interactions unveil core deficiencies

(17). After ADHD symptoms are managed with medication, further

behavioral and social problems due to comorbid ASD may become

unmasked and apparent (1, 32).

In children with co-occurring ASD and ADHD, one study

found inattention symptoms of ADHD to be most prevalent,

found in 46% of children with ASD, 22% had primarily

hyperactivity symptoms, and 32% had prevalent symptoms of

both inattention and hyperactivity (4).

One study found that there are specific symptoms of ADHD

that have been shown to have a relatively strong association with co-

occurring symptoms of autism (31). These symptoms are when a

child “does not wait for a turn,” “intrudes on others,” “talks

excessively,” “does not sustain attention,” or “fidgets hands or

feet; squirms in seat” (31). These symptoms should alert

clinicians to more carefully consider co-occurring ADHD and

ASD due to this association (31). However, a similar significance

could not be given to any symptoms of autism (31).

Generally speaking, ASD is principally considered to be a more

“severe” disorder due to generally higher degrees of impairment and

functional difficulties (6). However, it has been noted that

individuals with ASD who meet the full diagnostic criteria for

ADHD often face more severe functional impairment than

individuals with ASD who present with fewer symptoms of

ADHD (6). Children with a comorbid diagnosis had poorer

communication and social skills, poor adaptive functioning, and

less adequate daily living skills (6, 33, 34).
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A comorbid diagnosis may also intensify the symptoms of ASD

or ADHD to greater severities than when either diagnosis occurs

alone. For example, there is reduced emotion recognition in

children with co-occurring ASD and ADHD (34). Furthermore,

those with overlapping ASD and ADHD report having more

symptoms of ASD than individuals with ASD alone (33). Not

only is there an increased number of symptoms of autism in

individuals with a comorbid diagnosis, but the symptoms are

more strongly expressed (33). Additionally, attention problems

are also worse in those with a comorbid diagnosis compared to

those with ADHD alone, thus indicating that the presence of ASD

may also worsen the symptoms of ADHD (34).

Those with overlapping disorders were found to be more likely

to externalize issues into behavioral problems, including more

tantrum-like behaviors (5, 33, 34). Finally, children with a

comorbid diagnosis are also more likely to face other

psychological issues, such as conduct problems, anxiety, or

depression (34). Thus, overall, co-occurring ADHD and ASD is

somewhat synergistic and is generally recognized to result in a more

severe clinical symptomatology and lower quality of life than either

disorder alone, illustrating the need to be more careful in providing

well-thought-out treatment to these patients (34).

⇨ Key Point:

Individuals with comorbid ADHD and ASD typically display

more severe symptoms than those with just one condition.

Symptoms such as inattention and hyperactivity are often more

pronounced, leading to greater challenges in areas like

communication, social skills, and adaptive functioning.

⇨ Key Point:

The combination of ASD and ADHD usually results in more

severe functional impairments and a lower quality of life.
6 Treatments and interventions

Gaining a thorough understanding of the subtleties of ADHD

and ASD are imperative in order to guide proper treatment. The

long-term consequences of not treating these conditions have been

studied in the literature. ADHD persists into adulthood in around

half of children diagnosed with ADHD (35). The most well-studied

consequences of untreated ADHD in adulthood are substance use

disorder and antisocial behaviors, often leading to incarceration (35,

36). Other consequences of lack of treatment are poorer physical

and mental health, including increased inpatient psychiatric

admissions (36). Unaddressed deficits in executive functioning

also impair academic performance, pursuit of higher education,

and ultimately may cause difficulties with work (36, 37).

Conversely, treatment of these disorders leads to improved

outcomes in the lives of treated individuals. For example, a

systematic review in 2022 found that evidence-based treatment of

individuals with ADHD with stimulants led to improvements in

cognitive function, such as in memory, attention, and, ultimately,

academic performance (38). The improvement in cognition led to a
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subsequent improvement in the quality of life of individuals with

ADHD (38). Improvements in executive function and working

memory have also been seen across studies (38–40).

The mainstay of treatment for ADHD currently consists of

stimulant medications or noradrenergic agonists (38, 41). Stimulant

medications, such as methylphenidate, increase levels of dopamine

and norepinephrine in the brain through the blockade of dopamine

transporters (38, 41). Noradrenergic agonists, such as atomoxetine,

increase the activity of both noradrenaline and dopamine in the

brain (41). Two systematic reviews showed that treatment of

ADHD with stimulants resulted in reduced symptoms of ADHD

and improvements in cognitive and executive function, including in

areas of attention, memory, and inhibition (38, 41). Although

medications such as atomoxetine showed improvements in many

areas of executive function, such as attention and inhibition, there

were non-significant improvements in working memory (41).

Physical activity interventions can also be considered as a

complement to pharmacological interventions for children with

ADHD. Multiple meta-analyses in recent years have also

demonstrated the improvement of core features, such as

inattention and inhibition, cognitive flexibility, and executive

function in ADHD (42–47). This information is useful to help

clinicians decide on the correct intervention strategy, depending on

the tolerability of medications, patient and parents’ desires, and

executive function profile of the patient.

The treatment of ASD is complex. In ASD, community and

intensive behavioral interventions have been shown to improve

adaptive behaviors and improve outcomes (40). Furthermore,

interventions for executive function seem to show “far effects”,

where improvements in skills or behaviors not explicitly trained are

seen, showing that skills are able to be transferred (48). Current

treatment is often targeted to help control undesirable behaviors

such as irritability, aggression, anxiety, sleep disturbances, self-

harm, and bothersome repetitive behaviors (49). Applied

behavioral analysis (ABA) is the first line for behavioral treatment

in ASD and has been shown by a 2023 meta-analysis to improve

intellectual functioning and adaptive behaviors (50). While first-line

treatment of ASD generally includes ABA, pharmacological

treatments such as atypical antipsychotics can be used as

adjuvants for symptomatic control (49). Aripiprazole and

risperidone are currently the only antipsychotic drugs approved

by the Food and Drug Administration to treat irritability in ASD

(49, 51). Atypical antipsychotics are useful in managing poor

impulse control, aggression, and hyperactivity (49, 51). Other

medications often used include selective serotonin reuptake

inhibitors (SSRIs) and buspirone, which are used to manage

restrictive and repetitive behaviors (49). SSRIs may additionally

help reduce aggressive and irritable behaviors (49). Due to the

significant level of comorbid ADHD and ASD, ADHD symptoms in

patients with ASD-only or a comorbid diagnosis can be treated with

amphetamines, methylphenidate, atomoxetine, guanfacine, or

viloxazine (52, 53). Clonidine may also be used (49). Generally,

while these medications show improvement in attention and
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inhibition, they are less efficacious for managing symptoms of

inattention, impulsivity, and hyperactivity in comorbid ASD and

ADHD than in ADHD alone (49, 53).

Repetitive Transcranial Magnetic Stimulation (rTMS) has been

investigated for ADHD, ASD, and co-occurring ADHD and ASD,

with mixed results. For ADHD, studies suggest rTMS targeting the

dorsolateral prefrontal cortex (DLPFC) may improve attention and

executive functioning, however, larger trials are needed to confirm

efficacy (54–56). In ASD, rTMS has shown more consistent benefits.

Targeting the DLPFC has improved cognitive control, attention,

and task-relevant discrimination (54). Low-frequency rTMS

particularly improves behavioral outcomes, including better social

interaction and reduced repetitive behaviors (57, 58). In ASD, rTMS

is noted as an alternative for patients who are not suitable for

psychopharmacological treatments (57). For co-occurring ADHD

and ASD, research is still at a preliminary stage. The rTMS effects

would, of course, vary depending on the brain regions stimulated.

Depending on the configuration, DLPFC stimulation might

improve ADHD-related attention, its impact on ASD symptoms,

such as social cognition and behavioral regulation, remains less

clear and requires further investigation. Another future direction

for treatment of ADHD and ASD could include transcranial direct

current stimulation (tDCS) (59, 60). A systematic review studying

the effects of tDCS in ADHD and ASD was found to be at least

partially effective, opening an avenue for further research in

development of efficacious treatment modalities (59).
7 Discussion

This review gives an updated current overview of understanding

the characteristics of ASD and ADHD following updates in

diagnostic criteria in the DSM-5. It also displays the challenges

faced by clinicians today when considering comorbid ADHD and

ASD diagnoses. The manuscript explores subtleties in presentation

and outlines models that provide useful frameworks for

contextualizing the behaviors of patients with these conditions.

Additionally, this manuscript highlights the need for accurate

diagnosis for superior treatment results and improvement in

patients’ functional status.

The significant prevalence of ADHD and ASD, which continues

to increase, underscores the importance of understanding their

clinical symptomatology. The release of the DSM-5 saw several

changes, including that ADHD and ASD are no longer mutually

exclusive diagnoses. Subsequently, research has shown that the rates

of co-occurring diagnoses are high. In research performed before

the criteria changed, children with overlapping symptoms were

often excluded or poorly accounted for. After the criterion changed,

there has been an increase in literature comparing the two disorders

and analyzing individuals with comorbid diagnoses. However, there

still has not been enough, and many studies that have come out

have had conflicting results, making it difficult to come to well-

supported conclusions regarding symptomatology and treatment

options. Throughout a thorough review of the literature, authors
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often noted limitations in interpretation. In situations where

comorbid ADHD and ASD groups were analyzed, there was

difficulty in drawing significant conclusions as the number of

studies focusing on this group was limited. In studies that

analyzed ADHD-only versus ASD-only, results may be inaccurate

because there is an unknown number of comorbid diagnoses that

could have impacted results. Therefore, increasing research efforts

specifically analyzing individuals with both diagnoses is imperative.

Not only has scientific research not sufficiently caught up to

clinical decision-making, but another practical clinical

consideration that makes diagnosis challenging is that many

practicing clinicians are accustomed to thinking about these

conditions as discrete pathologies that may not overlap.

Introducing subtlety in adding a third diagnostic option,

comorbid ADHD and ASD, may add unforeseen complexity to

the decision-making model.

There are further challenges that clinicians need to take into

account when considering a proper diagnosis. Since ADHD and

ASD often present with similar behaviors, a challenge is posed for

clinicians to distinguish the two conditions when one is present

since both disorders share deficits in executive function, social

function, and emotional intelligence. Although ASD is thought of

as a more severe disorder because of its ability to limit an

individual’s functional capacity, ADHD may be diagnosed first

due if there are prominent deficits in executive functioning,

delaying the correct diagnosis. These deficits become very

apparent in school-age children and cause various issues, from

achievement in school to interactions with peers. Thus, deficits in

executive functioning can impact a child’s academic performance

and ultimately have life-long consequences. The most significant

deficits in executive function seen in ADHD are in inhibition and

sustained attention, which cause the majority of the dysfunction

and core features seen in ADHD as compared to neurotypical

children. The most consistent and prominent deficit in executive

function in individuals with ASD is in cognitive flexibility, leading

to many of the restrictive and repetitive thoughts and patterns of

behavior, as well as the difficulty seen with adapting to any changes

outside of their expected routine. A co-occurring diagnosis of

ADHD and ASD often leads to worse executive function. Mixed

symptoms require clinicians to meticulously differentiate between

ADHD’s attention deficits and ASD’s cognitive rigidity,

necessitating thorough evaluations from multiple sources. When

comparing the differences in executive function, it becomes

apparent that having a deep understanding and keen eye for

examining deficits in executive function can help clinicians

distinguish between diagnoses and consider a comorbid diagnosis

in an individual.

Children with ADHD display behaviors that are often socially

inappropriate, such as interrupting or not waiting their turn,

causing a poor reputation with their peers. The poor

interpersonal relationships caused by negative, unsocial behaviors

are often poorly understood by the individual with ADHD. The

social dysfunction seen in children with ASD is complex and

multifaceted. One component is a lack of positive, prosocial
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behaviors, such as eye contact and shared interests. Another

component is odd behaviors and poor nonverbal communication,

such as strange mannerisms, speech patterns, and self-soothing

behaviors. Without intervention, their poor social performance

increasingly isolates them from their peers as they age. However,

with intervention, children with ASD show more improvement in

social and executive functioning than ADHD peers. Difficulties with

emotion regulation and recognition are seen in both disorders,

which may hinder societal functioning and successful engagement

in complex social interactions. Once again, these difficulties are

magnified in those with co-occurring diagnoses.

Finally, despite the disorders looking different “on paper,”

clinicians may often find the diagnostic landscape challenging

when looking at the clinical presentations. Some features of ASD,

such as restricted interests and repetitive behaviors, may present as

inattention and hyperactivity, respectively. Given the criteria

changes present in the DSM-5, where ADHD and ASD are no

longer mutually exclusive diagnoses, another challenge clinicians

face is treating individuals with both disorders. These individuals

make up a unique group that, to date, has been poorly studied.

Those with comorbid ASD and ADHD have shown worse

functioning- showing deficits in communication, social skills,

adaptability, and skills of daily living. A comorbid diagnosis can

also exacerbate the symptoms of each disorder and result in a worse

functioning and quality of life than either ADHD or ASD alone.
8 Strengths and limitations

The primary limitation of this review was a lack of strong and

consistent research surrounding this topic in the current global

fund of knowledge. Since the comorbid diagnosis is a relatively new

phenomenon, there is an inherent lag in the public fund of

knowledge. Many of the articles reviewed had conflicting results

that at times were contradictory with one another. Furthermore,

despite the change in diagnostic criteria, there are still relatively few

studies that compare the symptoms of ADHD, ASD, and a

comorbid diagnosis of ADHD and ASD. This is an inherent

limitation due to the period of time in which this was

investigated. Another limitation of this study was locating quality

articles that allowed for objective comparison between children with

ADHD, ASD, comorbid ADHD and ASD, when compared to

neurotypical children. The addition of this control group would

likely provide useful insights into how children that have the

comorbid diagnosis truly compare to neurotypical children in a

measured way. The strengths in this review are that it shows an

adequate and up-to-date understanding of what the current

knowledge base holds.
9 Future directions

Looking to the future, as more children are diagnosed with both

ADHD and ASD, more research will ultimately help improve the
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lives of individuals with these neurodevelopmental disorders.

Specifically, during the review process, several gaps were

identified for future exploration. In terms of treatments, more

research is needed to determine if a comorbid diagnosis warrants

changes in treatment modalities aside from combining

pharmacology and non-pharmacological treatments that are

classically used in each disorder separately. The potential benefits

and risks of combined treatment approaches should be assessed.

Now that there is heightened attention to the possibility of a

comorbid diagnosis, future longitudinal studies on this topic

should be explored. Several ideas include tracking developmental

trajectories of children with comorbid diagnoses into adulthood to

figure out how symptom presentation changes. In the same line of

thought, functional outcomes such as relationships, employment,

and rates of independent living should also be investigated in this

particular population. Since care for children with these

presentations heavily relies on parental support, new

investigations on the experiences and obstacles that caregivers

face should be created to figure out how best to support families

and reduce caregiver stress and burnout. There is also room for

possible creation of new screening tests that may aid in

disambiguating what conditions the child may truly have. With

proper interest and funding, investigating this burgeoning topic of

interest can lead to a better understanding of not only the

comorbidity, but also enrich the community with a heightened

understanding of each separate pathology. It is imperative to closely

study how a co-occurring diagnosis changes functioning and

clinical manifestations to develop more focused assessments and

consider treatment plans carefully. In the clinical setting, clinicians

must conduct thorough and multidimensional evaluations to

customize treatments effectively. Collaboration between clinicians

and researchers is essential to addressing the growing need for

enhanced diagnostic accuracy and tailored interventions in

this population.
10 Conclusions

The overlap between ADHD and ASD poses a significant

challenge for clinicians in distinguishing the two conditions when

one is present. The DSM-5-TR’s recognition that ADHD and ASD

are no longer mutually exclusive diagnoses has led to increased

comorbid diagnoses, highlighting the need for more research in this

area. Both disorders share deficits in executive function, social

function, and emotional intelligence, with co-occurring ADHD

and ASD often leading to worse executive function. Social

dysfunction and difficulties with emotion regulation are also

prevalent in both disorders and are intensified in those with co-

occurring diagnoses. Lastly, a comorbid ADHD and ASD diagnosis

is recognized to be more severe for the individual, leading to a lower

quality of life than either disorder alone. These realities emphasize

the importance of continued research and understanding of

comorbid ADHD and ASD to improve diagnosis and treatment

for individuals who exhibit overlapping symptoms.
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Gutiérrez C. Establishing the relationship between attention deficit hyperactivity
disorder and emotional facial expression recognition deficit: A systematic review. J
Atten Disord. (2023) 27:1181–95. doi: 10.1177/10870547231154901

28. Rao PA, Landa RJ. Association between severity of behavioral phenotype and
comorbid attention deficit hyperactivity disorder symptoms in children with autism
spectrum disorders. Autism. (2013) 18:272–80. doi: 10.1177/1362361312470494

29. FactorRS, Ryan SM, Farley JP,OllendickTH, ScarpaA.Does the presence of anxiety
andADHDsymptomsadd tosocial impairment in childrenwithautismspectrumdisorder?
J Autism Dev Disord. (2017) 47:1122–34. doi: 10.1007/s10803-016-3025-9

30. Salley B, Gabrielli J, Smith CM, Braun M. Do communication and social
interaction skills differ across youth diagnosed with autism spectrum disorder,
attention-deficit/hyperactivity disorder, or dual diagnosis? Res Autism Spectr Disord.
(2015) 20:58–66. doi: 10.1016/j.rasd.2015.08.006

31. Farhat LC, Brentani H, de Toledo VHC, Shephard E, Mattos P, Baron-Cohen S,
et al. ADHD and autism symptoms in youth: a network analysis. J Child Psychol
Psychiatry. (2022) 63:143–51. doi: 10.1111/jcpp.13436

32. Mouti A, Dryer R, Kohn M. Differentiating autism spectrum disorder from
ADHD using the social communication questionnaire. J Attention Disord. (2019)
23:828–37. doi: 10.1177/1087054718781945
frontiersin.org

https://doi.org/10.1001/jama.2022.23661
https://doi.org/10.1017/S1092852916000262
https://doi.org/10.1017/S1092852916000262
https://doi.org/10.1007/s11920-019-1020-5
https://doi.org/10.1586/14737175.2013.840417
https://doi.org/10.1586/14737175.2013.840417
https://doi.org/10.3390/genes14030677
https://doi.org/10.1586/14737175.8.4.657
https://doi.org/10.1007/s12402-012-0086-2
https://doi.org/10.1007/s12402-012-0086-2
https://doi.org/10.1192/j.eurpsy.2023.1547
https://doi.org/10.3390/children11040473
https://doi.org/10.1016/j.cortex.2023.06.005
https://doi.org/10.1177/10870547231190494
https://doi.org/10.1177/10870547231190494
https://doi.org/10.1016/j.tins.2015.07.003
https://doi.org/10.1016/j.rasd.2021.101807
https://doi.org/10.1002/aur.v15.12
https://doi.org/10.3390/brainsci11050584
https://doi.org/10.3390/brainsci11050584
https://doi.org/10.1002/jcv2.12123
https://doi.org/10.1007/s10803-020-04852-2
https://doi.org/10.1002/aur.v11.1
https://doi.org/10.3389/fneur.2021.658823
https://doi.org/10.1177/13623613211065545
https://doi.org/10.1007/s10803-021-05150-1
https://doi.org/10.1007/s10802-022-00982-6
https://doi.org/10.1017/S0033291715002573
https://doi.org/10.1016/j.rasd.2011.05.009
https://doi.org/10.3389/fpsyt.2021.628252
https://doi.org/10.1177/10870547231154901
https://doi.org/10.1177/1362361312470494
https://doi.org/10.1007/s10803-016-3025-9
https://doi.org/10.1016/j.rasd.2015.08.006
https://doi.org/10.1111/jcpp.13436
https://doi.org/10.1177/1087054718781945
https://doi.org/10.3389/fpsyt.2024.1387179
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org


Martinez et al. 10.3389/fpsyt.2024.1387179
33. Craig F, Lamanna AL, Margari F, Matera E, Simone M, Margari L. Overlap
between autism spectrum disorders and attention deficit hyperactivity disorder:
searching for distinctive/common clinical features. Autism Res. (2015) 8:328–37.
doi: 10.1002/aur.2015.8.issue-3

34. Sprenger L, Bühler E, Poustka L, Bach C, Heinzel-Gutenbrunner M, Kamp-
Becker I, et al. Impact of ADHD symptoms on autism spectrum disorder symptom
severity. Res Dev Disabilities. (2013) 34:3545–52. doi: 10.1016/j.ridd.2013.07.028

35. Di Lorenzo R, Balducci J, Poppi C, Arcolin E, Cutino A, Ferri P, et al. Children
and adolescents with ADHD followed up to adulthood: a systematic review of long-
term outcomes. Acta Neuropsychiatr. (2021) 33:283–98. doi: 10.1017/neu.2021.23

36. French B, Daley D, Groom M, Cassidy S. Risks associated with undiagnosed
ADHD and/or autism: A mixed-method systematic review. J Atten Disord. (2023)
27:1393–410. doi: 10.1177/10870547231176862

37. Gargaro BA, Rinehart NJ, Bradshaw JL, Tonge BJ, Sheppard DM. Autism and
ADHD: How far have we come in the comorbidity debate? Neurosci Biobehav Rev.
(2011) 35:1081–8. doi: 10.1016/j.neubiorev.2010.11.002.

38. McKenzie A, Meshkat S, Lui LMW, Ho R, Di Vincenzo JD, Ceban F, et al. The
effects of psychostimulants on cognitive functions in individuals with attention-deficit
hyperactivity disorder: A systematic review. J Psychiatr Res. (2022) 149:252–9.
doi: 10.1016/j.jpsychires.2022.03.018

39. Shepard E, Sweeney C, Thompson L, Jacobs S, Grimm J, Weyandt LL.
Effectiveness of executive functioning training among heterogeneous adolescent
samples: A systematic review. Appl Neuropsychol Child. (2023) 12:327–43.
doi: 10.1080/21622965.2022.2106436

40. Smythe T, Scherer N, Nanyunja C, Tann CJ, Olusanya BO. Strategies for
addressing the needs of children with or at risk of developmental disabilities in early
childhood by 2030: a systematic umbrella review. BMCMed. (2024) 22:51. doi: 10.1186/
s12916-024-03265-7

41. Isfandnia F, El Masri S, Radua J, Rubia K. The effects of chronic administration
of stimulant and non-stimulant medications on executive functions in ADHD: A
systematic review and meta-analysis. Neurosci Biobehav Rev. (2024) 162:105703.
doi: 10.1016/j.neubiorev.2024.105703

42. Liang X, Li R, Wong SHS, Sum RKW, Sit CHP. The impact of exercise
interventions concerning executive functions of children and adolescents with
attention-deficit/hyperactive disorder: a systematic review and meta-analysis. Int J
Behav Nutr Phys Act. (2021) 18:68. doi: 10.1186/s12966-021-01135-6

43. Sun W, Yu M, Zhou X. Effects of physical exercise on attention deficit and other
major symptoms in children with ADHD: A meta-analysis. Psychiatry Res. (2022)
311:114509. doi: 10.1016/j.psychres.2022.114509

44. Huang H, Jin Z, He C, Guo S, Zhang Y, Quan M. Chronic exercise for core
symptoms and executive functions in ADHD: A meta-analysis. Pediatrics. (2023) 151.
doi: 10.1542/peds.2022-057745

45. Song Y, Fan B, Wang C, Yu H. Meta-analysis of the effects of physical activity on
executive function in children and adolescents with attention deficit hyperactivity
disorder. PloS One. (2023) 18:e0289732. doi: 10.1371/journal.pone.0289732

46. Yang G, Liu Q, Wang W, Liu W, Li J. Effect of aerobic exercise on the
improvement of executive function in children with attention deficit hyperactivity
disorder: a systematic review and meta-analysis. Front Psychol. (2024) 15:1376354.
doi: 10.3389/fpsyg.2024.1376354

47. Zhang M, Liu Z, Ma H, Smith DM. Chronic physical activity for attention deficit
hyperactivity disorder and/or autism spectrum disorder in children: A meta-analysis of
Frontiers in Psychiatry 12
randomized controlled trials. Front Behav Neurosci. (2020) 14:564886. doi: 10.3389/
fnbeh.2020.564886

48. Bombonato C, Del Lucchese B, Ruffini C, Di Lieto MC, Brovedani P, Sgandurra
G, et al. Far transfer effects of trainings on executive functions in neurodevelopmental
disorders: A systematic review and metanalysis. Neuropsychol Rev. (2024) 34:98–133.
doi: 10.1007/s11065-022-09574-z

49. Persico AM, Ricciardello A, Lamberti M, Turriziani L, Cucinotta F, Brogna C,
et al. The pediatric psychopharmacology of autism spectrum disorder: A systematic
review - Part I: The past and the present. Prog Neuropsychopharmacol Biol Psychiatry.
(2021) 110:110326. doi: 10.1016/j.pnpbp.2021.110326

50. Eckes T, Buhlmann U, Holling HD, Möllmann A. Comprehensive ABA-based
interventions in the treatment of children with autism spectrum disorder - a meta-
analysis. BMC Psychiatry. (2023) 23:133. doi: 10.1186/s12888-022-04412-1

51. Iffland M, Livingstone N, Jorgensen M, Hazell P, Gillies D. Pharmacological
intervention for irritability, aggression, and self-injury in autism spectrum disorder
(ASD). Cochrane Database Syst Rev . (2023) 10:Cd011769. doi: 10.1002/
14651858.CD011769.pub2

52. Rodrigues R, Lai MC, Beswick A, Gorman DA, Anagnostou E, Szatmari P, et al.
Practitioner Review: Pharmacological treatment of attention-deficit/hyperactivity
disorder symptoms in children and youth with autism spectrum disorder: a
systematic review and meta-analysis. J Child Psychol Psychiatry. (2021) 62:680–700.
doi: 10.1111/jcpp.13305

53. Martins PLB, Torquato GCP, Dias G, Leite IB, Gaspar TM, Pinto JP, et al.
Effectiveness of pharmacological interventions for managing ADHD symptoms in
individuals with autism spectrum disorder: A systematic review and meta-analysis.
Prog Neuropsychopharmacol Biol Psychiatry. (2024) 134:111089. doi: 10.1016/
j.pnpbp.2024.111089

54. Hauer L, Sellner J, Brigo F, Trinka E, Sebastianelli L, Saltuari L, et al. Effects of
repetitive transcranial magnetic stimulation over prefrontal cortex on attention in
psychiatric disorders: A systematic review. J Clin Med. (2019) 8. doi: 10.3390/
jcm8040416

55. Memon AM. Transcranial magnetic stimulation in treatment of adolescent
attention deficit/hyperactivity disorder: A narrative review of literature. Innov Clin
Neurosci. (2021) 18:43–6.

56. Rubia K, Westwood S, Aggensteiner PM, Brandeis D. Neurotherapeutics for
attention deficit/hyperactivity disorder (ADHD): A review. Cells. (2021) 10.
doi: 10.3390/cells10082156

57. Kang J-N, Song J-J, Casanova MF, Sokhadze EM, Li X-L. Effects of repetitive
transcranial magnetic stimulation on children with low-function autism. CNS Neurosci
Ther. (2019) 25:1254–61. doi: 10.1111/cns.v25.11

58. Massoni L. Transcranial magnetic stimulation (TMS) and transcranial direct
current stimulation (TDCS) in autism spectrum disorder. Med Discoveries. (2024)
3:1107. doi: 10.52768/2993-1142/1107

59. Salehinejad MA, Ghanavati E, Glinski B, Hallajian AH, Azarkolah A. A
systematic review of randomized controlled trials on efficacy and safety of
transcranial direct current stimulation in major neurodevelopmental disorders:
ADHD, autism, and dyslexia. Brain Behav. (2022) 12:e2724. doi: 10.1002/brb3.v12.9

60. Leffa DT, Grevet EH, Bau CHD, Schneider M, Ferrazza CP, da Silva RF, et al.
Transcranial direct current stimulation vs sham for the treatment of inattention in
adults with attention-deficit/hyperactivity disorder: the TUNED randomized clinical
trial. JAMA Psychiatry. (2022) 79:847–56. doi: 10.1001/jamapsychiatry.2022.2055
frontiersin.org

https://doi.org/10.1002/aur.2015.8.issue-3
https://doi.org/10.1016/j.ridd.2013.07.028
https://doi.org/10.1017/neu.2021.23
https://doi.org/10.1177/10870547231176862
https://doi.org/10.1016/j.neubiorev.2010.11.002
https://doi.org/10.1016/j.jpsychires.2022.03.018
https://doi.org/10.1080/21622965.2022.2106436
https://doi.org/10.1186/s12916-024-03265-7
https://doi.org/10.1186/s12916-024-03265-7
https://doi.org/10.1016/j.neubiorev.2024.105703
https://doi.org/10.1186/s12966-021-01135-6
https://doi.org/10.1016/j.psychres.2022.114509
https://doi.org/10.1542/peds.2022-057745
https://doi.org/10.1371/journal.pone.0289732
https://doi.org/10.3389/fpsyg.2024.1376354
https://doi.org/10.3389/fnbeh.2020.564886
https://doi.org/10.3389/fnbeh.2020.564886
https://doi.org/10.1007/s11065-022-09574-z
https://doi.org/10.1016/j.pnpbp.2021.110326
https://doi.org/10.1186/s12888-022-04412-1
https://doi.org/10.1002/14651858.CD011769.pub2
https://doi.org/10.1002/14651858.CD011769.pub2
https://doi.org/10.1111/jcpp.13305
https://doi.org/10.1016/j.pnpbp.2024.111089
https://doi.org/10.1016/j.pnpbp.2024.111089
https://doi.org/10.3390/jcm8040416
https://doi.org/10.3390/jcm8040416
https://doi.org/10.3390/cells10082156
https://doi.org/10.1111/cns.v25.11
https://doi.org/10.52768/2993-1142/1107
https://doi.org/10.1002/brb3.v12.9
https://doi.org/10.1001/jamapsychiatry.2022.2055
https://doi.org/10.3389/fpsyt.2024.1387179
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

	Unraveling the spectrum: overlap, distinctions, and nuances of ADHD and ASD in children
	1 Introduction
	2 DSM criteria change
	3 Areas of impacted functioning
	3.1 Executive function
	3.2 Social functioning
	3.3 Emotional intelligence

	4 Masquerading symptoms
	5 Presenting symptoms in co-occurring ADHD and ASD
	6 Treatments and interventions
	7 Discussion
	8 Strengths and limitations
	9 Future directions
	10 Conclusions
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


