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Abstract

Objective: Among untreated adults, functional impairments associated with ADHD are widespread and cumulative,
and can include social, educational, and professional impairments, increased risk of accidents and mortality, and reduced
quality of life. Here, we review the most prominent functional impairments in adults with ADHD and summarize evidence
describing the potential role of medication in improving outcomes.

Method: Articles related to the search terms “ADHD,” “adult,” and functional impairments were identified through
Google Scholar and PubMed and selected for inclusion based on four criteria: strength of evidence, relevance to current
challenges in adult ADHD, impact on the field, and recency of the results.

Results: We identified 179 papers to support the conclusions on the relationship between ADHD and functional
impairments, and the impact of pharmacological therapy on functional impairments.

Conclusion: This narrative review provides evidence that pharmacological treatment can be effective in minimizing not

only the symptoms of ADHD, but its functional consequences as well. (J. of Att. Dis. 2023; 27(7) 669-697)
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Introduction

ADHD is a neurodevelopmental disorder with an estimated
worldwide prevalence of approximately 5.3% to 7.1% in
children and 4.4% to 5.0% in adults (Kessler et al., 2006;
Polanczyk et al., 2007; Willcutt, 2012), making it among
the most common psychiatric disorders (Alegria et al.,
2007; Reynolds et al., 2015; D. J. Stein et al., 2008).
Originally thought to remit in adolescence, ADHD is now
understood to frequently continue into adulthood (American
Psychiatric Association, 2013). Even in the absence of
meeting full diagnostic criteria, residual and impairing
symptoms consistent with partial remission persist in
approximately 65% of cases (Faraone et al., 2006).
Symptoms and associated functional impairments have
been shown to fluctuate throughout adulthood in approxi-
mately 90% of cases (Sibley et al., 2022).

ADHD is characterized by core symptoms of age-inap-
propriate inattention, impulsivity, and/or hyperactivity
(American Psychiatric Association, 2013), the clinical pre-
sentation of which typically changes over the lifespan
(Biederman et al., 2000; Franke et al., 2018; Turgay et al.,

2012; G. Weiss & Hechtman, 1993). While symptoms of
inattention often remain relatively stable from childhood to
adulthood, symptoms of hyperactivity in adults might
instead present as an inability to relax or internal restless-
ness, and impulsivity may manifest as impatience, inappro-
priate risk-taking, or emotional lability (Biederman et al.,
2000; Franke et al., 2018; Turgay et al., 2012; G. Weiss &
Hechtman, 1993). Symptoms of hyperactivity/impulsivity
have also been reported to decline with age more rapidly
than symptoms of inattention (Biederman et al., 2000), again
suggesting a shift in the disorder as individuals age.
Consistent with research describing these changes, diagnos-
tic criteria in the Diagnostic and Statistical Manual of Mental

'Supernus Pharmaceuticals, Inc., Rockville, MD, USA

2Attention MD, Grand Rapids, Ml, USA and Michigan State University
College of Human Medicine, East Lansing, MI, USA

3Texas Tech University School of Medicine, Midland, TX, USA

Corresponding Author:

Jonathan Rubin, Supernus Pharmaceuticals, Inc., 9715 Key West Avenue,
Rockville, MD 20850, USA.

Email: jrubin@supernus.com


https://us.sagepub.com/en-us/journals-permissions
https://journals.sagepub.com/home/jad
mailto:jrubin@supernus.com

670

Journal of Attention Disorders 27(7)

Disorders, Fifth Edition (DSM-5) have been updated to be
more inclusive of the signs and presentations of ADHD in
adulthood (American Psychiatric Association, 2013; Epstein
& Loren, 2013). Despite this change, ADHD is still consid-
ered to be an underdiagnosed, undertreated, and often debili-
tating condition in adults (Ginsberg et al., 2014).

The DSM-5 bases the diagnosis of ADHD predominantly
on the presence of the core symptoms and requires that they
“interfere with, or reduce the quality of, social, academic, or
occupational  functioning”  (American  Psychiatric
Association, 2013). This distinction—the presence of symp-
toms and the requirement that they impair function—under-
scores the importance of evaluating each of these separate
but related constructs. Practically speaking, what likely mat-
ters most to individuals and their families is not how many
ADHD symptoms they have, but how the disorder impacts
their ability to successfully live their lives. Researchers and
clinicians have observed that it is often some type of func-
tional impairment, not the presence of ADHD symptoms
alone, that drives individuals to seek treatment for their
ADHD in the first place (Faraone et al., 2004; M. D. Weiss
et al., 2018). Unfortunately, for clinicians, while the DSM-5
provides well-articulated and clearly defined guidelines for
assessing the symptoms of ADHD, it provides little guid-
ance for assessing the impact on function.

Few studies have systematically explored the relation-
ships between ADHD symptoms and functional impair-
ment, and, to our knowledge, none have done so in adults.
One analysis in pediatric populations using four large-scale
studies found that, on average, symptoms of ADHD (num-
ber, frequency, and intensity) accounted for less than 10%
of the variance in measures of functional impairment, with
correlations rarely greater than » = .5 (Gordon et al., 2006).
These results are consistent with a recent post-hoc analysis
in children and adolescents, that found change-from-base-
line scores on the ADHD Rating Scale, Fourth Edition (a
scale assessing symptoms) to only moderately correlate (r ~
.6) with scores on the Weiss Functional Impairment Rating
Scale—Parent report (a scale assessing functional impair-
ment associated with, but not unique to, ADHD) (Coghill
et al., 2019). These data suggest that, at least in pediatric
subjects, symptoms and impairment are distinct but not
unrelated constructs. The degree to which this relationship
is true in adults has yet to be established.

Although not exclusive to ADHD, executive function
deficits (EFDs) are a common (30%-73%) (Biederman,
Petty et al., 2006; Brown et al., 2009) and persistent impair-
ment in individuals with ADHD (Biederman et al., 2007,
Brown, 2009). While EFDs are referenced in the DSM-5 as
an associated cognitive problem whose presence supports
an ADHD diagnosis (American Psychiatric Association,
2013), recent research has suggested executive dysfunction
may be as prevalent in adult ADHD as symptoms of inatten-
tion, hyperactivity, and impulsivity (Adler et al., 2017).

Executive dysfunction symptoms frequently have broad
consequences, impacting an individual in school, work, and
home environments. EFDs can manifest as difficulties in
time management, planning, organization of one’s environ-
ment, and implementing strategies to successfully execute
and complete a pre-defined task. Although EFDs have been
documented in individuals of all ages with ADHD, the pres-
ence of EFDs may be more impairing for adults. Because
adults generally live independently and self-sufficiently and
are responsible for their own behavior, they must rely exten-
sively on higher-order executive functions in the course of
daily activities (e.g., holding a job, avoiding risk-taking or
antisocial behavior that may have serious consequences)
(Barkley, 1998; Denckla, 1996) . However, the degree to
which EFDs or ADHD’s core symptoms relate, or even con-
tribute, to the functional impairments associated with
ADHD have yet to be fully elucidated. Nonetheless, EFDs
can exacerbate the functional impairments individuals with
ADHD already experience.

Although most ADHD research has focused on the disor-
der in pediatric subjects (i.e., children and adolescents),
increasing numbers of studies have been conducted in adults.
In this narrative review, we summarize some of the major
areas of functional impairment associated specifically with
ADHD in adults. A common methodological challenge to
interpreting psychiatric research is the distinction between
the presence of signs and symptoms associated with a disor-
der and meeting its full diagnostic criteria. Here, we attempt
to quantify such a distinction wherever applicable, though
many longitudinal or retrospective studies employ a “life-
time diagnosis” approach, where either a historic or a pres-
ent diagnosis of ADHD will warrant inclusion. Symptoms of
ADHD are often characterized as a continuous measure in
survey research, and “high symptomology” may mean either
a greater number of symptoms, greater severity of symp-
toms, or both, frequently in the absence of a formal ADHD
diagnosis. We also attempt to distinguish between adults
with ADHD or ADHD symptoms, and adults with a history
of childhood ADHD, focusing here primarily on adults
affected by ADHD or its symptoms in adulthood where data
are available.

Methodology

For this narrative review, articles were collected through
PubMed and Google Scholar. Search terms included, but
were not limited to “ADHD,” “adult,” and the functional
impairments described below (“social impairment,”
“romantic relationships,” “peer relationships,” “parenting,”
“educational achievement,” “occupational impairment,”
“accidents and unintentional injuries,” “non-vehicular acci-
dents and injuries,” “driving,” “mortality,” “risky sexual
behaviors,” “substance use and abuse,” “criminal activity,”
and “sleep”). Articles were selected for these searches based
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on four criteria: strength of evidence, relevance to current
challenges in adult ADHD, impact on the field (historical
and contemporary), and recency of the results. Papers had
to meet at least one of the four aforementioned criteria, but
preferably multiple criteria. However, as this was a narra-
tive review, strict systematic methodology was not utilized.
Overall, 208 papers were selected for inclusion in this
review with 179 papers cited to support the conclusions on
the relationship between ADHD and functional impair-
ments, and the impact of pharmacological therapy on these
functional impairments in the main text. Of these 179 main
references, 122 are clinical studies whose details are further
outlined in Supplemental Tables 1 and 2. The remaining 57
references cited in the main text were not included in the
tables as they were meta-analyses (12), reviews or book
chapters (34), or were not clinical studies describing a func-
tional impairment or pharmacological therapy (11).

Domains of Functional Impairment

Social Impairment

Romantic Relationships. The effects of ADHD on social inter-
actions is readily apparent in intimate relationships (Supple-
mental Table 1). Adults with ADHD have fewer and shorter
romantic relationships, lower marital satisfaction, greater
relationship maladjustment, and higher rates of divorce than
adults without ADHD (Eakin et al., 2004; J. J. S. Kooij,
2018; Minde et al., 2003; Murphy & Barkley, 1996). Adults
with ADHD appear to have below-average rates of co-habi-
tation and marriage, thought to imply delayed or difficulty
meeting culturally normative developmental benchmarks
(Minde et al., 2003). Among adults seeking treatment for
ADHD, marital problems are among their chief complaints
(Dixon, 1995), and “problems with their spouses” is a fre-
quent complaint from adults with ADHD participating in
therapy (M. Weiss et al., 2001). Importantly, impairments in
romantic relationships appear to persist as individuals age:
in a sample of 60 to 94 year-old participants, adults with
ADHD were three times more likely than non-ADHD con-
trols to have never married or be divorced (Michielsen et al.,
2015). Objective marital problems notwithstanding, adults
with ADHD have more negative perceptions of their mar-
riages and family lives than their non-ADHD spouses,
although whether this is derived from greater negative affect
among ADHD-affected adults or more positive evaluation
by the spouses is unclear (Eakin et al., 2004).

While research has demonstrated an association between
childhood ADHD and later perpetration of intimate partner
violence (IPV) (X. Fang et al., 2010; Wymbs et al., 2012),
fewer studies have been conducted on the occurrence of
[PV among individuals with ADHD in adulthood. In a lon-
gitudinal observation study of adult men and women
(N = 347) referred to an outpatient clinic for commission of

IPV, adults diagnosed with ADHD scored significantly
higher than non-ADHD IPV offenders on ratings of minor
physical aggression (p = .004) and minor and severe psy-
chological aggression (p < .001), but not severe physical
aggression (p = .08), injury, or sexual coercion (N. Buitelaar
et al., 2020). Hierarchical multiple regression analyses
demonstrated that ADHD contributed significantly to the
frequency of IPV over and above the effects of age, gender,
and psychiatric comorbidities such as anxiety or mood dis-
orders, antisocial or paranoid personality disorders, or sub-
stance use disorder (N. Buitelaar et al., 2020). Post-hoc
analyses from this same population undergoing IPV treat-
ment (i.e., skills training, therapy, pharmacotherapy)
revealed a significant association between ADHD symp-
toms and IPV: as inattentiveness and hyperactivity/impul-
sivity symptoms decreased, so did physical and
psychological aggression (N. J. L. Buitelaar et al., 2021).

A recent study examined rates of IPV perpetration and
victimization in men and women (18-45 years) with ADHD
that persisted (n = 39) or remitted (# = 56) in adulthood,
versus non-ADHD controls (z = 121) (Wymbs et al., 2019).
Using self-report data, adults with persistent ADHD
reported significantly higher rates of psychological and
physical IPV perpetrating and victimization than those
whose childhood ADHD remitted or those never diagnosed
with ADHD. Interestingly, adults whose childhood ADHD
remitted also reported more physical IPV victimization than
controls, though to a lesser extent than those with persistent
ADHD. Consistent with previous reports (Guendelman
et al.,, 2016; Wymbs et al., 2012), these findings strongly
implicate childhood ADHD as a risk factor for adults both
perpetrating and being victims of IPV. This analysis also
found that gender did not moderate the association between
any IPV outcome and ADHD, suggesting men and women
with ADHD may be equally at risk of being both perpetra-
tors and victims of psychological and physical IPV.

Peer Relationships. The impact of ADHD on peer relation-
ships in adulthood is widespread: as a whole, adults with
ADHD have worse social skills, significantly greater friend-
ship problems, greater difficulty interacting with members
of the opposite sex, and are generally lonelier, compared to
their non-ADHD counterparts (Harpin et al., 2016; McKee,
2017; Stickley et al., 2017) (Supplemental Table 1). Even
relative to other common psychiatric disorders such as anxi-
ety and depression, adults with ADHD reported significantly
fewer social contacts, and worse relationship quality with
those contacts (Holst & Thorell, 2020). A social experiment
using actors to gauge social responses revealed that the
behavioral characteristic of ADHD elicited greater rejection
from others, evoked negative moods (especially hostility),
and ultimately resulted in interpersonal rejection (similar to
that which occurs in response to depressive behavior) (Fig-
ure 1) (Paulson et al., 2005). Furthermore, the symptoms of
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Figure |. Feelings evoked while watching behaviors
characteristic of ADHD. Watching a social interaction in
which behaviors characteristic of ADHD were evident (ADHD
Condition) invoked more hostility and prompted more
rejecting responses than watching an interaction in which

no psychopathological behaviors were displayed (Control
Condition). Cohen’s d effect sizes were medium and large.
Means = standard error. *p = .012, ¥*p < .0l. (Data from
Paulson et al., 2005.)

ADHD appear to impact social relationships in a “dose-
dependent” manner — having more, and more severe, ADHD
symptoms is associated with greater difficulty managing
interpersonal conflict and providing emotional support in
relationships, and an overall reduced relationship quality
(McKee, 2017; Sacchetti & Lefler, 2017). Over the long-
term, the accumulated negative impact of these social
impairments may contribute to significantly increased lone-
liness reported in adults with ADHD (Stickley et al., 2017).

These impairments may be particularly troublesome for
young adults transitioning into adulthood through a college
or university, a developmental period characterized by psy-
chosocial adjustment, typically paired with a contextual
transition into a new environment where many young adults
are away from home for the first time (Khalis et al., 2018;
Schulenberg et al., 2004). For college students in general,
peer relationships and social networks are well known to be
crucial support systems during this transitional experience
(Buote et al., 2007; Dennis et al., 2005). Not surprisingly,
students with ADHD find the transition to a university or
college more challenging than their non-ADHD peers, and
report more academic problems such as lower grades, lower
levels of social skills, and lower self-esteem (Heiligenstein
et al., 1999; Shaw-Zirt et al., 2005). Overall, greater ADHD
symptomology is associated with worse overall adjustment

to social and academic functions in a college or university
(Khalis et al., 2018). Conversely, for students with high
ADHD symptomology who manage to build peer relation-
ships, greater peer acceptance and reciprocated friendships
predicted better university attachment and higher scholastic
achievement (Khalis et al., 2018).

Parenting

The impact of ADHD in adulthood extends to parenting
skills, and also influences the children of parents with
ADHD (Supplemental Table 1). Mothers with greater
ADHD symptomology have been shown to rate lower on
parenting efficacy, involvement, and control, and higher on
parenting dissatisfaction, laxness, and over-reactivity, rela-
tive to mothers without ADHD (Figure 2) (Banks et al.,
2008; Chronis-Tuscano, Raggi et al., 2008). From a qualita-
tive assessment of adults whose partners had ADHD, a com-
mon concern was the need to protect children from their
ADHD partner’s emotional outbursts (Eakin et al., 2004).
One such study assessed the impact of parental ADHD
symptoms on interactions with their children (N = 70; 6-10
years old) using self-report, informants, and observation of
mother-child interaction (Chronis-Tuscano, Raggi et al.,
2008). Mothers with greater ADHD symptomology self-
reported lower levels of involvement and positive parenting,
and consistent discipline. From researcher observations,
maternal ADHD symptoms were negatively associated with
positive parenting, and positively associated with negative
parenting. These associations were stronger during a struc-
tured homework task, relative to a free-play observation
period, but nonetheless present during both segments. That
the relationship between maternal ADHD symptoms and
negative parenting was evident during the unstructured free-
play segment suggests that, even when not required to exe-
cute a task or place demands on their children, mothers with
greater ADHD symptomology are more likely to be negative
and critical.

Because an estimated 43% to 57% of parents with
ADHD are also raising a child with ADHD (Biederman
et al., 1995; Minde et al., 2003), isolating the impact of
parental ADHD on children has proven challenging. A
2006 study was among the first to compare a clinically
diagnosed (vs. self-reported) sample of mothers with
ADHD (n = 30) versus those without (# = 30), while con-
trolling for child ADHD (Murray & Johnston, 2006). This
study found that mothers with ADHD demonstrated signifi-
cantly worse monitoring and knowledge of their child’s
behavior, greater parenting inconsistency, and worse prob-
lem solving (particularly in terms of the quality of solutions
and planning), relative to mothers without ADHD (Cohen’s
d effect sizes ranging from 0.72 to 1.82).

Because parenting deficits in monitoring, consistency,
and problem solving have been strongly associated with
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Figure 2. Parenting variables for mothers with low and high ADHD symptomology. (a) Mothers with greater ADHD symptomology
perceived themselves as less effective and felt greater dissatisfaction with their parenting. (b) Mothers with greater ADHD
symptomology were more likely to be lax with discipline (e.g., giving in, allowing rules to go unenforced), and more likely to be
overreactive (e.g., becoming angry or irritable). Cohen’s d effect sizes ranged from medium to large. *p < .05. (Data from Banks et al,,

2008.)

negative consequences in child development (Acker &
O’Leary, 1996; Ary et al., 1999; Klein et al., 1997), such
impairments may have notable downstream implications
for children. For those 43% to 57% of parents with ADHD
also raising a child with ADHD (Biederman et al., 1995;
Minde et al., 2003), parental deficits in monitoring child
medication, treatments, etc. may have further deleterious
effects on child well-being.

Interestingly, greater maternal inattention has been
uniquely and positively associated with inconsistent disci-
pline and lower involvement with their children, while
maternal impulsivity was negatively associated with use of
positive reinforcement (M. Chen & Johnston, 2007), sug-
gesting the core symptoms of ADHD may be independently
associated with altered parenting styles. An analysis of
mothers’ ADHD symptoms and their children’s maladap-
tive social functioning found a significant positive correla-
tion (r ~ .45-.48) (Griggs & Mikami, 2011). From this
sample, using hierarchical regression and controlling for
ADHD in their children, mothers’ inattentive and hyperac-
tivity/impulsivity symptoms each significantly contributed
to greater social impairment in their children. Among chil-
dren without ADHD, mothers’ inattention symptoms (but
not hyperactivity/impulsivity) also predicted their children
receiving greater negative evaluations from playgroup
peers. While these data do not explore potential behavioral
explanations (e.g., an inability to schedule playdates), they
do confirm that having a parent (especially a mother) with
ADHD symptoms may confer additional maladaptive func-
tional consequences for children, independent of whether or
not the child has ADHD.

Educational Achievement

Decades of research have demonstrated the long-term, per-
vasive, negative educational consequences of childhood
ADHD, but less is known of such effects associated with
adult ADHD (Supplemental Table 1). Although the true
prevalence of ADHD among college students (i.e., typical
adult-level education) is unclear, estimates range from 4%
to 8% of students (Weyandt & Dupaul, 2008), consistent
with the transition from pediatric to adult ADHD preva-
lence estimates (Kessler et al., 2006; Polanczyk et al., 2007,
Willcutt, 2012). College students who self-reported greater
ADHD symptomology were less organized, less methodical
in their work, had fewer self-control behaviors, and pro-
crastinated significantly more than low-symptom peers
(Turnock et al., 1998). Like their peers with learning dis-
abilities, college students with diagnosed ADHD scored
significantly worse than controls on measures of motiva-
tion, information processing, and self-testing (Reaser et al.,
2007). However, college students with ADHD scored lower
than college students with learning disabilities on measures
of time management, concentration, identifying main ideas,
and test strategies (Reaser et al., 2007). Thus, while stu-
dents with ADHD may share some academic impairments
with students who have learning disabilities, they may also
be at risk for additional, ADHD-specific challenges.

A search for moderator variables from a meta-analysis
found a trend for improved academic functioning with age,
though the reason for this is unclear (Frazier et al., 2007).
Possible explanations are that this may reflect a true
improvement, whereby either academic performance
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increases as a consequence of improved ADHD symptomo-
logy, or functioning increases, perhaps via the development
of compensatory strategies (e.g., students learn to triple
check their work, seek additional academic support, etc.).
Conversely, it may reflect a methodological artifact, where
students with ADHD who struggle academically are more
likely to drop out, leaving only higher-functioning subjects
in the analysis pool (i.e., college). This would be consistent
with prospective studies which found increased academic
attrition over time for students with ADHD versus those
without. In one longitudinal study, fewer than 30% of adults
with childhood ADHD completed a 4-year post-secondary
degree (compared to over 75% of those without ADHD),
and 27% of the ADHD group did not finish any post-high
school education (vs. 5% of the controls) (Kuriyan et al.,
2013). Interestingly, this study also found that more adults
in the ADHD group finished vocational training (19%) and
junior/community college (25%) than controls (6% and
12%, respectively), suggesting perhaps a tendency or pref-
erence toward alternate education and training environ-
ments. As such, it is important to keep in mind that students
with ADHD who successfully finish high school and enter
college may represent a distinct, exceptionally functional
ADHD subpopulation.

Some evidence has suggested symptoms of inattention,
and not hyperactivity/impulsivity, may be more impactful
on metrics of academic achievement. For instance, a meta-
analysis of college students found a small but significant
correlation between student inattentiveness scores and per-
formance-based academic probation (Frazier et al., 2007).
Regression analysis based on a large Australian sample (N
= 3,795) similarly found that adults with greater inatten-
tiveness (but not hyperactivity/impulsivity) had lower edu-
cational achievement than those with better attention scores,
independent of other factors such as conduct problems
(Ebejer et al., 2012).

Occupational Impairment

ADHD in adulthood has been consistently associated with
functional impairments relating to work and economic
security (Supplemental Table 1). Relative to non-ADHD
controls, adults with ADHD are significantly more likely to
experience lower rates of job stability, as indicated by
higher rates of “chronic employment difficulties,” being
disciplined by supervisors, reporting trouble with col-
leagues, impulsively quitting a job (sometimes even just
due to boredom), or being fired by an employer (Barkley
et al.,, 2010; Murphy & Barkley, 1996). Two separate
Norwegian studies found that only 22% to 24% of adults
with ADHD were in regular work, compared to 79% of non-
ADHD controls, or an overall employment rate of 70% to
72% in the population (Gjervan et al., 2012; Halmoy et al.,
2009). In a U.S. sample, the difference was less pronounced,

but still significant: only 34% of adults with ADHD were
employed full time, versus 59% of controls (Biederman &
Faraone, 2006).

Employed adults with ADHD have been consistently
reported to have reduced work performance (quality and
quantity). Work impairments were found to be among the
most problematic (relative to interpersonal, life-satisfac-
tion, etc.), even in a sample of well-educated (~85% col-
lege-educated or greater) adults with ADHD (Safren et al.,
2010). A study of the workforce of a large U.S. manufactur-
ing company found that ADHD was associated with a
highly significant 4% to 5% reduction in work performance,
as well as significantly greater odds of sickness and other
absences and workplace accident injuries (Kessler et al.,
2009; Secnik et al., 2005). These trends appear to be global:
in a large-scale 2008 epidemiological study across 10 coun-
tries, the World Health Organization demonstrated that,
relative to non-ADHD controls, workers with ADHD aver-
aged more sick days and more days associated with reduced
work quantity and quality per year (de Graaf et al., 2008).
Not surprisingly, employers also notice these impairments:
despite being blind to their employees’ psychiatric diagno-
sis, employers rated employees with ADHD as having sig-
nificantly  greater inattentiveness, impairments in
punctuality and time management, and overall poorer work
performance (Barkley et al., 2010).

ADHD in adulthood is also associated with significantly
lower income relative to non-ADHD peers, regardless of
the individual’s academic achievement or other personal
characteristics (Biederman & Faraone, 2006; Jangmo et al.,
2021). A Canadian study of psychosocial function in par-
ents with ADHD incidentally found that, even among adults
with relatively high educational status and achievement,
those with ADHD had unexpectedly low annual incomes
(Minde et al., 2003). While it is unclear if lower incomes
were directly caused by increased work impairments or
some other mechanism, these data suggest low income may
be orthogonal to personal characteristics (e.g., age, marital
status, gender) or even educational achievement. Among
older adults (60—94 years, many of whom were retired),
income was inversely related to ADHD symptomology:
adults with greater ADHD symptomology were more likely
to be in the lowest income categories (Michielsen et al.,
2015).

Work impairments in adults with ADHD appear to be
fairly ubiquitous: in a cross-sectional sample of adults (N =
105) with ADHD, 98% were assessed as having at least
mild, and 73% at least moderate, work impairments due to
their ADHD psychopathology (Safren et al., 2010). Using
bivariate correlation analysis, these work impairments were
found to be significantly associated with ADHD symptom-
ology, suggesting ADHD psychopathology may play a
direct role in these occupational impairments. Because
almost 85% of this sample had a college degree or greater
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(implying a particularly well-educated sample), and all
were on medication for their ADHD, the degree and preva-
lence of impairment may underrepresent the true value in
the population at large.

Attempts to more accurately pinpoint which ADHD-
related symptoms and deficits are most associated with
work and occupational impairments have identified several
candidates. Using regression analysis in a large population-
based sample (N = 2,092), the core symptoms of ADHD
(inattention, hyperactivity, and impulsivity) significantly
predicted unemployment and financial stress, even in sub-
jects with few or mild symptoms (Das et al., 2012). In a
smaller study in adults with ADHD (N = 149), symptoms
of inattentiveness significantly predicted employment sta-
tus, while hyperactivity/impulsivity symptoms, number of
comorbidities, or sociodemographic characteristics did not
(Gjervan et al., 2012). A later mediation analysis on this
same ADHD population found a stronger-than-anticipated
role for inattentiveness (but not hyperactivity/impulsivity)
in predicting occupational outcomes (Gjervan et al., 2016).
However, this relationship was completely mediated by
scales assessing functional impairments due to physical and
emotional problems (Gjervan et al., 2016). Taken together,
these data suggest that the core symptoms of ADHD, and
especially inattention, are likely implicated in the negative
occupational outcomes associated with the disorder but
may ultimately be mediated by functional impairments in
other areas.

Accidents and Unintentional Injuries

Non-Vehicular Accidents and Injuries. A common way to
assess the prevalence and severity of accidents and injuries
associated with ADHD is by retrospective analysis of insur-
ance claims databases (Supplemental Table 1). One such
analysis from U.S. insurance claims of over 100,000
patients identified 1,308 individuals as having been diag-
nosed with ADHD at least once in their lifetime (Swensen
et al., 2004). Compared to a matched control group, signifi-
cantly more adults in the ADHD group had an accident
claim (38% ADHD vs. 18% controls), and there were sig-
nificantly more accidents among the ADHD group (acci-
dent n = 340) relative to the control group (accident n =
126) (Swensen et al., 2004). From this sample, the likeli-
hood of having an accident was 1.9 times greater (p < .05)
for the adult ADHD group than controls, and ADHD was
the only significant variable associated with these increased
odds (other variables included employment status, comor-
bidities, age, gender, etc.) (Swensen et al., 2004). A similar
analysis from a Taiwanese population found that adults
with ADHD had a 143% increased risk of overall injury
relative to controls, even after controlling for a variety of
confounding factors (Chien et al., 2017). This increased risk
appears to be persistent: from this sample, the cumulative

risk of injury persisted for the entirety of the 10-year fol-
low-up period (Figure 3a) (Chien et al., 2017).

Another large-scale retrospective insurance claims anal-
ysis found a higher rate of injury claims among individuals
with ADHD (~21%) versus a healthy control group (~16%;
p <.0001). Individuals with ADHD also had more months
of the year during which they had an injury claim, and more
unique injury claims throughout the year, than healthy con-
trols (although these differences were statistically signifi-
cant, they were numerically small) (Hodgkins et al., 2011).
Not surprisingly, the risk for an injury claim was signifi-
cantly greater in the ADHD group (odds ratio [OR] = 1.32,
p < .01, vs. controls). A comparison between adults with
ADHD, adults with depression, and non-psychiatric con-
trols found that adults with ADHD were significantly more
likely to have injury claims relative to both the control
group and individuals with depression.

In another retrospective U.S. claims analysis among all
age groups, a lifetime ADHD diagnosis (i.e., diagnosis at
any time) significantly increased the risk of a variety of inju-
ries such as joint sprains and strains, open wounds, and limb
fractures (Merrill et al., 2009). The rate of severe injuries
(e.g., cranial and spinal injuries or fractures) was three times
more common among the ADHD group versus the controls
and remained significant across all injury categories after
controlling for age, sex, and household income. This analy-
sis also found that the rate of injury for ADHD individuals
versus non-ADHD controls was greatest among ages 0 to 4
years, followed by ages 20 to 64 years, based on incidents
that occurred in the same year as diagnosis of ADHD or after
diagnosis with ADHD. These data suggest that, while young
children with ADHD may be most at risk of accident injury,
adults with the disorder remain highly vulnerable.

Alternatively, several studies have probed data from hos-
pital trauma units to assess whether ADHD increases the
risk of accident or injury. Among a Turkish population of
hospital-admitted adults (n = 58, ages 18—70) with muscu-
loskeletal trauma, lifetime incidence of ADHD was signifi-
cantly more prevalent relative to a matched control group
(Kaya et al., 2008). When assessed according to trauma
severity, adult ADHD was significantly more prevalent
among high-energy trauma than low-energy trauma, and
more prevalent in individuals with repeated trauma versus
those with no previous trauma history. In a similar study
examining individuals receiving treatment in German hos-
pital trauma units, adults screening positive for ADHD had
significantly greater frequency of accidents in the previous
year, and overconfidence about their current accident than
the controls (Kittel-Schneider et al., 2019; Wolff et al.,
2019). Finally, in an Australian population, significant asso-
ciations were found between an ADHD diagnosis and inju-
ries, and patients with ADHD had significantly longer
hospital stays after controlling for age, gender, socioeco-
nomic status, and cause of injury (Lam, 2002).
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Figure 3. Cumulative risk of injury in adults with ADHD with and without medication. (a) The cumulative risk of injury for adults
with ADHD (solid line) is significantly greater than for those without (dotted line). (b) Among adults with ADHD, the cumulative risk
of injury is significantly greater for those never having received medication for their ADHD (dotted line) than for those who did (solid
line). Data are from a Kaplan-Meier analysis and log-rank test. (Picture reprinted with permission from Chien et al., 2017.)

Driving. A major area of investigation among ADHD popu-
lations is driving-related impairments, which are a frequent
source of accidents and injury among adults with ADHD
(Supplemental Table 1). Although relative few studies have
focused on adult ADHD-associated accidents (relative to
those in children), those reporting on the issue have focused
largely on driving accidents, suggesting these may be pri-
mary sources of injury among adults with ADHD. Typically
using self-reports (and less frequently, driving simulations),
multiple studies of the driving impairments associated with
ADHD revealed that adults with ADHD have significantly
more traffic violations (e.g., speeding), license suspensions,
vehicular crashes, and related injuries (Barkley, 2004; Bar-
kley et al., 1993; Barkley & Cox, 2007; Barkley et al., 1996,
2002; Jerome et al., 2006, 2006).

Some researchers have incorporated Department of
Motor Vehicles records as well as driving simulations to
provide a comprehensive, multi-level evaluation. One such
study evaluated the driving competencies of young adults
(17-30 years) with (» = 25) and without (n = 23) ADHD
using structured interviews, behavioral ratings, simulated
driving tests, and official motor vehicle records (Barkley
et al., 1996). More young adults with ADHD (relative to
those without) reported having received a speeding ticket
(100% vs. 56%) and at a higher frequency (4.9 vs. 1.3 cita-
tions). Relative to adults without ADHD, those with the dis-
order were also more likely to have been involved in more
vehicular crashes as the driver (80% vs. 52%), more total
crashes (2.7 vs. 1.6 crashes), and more crashes resulting in

injuries (60% vs. 17%). Young adults with ADHD com-
pared to those without ADHD were also more likely to have
had their licenses suspended (32% vs. 4%) and were rated
by themselves and others as having poorer driving habits.
Despite there being no group differences in explicit driving
knowledge, in a computer-simulated driving test adults with
ADHD had more crashes, scrapes, and erratic steering than
adults without ADHD.

Many of these findings were later replicated in a larger
study (Figure 4) (Barkley et al., 2002). On performance
tests evaluating inattention (i.e., vigilance), reaction time,
and impulsive responding, the ADHD group was substan-
tially less attentive than the control group and showed
greater impairment on a reversal learning task (i.e., adjust-
ing behavior in light of new rules). Importantly, subjects
with ADHD did not appear to be more impulsive or more
impaired on visual discrimination and reaction time compo-
nents of the task compared to those without ADHD. Instead,
these data suggest inattention and difficulties updating rule-
governed behavior—both known to be associated with
ADHD in children (Barkley, 1997; Corkum & Siegel,
1993)—may be implicated in driving impairments in adults
with ADHD.

Another driving simulation study found that, in the
absence of alcohol, adults with ADHD had a profile of
impairment comparable to that of non-ADHD drivers with
blood alcohol levels at the U.S. legal limit (Weafer et al.,
2008). When consuming alcohol, adults with ADHD demon-
strated additive impairments at each of three alcohol dose
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Figure 4. Negative driving outcomes. (a) Adults with ADHD had significantly more negative driving outcomes than those without,
based on self-report history and official DMV records (means * standard error). (b) A greater percentage of adults with ADHD met
criteria for various negative driving outcomes than the control group, based on self-report history. ** p < .01, *** p =< .001. Note.

DMV = official Department of Motor Vehicles records; SR =

levels, faring worse than controls under each condition.
These data suggest that, not only are the driving impairments
associated with ADHD comparable to those associated with
driving under the influence of alcohol, but that the effects of
alcohol might compound the consequences of ADHD to con-
siderably impair the driving of adults with ADHD, even at
blood alcohol concentrations within the legal limit.

Practically speaking, this increased risk of driving
impairments has been associated with greater likelihood
of emergency room visits. A large (N = 17,408) longitudi-
nal, population-based Swedish study analyzed the risk of
serious driving accidents resulting in a hospital emergency
room visit among adults with a history of at least one
ADHD diagnosis (Chang, Lichtenstein, D’Onofrio,
Sjolander, & Larsson, 2014). Relative to a matched sam-
ple with no ADHD history, men and women had greater
than twice the risk of serious vehicle accidents, and a
~45% increased rate of serious accidents after controlling
for demographic factors, psychiatric diagnoses and medi-
cation, and criminal convictions. These data underscore
the potentially serious health consequences of ADHD’s
functional impairments.

self-report history. (Data from Barkley et al., 2002.)

Mortality

That ADHD affects not just quality of life, but lifespan itself
has received very little attention or research until recently
(Supplemental Table 1). Given the increase in accidents and
injuries, it is not surprising that ADHD is also associated
with lower life expectancy and elevated mortality rates, par-
ticularly deaths due to unnatural causes such as accidents
(Dalsgaard et al., 2015; London & Landes, 2016). Using
data from longitudinal studies combined with estimate-of-
life-expectancy scores, a childhood history of ADHD was
associated with 8.4 fewer years of life (and 9.5 fewer years
of healthy life) relative to controls without ADHD; if
ADHD persisted into adulthood, life expectancy decreased
even further by 12.7 years and healthy life by 11.1 years
(Barkley & Fischer, 2019). In a meta-review comparison
among a variety of psychiatric disorders, the risk of all-
cause mortality associated with childhood ADHD was rela-
tively low (1.9 vs. 5.9 in anorexia nervosa, or 2.6 from
heavy smoking, included as a non-psychiatric reference),
but is nonetheless increased (i.e., almost doubled) relative
to the general population (Chesney et al., 2014). While
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comorbid disorders such as conduct disorder, oppositional
defiant disorder, and substance use disorder increased the
mortality rate ratio (MRR) even more, ADHD remained
associated with additional mortality even after adjusting for
these factors (Dalsgaard et al., 2015).

Several large-scale studies found that individuals with
ADHD had a significantly increased risk of premature death
and overwhelmingly died from unnatural causes (81.6%;
adjusted hazard ratio [HR] = 6.48; vs. HR of dying from
natural causes = 2.47), primarily from unintentional injury
(35.8%; HR = 1.30), suicide (31.4%; HR = 2.09), and even
homicide (HR = 2.09) (V. C. Chen et al., 2019; Sun et al.,
2019). A global survey of suicidal behavior among psychi-
atric disorders across 21 countries (N = 108,664) found that
suicidal behaviors in respondents with ADHD were
increased in both developing nations (ideation OR = 2.2,
attempt OR = 2.8) and developed nations (ideation OR =
1.7, attempt OR = 1.9) (all p values < .05) (Nock et al.,
2009), further emphasizing the global impact of ADHD.

Girls and women with ADHD appear to have a higher
MRR than boys and men (3.01 for females vs. 1.93 for
males). Although the difference in female and male MRR
did not reach statistical significance (p = .091), it may be of
clinical importance in light of sex differences in impair-
ment, diagnosis, and treatment (Dalsgaard et al., 2015).
Although the cause of this difference is unclear, as a poten-
tial explanation the authors posit that because girls and
women are less likely to be diagnosed with ADHD, those
who reach the symptom and impairment threshold for refer-
ral may be among the most severely ill and impaired,
thereby perhaps more at risk of premature death.

These mortality data suggest that the consequences of
ADHD are not just cognitive or behavioral, but a major
health concern that confers increased risk for early death
from both natural and unnatural causes. Although the precise
reasons for this increase in mortality are unknown, it is likely
the result of multiple factors. Firstly, ADHD is associated
with various adverse medical conditions, such as obesity and
eating pathologies, type Il diabetes, coronary heart disease,
upper respiratory infections, and asthma (reviewed in
Barkley, 2020) which would directly impact all-cause mor-
tality rates. Beyond these first-order factors, behavioral dis-
inhibition (a component of executive function) was found to
explain more than 30% of the variance in life expectancy
among individuals with childhood and/or persistent ADHD
(Barkley & Fischer, 2019). As previously discussed, EFDs
are a common and persistent impairment among individuals
with ADHD of all ages. These EFDs and associated disinhi-
bition may play a role in greater engagement in adverse
activities associated with increased mortality (e.g., greater
risk taking, lower rates of self-care) (Barkley, 2020).

Regardless of the etiology, several studies have demon-
strated that early diagnosis (and likely treatment) signifi-
cantly reduce the risk of mortality (Dalsgaard et al., 2015;

Sun et al., 2019), while individuals diagnosed in adulthood
have a greater risk of death than those diagnosed in child-
hood or adolescence (Dalsgaard et al., 2015). Specifically,
the all-cause mortality risks significantly increased with the
age at first ADHD diagnosis (HRs: =12 years old = 1.50;
13—17 years old = 2.69; =18 years old = 10.34), suggest-
ing that early diagnosis (and subsequent treatment) may be
particularly influential in lowering the risk of death (Sun
et al., 2019). Because death is (by many measures) the ulti-
mate functional impairment, these data alone present a
compelling case for greater ADHD screening, diagnosis,
and treatment, when clinically indicated.

Risky Sexual Behaviors

Adults with a history of ADHD in childhood or adolescence
have been reported to engage in a variety of risky sexual
behaviors (RSB) (e.g., inconsistent condom use, alcohol
use before sex, number of sex partners, having an HIV-
positive sex partner), more so than their non-ADHD peers
(Supplemental Table 1). For instance, adults with a child-
hood history of ADHD tend to have intercourse at an earlier
age, are less reliable in their use of birth control, have more
sexual partners, a higher rate of sexually transmitted dis-
eases (STDs), and higher rates of pregnancy (including
carly pregnancy, i.c., before age 20 [Akil et al., 2018;
Meinzer et al., 2020]) (Barkley et al., 2006; Flory et al.,
2006). Although fewer studies have been conducted in
adults with current ADHD, the available evidence suggests
similar sexual risk-taking. For instance, from a large longi-
tudinal sample of adolescents and young adults diagnosed
with ADHD (N = 17,898, vs. 71,592 controls), the ADHD
group was more likely to develop an STD than the compari-
son group, even after controlling for demographic data,
psychiatric comorbidities, and ADHD medications (M.-H.
Chen et al., 2018).

A smaller study of young adults (ages 19-39, N = 120)
used self-reporting to evaluate ADHD symptomology and
RSB (Spiegel & Pollak, 2019). Even when controlling for
overall level of sexual behavior, ADHD symptoms were pos-
itively correlated with RSB. In this study, researchers also
inquired as to participants’ perceived benefits and risk of
RSBs, and, consistent with research on broader risk-taking
associated with ADHD (Shoham et al., 2016, 2021), found
that ADHD symptomology positively correlated with partici-
pants’ perceived benefit, but not the perceived risk (Spiegel
& Pollak, 2019). Mediation analysis demonstrated an indi-
rect pathway, where ADHD symptoms predicted greater per-
ceived benefit of RSB, which subsequently predicted an
increased probability of engaging in such behaviors.

Although most studies have been conducted predomi-
nantly on men, these trends also appear to be true for women.
From a longitudinal study, women 18 to 30 years old (N =
462) were assessed for ADHD symptomology and RSB
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(Hosain et al., 2012). Women who engaged in RSBs had sig-
nificantly higher ADHD symptom scores than those who
didn’t, and correlations between the RSB scores and ADHD
symptoms scores were highly significant (all p’s < .0001).
Another longitudinal study identified a clear connection
between childhood ADHD and later unplanned pregnancy,
where ~43% of girls with ADHD eventually developed an
unplanned pregnancy, versus only ~11% of girls without
ADHD (E. B. Owens et al., 2017), independent of sociodemo-
graphic factors, IQ, or psychiatric comorbidities (E. B. Owens
& Hinshaw, 2020; E. B. Owens et al., 2017). Somewhat unex-
pectedly, this association did not appear to depend on whether
the ADHD symptoms persisted into adulthood (E. B. Owens
& Hinshaw, 2020; E. B. Owens et al., 2017), suggesting that
childhood ADHD may have some long-term, persistent func-
tional consequences in adulthood.

Substance Use and Abuse

It has been well established that a childhood ADHD diagnosis
confers a significantly greater risk for later substance use and/
or substance use disorder (SUD) (Supplemental Table 1).
Indeed, several meta-analyses have confirmed significant and
reliable prospective associations between childhood ADHD
and future SUD for nicotine, alcohol, cannabis, cocaine, psy-
choactive substances, and general non-alcohol SUD (Charach
et al., 2011; Lee et al., 2011). Further, SUD patients with a
lifetime ADHD diagnosis developed SUD at a younger age,
transitioned more easily from casual use to addiction, had
lower SUD remission rates, and experienced more substance-
related hospitalizations relative to SUD patients without
ADHD (Arias et al., 2008; Molina et al., 2018). Importantly,
the increased risk of substance use becomes increasingly clear
in early adulthood: by college age, an ADHD diagnosis has
been associated with significantly increased rates of tobacco,
alcohol, and drug use on several outcome measures, including
higher likelihood of using such substances, using them more
frequently, and engaging in more risky (e.g., binge) consump-
tion (Rooney et al., 2012).

These trends were recently replicated in a long-term
study of a large, diverse sample of subjects with (N = 547)
and without (N = 258) ADHD, who were followed from
ages 10 to 25 (Molina et al., 2018). In adulthood, marijuana
and cigarette use was more prevalent in the ADHD group.
Participants in the ADHD group also engaged in substance
use (alcohol, cigarettes, marijuana, and illicit drugs) at an
earlier age, and their use escalated more quickly. A later
analysis of these same data found that the relationship
between peer use and personal alcohol/marijuana use in
adolescence was weaker in the ADHD group versus con-
trols (Kennedy et al., 2019). While substance use and exper-
imentation typically wanes among developmentally
normative young adults as they exit adolescence, this was
not the case in the ADHD group in which heavy drinking in

adolescence predicted increased drinking in young adult-
hood versus decreased use among controls (Kennedy et al.,
2019). Although causative explanations were not tested in
this study, the authors suggest that for young adults with
ADHD, substance use may be only minimally governed by
peer and social influence, consistent with reports that adults
with ADHD may have difficulty with behavioral and social
norms (see Social Impairment, above).

A recent prospective study (N = 807) probed tobacco,
alcohol, and marijuana use by age 24 among young men and
women with and without ADHD (Elkins et al., 2020). This
study classified participants’ ADHD as either remitted (i.e.,
diagnosed in childhood, but remitted by age 17), persistent
(i.e., continuing from childhood into adulthood), or late-
onset (i.e., symptoms not identified until age 17 or later), and
compared each to non-ADHD controls. By age 24, both per-
sistent and late-onset ADHD groups had comparably high
substance abuse rates relative to the ADHD-remitters group,
and all ADHD groups had higher rates of substance abuse
than the non-ADHD controls. For instance, more persistent
(32.5%) and late-onset (40.9%) ADHD participants had a
marijuana use disorder relative to the non-ADHD group
(12.7%), with a similarly low rate among remitters (17.9%).
The increased risk (OR, relative to the non-ADHD group)
was significant among persistent (2.64) and late-onset (4.12)
ADHD participants, but not remitters (1.16). Not surpris-
ingly, adults whose ADHD had remitted had lower risk for
many substance use outcomes than those whose ADHD per-
sisted, suggesting the presence of ADHD is associated with
a greater risk of substance use problems versus having only
achildhood history of ADHD (Elkins et al., 2020). Somewhat
unexpectedly, this study also found that women were at a
higher risk for two-thirds of the substance outcomes ana-
lyzed. For instance, women with persistent ADHD were
over five times more likely to develop tobacco use disorder
than women without ADHD, while men did not differ sig-
nificantly from controls on this measure (increased SUD risk
among girls and women has been further described in other
studies, e.g., Dalsgaard et al., 2014). The same trend was
true for daily smoking and alcohol binge drinking. Because
more boys are diagnosed with ADHD than girls, and most
ADHD studies have historically been conducted in boys,
this might likely indicate an under-studied and under-treated
population. Ultimately, this research indicates that the pres-
ence or emergence of ADHD in early adulthood increased
the risk of substance use problems, a risk to which young
women may be particularly vulnerable.

Criminal Activity

A variety of studies have found ADHD to be associated
with higher rates of criminal activity, prosecutions, and
arrests (Supplemental Table 1). Criminal justice researchers
using meta-analysis revealed a strong association (p < .01)
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between measures of ADHD and criminality, suggesting
ADHD may be an important risk factor for crime and delin-
quency (Pratt et al., 2002). In a U.S. community sample of
1,001 adults, those self-reporting an ADHD diagnosis were
more likely to have been arrested (37%, vs. 18% of con-
trols, p = .001) (Biederman, Faraone, Spencer, et al., 2006).
Similarly, in a multi-country European study, significantly
more adults with ADHD (14%) reported having been pros-
ecuted for criminal acts in adulthood versus controls (6%)
(Karlsdotter et al., 2016).

Within a psychiatric sample, ADHD is more likely to be
associated with criminal activity than other disorders. One
such study compared young adults (18—45 years) with
ADHD (n = 50; 30 assessed as also having EFDs) and non-
ADHD clinical controls diagnosed with other psychiatric
disorders (n = 45, including mood, anxiety, bipolar, and
personality disorders) (Holst & Thorell, 2020). Relative to
the clinical controls, more participants with ADHD had
been arrested by the police (ADHD = 54%, controls =
27%) and had reported engaging in more criminal acts
(Cohen’s d = 0.80). When comparing participants from the
ADHD group with and without EFDs, those with EFDs
reported more criminal acts (d = 0.60), and more arrests
(63%, vs. 40% in the non-EFD group). These data highlight
again the impact of EFDs in exacerbating the functional
impairments of ADHD.

Not surprisingly, ADHD is over-represented in correc-
tional facilities, with prison prevalence estimates thought to
be between 25% and 40% (Ginsberg et al., 2010; S. Young
etal., 2009, 2015) versus ~5% in the general adult population
(Kessler et al., 2006; Polanczyk et al., 2007; Willcutt, 2012).
A meta-analysis of data from 15 countries found that, relative
to the general population, 30% of incarcerated youth and
26% of incarcerated adults had ADHD (S. Young et al.,
2015). Interestingly, this meta-analysis found no significant
differences on rates of ADHD among incarcerated men and
women (30% vs. 26%, respectively). Practically speaking,
because prisons are environments that demand conformity
and carrying out orders from correctional officers, there is
reason to believe that prison inmates with undiagnosed and/
or untreated ADHD might be at a disadvantage for success-
fully navigating incarceration. Specifically, the inattention,
hyperactivity, and impulsive psychopathology associated
with ADHD may be misinterpreted as further delinquency
and insubordination, and ADHD-associated impairments in
learning and social function may further impede efforts at
successful coping and rehabilitation. Indeed, an analysis
from a Scottish prison population found that ADHD sympto-
mology had a significant impact on the number and severity
of critical incidents, particularly verbal and physical aggres-
sion, even after controlling for antisocial personality disorder
(S. Young et al., 2009). Unfortunately, most incarcerated
adults with ADHD participating in research studies report
that they have never previously received an ADHD diagnosis

(Ginsberg et al., 2010; S. Young et al., 2016), suggesting that
participation in these studies might be the first recognition of
their disorder.

ADHD is also associated with increased recidivism
(Langevin & Curnoe, 2011). A recent study demonstrated
that offenders with ADHD have been shown to reoffend not
only more frequently, but also more quickly than those with-
out ADHD (6 vs. 25 months, respectively), even when con-
trolling for risk factors such as antisocial personality disorder
(Philipp-Wiegmann et al., 2018). Conversely, one longitudi-
nal study found no direct link between childhood ADHD
and repeat criminality: although ADHD was six times more
prevalent in a population of German male prisoners (relative
to the general population), survival analysis did not identify
ADHD as a predictor of recidivism (Grieger & Hosser,
2012). However, this analysis did find that offenders diag-
nosed with ADHD reoffended more quickly after release
than those without ADHD (Grieger & Hosser, 2012).
Ultimately, although numerous studies point to a role for
ADHD in increased recidivism, the issue is sufficiently
complex as to warrant greater investigation, particularly to
parse out the role of common comorbidities such as sub-
stance use disorder, conduct disorder, and antisocial person-
ality traits (Knecht et al., 2015; Langevin & Curnoe, 2011).

Sleep

Various sleep disturbances (insomnia, etc.) are well docu-
mented among children and increasingly, in adults with
ADHD (Supplemental Table 1). Earlier versions of the
DSM even included sleep disturbances (e.g., “moves exces-
sively during sleep”) in the diagnostic criteria for ADHD
(American Psychiatric Association, 1980), but such criteria
were later removed. As with many outcomes in ADHD
research, surveys, clinician interviews, and self-reporting
are among the most feasible methods for identifying sleep
problems. However, some studies also incorporate neuro-
physiological measures of sleep quality (e.g., via polysom-
nography) to provide an objective measure of sleep
outcomes. In either method, it is important to isolate the
association of ADHD versus comorbidities on sleep prob-
lems (e.g., depression, which is independently associated
with greater sleep disturbances). Further, because stimulant
pharmacotherapies are well known to disturb sleep due to
their psychostimulant properties (Cortese et al., 2013),
studies probing the association between ADHD and sleep
problems should consider whether participants are medi-
cated at the time of study.

A variety of survey-based studies have found that the
core symptoms of ADHD are clearly associated with a vari-
ety of sleep disturbances, differing only in whether the core
symptoms are distinctly associated with various sleep com-
ponents (Gau et al., 2007; Mahajan et al., 2010). For exam-
ple, inasmall questionnaire-based study of22 non-medicated
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Figure 5. Sleep problems in adults with persistent, remitted,
or late-onset ADHD. Sleep problems were greatest among
participants whose childhood ADHD persisted into adulthood
and those with adult-onset ADHD, versus those whose
childhood ADHD remitted in adulthood or those never
diagnosed with ADHD at all. Asterisks directly above the bars
are for comparisons with the “no ADHD” group and asterisks
above the brackets are for comparisons between the groups
indicated. ~ p < .10, *¥** p < .001. Note. ns = not significant.
(Reprinted with permission from Gregory et al., 2017.)

adults with ADHD, hyperactivity/impulsivity symptoms
were significantly associated with a variety of sleep distur-
bances, such as lower overall sleep quality, shorter sleep
duration, and decreased sleep efficiency (Mahajan et al.,
2010). Although total ADHD symptoms and inattention
symptoms were also associated with several sleep out-
comes, these were not significant after correcting for mul-
tiple comparisons. A broader and larger cross-sectional
survey study of young adults (N = 2,284) found that inat-
tention symptoms, but not hyperactivity/impulsivity symp-
toms, were associated with greater sleep need and greater
difference between sleep need and sleep duration (Gau
et al., 2007). Conversely, hyperactivity/impulsivity, but not
inattention symptoms were associated with decreased sleep
duration. Other studies have found no such distinction,
reporting instead that inattention and hyperactivity/impul-
sivity symptoms were each independently associated with
generally poor sleep quality (Gregory et al., 2017).
Because sleep habits and hygiene are at least in part
behavioral (i.e., habitually-driven and subject to learned
experiences), adults whose ADHD began in childhood may
develop poor sleep hygiene habits or negative associations
with their bedtimes and bedrooms that persist into long-
term sleep problems, even if their ADHD remits in adult-
hood. A recent longitudinal study sought to untangle this
issue by comparing four groups (N = 2,232): subjects with
childhood ADHD which persisted into adulthood (age 18 or
later), childhood ADHD which remitted by adulthood,

subjects whose ADHD first emerged in adulthood, and a
control group with no history of ADHD (Gregory et al.,
2017). The authors found that participants with ADHD in
adulthood had worse sleep quality than the control group,
and this impaired sleep quality did not differ between par-
ticipants whose childhood ADHD persisted into adulthood
and those for whom it emerged only after age 18 (Figure 5).
Further, participants whose childhood ADHD remitted in
adulthood had no more sleep problems than the control
group. These findings were true even after excluding par-
ticipants taking ADHD medication at the time of the survey
and remained after controlling for a wide range of comorbid
psychiatric conditions (e.g., depression, anxiety). These
data suggest that concurrent (not childhood) ADHD symp-
toms are associated with adult sleep quality, and that recov-
ery from ADHD-associated sleep problems in childhood
may be possible.

Although well studied, the nature of the relationship
between ADHD and sleep remains largely unclear. For
instance, the directionality of the link between ADHD and
sleep disturbances has yet to be elucidated. It is also well
known that poor sleep can result in symptoms that mimic
those of ADHD (Dahl, 1996; J. A. Owens, 2005), and that
improving certain sleep-related problems (e.g., improving
nighttime disordered breathing) has been shown to reduce
ADHD symptoms (reviewed in Sedky et al., 2014).
Although a causal relationship seems plausible, it is also
possible that this relationship is due to shared neuroanatom-
ical and/or functional overlap of the brain regions involved
in attentional processes, and arousal and sleep regulation,
though more research is necessary to fully describe this
mechanism (J. Owens et al., 2013).

Impact of Pharmacological Treatment

Because most studies demonstrating the efficacy of U.S.
Food and Drug Administration (FDA)-approved stimulant
(e.g., amphetamines, methylphenidate) and nonstimulant
(atomoxetine, guanfacine extended-release, clonidine
extended-release, and viloxazine extended-release) medica-
tions (Figure 6) to treat ADHD have been conducted in
pediatric subjects, the body of knowledge regarding their
safety and efficacy in adults is less robust (Supplemental
Table 2). Available studies of ADHD medications in adults
largely replicate the success demonstrated in children, with
adults responding well to many treatments. However, adults
appear to have a slightly lower therapeutic response rate
(~60%) and demonstrate greater variability across studies
(response rates ranging from 25% to 78%), though this may
be due to a variety of methodological differences (Wilens
et al., 2011). Further, although many clinical trials report
the success of pharmacotherapy in treating core symptoms
of ADHD, fewer studies have been conducted on outcomes
of functional impairment. Although they are assumed to be
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Stimulants

Methylphenidate
Based

(Concerta®, Ritalin®, etc.)

Amphetamine
Based

(Adderall®, Mydayis®, etc.)

Atomoxetine

(Strattera®)

FDA-Approved for the Treatment of ADHD

Nonstimulants

Clonidine XR
(Kapvay®)

Viloxazine ER
(Qelbree®)

Guanfacine XR

(Intuniv®, Tenex®)

Figure 6. FDA-approved treatments for ADHD. FDA-approved treatments for ADHD include stimulants and nonstimulants.
Stimulants include amphetamine- or methylphenidate-based products, of which there are a variety of formulations available.
Nonstimulants include atomoxetine, guanfacine extended-release (guanfacine XR), clonidine extended-release (clonidine XR), and
viloxazine extended-release (viloxazine ER). Guanfacine XR and clonidine XR have not been approved to treat ADHD in adults; a
randomized, placebo-controlled phase 3 trial of viloxazine ER in adults with ADHD has recently been completed (NCT04016779),
with an open-label extension underway (Nasser et al., 2022). Note. FDA = Food and Drug Administration.

closely related, exactly how and to what degree core symp-
toms of ADHD and functional impairments are linked
remains unclear, though correlations between the two in
pediatric subjects have been shown to be generally modest
(typically, » < .5) (Gordon et al., 2006). Nonetheless, a
growing body of evidence suggests that pharmacotherapy is
likely to significantly mitigate ADHD-associated functional
impairments in adults (Coghill et al., 2017).

Social Impairment and Relationships

A combination double-blind trial followed by a 12-month
open-label trial of methylphenidate found large, significant
improvements in social functioning as assessed by infor-
mant reports and structured interview using the Weissman
Social Adjustment Scale (Wenderetal.,2011) (Supplemental
Table 2). The percent of participants who scored moder-
ately impaired or worse in their overall social adjustment
dropped from 89% at baseline to 9% and 16% at 6 and 12
months of treatment, respectively. These reductions were
seen in all subscales: Social Leisure dropped from 63% to
21% and 14%, Extended Family dropped from 40% to 12%
and 9%, and Marital dropped from 55% to 21% and 15%. In
all areas except Economic Functioning, the average overall
score improved 37%, which falls between mild maladjust-
ment and good functioning. The authors noted a variety of
qualitative improvements: spouse informants reported that
subjects made fewer conversational interruptions, their

moods were more stable, and children were treated more
calmly and consistently by the parent with ADHD (Wender
etal., 2011).

A head-to-head, randomized, open-label study com-
pared immediate-release (IR) methylphenidate versus
atomoxetine in 63 adults with ADHD in Taiwan (Ni et al.,
2017). Although both drugs significantly improved the
core ADHD symptoms by midpoint (Weeks 4-5, relative
to baseline), atomoxetine reduced hyperactivity/impul-
sivity symptoms more than IR methylphenidate, although
this difference was not significant by the last visit (Weeks
8-10) (Figure 7). Both drugs significantly improved
scores on the Relationship items of the Adult ADHD
Quality of Life Scale by midpoint, and by the last visit
this improvement was greater for IR methylphenidate
than for atomoxetine (p = .01). Similarly, both drugs sig-
nificantly improved Family and Social items on the Weiss
Functional Impairment Rating Scale—Self-Report at both
time points. Importantly, IR methylphenidate was admin-
istered thrice daily (vs. once daily atomoxetine), which
may have resulted in missed doses, particularly in the first
few weeks of treatment, possibly explaining the greater
improvement among atomoxetine-treated subjects by
midpoint. Nonetheless, these data demonstrate that both
stimulants and nonstimulants can significantly improve
relationships and social functioning in adults with ADHD
according to standardized, self-reported clinical assess-
ments (Ni et al., 2017).
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Figure 7. Improvement on social and relationship items after stimulant and nonstimulant treatment. Treatment with instant-release
methylphenidate (MPH) and atomoxetine (ATX) significantly improved social and relationship items on the Adult ADHD Quality of

Life Scale (AAQolL) and Weiss Functional Impairment Rating Scale-Self-Report (WFIRS) in ADHD within 4 to 5 weeks of treatment.
Cohen’s d effect sizes (white boxes within bars) were medium to large. Means = standard error. * p < .05, *¥ p < .0l, ¥ p < .001,

relative to baseline. (Data from Ni et al., 2017.)

Parenting

A small, double-blind, placebo-controlled study of mothers
with ADHD (N = 23) found that treatment with osmotic
release oral system (OROS) methylphenidate significantly
improved measures of parenting (Chronis-Tuscano,
Seymour et al., 2008) (Supplemental Table 2). Specifically,
stimulant treatment resulted in significant reductions in
self-reported inconsistent discipline and corporal punish-
ment, and improved maternal involvement, monitoring/
supervision, and consistency in discipline. Cohen’s d effect
sizes were medium to large, ranging from 0.42 to 0.71.

These findings were later replicated in both mothers and
fathers with ADHD treated with the stimulant pro-drug lis-
dexamfetamine (Waxmonsky et al., 2014). Using a combina-
tion within- and between-subjects design and observer-rated
laboratory tasks, this study showed that treating parental
ADHD improved parents’ capacity to appropriately adapt
their demands on their children to the individual task at hand.
Parents receiving active treatment also made 2 to 4 times
more praising statements than parents on placebo. Not only
did parental behavior improve, but significant, demonstrable
reductions in children’s inappropriate behaviors were noted
when parents were receiving treatment (vs. placebo)
(Waxmonsky et al., 2014). Moreover, these improvements
occurred even at the start of treatment, when only limited
changes in parental behavior were observed. The authors sug-
gest that even minor reductions in parental ADHD symptoms
may improve their children’s behavior, which may in turn
increase parental praise, responsiveness, and productive par-
enting techniques resulting a positive feedback loop. If true,
these data suggest even incremental improvements in parental
ADHD could have a meaningful impact on children.

Educational Achievement

Considering that the bulk of one’s education occurs during
childhood and adolescence; it is not surprising that most
studies examining the impact of pharmacotherapy on aca-
demic achievement have been conducted in pediatric popu-
lations (Supplemental Table 2). A meta-analysis of 43
studies (pooled N = 2,110 children) found that drug treat-
ment (particularly with methylphenidate and amphet-
amines) modestly improved the amount of schoolwork
completed by ~15% and increased the amount of class time
spent “on task” by ~14% (Prasad et al., 2013). Other mea-
sures of academic performance (e.g., number of test ques-
tions answered, accuracy of work completed) did not
reliably improve with medication. Only two of the 43 stud-
ies assessed the effects of atomoxetine, and neither demon-
strated reliable improvements on any measure of academic
performance. Another meta-analysis (pooled N = 8,721
children) found that long-term medication use was associ-
ated with improved standardized test scores and grades,
although the effect size was small and the educational rele-
vance was questionable (Langberg & Becker, 2012).

Although there are few, if any, studies examining the
impact of medication on academic performance in college,
students believe that medications help. In one instance,
more than 90% of interviewed students with ADHD said
their medication helped them academically, although this
was not supported by analysis of their educational outcomes
(Advokat et al., 2011). Another study of nonmedical stimu-
lant use among college students found that ~75% to 90% of
respondents believed the medications helped them concen-
trate better, study longer, feel less restless, and keep better
track of assignments (Rabiner et al., 2009).
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In light of studies showing only modest improvements in
academic performance, some researchers have advocated
targeting the practical, functional skills associated with edu-
cational success such as attentiveness/organizational skills,
emotional regulation, explicit academic skills, and access-
ing external supports (Fleming & McMahon, 2012).
Because college success is typically built on years of suc-
cess in school, it follows that college students with ADHD
are more likely to lack these basic skills and would benefit
from explicit interventions. Although ADHD medications
may not directly improve academic achievement, they are
likely to improve the skills necessary to succeed in college
(e.g., attentiveness), which would subsequently allow the
individual to perform at their best academically.

Occupational Impairments

A large cross-sectional study (N = 414) found a direct asso-
ciation between treating childhood ADHD and being in
work as an adult (Halmey et al., 2009) (Supplemental Table
2). Specifically, adults with ADHD who were presently
receiving or had a childhood history of receiving pharmaco-
therapy for ADHD were significantly less likely to be out of
work (relative to those never having received treatment).
For those having received treatment in childhood, this was
true even when controlling for a variety of comorbidities.
Similarly, the age of first stimulant treatment was nega-
tively correlated with being in work, where beginning treat-
ment at a later age was associated with lower levels of
employment (Gjervan et al., 2012). These data underscore
the benefit of early diagnosis and treatment in promoting a
productive occupational trajectory (Halmoy et al., 2009).

In the previously described head-to-head comparison
between IR methylphenidate and atomoxetine, both drugs
significantly improved scores on the Work items of the Weiss
Functional Impairment Rating Scale at 5 weeks (both p’s <
.01, d’s = 0.6) (Ni et al., 2017). By Week 10, IR methylphe-
nidate (mean score, —7.41, p < .001 relative to baseline, d =
1.13) had improved scores on this item more than atomox-
etine (mean score, —4.19, p < .01 relative to baseline, d =
0.84), though this difference was not statistically significant.

A novel methylphenidate formulation (PRC-063) was
assessed among adults with ADHD in a dose-optimized,
double-blind, placebo-controlled crossover study (Wigal
et al., 2020). After dose-optimization, subjects were tested
on two separate days (one on active drug, one on placebo)
in a simulated workplace environment (i.e., a controlled
environment with structured activities provided throughout
the day, designed to provoke behaviors associated with
ADHD in such a way as to yield quantifiable outcomes).
Here, methylphenidate significantly improved scores over
placebo within 1 hr of dosing through the last time point (16
hr), suggesting both a rapid onset of effect and sustained
benefits in a simulated work environment.

Accidents, Unintentional Injuries, and Driving

The benefits of pharmacological treatment for ADHD on the
occurrence of unintentional injuries have been well estab-
lished in children and adolescents (Ruiz-Goikoetxea et al.,
2018), and now a large body of evidence suggests the same
might be true in adults (Supplemental Table 2). ADHD medi-
cation use has been associated with significant decreases in a
wide variety of unintentional injuries, including dislocations,
sprains and strains, intracranial and internal injuries, superfi-
cial injuries and contusions, head injuries, and traumatic brain
injuries, relative to un-medicated individuals with ADHD
(Figure 3b) (Chien et al., 2017; Liou et al., 2018). Among the
most-documented benefits of ADHD pharmacotherapy is a
reduction in driving accidents. In a large longitudinal Swedish
study (N = 17,408), the rate of serious traffic accidents (result-
ing in emergency department visits) was 58% lower in adult
men when medicated for their ADHD, relative to periods of
their life during which they were not medicated (Chang,
Lichtenstein, D’Onofrio, Sjolander, & Larsson, 2014). This
study estimated that at least 41% of the accidents could be
attributable to non-treatment, suggesting they could have been
avoided with medication treatment (Chang, Lichtenstein,
D’Onoftio, Sjolander, & Larsson, 2014).

Pharmacological treatments for ADHD appear to also
improve driving performance, often after only a few weeks
of treatment. For instance, an early study on this issue used
a within- and between-subjects driving simulator paradigm
(Biederman et al., 2012). Here, adults with ADHD (N = 61,
18-26 years) were randomized to 6 weeks of lisdexamfet-
amine or placebo. At end of study, treatment with lisdexam-
fetamine significantly improved reaction time and lowered
the number of simulated driving collisions relative to pla-
cebo. Overwhelmingly, reports about the efficacy of ADHD
medications reference stimulant medications, presumably
due to their widespread use; stimulants not only predate the
FDA-approval of nonstimulant treatment options, but
greatly outnumber nonstimulant options as well.

Although to our knowledge no studies directly compare
the efficacy of stimulants versus nonstimulants on driving
performance, a 2014 systematic review of medicated
ADHD patients evaluated reports of six stimulants and one
nonstimulant (Gobbo & Louza, 2014). Although the studies
were methodologically highly variable, it was clear that
therapeutic stimulant use improved driving performance in
ADHD patients, particularly in young adults. Not surpris-
ingly, although both osmotic release oral system (OROS)
methylphenidate and instant-release methylphenidate
(MPH-IR) produced similar improvements during the day,
MPH-IR lost its efficacy in the evening. Studies with atom-
oxetine, the only nonstimulant evaluated, reported mixed
results. Perhaps the most interesting result from this review
is the potential for a rebound effect from extended-release
stimulants: while extended-release mixed amphetamine
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salts improved driving performance during the day, it wors-
ened driving in the evening. Because no direct comparisons
between stimulants or between stimulants and nonstimu-
lants exist for these measures, any comparisons must be
interpreted with consideration to the methodological differ-
ences among studies.

The potential for pharmacotherapy to improve accidents
and injuries is of great consequence. Not only is uninten-
tional injury a global public health concern, but the majority
of injuries in available studies are related to traffic incidents
(Chandran et al., 2010). Specifically, the World Health
Organization estimates that almost four million people die
each year from unintentional injuries, with 33% of these
due to road traffic incidents (Chandran et al., 2010). Due to
increasing numbers of vehicles on the road, and increasing
complexity and sharing of roadways, this number is
expected to increase over time. Because these injuries are
more common among young, healthy individuals, the num-
ber of years lived with an injury-induced disability can be
substantial. On an individual level, driving facilitates a
wide variety of other functional domains (e.g., work, fam-
ily, social engagements) for many adults. Thus, any disor-
der with the potential to adversely impact driving or
otherwise restrict this privilege would be expected to have
downstream consequences. Since ADHD is a treatable con-
dition, clinicians should strongly consider the functional
safety benefits of treatment for their patients who may be at
risk of injury or driving impairments.

Mortality

Whether treatment can reduce mortality among individuals
with ADHD requires further study, as most published
reports have examined whether ADHD medications
increase mortality from a perspective of drug safety
(Supplemental Table 2). Because deaths are infrequent
events, studies that have examined whether medication can
decrease mortality often come from observational studies
(both prospective and retrospective) in which large samples
with long-term observation periods can allow adequate
numbers of rare events to be evaluated. Regardless of the
methodology used, the study of mortality among psychiat-
ric disorders is complex, and a well-designed analysis
should take into account the presence of comorbid disor-
ders, the timing of symptom/impairment onset which may
drive individuals to seek medical help, and medication
adherence issues among other factors. Nonetheless, some
trends in the data have emerged.

A recent population-based cohort study examined all-
cause mortality rates among children and adolescents with
ADHD after treatment with methylphenidate (N = 68,096)
and compared these results to matched controls (V. C. Chen
et al., 2020). Even after adjusting for potential confounds,
methylphenidate use was still associated with a significantly

lower risk of mortality, particularly among boys aged 4 to 11.
Consistent with a protective effect of treatment, a longer
interval between ADHD diagnosis and starting methylpheni-
date treatment was associated with higher mortality rates
(adjusted HR = 1.05, p = .009), and longer treatment dura-
tion was associated with lower mortality (adjusted HR =
0.83, p = .031). Whether and how these results might be gen-
eralized to nonstimulants or adult populations is unclear.

Both a large Taiwanese study and U.S. claims data anal-
ysis (N > 3 million participants with ADHD) found that
ADHD medication was associated with significantly lower
risk of suicidal attempts (Chang et al., 2020; Liang et al.,
2018). In the Taiwanese study, the decrease in risk was pro-
portional to length of prescribed treatment: individuals pre-
scribed 1 to 90 days of methylphenidate had a nonsignificant
HR of 0.86 (relative to no prescription), while those pre-
scribed 91 to 180 days of methylphenidate had a signifi-
cantly reduced HR of 0.41 (p = .025), and those prescribed
more than 180 days had an even larger HR reduction of 0.28
(p <.0001) (Liang et al., 2018).

A similarly large population-based study of methylphe-
nidate found that the risk of suicide attempts was signifi-
cantly increased during the 90 days prior to beginning
methylphenidate treatment and the first 90 days after initiat-
ing treatment (Man et al., 2017). After this initial 90-day
period, the risk returned to baseline levels (risk ratio =
1.35, 95% confidence intervals [CI] = [0.77, 2.38]). The
authors posit that the increased risk of suicide attempts
before treatment may reflect the emergence of symptoms
and impairments, subsequently driving individuals to seek
medical intervention. However, suicidal thoughts could
have also prompted individuals to seek evaluation for psy-
chiatric disorders, resulting in diagnosis of ADHD and sub-
sequent medical intervention. Because the 90 days before
and after beginning treatment did not significantly differ in
their risk ratios (0.78, 95% CI = [0.26, 2.35]), the authors
emphasize that these results do not suggest causality
between treatment and suicide attempts.

The FDA has required a black box suicide warning for
atomoxetine since 2005, and now for the nonstimulant
viloxazine ER which was recently approved for children
(617 years) and adults. For atomoxetine, this labeling
resulted from a modest increase in suicidal ideation (0.4%
over and above placebo) and one suicide attempt in children
and adolescents reported in a meta-analysis of 14 studies (N
= 2,200) (Strattera [Atomoxetine] Prescribing Information,
2017). Because all events occurred within the first month of
treatment with atomoxetine, it is unclear whether the risk of
suicidal ideation in pediatric patients extends to long-term
use. Notably, a similar analysis among studies in adults
receiving atomoxetine revealed no such increased risk of
suicide events (i.e., ideation, attempts, completions)
(Strattera [Atomoxetine] Prescribing Information, 2017).
In the 15 years since, numerous analyses have failed to find
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any evidence of increased suicide events associated with
atomoxetine (Bangs et al., 2014; Chang et al., 2020; Linden
et al., 2016), and the risk has been reported to be compara-
ble to that after treatment with methylphenidate (Bushe &
Savill, 2013). Contemporary controlled studies comparing
the risk of suicide with use of nonstimulants compared to
stimulants are needed. Nonetheless, because the ADHD dis-
order is associated with an increased risk of suicide events
compared to the general population, the FDA’s warning
should be considered in light of the risk(s) associated with
foregoing treatment.

Risky Sexual Behaviors (RSB)

Few studies have directly examined the impact of ADHD
medication on RSB in adults; however ADHD medication
has been associated with a lower probability of RSBs in
adolescents (Suppelemental Table 2). A retrospective
Medicaid claims data analysis (N = 145,264) found that
ADHD medication significantly reduced the probability of
a teenager with ADHD contracting an STD or becoming
pregnant (Chorniy & Kitashima, 2016), though this study
did not compare risk reduction among different medica-
tions. Similarly, a recent 2021 study found that long-term
ADHD medication use among adolescents was associated
with a lower risk of early pregnancy (i.e., pregnancy before
the age of 20; HR = 0.69) (Hua et al., 2021).

Two recent studies have examined this issue among the
broader pool of adolescents and young adults. A 2019 study
examined RSB in young men (N = 31, ages 15-25 years)
with diagnosed ADHD and comorbid alcohol use disorder
after 6-month, open-label treatment with methylphenidate
(Kumar et al., 2019). ADHD scores (particularly the hyper-
activity/impulsivity subscale) were significantly correlated
with RSB (Spearmen’s p = 0.34, p < .05), and RSB was
significantly reduced at both 3 months (» = .02) and 6
months (p = .004) relative to baseline. Further, ADHD total
scores significantly predicted the reduction in RSB (odds
ratio = 1.26, p = .01), but not in alcohol-use severity or in
perceived stress (Kumar et al., 2019), suggesting the
improvement was unique to RSBs.

Similarly, using a large Taiwanese sample of adolescents
and young adults diagnosed with ADHD (N = 17,898 vs.
71,592 controls), individuals with ADHD were more likely
to develop a sexually transmitted infection (STI) than the
comparison group, even after controlling for demographic
data, psychiatric comorbidities, and ADHD medications
(M.-H. Chen et al., 2018). In this study, the use of both meth-
ylphenidate and atomoxetine were evaluated in terms of
short-term (1 month to 1 year) and long-term (greater than 1
year) use (though results were not stratified by drug type).
Both short- and long-term use of ADHD medications were
significantly associated with a lower risk of subsequent STIs
(HRs of 0.70 and 0.59, respectively). Interestingly, when

stratified by sex, these results (both short- and long-term
use) were only significant for males but not females. Further,
when stratified by age, the decreased risk of STI was only
significant for adolescents (<18 years) after long-term use,
and not significant for young adults (1829 years) after
either short- or long-term use. These data suggest that, while
medication is likely to decrease the risk of STI, the results
may vary based on demographic variables such as age and
sex. Due to the paucity of data available in adults, further
research is warranted.

Substance Use and Abuse

Most ADHD medications (and certainly all those before
FDA approval of atomoxetine in 2002) are stimulants,
which carry the risk of misuse, abuse, and diversion
(Clemow & Walker, 2014) (Supplemental Table 2). In indi-
viduals with ADHD and substance use disorder (SUD), fur-
therrisks include the potential for exacerbated cardiovascular
effects if stimulant medications were to be combined with
illicit drugs as well as the potential to promote drug craving
or relapse/worsening of SUD (as described in numerous
animal models, e.g., Farrell et al., 2018). As a result, clini-
cians have been historically hesitant to use stimulant thera-
pies in the treatment of individuals with ADHD and SUD
(or those at risk of SUD) (Schubiner et al., 1995).

Early clinical approaches thus sought to first attain sobri-
ety, then treat the patient’s ADHD—an approach met with
limited success. Among the earliest reports to contradict this
guidance was a 1995 report of three case studies describing
the successful treatment of SUD in adult ADHD patients, in
which all three patients responded to psychostimulant treat-
ment and remained abstinent for several years (Schubiner
et al., 1995). Since then, multiple studies have demonstrated
that long-acting stimulant and nonstimulant medications for
ADHD do not generally cause or exacerbate SUDs
(Schubiner et al., 2002; Wilens et al., 2008). In fact, ADHD
medications can often, though not always (Schubiner et al.,
2002), lower the risk of developing a SUD (Biederman,
2003; Quinn et al., 2017) and even help aid recovery (Levin
et al., 2015; Schubiner et al., 1995).

The lack of correlation between ADHD medication and
SUDs have been validated in large-scale retrospective analy-
ses. A 4-year analysis of a Swedish national register (N =
38,753, ages 846 at the start of the study) found that treat-
ing ADHD with medication was not only 7ot associated with
increased rates of substance abuse events (e.g., substance-
related hospitalizations), it appeared to significantly lower
the rate by ~30% (Chang, Lichtenstein, Halldner, et al.,
2014). This study also found that the rate of substance abuse
decreased the longer medication was prescribed. Remarkably
similar results were found in a later U.S. health care claims
analysis of almost 3 million patients with ADHD (Quinn
et al., 2017). Here, the authors found a significant 30% to



Kosheleff et al.

687

35% decline of substance use-related incidents during peri-
ods of active pharmacological ADHD treatment, and simi-
larly no increased risk of SUD-related problems.

Stimulant medications have been found to be generally
safe in healthy populations, but do carry increased cardio-
vascular safety risks in some predisposed patients, even
in those with minor elevations in heart rate and blood
pressure (Sinha et al., 2016). A systematic review of 10
population-based observational studies found no associa-
tion between stimulant use and cardiovascular safety con-
cerns among children and adolescents, but did find such
an association in two of the three adult studies evaluated
(Westover & Halm, 2012). Several studies have explicitly
examined the safety of stimulant medications and atom-
oxetine in combination with commonly-abused sub-
stances such as cocaine, and found modest cardiovascular
effects, though generally not clinically significant or
unexpected (Collins et al., 2006; Rush et al., 2009; Stoops
et al., 2008). However, outside the controlled environ-
ment of a clinical trial, how these medications might
interact with illicit drugs of unknown quantities or purity,
or in combination with multiple drugs, remains unclear
and obviously is not recommended.

A 2020 consensus statement (55 experts, 17 countries)
on adolescents with ADHD and SUD found that all agreed
on the risk of abuse, misuse, and diversion as well as the
increased cardiovascular risk among those seeking treat-
ment with psychostimulants (Ozgen et al., 2020).
Interestingly, no consensus was reached on whether sobri-
ety or abstinence was required prior to starting psycho-
stimulant therapy, suggesting the need for greater research
in this area. For clinicians who maintain this concern, non-
stimulant ADHD pharmacotherapy may prove a suitable
alternative. Indeed, atomoxetine has a lower abuse liabil-
ity than psychostimulants (Jasinski et al., 2008), and has
been shown to reduce the number of heavy alcohol drink-
ing days by 26% (vs. placebo) in a 12-week study (Wilens
et al., 2008).

Although not FDA-approved for ADHD in adults,
guanfacine extended-release has also been shown to
reduce cocaine and alcohol craving in cocaine-dependent
women (Fox et al., 2014), and there has been a growing
interest in its application to cocaine addiction (Lustberg
& Weinshenker, 2020; Milivojevic et al., 2017). Similarly,
the novel nonstimulant viloxazine extended-release, cur-
rently approved to treat ADHD in children (=6 years) and
adults, has not demonstrated any potential for abuse in
non-human primate models using the original, instant-
release formulation (Yanagita et al., 1980). Although the
abuse liability of viloxazine extended-release has not
been directly tested in humans, the original formulation
of viloxazine has a 30+ year history of clinical use in
Europe, with no indication of abuse potential (Findling
etal., 2021).

Criminal Activity

A recent study demonstrated that offenders with ADHD have
been shown to reoffend not only more frequently, but more
quickly than those without ADHD (6 vs. 25 months, respec-
tively) even when controlling for risk factors such as antiso-
cial personality disorder (Philipp-Wiegmann et al., 2018)
(Supplemental Table 2). Interestingly, only current (and not
lifetime) ADHD impacted the number of further offenses,
although both current and a history of ADHD did signifi-
cantly increase the number of re-incarcerations. These data
reiterate the disadvantages associated with current symptoms
and impairments, versus simply having a history (i.e., child-
hood) of ADHD. Presumably, then, if current ADHD symp-
toms and impairments could be controlled, a positive
downstream effect on criminal behavior might follow.

While it is clear that ADHD medications can reduce
ADHD symptoms in incarcerated adults, whether the ben-
efits translate into reduced criminality is methodologically
difficult to assess. A small, year-long study of 30 prison
inmates found that stimulant treatment clearly improved
ADHD symptoms, and the number of reported critical inci-
dents during the trial were clearly lower than the previous
year, prior to the trial (Ginsberg et al., 2012). However, due
to methodological constraints, these data were not analyzed
via inferential statistics. Some of the most convincing data
to support the efficacy of treatment to reduce criminal activ-
ities comes from a large Swedish registry of 25,656 adults
with ADHD, followed over 3 years (Lichtenstein et al.,
2012). During periods of medication, criminality dropped
32% for men and 41% for women. This reduction did not
differ significantly between stimulants and nonstimulants
and appeared to be unique to ADHD medications, as there
was no association between criminality rates and the use of
selective serotonin reuptake inhibitors (Figure 8).

A 2011 UK. consensus statement on ADHD within the
criminal justice system provides practical guidelines on
managing this population (S. J. Young etal., 2011). It asserts
that treating ADHD within this population will not only
help control the inattentiveness, physical restlessness,
impulsivity, and mood lability associated with the disorder,
but will also facilitate better engagement with available
rehabilitation programs. It also recommends that treating
and controlling ADHD in this population may lead to sub-
sequent, downstream improvements in common comorbid
disorders (e.g., substance abuse, anxiety).

Sleep

Understanding the relationship between sleep and ADHD is
particularly complicated by the prolific use of psychostimu-
lant medication as the first-line therapy for ADHD
(Supplemental Table 2). It is well established that psycho-
stimulants promote central nervous system arousal, thereby
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Figure 8. Associations between medication usage and criminal conviction among men with ADHD. Using data from the Swedish
National Patient Register, both stimulant and nonstimulant ADHD medications significantly reduced the likelihood of any criminal
conviction among men with ADHD, whereas selective serotonin reuptake inhibitor (SSRI) medication did not (a). The use of ADHD
medication was associated with significantly decreased rates of crime as assessed by multiple outcomes (b). Hazard ratio (below each
red circle) = 95% confidence intervals. Confidence intervals which include 1.0 are not significantly different from the comparison
(here, relative to no medication). (Data from Lichtenstein et al., 2012.).

promoting wakefulness and insomnia (Wood et al., 2014).
Paradoxically, they have also been reported to result in
improved sleep in some children and adults with ADHD,
possibly via a “calming effect” (J. J. Kooij et al., 2001;
Sobanski et al., 2008; M. A. Stein et al., 2012). For instance,
a polysomnographic study compared adults with ADHD
before and after treatment with methylphenidate over =26
days (Sobanski et al., 2008). At the end-of-study assess-
ment, treatment resulted in significantly decreased latency
to fall asleep, increased sleep efficiency, and improved sub-
jective feelings about sleep, but no change in other mea-
sures such as rapid eye movement (REM), sleep parameters,
or number of awakenings. Importantly, this study did not
evaluate whether the administered dose also improved other
symptoms or impairments associated with ADHD.

While fewer studies have examined the impact of non-
stimulant ADHD medications on sleep parameters, a direct
comparison of atomoxetine and methylphenidate in children
found better sleep with atomoxetine treatment and worse
sleep with methylphenidate (Sangal et al., 2006). A 2017
review of the relationship between ADHD treatment and
insomnia reported the rate of insomnia to be 40% to 45% in a
trial of mixed amphetamine salts (vs. 13% placebo), 11% to
31% in a trial of extended-release methylphenidate (vs. 4%
placebo), and 15% and 8% after atomoxetine among poor
and non-poor cytochrome P450 2D6 metabolizers, respec-
tively (Wynchank et al., 2017). In a placebo-controlled trial,
insomnia was noted as a treatment-emergent adverse reaction
to atomoxetine among 20.8% of adults receiving active treat-
ment (vs. 8.7% placebo) (Michelson et al., 2003).

In summary, untreated ADHD is associated with poor
sleep quality which may be improved with medication, and

nonstimulant treatments are associated with lower rates of
insomnia than stimulants. Therefore, researchers should use
caution and account for the potential impact of medications
to exacerbate sleep difficulties when reporting sleep param-
eters among adults with ADHD. Clinicians, in turn, should
consider baseline and medication-induced sleep problems
when considering their patients’ treatment plans.

Conclusions

In summary, ADHD not only persists into adulthood, but is
associated with a wide swath of functional impairments,
many of which are distinct from those faced by pediatric
populations. Unlike children with ADHD who are reliant on
caregivers, adults living independently and self-sufficiently
may be more vulnerable to the functional downstream con-
sequences of inattention, hyperactivity, and impulsivity.
Not surprisingly, the core symptoms and functional impair-
ments characterizing adult ADHD are also associated with
decreased optimism, decreased life satisfaction, and overall
reduced quality of life across family, social, and occupa-
tional domains (Biederman, Faraone, Spencer, et al., 2006).
Although loneliness does not appear to be a major concern
in pediatric populations with ADHD (Diamantopoulou
et al., 2005; Houghton et al., 2015), this is not the case in
adulthood. Adults with ADHD experience significantly
increased loneliness (Stickley et al., 2017) particularly
among older populations (60-94 years old) (Michielsen
et al., 2015), suggesting this impairment may be unique to
adults with the disorder.

Several studies have also reported that undiagnosed
adults presenting with ADHD signs and symptoms have



Kosheleff et al.

689

significantly lower quality of life across multiple domains
relative to those diagnosed with ADHD (Able et al., 2007,
Pawaskar et al., 2020), suggesting that simply recognizing
the disorder may significantly improve quality of life and
well-being. A recent review found that treatment with both
stimulant and nonstimulant ADHD medications signifi-
cantly improves symptoms, functional impairment, and
health-related quality of life among adults with ADHD
(Coghill et al., 2017). The wealth of literature on functional
impairments associated with ADHD presented in this
review underscores very clearly the need for recognition
and treatment of ADHD. This stands in sharp contrast to the
occasional public discourse positing an inherent advantage
to ADHD in adulthood. The published literature offers no
compelling evidence that the ADHD disease state confers
measurable benefits at any point across the lifespan of the
discase. Because it has been suggested that the functional
and quality of life consequences of ADHD might be cumu-
lative over the lifespan (Brod et al., 2012), greater emphasis
on its early diagnosis and treatment might result in signifi-
cant improvements across multiple domains for individuals
with ADHD.
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