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Abstract

Purpose of Review Attention-deficit/hyperactivity disorder (ADHD) is a heterogeneous and complex neurodevelopmental
disorder related to disruptions in various neuronal structures and pathways, dopamine (DA) transporter, and receptor genes,
resulting in cognitive and regulation deficits. This article reviews recent research on the biological mechanisms and markers,
clinical manifestations, treatments, and outcomes of adult ADHD as well as current controversies within the field.

Recent Findings New research identifies white matter disruptions in multiple cortical pathways in adults with ADHD. New
treatments for ADHD in adults such as viloxazine ER have shown preliminary effectiveness in addition to research showing
transcranial direct current stimulation can be an effective treatment for adults with ADHD.

Summary Although questions exist about the effectiveness of current assessments of and treatments for adult ADHD, recent
findings represent a step towards improving the quality of life and outcomes for individuals experiencing this life-long,

chronic health condition.
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Introduction

Attention-deficit/hyperactivity disorder (ADHD) is a het-
erogeneous and complex neurodevelopmental disorder that
represents the extreme end of a bell curve on several traits
(i.e., distractibility, sustained attention, inhibition, and self-
regulation). The diagnosis of ADHD depends heavily on
reports of symptoms from self, parents, significant others/
friends, or teachers. There currently do not exist laboratory
tests that can reliably predict ADHD. Clinical manifesta-
tions of ADHD in adulthood are heterogeneous and disrupt
social, occupational, and educational functioning [1]. While
prevalence rates of ADHD are sensitive to source and how
information is collected, the disorder affects 366.33 million
adults globally and 19.86 million individuals (5.2% of the
adult population) in the USA [2e, 3]. ADHD appears highly
heritable with estimates ranging up to 74% attributed to
genetic causes with the effects of each individual gene being
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relatively small [4, 5]. ADHD is associated with an average
11.1-year reduction in life expectancy and impairment in
several other domains (e.g., employment, see Table 1) [6ee,
7]. ADHD symptoms appear related to disruptions to the
dopamine (DA) transporter and receptor genes [8]. Poly-
morphisms within the DRDS, DRD2, and DRD4 transporter
genes are associated with ADHD. Disruptions in these trans-
porters relate to motivational changes [8, 9]. Norepinephrine
and structural changes to the prefrontal cortex, corpus stria-
tum, cerebellum, and various white matter pathways have
also been implicated in the pathophysiology of ADHD [10].

Clinical Manifestations and Outcomes

ADHD symptoms had been traditionally child-focused but
more attention was brought to the manifestation of adult
ADHD starting in the DSM-5. Characteristic clinical symp-
toms of ADHD are inattention, hyperactivity, and/or impul-
sivity [1]. The median age of onset (i.e., first diagnosis) of
ADHD is six years old [11]. Various studies have found
that about half of children with ADHD continue to meet
criteria into adulthood, including 366.33 million adults
globally and 19.86 (5.2%) million adults in the USA [2e,
3]. Research indicates that four main factors are associated
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Table 1 Functional impairment in adults with ADHD [6ee, 7, 18]

Impairment ADHD group Control group
Ever fired from employment 55% 23%
Have a savings account 52% 70%
Close friends 4 54
Retained in grade 42% 13%
Suspended during high school ~ 60% 18%
Special education during high ~ 44% 10%
school
Grade point average 1.8 2.4
Graduated high school 68% 100%
Years of education 12 13.4
Enrolled in college 21% 78%
Currently full-time student 15% 66%
Attending university 23% 73%
Homelessness 13% 3%
Quality of dating relationships ~ 1.70 2.10
Marital satisfaction 33.97 39
Divorce 28% 15%
SES 22 1.7
Life expectancy 11.1-year reduction
Tickets for traffic violations 5.1 2.1
License suspensions or revoca- 1.1 0.3
tions
Speeding tickets 1.6 1.2

All comparisons were significant. Life expectancy reduction in child-
hood ADHD that persists into adulthood as compared to controls.
SES socio-economic status, higher scores indicating worse SES

with the persistence of ADHD from childhood to adulthood:
severity of childhood ADHD (OR 2.33,95% CI = 1.6-3.39),
treatment for ADHD in childhood (OR 2.09, 95% CI =
1.04—-4.18), comorbid conduct disorder in childhood (OR
1.85, 95% CI = 1.06-3.24), and comorbid major depres-
sive disorder in childhood (OR 1.8, 95% CI = 1.1-2.95)
[12]. Adults with ADHD are more likely than children with
the condition to experience sleep problems [13]. Similar
to childhood ADHD, adults with ADHD experience fre-
quent comorbid mental health conditions and impairments
in various domains of life (i.e., social, occupational, and
educational), and demonstrate an increased risk for suicidal
ideation and self-harm especially at high levels of impulsiv-
ity [6ee, 14]. Adults with ADHD have significantly higher
odds of dying from suicide or accidents than those without
ADHD (adjusted odds ratio = 1.78, 95% confidence inter-
val = 1.01, 3.12); experience higher rates of being fired
from employment (55% compared to 23%); have fewer
close friends (4 compared to 5); enroll in college at lower
rates (21% compared to 78%); lower marital satisfaction;
and more economic and housing instability [6ee, 15, 16].
Specifically, research shows ADHD is associated with high
divorce rates, lower intimacy and marital satisfaction, and
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poorer relationship skills [17]. Research suggests ADHD has
a correlation with poor school performance including lower
test scores and grade point averages—thereby potentially
leading to lower employability [18]. Finally, individuals with
ADHD experience high rates of justice system involvement,
traumatic brain injuries, and accelerated rates of brain age-
ing [19-21]. Taken together, ADHD, especially if untreated,
represents significant economic, personal, and social risks to
individuals and downstream costs to society.

Diagnosis of ADHD in Adulthood

ADHD in adults may manifest differently than in children/
adolescents. For example, while children with ADHD may
run and climb at inappropriate times, adults with ADHD
may experience general internal restlessness. Furthermore,
while children with ADHD may experience consequences in
school for not following rules due to their inattention, adults
with ADHD and subsequent inattention result in greater
consequences (e.g., job loss). As a realization that ADHD
symptoms may start later and may persist into adulthood,
the DSM-5 and 5-TR criteria for ADHD have been modified.
For example, Criterion B (age of onset) was change from 7
to 12 years old, examples of how symptoms may manifest in
adulthood were provided (e.g., difficulty with duties in the
workplace, easily distracted by unrelated thoughts, forget-
ful in paying bills, take over what others are doing), and a
reduction from 6 to 5 symptoms required in order to meet
criteria for ADHD [1]. The assessment of ADHD in adults
typically involves a combination of clinical interviews and
self-report rating scales, which partially rely on unreliable
sources of information (e.g., retrospective recall of child-
hood symptoms) [22]. However, rating scales often fail to
provide substantial information about the diagnosis being
assessed, such as onset, duration of symptoms, temporal
relationships, contextual factors, or differential diagnoses
and are prone to response biases [23]. Objective, perfor-
mance-based measures (e.g., continuous performance tests)
promised an additional ability to detect ADHD symptoms
(i.e., attention, hyperactivity/impulsivity) without the draw-
backs of retrospective recall, but lack strong discriminant
and ecological validity, especially in cases of comorbid pres-
entations of ADHD in adulthood [24, 25¢]. Long-range tem-
poral correlations in various EEG frequency bands have not
been able to discriminate ADHD from comorbid disorders
[26]. Testing batteries that assess neurocognitive function-
ing (e.g., working memory, sustained attention, response
speed, and variability) are best able to discriminate ADHD
from non-ADHD adults [27]. However, similar to continu-
ous performance testing, neurocognitive measures of ADHD
in adults lack specificity and cannot reliably discriminate
ADHD from other disorders (e.g., anxiety) [28].
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Adult ADHD Comorbidity and Differential Diagnoses

ADHD in adulthood often co-occurs with other mental
health conditions, including major depressive disorder, anxi-
ety disorders, and personality disorders [6ee]. However, it is
important to differentiate ADHD symptoms from other psy-
chopathologies in cases where the behavioral manifestations
may overlap. For example, major depressive disorder (MDD)
and borderline personality disorder (BPD) have some fea-
tures which may present similar behaviors to ADHD. Adults
who are experiencing MDD may experience inattentive
symptoms similar to those in ADHD; however, they will
also experience a loss of interest or pleasure in most activi-
ties, fatigue, and anergia [1]. MDD can also result in psy-
chomotor agitation which could look like restlessness. Some
researchers have found that symptoms of ADHD and depres-
sion/anxiety cannot be adequately assessed via measures of
malingering [29]. Adults with symptoms of BPD display
similar impulsivity as adults with ADHD; however, they
also experience affective instability, intense relationships,
suicidal preoccupation, and angry outbursts that are longer
and more goal directed [30]. Although the typical feature of
inattention in adult ADHD can co-occur in anxiety disor-
ders, anxiety is accompanied by fear, worry, and persistent
rumination [1]. In contrast, ADHD inattention is driven by
“preferential engagement with novel and stimulating activi-
ties or preoccupation with enjoyable activities” (p. 74) [1].
Finally, patterns have been found whereby certain comorbid
conditions are associated with certain subtypes of ADHD
(e.g., inattentive subtype and dysthymia and anxiety disor-
ders) [31]. Given these overlapping symptom presentations,
the lack of reliable, valid performance-based measures, and
the high degree of comorbidity, clinicians’ best options for
successful diagnosis is a careful clinical interview com-
bined with questionnaire-based behavioral assessments [32].
When possible, both interviews and behavioral assessments
should include information from collateral informants such
as parents, partners, siblings, and co-workers/friends (when
appropriate).

Neurobiology and Neuropathology of ADHD

Several neurobiological theories of ADHD exist and suggest
that late maturing brain areas, executive dysfunction, and/
or metabolic disturbances may underlie some of the neuro-
cognitive deficits observed within ADHD such as attention
and impulse control [33-39]. The behavioral neuroenergetics
theory postulates that inadequate production of lactate by
astrocytes causes neuronal energy insufficiency in cogni-
tive resources associated with ADHD symptoms [36, 38].
The state/vigilance regulation theory suggests that ADHD
is caused by impaired regulation of the arousal state such
that individuals with ADHD manifest deficits in situations

that are particularly uninteresting to them [40]. Executive
dysfunction theories state that deficits in multiple domains
associated with ADHD are caused by “higher-order” central
executive (top-down) cognitive dysregulation impairment
[35, 39]. For example, the default mode network (DMN)—
which activates when the individual is not focused on the
external environment—has been theorized to be associated
with ADHD [36, 41]. Another theory implicates bottom-
up regulation of processing of rewards, in that adults with
ADHD experience dysfunction in processing sensory input
and identifying which input merits attentional fixation [33].
Other theories hypothesize that deficits in multiple areas
(e.g., inhibiting responses, delay of gratification, and atten-
tional control) underlie the behavioral manifestations and
neurocognitive deficits observed in ADHD [38]. One of the
leading theories on the neurobiology of ADHD holds there
is a “maturational delay” of key neuronal structures and
pathways that control attentional and executive processes.

Recent research demonstrates functional and structural
dysfunction of neural networks involved in processes of
executive function, reward anticipation, and attention within
adults diagnosed with ADHD. A meta-analysis across stud-
ies of structural, whole-brain voxel-based morphometry
(VBM) analysis showed that the largest gray matter dif-
ferences were in several frontal-parietal brain regions, the
limbic system, and the corpus callosum [42ee]. Other VBM
analyses find that participants with ADHD have significantly
smaller gray matter volume in the precentral gyrus, medial
and orbitofrontal cortex, and (para)cingulate cortices [43].
Conversely, adults with ADHD do not differ on cortical
thickness, gyrification index, sulcal depth, or fractal dimen-
sion compared to control adults [44]. However, adults with
the combined subtype of ADHD show signs of significant
thinning of the left anterior insular cortex and adults with
the hyperactive subtype demonstrate thinner left pars oper-
cularis cortical thickness [44]. Interestingly, these regions
partly, but not completely, overlap with structural differ-
ences observed within individuals diagnosed with borderline
personality disorder (BPD) and major depressive disorder
(MDD), two common comorbid and differential diagnoses
for adult ADHD [45].

Regarding white matter disruptions within adult
ADHD, research using diffusion tensor imaging (DTI)
indicates reduced fractional anisotropy (FA) in white
matter regions of the primary motor cortex and regions
subserving frontostriatal-thalamic and frontoparietal (i.e.,
superior longitudinal fasciculus) circuitry in young adults
with ADHD [46e]. In contrast, a recent longitudinal diffu-
sion imaging study following individuals from childhood
to adulthood found evidence for more rapid development
in white matter microstructures, including changes in
development of generalized fractional anisotropy in the
arcuate fasciculus, superior longitudinal fasciculus, frontal
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aslant tract, cingulum, inferior fronto-occipital fascicu-
lus (IFOF), frontostriatal tract connecting the prefrontal
cortex (FS-PFC), thalamic radiation, corticospinal tract,
and corpus callosum [47¢]. Finally, research indicates that
medication-naive adults with ADHD show increased local
connectivity in the dorsal anterior cingulate cortex (dACC)
and the superior frontal gyrus (SFG) and decreased local
connectivity in the posterior cingulate cortex (PCC) [48].
Thus, in summary, anatomic and functional correlates have
been found in studies on adult ADHD in the primary motor
cortex, frontal lobe, corpus collosum, in addition to gray
matter differences, white matter microstructures, and corti-
cal thinning.

In addition to network and structural differences, the
dopaminergic (DA) system plays a critical role in the
maintenance of factors associated with ADHD, includ-
ing attention and motor control, cognitive abilities, and
emotion regulation [8]. Deficiencies in DAT reduce the
potency of the dopaminergic response leading to deficits
in regulating attention [49]. Changes in the DA receptor
response are theorized to significantly contribute to the
delayed brain development and maturation of individuals
with ADHD [8].

Beyond structural and neurotransmitter alterations,
research finds disruptions in important functional processes
in adults with ADHD as evidenced by both hypo- and hyper-
activation across several cortical and subcortical networks.
Functional magnetic resonance imaging (fMRI) analysis
indicates significant hypoactivation in several frontal-
temporal brain regions including the right postcentral
gyrus, the left insula, and the corpus callosum [42ee]. Some
researchers speculate that underactivation of these brain
regions may be related to poor impulse and inhibitory behav-
iors seen in adult ADHD symptomology. Conversely, hyper-
activation has been shown in other brain regions, including
the middle occipital gyrus, the right insula, the right precu-
neus cortex, right caudate nucleus, right central operculum,
and structures within the auditory/sensorimotor network
[42eeS, 50]. Researchers postulated overactivation in these
brain regions leads to dysfunctional neuromodulation of
circuits affecting executive functioning and attentional con-
trol networks [51]. Consistent with this, adults with ADHD
engage more strongly the dorsal anterior cingulate cortex,
middle temporal gyrus, precuneus, lingual gyrus, precentral
gyrus, and insula when compared to healthy controls dur-
ing task switching paradigms [52]. Despite the substantial
progress in uncovering the neurobiological pathways and
structures disrupted within adult ADHD, we continue to lack
a comprehensive, integrated understanding of the neurobio-
logical substrates of this disorder (e.g., structural, functional,
and physiological); this gap hampers our ability to pursue
and test novel treatment approaches for ADHD in children
and adults.
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Biomarkers

Researchers have found evidence for unique biological
processes of adults with ADHD that may act as biomark-
ers. Identifying these biomarkers can be invaluable in both
the diagnosis and treatment of adult ADHD. For example,
electroencephalogram (EEG) findings suggest differences in
brain electrical activity within ADHD adults during execu-
tive function and divided/sustained attention tasks [53].
Moreover, adults with ADHD show a selective impairment
on P3 event-related potential (ERP) amplitude on EEG
measurement [53]. Alpha activity from EEG data is able
to typically differentiate between control and ADHD adults
but has some inconsistencies [54]. Other EEG studies find
different temporal dynamics and longer mean durations of
a frontocentral topography for patients with ADHD com-
pared to control patients [55]. A recent systematic review
of 21 studies found patterns of people with adult ADHD
demonstrate elevated levels of both absolute and relative
theta power and alpha activity when compared to a norma-
tive population [54]. Additionally, adults with ADHD were
found to have an overall decrease in neural activity when
engaged with attention demanding tasks [54].

Blood-based biomarkers of adult ADHD have been
recently identified, including neuroinflammatory agents. For
example, studies have found both positive and negative asso-
ciations between inflammatory markers and adult ADHD,
including increased interleukin-6 and C-reactive protein and
decreased levels of tumor necrosis factor-a [56, 57]. It has
been suggested that alterations in peripheral inflammations
may lead to neurofunctional disruptions that result in ADHD
symptomology via reduced dopamine levels and dysregula-
tion of noradrenergic neurotransmission [58]. Pupil diameter
is a recently identified candidate physiological biomarker of
adult ADHD. Researchers found adult ADHD to be asso-
ciated with larger pupil diameter and less complexity and
symmetricity of dynamic pupil diameter behaviors [59ee].
Researchers of this study suggest the larger pupilary diam-
eter is a result of a hyperactive locus coeruleus (LC), a phe-
nomenon already associated with ADHD. Pupilary diameter
measurement could prove to be a relatively cheap and con-
venient diagnostic measurement when assessing for ADHD.
Unfortunately, as with other psychiatric disorders, progress
towards reliable, clinically useful biomarkers that could aid
in the identification and treatment of ADHD continues to lag
behind other branches of medicine.

Treatment of Adult ADHD

The guidelines for the treatment of adult ADHD by the
National Institute for Health and Care Excellence (NICE)
recommend initially using “environment modifications”
followed by medications with consistent follow-up [60].
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Pharmacotherapies tested in randomized controlled trials
in adults include methylphenidate, atomoxetine, dexamfe-
tamine, lisdexamfetamine, guanfacine, bupropion, mixed-
amphetamine salts, and modafinil [61]. These medications
target several neurochemical pathways, including dopamine
and norepinephrine transporters [62]. Few differences have
been observed between these medications; however, atom-
oxetine is associated with improved clinical response and
quality of life compared to placebo [61]. For adults with
ADHD, stimulant medications continue to be the first-line
medication option for adults with ADHD [63]. Recently,
however, viloxazine ER (Qelbree), which is a norepineph-
rine reuptake inhibitor and acts on serotonergic signaling in
the brain, has shown some effectiveness in the treatment of
ADHD in adults [42ee, 64e, 65]. However, medications that
increase both dopaminergic and noradrenergic transmission
have not been tested in long-term clinical trials [49].

Another important factor is the long-term effects of
psychotropic use. Cross-sectional reviews have found that
stimulant medications for ADHD across the lifespan are
associated with 9-58% reductions in injuries, motor vehicle
accidents, and substance use disorder [66, 67]. Furthermore,
at least one systematic review provides evidence that medi-
cation treatment for ADHD is associated with decreased
rates of mood disorders, substance use disorders, suicidality,
justice-involvement, motor vehicle crashes, physical injuries
including head injuries, and improved academic outcomes
[67]. Methylphenidate treatment is significantly associated
with cognitive benefits on response inhibition (g [Hedges’ g]
= 0.40), working memory (g = 0.24), and sustained attention
(g = 0.42) [68]. The clinical benefits of long-term stimu-
lant use remain unclear [69]. Students with ADHD may be
depending on stimulant medications to help with cramming
whereas students without diagnosable ADHD may attempt
to improve their performance by taking non-prescribed stim-
ulant medication [70].

Neuroimaging provides some evidence of the efficacy of
medication for treating adult ADHD. Using fMRI, a meta-
analysis of ADHD medications on the brains of youth with
ADHD found that the ventrolateral prefrontal cortex (area
associated with cognitive control) function similarly to those
without ADHD [71]. One longitudinal study found that stim-
ulants were associated with the slowing of cortical thinning
(0.03 mm/year) over a 4-year period compared to partici-
pants not taking stimulants (0.16 mm/year). This finding was
later supported by meta-analytic reviews suggesting stimu-
lants may have a “neuro-protective” effect [72—74]. In con-
trast, other studies have found no changes in brain structures
of youth and adults with ADHD taking medications [75, 76].
Importantly, chronic exposure to stimulants does not seem
to influence total brain volume [77]. The above studies are
notwithstanding the adverse events that lead 40% of adults
to discontinue stimulant medication use [78]. Importantly,

ADHD medications are not associated with an increased rate
of substance abuse [79]. Interestingly, a newer treatment,
transcranial direct current stimulation (tDCS), in adults with
ADHD shows some promise and is associated with greater
cortical thickness in the left inferior frontal cortex and
stronger decreases in scores on measures of attention when
compared to control participants [80ee]. Furthermore, higher
right subgenual area of the anterior cingulate cortex volumes
were associated with significantly higher decrease in inatten-
tive scores in the tDCS group [80ee]. Thus, the treatment of
adult ADHD with psychotropic medications appears gener-
ally beneficial although the impact on some domains (e.g.,
academics) remains uncertain. Emerging treatments such
as TDCS need more rigorous, longitudinal studies to prove
their effectiveness and clinical utility. Finally, the relative
paucity of longitudinal studies examining potential negative
side effects of long-term stimulant use also remains a con-
cern. However, there is some evidence that medication-naive
adults with ADHD show increased local connectivity in the
dorsal anterior cingulate cortex (dACC) and the superior
frontal gyrus (SFG)[69] and decreased local connectivity in
the posterior cingulate cortex (PCC) [48, 69].

A small literature examines the role of behavioral-based
treatments either alone or in combination with medica-
tion. When comparing pharmacotherapy alone to pharma-
cotherapy plus psychotherapy for adults with ADHD, one
study found no difference in outcomes between the groups
[81]. Nonetheless, some adults with ADHD experience side
effects from medication or experience persistent difficul-
ties suggesting that behavioral approaches (with or without
medication) may be viable options to augment or replace
traditional psychotropic treatment for some individuals
[82]. Research suggests that non-pharmacological treat-
ments such as cognitive behavioral and mindfulness-based
therapies may be appropriate components for comprehensive
treatment of adult ADHD [83]. For example, mindfulness-
based treatments have been shown through neuroimaging
to minimize distractibility in ADHD participants through
enhancement of the default mode network (DMN) and can
also assist with difficulties caused by emotional dysregula-
tion [84]. Additionally, cognitive behavioral therapies focus
on providing skills for managing inattention, impulsivity,
and hyperactivity symptoms while cognitively restructuring
certain unhelpful thinking patterns [83]. Emerging research
suggests that diet via its impact on the gut microbiome may
be an important avenue for treatment of adults and children
with ADHD [85, 86].

Current controversies
Several major controversies continue to roil the field of adult

ADHD research. Multiple longitudinal studies released in
the last 7 years found some adults with ADHD symptoms did
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not have childhood symptoms [87, 88]. However, research-
ers argue that these studies showing symptoms of ADHD
appearing in adulthood could be associated with shifts from
“subthreshold ADHD” in childhood to full symptoms in
adulthood, or the low reliability of retrospective recall used
by studies in adulthood [87, 88]. Regardless of phenotypic
presentation or childhood onset, providers are recommended
to still treat symptoms of adult ADHD due to the impairment
and high comorbidity associated with ADHD [31]. Specifi-
cally, 50 percent of adult patients with ADHD have at least
one comorbid psychiatric condition [31].

Adults with ADHD also display differential patterns of
symptoms compared to children. For example, a dimen-
sion called Sluggish Cognitive Tempo (SCT; “forgetfulness,
day-dreaminess,” and “sluggishness/drowsiness”) accounted
for the majority of the variance (44.5-65.9%) in executive
functioning deficits compared to the hyperactivity (8.5%)
dimension in adults with ADHD [89]. SCT may serve as an
important dimension because it is significantly associated
with fewer years of education, less income, and academic
problems above inattention and hyperactivity/impulsivity
symptoms [89, 90]. Researchers suggest that different atten-
tional networks may be implicated in SCT versus ADHD [91].
Placebo-controlled trials of lisdexamfetamine have shown
large treatment effects for adults with ADHD and comorbid
SCT symptoms [92]. The DSM-5-TR defines hyperactivity
symptoms in a way that may not accurately capture the experi-
ences of adults (e.g., “fidgets...leaves seat”) [1].

Concerns regarding medication abuse have led to a
degree of hesitancy in treating ADHD on the part of cli-
nicians and medical providers, particularly in the case of
co-occurring substance abuse. No clear guidelines exist
for the treatment of this comorbidity, with some stating
that exposure to stimulants could sensitize the brain to
the rewarding effects of drugs, increasing the risk for sub-
stance abuse [12, 93-95]; however, longitudinal studies
do not necessarily support this assertion [79]. Addition-
ally, the ethics of withholding ADHD treatment from
individuals with current or past substance use disorders
remains contested [94], although a period of sobriety prior
to beginning treatment with stimulant medication is usu-
ally considered best practice. ADHD medication abuse has
been noted in various populations outside of individuals
diagnosed with substance use disorders. For example, col-
lege students have turned to prescription stimulants both
to enhance academic performance and recreationally, with
some estimates noting that the lifetime and past-year prev-
alence rates 8.3% and 5.9% use these substances without
a diagnosis [96, 97]. Additionally, there is evidence that
some college students with ADHD sell this medication to
others. Among students with ADHD and prescriptions,
29% had sold their ADHD medications in their lifetime
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[98]. Concerns also exist about harmful drug interac-
tions. In particular, cytochrome P450 (CYP) 2D6 inhibi-
tors (which include many types of antidepressants, such as
bupropion, fluoxetine, and duloxetine) increase ampheta-
mine levels, which has the same effect as a higher dosage,
although evidence suggests that it is possible to mitigate
potential effects [16, 99]. Sex differences in neuropsycho-
logical functioning of ADHD in adults is another area of
emerging interest [100ee, 101]. For example, some stud-
ies have found dynamic functional network connectivity
differences in females compared to males [102]. This is
an important finding as measures and treatments are often
developed in mostly male samples. Finally, the difficulties
associated with performance-based tasks to assess ADHD
symptoms, the reliance on questionnaire- and interview-
based measures for diagnoses, and the lack of a reliable,
consistent neurocognitive phenotype represent significant
questions within the ADHD field [25].

Conclusions ADHD in adults is now recognized as a real
diagnostic entity and research illustrates it is associated
with significant behavioral and psychosocial dysfunction.
Although gains have been made in describing and diagnos-
ing ADHD in adults, the field continues to rely substan-
tially on interview- and questionnaire-based assessment
methods. While many of the biological, psychosocial, and
developmental substrates of adult ADHD have been elu-
cidated, we lack a coherent, integrated theory explaining
how these deficits interact. Moreover, the lack of large-
scale, longitudinal investigations examining ADHD across
development and within the context of psychiatric comor-
bidity is also a problem. Stimulant medications have been
shown to be effective in the management of ADHD symp-
toms within adults although long-term findings are less
consistent. Moreover, newer treatment approaches such
as TDCS and combination medication and behavioral
therapy approaches, while promising, remain in need of
well-controlled, randomized clinical trials to prove their
effectiveness. Questions remain regarding the safety and
effectiveness of ADHD medication in the context of sub-
stance use disorders and with respect to adult-onset ADHD
(e.g., does this group represent a distinct subset of ADHD
cases or rather merely ADHD that went undetected dur-
ing childhood). Finally, studies have begun to examine sex
differences in the course, treatment, and prognosis of adult
ADHD although this literature remains under-developed.
Similarly, the field is in need of a better understanding of
how ADHD functions and treatment effectiveness within
diverse groups.
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