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Abstract: Attention-deficit/hyperactivity disorder (ADHD) is the most common neurodevelopmental

disorder in childhood with persistence into adulthood. It has a multifactorial etiology. Its chronicity,

if diagnosis is missed or delayed, will result in significant negative impact on the individual’s overall

functioning and development. With the revised diagnostic criteria released in 2013 by the American

Psychiatric Association, established standards of clinical practice continue to be applicable and valuable in

the diagnosis and management of ADHD. In older children and adolescents, it is important to differentiate

what is developmentally appropriate from problematic as ADHD has high correlation with poor outcomes,

comorbidities, and low quality of life.
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Introduction

Attention-deficit/hyperactivity disorder (ADHD) is a
complex, chronic, and heterogenous developmental disorder
with typical onset in childhood and known persistence into
adulthood. It is the most common neurodevelopmental
disorder with significant impact on the affected individual’s
personal, social, academic, and occupational functioning and
development. The levels of impairment are brought about
by persistent displays of inattention, disorganization, and/
or hyperactivity-impulsivity. In the absence of biological
markers, the revised diagnostic criteria mainly focus on
behavioral problems with new emphasis on manifestations
in adolescents and young adults. Understanding the
multifactorial risk factors associated with ADHD is
necessary. Evidence-based recommendations highlight
the importance of conducting a clinical interview and
utilizing other approaches in aiding in diagnosis, especially
if informants are not readily available or inconsistent. This
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review article highlights the revised diagnostic criteria,
epidemiology, risk factors, and approaches to evaluation
needed in assessing youth with ADHD.

Diagnostic criteria

In 2013, the Diagnostic and Statistical Manual of Mental
Disorders (DSM)-5" edition (DSM-5) diagnostic criteria for
ADHD was revised to increase reliability in diagnosis (1).
The fundamental feature of persistent impairment due to or
combination of inattention, hyperactivity, and impulsivity, is
essential in diagnosis (1). The nomenclature for ADHD has
particularly evolved from conditions such as hyperkinetic
disease in the 1900s and minimal brain dysfunction (DSM-I)
which was coined by the Oxford International Study Group
of Child Neurology in the 1970s. With the recognition
of attention as an essential feature, the condition was
renamed to hyperactive reaction of childhood (DSM-II),
then attention deficit disorder with or without hyperactivity
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Table 1 Diagnostic features of ADHD (adapted from DSM-5)

Hyperactivity and impulsivity
Fidgets excessively
Cannot stay seated when required (i.e., classroom, work)
Feels restless
Cannot play quietly
Always “on the go”; seems to be “driven by a motor”
Talks excessively
Impatiently blurts out answers without finishing question
Cannot await turn
Interrupts, intrudes, or takes over others’ doing
Inattention
Fails to pay attention to details, makes careless mistakes
Cannot sustain attention in work or play
Does not seem to listen when spoken to
Cannot follow instructions, fails to complete work
Cannot organize tasks and activities

Avoid tasks that require concentration like reviewing lengthy
papers

Loses things needed for tasks and activities
Gets distracted by extraneous stimuli like unrelated thoughts

Forgetful in daily activities such as paying bills and keeping
appointments

ADHD, attention-deficit/hyperactivity disorder.

(DSM-I1I), and currently as ADHD (DSM-III-R) (2,3).

The core symptoms for the two domains (inattentive and
hyperactive/impulsive) remain the same as outlined in Zizble 1,
with more detailed descriptions of how symptoms can present
in adolescents >17 years old and adults included (1). While the
norm has been 6 (or more) symptoms in younger adolescents
and children, at least 5 symptoms in either domain must be
present to make the diagnosis in older adolescents and adults.
All symptoms must be present in at least two settings, and
must clearly impact functioning. Accurate diagnosis allows
for timely and appropriate intervention (1,4). In adolescence,
the presentation can vary, and the most noticeable symptom,
hyperactivity, tends to decrease during this developmental
period (5,6), though symptoms of inattention, impulsivity,
restlessness, and disorganization persist and become more
obvious (1,5-7).

Due to inaccurate recall of ADHD symptoms at younger
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ages and later presenting inattentive manifestations, the
criterion for age-of-onset for ADHD symptoms was
increased from age 7 to 12 years. This extension allows
for increased diagnosis in more youth experiencing
significant impairment (8). Several longitudinal studies
have demonstrated that ADHD persists in many
patients throughout adolescence and adulthood (9).
Previously, ADHD and autism spectrum disorder could
not be diagnosed together, but the DSM-5 now allows
diagnosis of both conditions. Lastly, while the DSM-IV
classifies “subtypes” of ADHD (combined, inattentive, or
hyperactive/impulsive), the DSM-5 instead distinguishes
these as “presentations” to reflect that current predominant
symptomatology can change. For example, a child given
the diagnosis of ADHD, predominantly hyperactive, when
older, may manifest more inattentive symptomatology (4).
Whether or not late-onset ADHD exists as a separate
diagnostic entity remains to be determined (10). If the
youth has fewer impairing symptoms in the past 6 months,
partial remission should be specified. Current severity
can be described as mild, moderate, or severe relying on
symptoms present that result in functional or occupational
impairment (1).

Inattention and impulsivity can be difficult to distinguish
from typical age-appropriate behavior (11). ADHD
can affect function at home, school, social gatherings,
extracurricular, and job settings. With academic impact,
adolescents with ADHD are at risk of not graduating high
school or college, and will have difficulty sustaining good
relationships with peers (12). Youths with ADHD are
vulnerable to risk-taking behaviors, such as tobacco, alcohol,
and drug use, compared to their typically developing
peers, with significantly higher predilection in developing
substance use disorders (13). One study found that risky
sexual behaviors are likely in adolescents with ADHD and
comorbid conduct problems (14).

Epidemiology

Estimates of the prevalence of ADHD vary worldwide.
The American Psychiatric Association estimated that
5% of children have ADHD with lower prevalence in
adults (1). A 2015 meta-analysis of 179 prevalence estimates
determined an overall pooled estimate of 7.2% (15). From
a nationally representative data of children and adolescents
in the United States, there is apparent increase of ADHD
diagnosis in two decades from 6.1% in 1997-1998 to 10.2%
in 2015-2016 (16). Recent estimates by the Centers for
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Disease Control and Prevention (CDC) found 6.1 million
American children (9.4%) between the ages of 2-17 years
had ever been diagnosed with ADHD, with approximately
half belonging to ages 12—17 years (17). Rates have
also been found to vary greatly by geographic region:
Midwest (12.2%), South (11.1%), Northeast (10.3%), and
West (7%) (16), and by state: Arkansas is estimated at
17.0%, while in Nevada, is it 5.6% (17).

There are some gender differences to consider when
diagnosing ADHD with more males being diagnosed than
females (ratio 2:1) (16). Males are more likely to manifest
with hyperactive/impulsive symptoms, while females are
more likely to have inattentive symptoms (18). With the
extended age-of-onset criterion, prevalence of females
with ADHD can potentially increase (8). Recent evidence
suggests that notably increased emotional or behavioral
problems must be seen in girls with ADHD before they
meet criteria for the disorder (19). Additionally, parental
perceptions of ADHD symptoms can differ based on the
patient’s gender (19).

Racial/ethnic disparities exist in children and
adolescents diagnosed with ADHD. The prevalence
observed in the 20-year period identified 12.8% of non-
Hispanic black, 12% of non-Hispanic white, and 6.1% of
Hispanic youth diagnosed with ADHD (16). These rates
are similar to recent reports from the CDC (17). When
controlling for socio-demographics, ADHD symptoms,
and comorbidities, African-American and Latino children
were less likely to be diagnosed with ADHD and be
medicated (20). Future screening materials and diagnostic
criteria may need to account for these gender and racial/
ethnic differences.

Variability of ADHD prevalence estimates could be
due to methodological differences (21). A 2014 meta-
regression analysis found no evidence to support the
increasing number of children diagnosed with ADHD when
standardized diagnostic procedures are followed (21). Cross
cultural differences can also help explain the variability in
prevalence. There is a tendency for parents to over-report
symptoms in some countries (22,23). Providers should
consider differences in cultural beliefs and expectations
of behavior when collecting parental symptom reports.
Most epidemiological studies to date focus on younger
children with ADHD, with a lack of emphasis on studies
in adolescents and adults (22,23). Further studies in these
populations can help determine how often ADHD persists
into adolescence and adulthood.
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Risk factors

With the heterogeneity of ADHD, multiple risk factors
have been identified as shown in 7zble 2. There is
known increased genetic predisposition in the affected
individual as observed in multiple family and twin studies.
Candidate gene association studies had found dopamine
D4 receptor gene (DRD4) and DRDS variants with
consistent associations with ADHD in several meta-analysis
studies (24). There are several genome wide association
studies in the early phases of discovery. One recent meta-
analysis reported on 12 independent genome-wide
significant loci and found that FOXP2 in chromosome
7 correlates with ADHD (25). While these loci do not yet have
any identified diagnostic or clinical utility results, future studies
in the neurobiology of ADHD may help elucidate the etiology
of ADHD. From the same meta-analysis, genetic associations
with other psychiatric conditions, such as major depressive
disorder and risky behaviors like smoking have been observed,
though these cannot be generalized to all settings (25).

Identifying true causality of environmental risk factors
for ADHD is difficult, as associations may be observed
with several affecting variables. One of the known risk
factors is related to maternal health during pregnancy,
including maternal use of substances such as cigarettes and
alcohol. Though evidence is inconclusive due to uncertain
nature and level of exposure in-utero and the outcomes of
having an offspring with ADHD. Exposure to toxins such
as heavy metals (i.e., lead, mercury) and chemicals (i.e.,
organophosphate pesticides) has been implicated as well
with growing evidence of strong linkage with ADHD. The
role of nutrition in ADHD etiology has been widely studied
with increased supportive literature of low zinc levels and
omega-3 fatty acid levels found in ADHD individuals (24,26).

There is a positive association between media use and
ADHD-related behaviors (26,27). Screen-based media
consumption can adversely affect sleep-wake cycles and
sleep duration (28). Internet addiction, increased media
usage, poor sleep-wake cycles, and internet gaming
have all been associated with ADHD among adolescents
(29-31). Further research is required to determine
whether the relationship between use of digital media and
subsequent ADHD symptoms is causal (32).

Evaluation

Evaluating a child or adolescent with ADHD requires
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Table 2 Risk factors associated with ADHD symptoms

Genetic risk factors
Dopamine receptor genes (DRD4, DRDS5)
Dopamine transporter gene (DATT)
Gene encoding O methyl transferase (COMT)
Non-genetic/environmental risk factors
Adversity
Low socioeconomic status
Victimization
Child-parent attachment
Family discord
Intra/interpersonal violence exposure
Toxin exposure
Lead
Organophosphate pesticides
Polychlorinated biphenyls
Prenatal
Maternal cigarette smoking
Maternal alcohol use
Maternal stress
Maternal use of illicit drugs
Perinatal
Prematurity
Low birth weight
Nutritional
Sugar
Zinc
Food colorings
Magnesium

Polyunsaturated fatty acids (omega-3)

ADHD, attention-deficit/hyperactivity disorder.

awareness of evidence-based practices, time availability,
and access to materials to conduct the evaluation. The goal
is to obtain necessary information about the medical and
neurodevelopmental heath in relation to the individual’s
education and psychosocial status and impairment.

In 2007, the American Academy of Child and Adolescent
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Psychiatry (AACAP) released its official action on practice
parameters for assessment and treatment of youth with
ADHD consistent with DSM-IV-TR terminologies. The
AACAP recommends mandatory screening for ADHD during
mental health evaluations and highlights the significance of
clinical interviews with recommendations of assessing for
comorbid psychiatric disorders (33). In 2010, the European
Network Adult ADHD published its consensus statement on
diagnosis and treatment ADHD in adults with recognition of
its negative impact on the adult’s quality of life 34).

The recently updated clinical practice guidelines by the
American Academy of Pediatrics (AAP) provides evidence-
based recommendations in the diagnosis, evaluation, and
treatment of ADHD in children and adolescents (35). The
key action statements emphasize the role of the clinician
in initiating evaluation for ADHD in any child age 4 and
up with concurrent functional impairments secondary
to existing core symptoms, using the diagnostic criteria
while assessing potential physical, emotional, or behavioral
comorbidities. It also emphasizes recognizing affected youth
as those having special health care needs, and following
treatment recommendations from initiation to titration and
maintenance of appropriate medications and recommending
psychosocial treatments (35). Revisions of existing
guidelines by the AACAP are underway and the Society for
Developmental and Behavioral Pediatrics will be releasing
its own recommendations on “complex ADHD” soon.

The evaluative process generally begins with the parent
or caregiver seeking evaluation for concerns related, but
not limited, to poor academic performance or disruptive
behaviors. These concerns either originate in the home, or
are relayed to the caregivers by other personnel overseeing
the child in educational or daycare environments. The
clinician is expected to assess the presenting concerns and
usually proceeds with gathering more information and using
validated scales. One may opt to referral to the specialist.
While there are no published studies comparing approaches
in different clinical settings in diagnosing ADHD, one
study looked at developmental-behavioral pediatricians in
academic settings and found that the specialists used rating
scales in addition to at least 1 developmental or academic
skills evaluation, and made at least 1 diagnosis of a comorbid
condition (36).

Clinical evaluation

Evaluation usually starts with a comprehensive clinical
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Table 3 Coexistence of other conditions in individuals with ADHD

Comorbid

Conditions

Genetic Fragile X syndrome
Klinefelter syndrome
Neurofibromatosis |

Inborn errors of metabolism
22911 deletion syndrome
Medical Anemia

Lead intoxication

Fetal alcohol syndrome
Tics

Sleep apnea

Seizure disorder
Psychiatric Adjustment disorder

Anxiety disorder

Depressive disorder
Oppositional defiant disorder
Conduct disorder

Substance use disorder
Neurodevelopmental Autism spectrum disorder
Learning disorders

Intellectual disabilities

Language disorders

ADHD, attention-deficit/hyperactivity disorder.

interview asking about the youth’s medical, developmental/
behavioral, family, and social histories. Important
aspects of the medical history must include infectious
or drug exposures in-utero, any pregnancy and delivery
complications, medication usage, chronic medical
conditions, and previous assessment of hearing and vision
abilities. The clinician should document developmental
skills and challenges of the youth (particularly language,
motor, and academic) and inquire into educational
routine disruptions or significant absences. Due to the
strong genetic predisposition of ADHD, family members
with ADHD and other neurobehavioral disorders must
be determined. Family-related impairments during
ADHD assessments may be due to other factors such as
developmental maladjustment (37). Social history should
reflect concerns with school, work, and relationships with
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peers. Query on traumatic and adverse life events and
disruptions to routine such as home or school moves and
impactful loss or death of loved ones or pets must be done.
Confidential interview with the adolescent may reveal risky
health and sexual behaviors. Asking about sleeping and
eating habits is important especially if one is considering
medication treatments for ADHD.

One of the challenges in diagnosing ADHD in
adolescents is that while they may exhibit significant
impairment, they may not meet diagnostic criteria. Also,
retrospective self-report by adolescents is comparable
to parents’ recall of childhood symptoms (6). While
adolescents have been found to be reliable self-reporters,
they can have the tendency to underreport symptoms (38).
Parents may also underreport symptoms as they tend to
spend less time with adolescents than younger children (7).
Observation of parent-adolescent interactions can also
provide supporting information in evaluating ADHD.

Aside from parents, reporting of behaviors in the form
of rating scales must be obtained from various sources
including teachers, after school program staff, coaches,
and employers for working adolescents. Review of prior
report cards can also be helpful in establishing age of
onset and mapping a trajectory of symptoms (39). A
narrative summary produced by the school attended by
the youth typically includes behavioral observations and
functional impairments at baseline. Subsequent narrative
reports are useful in understanding interventions and
accommodations in place as part of assessing treatment
progress. Psychological testing is often not required during
the routine ADHD evaluation, but may be necessary in
sorting out comorbid conditions such as learning or other
emotional disorders.

It is especially important to determine whether
symptoms and problems are due to other potential causes.
It is essential to screen for other disorders and factors
that may contribute to ADHD-like symptoms, including
poor sleep, depression, anxiety, learning disorders, and
substance use disorder. Table 3 enumerates the different
comorbidities that need to be identified in youth being
evaluated for ADHD (1,40). Persistence of symptoms in
adolescence and adulthood is significantly associated with a
more severe presentation and comorbid mood, conduct, and
substance use disorders (41,42). Screening for substance use
is especially important in this population as persistent and
adult forms of ADHD are often comorbid with substance
use (41). Evaluation entails more than one office visit
making it necessary for continued screening of risky and
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unsafe behaviors in all youth with ADHD.

Anthropometric measurements, such as weight, height,
and body mass index, and vital signs, must be documented
at every visit to monitor growth and pubertal development.
Using age appropriate guide for blood pressure and
pulse rate measurements is mandatory especially when
the youth will be starting medications, particularly
stimulants. The physical examination must always include
a complete neurologic assessment. Close attention to any
neuro-cutaneous and dysmorphic features is necessary,
as certain genetic syndromes, like fragile X syndrome,
neurofibromatosis, tuberous sclerosis, and 22q11 deletion
syndrome, have high likelihood of presenting with ADHD-
like manifestations (43).

Assessment scales/checklists

ADHD assessment scales/checklists are useful in providing
more information about the youth’s problematic behaviors
in confirming the diagnosis of ADHD. These are the most
commonly used tools for assessment in different settings
due to its ease. The 2019 AAP guidelines recommend
that clinicians utilize validated rating scales to assist in the
initial diagnosis, assessment for comorbid conditions, and
monitoring of treatment progress (35). When choosing
which rating scale to utilize, it is necessary to be aware of
its limitations and variance in their normative data despite
established validity, and results should be supplemental
and must be interpreted in the context of integrating
all the information about the individual being assessed.
Table 4 shows the different specific/narrow-band and global/
broadband rating scales that are available (40,44).
ADHD-specific scales are also referred to as narrow-
band scales because of its focus mainly on the ADHD
core symptoms. Their validity is dependent on the child’s
age, what rating scale is being used, and the information
provided by the source, either parent or teacher. The
adolescent can be the informant as well (40,44). One
of the widely used tools is the Conners rating scales
(CRS), found to be reliable and valid in rating ADHD
symptoms and in identifying comorbid conditions like
oppositional defiant disorder (23). On the other hand,
ADHD-global scales also referred to as broadband scales,
uses a wider assessment including possible internalizing
and externalizing behaviors. However, compared to the
narrow-band scales, these have lower sensitivity and
specificity in establishing the diagnosis, hence not a
strong recommendation by the AAP (45). Although some
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studies had concluded that broadband scales, like the Child
Behavior Checklist (CBCL) which covers the variable facets
of childhood ADHD psychopathology, can be used for
accurate diagnosis of ADHD. In a systematic review and
meta-analysis looking at diagnostic accuracy of rating scales,
the broadband CBCL-attention problem (CBCL-AP) and
narrow-band CRS-revised (CRS-R) were both found to
be comparable in their sensitivity and sensitivity in aiding
diagnosis (46).

Continuous performance tests (CPTs)

Despite perceived limited sensitivity, specificity and validity,
CPTs have been found to be strong and consistent tests with
reliable results when determining the presence or absence
of ADHD in the youth after inconclusive rating scales (47).
There are several CPTs available with continued research in
this field.

The test of variables of attention (TOVA®) is a lengthy
computerized test that records one’s responses to visual
or auditory stimuli and calculates results in comparison to
matched non-ADHD and ADHD samples. In conjunction
with the clinical interview and testing scales, it provides a
comprehensive understanding of significant functioning
impairment. TOVA can be used in all age groups (48). A
similar test software is the integrated visual and auditory
attention (IVA) with reported sensitivity of 92% of
identifying children ages 7 to 12 years having ADHD (49).
The Qbtest is a novel, commercially available computerized
assessment combining CPT and high-resolution motion-
tracking system. It provides an objective measurement of
the core symptoms, but must be used in conjunction with
the rest of the clinical evaluation (50).

Hall et al. conducted a systematic review on the clinical
utility of commercially available CPTs and found that
TOVA had the most evidence-based use clinically over IVA
and Qbtest. They have noted that having objective activity
measures and CPTs may be of value. More needs to be
studied in CPT5 role in pharmacologic treatment (51).

Electroencephalography (EEG)

Since ADHD is a known neurodevelopmental disorder,
analyzing the brain’s electrical activity was thought to
be promising. Almost 80 years ago, children found to be
hyperactive, impulsive, and highly variable were found to have
particular EEG findings in the fronto-central sensors (52).
In a systematic review on the utility of quantitative EEG,
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Table 4 Available ADHD-specific and broadband rating scales

Name of tools by author(s) Year published

Normative data by age Cost

Specific/narrow-band

ADHD-RS-V by DuPaul et al. 2016
ADDeS-4 by McCarney and Arthaud 2013
CRS-3 by Conners 2008
SNAP by Swanson 2007
CAT-C by Bracken and Boatwright 2007
VARS by 'NICHQ 2002
BADDS by Brown 1996 & 2001
SKAMP by Swanson et al. 1992
ACTeRS by Ullman et al. 1986
Global/broadband
BASC-3 by Reynold and Kamphaus 2015
Achenbach/CBCL by Achenbach 2001

5to 18 years

4 to 18 years

3to 18 years
Self-report (12-18 years)

5to 11 years Free

81to 18 years $

6 to 12 years Free
Preschooler (3-7 years) $

School-age (8-12 years)
Adolescent (12-18 years)
Adult (=18 years)
Self-report (>12 years)
7 to 12 years

4 to 14 years $
2 to 21 years $
6 to 18 years Free

Disclaimer: not an exhaustive list. ', National Institute for Children’s Health Quality; $, cost varies depending on source and subscription.
ADHD, attention-deficit/hyperactivity disorder; ADHD-RS-V, ADHD rating scale-5; ADDeS-4, attention deficit disorder evaluation scale, 4"
edition; CRS-3, Conners rating scales-3; SNAP, Swanson, Nolan and Pelham; CAT-C, clinical assessment of attention deficit-child; VARS,
Vanderbilt ADHD rating scale; BADDS, brown attention-deficit disorder scales; SKAMP, Swanson, Kotkin, Agler, M-Flynn, and Pelham
scale; ACTeRS, ADD-H comprehensive teacher’s rating scale, 2" edition; BASC-3, Behavior Assessment System for Children, 3" edition;

CBCL, Child Behavior Checklist.

studies have described higher theta/beta ratio in ADHD
patients compared to healthy controls (53). However, this is
not routinely recommended in ADHD diagnosis, although
the US Food and Drug Administration did approve a medical
device, called Neba®, that uses EEG testing in “diagnosing
children and adolescents ages 6 to 17 years (54). One review
looked at the role of EEG as a diagnostic tool for ADHD
which was determined to be questionable, yet recognizing
the potential utility with continued technological
advancements (55).

Neuroimaging

Magnetic resonance imaging (MRI) has been used in
determinations of brain finding in ADHD. Initially
reductions in the basal ganglia volume and changes in shape
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have been described, while later studies have also noted
changes in the cerebellum and frontal lobe regions (2). One
recent study found widespread differences in terms of lower
surface area and thickening in the frontal cortical areas of
children with ADHD, but not of affected adolescents and
adults (56). On functional MRI, one review study noted that
affected children and adolescents show hypoactivation in
frontal regions, with certain areas hyperactivated thought
be a compensatory mechanism as a result of the abnormal
fronto-striatal systems. There is also evidence showing
parietal and temporal regional dysfunction in ADHD (57).
Majority of these findings have been described from male
population, with very limited longitudinal studies looking
into the neurobiology of females. However, there are
inconsistencies with neuroimaging and results should be
interpreted in the context of the affected individual (57).
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Summary

ADHD continues to be a highly prevalent neurodevelopmental
disorder with multiple identified risk factors. The
significant impairment in different aspects of the affected
individual’s life is pronounced and well established. There
is no single test that is definitive and evaluation entails a
multi-step process that can be time consuming. The clinical
interview is the most important step of the evaluation,
yet can be challenging with unreliable and unavailable
informants. Different evaluative methods, such as CPTs and
neuroimaging, may be valuable in validating the diagnosis
of ADHD. With the revised diagnostic criteria, there is
potential increase in identifying adolescents and adults with
hopes in receiving prompt treatment to allow better quality
of life.
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