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Abstract

The objective is to highlight the clinical and social outcomes among adults who suffered from
Attention-Deficit Hyperactivity Disorder (ADHD) in their childhood/adolescence. PubMed,
PsycINFO, and Scopus databases were searched for prospective studies published during
the last 5 years addressing patients with ADHD in childhood/adolescence followed-up to
adulthood. We also included studies published before 2015 reported in other reviews with
similar outcomes. Thousand four-hundred and eighty-five studies were identified, but only
39 were included for qualitative analysis and 27 for quantitative analysis. Overall, we found
that ADHD persisted into adulthood with a mean rate of 43% and was mainly associated with
both substance/alcohol use disorders and antisocial behavior and, less frequently, with anxiety
and depressive disorders. The prevalence of persistent ADHD in adulthood reported by
studies published after 2011 (55%) was higher than that reported by studies published previ-
ously from 1985 to 2011 (34%), suggesting a greater focus on ADHD in recent years. Our results
highlight that ADHD can be considered not only a neurodevelopmental disorder, but also a
persistent and complex condition, with detrimental consequences for quality of life in
adulthood.

Summations

In light of our results, we confirm that ADHD can be persistent into adulthood with high
frequency and can predispose to the development of other psychiatric disorders or social
maladjustment with detrimental consequences for quality of life in adulthood.

The high prevalence of antisocial behavior and/or criminality activities observed in adult
ADHD suggests that antisocial personality disorder and criminal activities can be the evolution
of childhood oppositional and impulsive behavior.

Anxiety and depressive disorders are the most frequent psychiatric disorders associated with
ADHD in adulthood. Alcohol and cannabis use are the most frequent complications of adult
persistent ADHD.

Considerations

The instability of ADHD diagnosis over time, much increased by cultural changes and scientific
measures over a period of 35 years, may have conditioned the rate of adulthood persistence.

The lack of many data regarding specific population categories and outcomes limits the
generalizability of our observations. Further prospective studies in different populations with
differentiated outcomes need to confirm these results.

The high rate of persistent ADHD suggests that this condition may not just be a neurode-
velopmental disorder, but more clinical trials are needed to properly diagnose and treat this
“new disorder” in adulthood.

In this review, after an introduction concerning ADHD clinical issues, we evaluated the
ADHD persistence in adulthood and the comorbidity occurrence of psychiatric disorders, sub-
stance/alcohol use and antisocial personality or criminal activities with conviction, and/or jail
among individuals with ADHD diagnosis in childhood. Our review included the description of
research strategies as well as methods, results, and conclusions of each study. After a qualitative
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and quantitative analysis of data collected from the studies
included, the clinical relevance of ADHD and comorbid disorders
and/or altered behavior in adulthood were discussed. Following a
summary of findings, strengths, and limitations of this review, we
highlighted the clinical issues related to ADHD and hypotheses for
future research.

Introduction

Attention Deficit Hyperactivity Disorder (ADHD) is a neuro-
developmental disorder characterised by disability symptoms
of inattention and/or hyperactivity-impulsivity, generally
beginning by school age, causing impairment in more than
one cognitive and functional dimension. The term ADHD
was adopted by DSM-III-R and has been widely and steadily
used since (American Psychiatric Association [APA], 1987).
The DSM-IV added other presentations: predominantly hyper-
active, predominantly inattentive, and combined (Lange et al.,
2010). In the latest edition of DSM-5, an additional presentation,
inattentive-restrictive with minimal hyperactive symptoms, was
added (American Psychiatric Association [APA], 2013). ICD-10
requires both inattentive and hyperactive/impulsive symptoms
for the diagnosis of ADHD, excluding children with co-occurring
conduct disorders (World Health Organization [WHO], 1992).
For this latter category, a combined diagnosis of hyperkinetic
disorders and conduct disorder is provided, indicating the high
prevalence of this association as well as its linkage with ADHD
progression.

The ADHD prevalence ranges between 5% and 7% (Polanczyk
et al, 2014; Thomas et al, 2015) in childhood/adolescence,
whereas the prevalence in adulthood is esteemed between 2.5%
and 4% in adults (American Psychiatric Association [APA], 2013;
Fayyad et al, 2017). In general, it leads to a chronic impairment,
with 60-85% of children diagnosed with ADHD continuing to dis-
play symptoms into adolescence (Pliszka, 2007), and between 2%
and 46% (self- and parent-report, respectively) into adulthood
(Barkley et al., 2002). A meta-analysis estimated the prevalence
of ADHD in adulthood to be 2.5% (Simon et al., 2009), another
meta-analysis involving more than 26 000 participants, estimated
that 2.8% of adults met criteria for ADHD (Fayyad et al, 2017).
Only about one in six youths with ADHD still met full diagnos-
tic criteria for ADHD at age 25, and about half showed signs
of residual impairment according to another meta-analysis
(Faraone et al., 2006). A recent review has reported that adult
ADHD is persistent in 2.58% of individuals who presented this
disorder in childhood, whereas 6.76% of individuals present
symptomatic adult ADHD regardless of childhood onset
(Song et al., 2021).

The prevalence of persistent adult ADHD (with a childhood
onset) and symptomatic adult ADHD (regardless of a childhood
onset) both decreased with advancing age. One systematic
review focusing on the ADHD prevalence in adults older than
50 years identified only 4 studies and estimated that the preva-
lence ranged from 1.0% to 6.2% (Torgersen et al., 2016). A large
study carried out in India reported an adjusted prevalence of
diagnosed ADHD of 0.22% or lower for persons aged 50 and
older (Sagar et al., 2020). A meta-analysis found that the preva-
lence of ADHD in older adults differed according to the assess-
ment methods: 2.18% (95% CI=1.51%, 3.16%) based on
diagnosis using validated scales, 0.23% (0.12%, 0.43%) based on clini-
cal diagnosis, and 0.09% (0.06%, 0.15%) based on treatment rates
(Dobrosavljevic et al., 2020).
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ADHD etiology is not clearly established and many conditions
may represent potential risk factors: genetic heritability, estimated
at 76% (Faraone et al., 2005); neuroanatomical abnormalities with
decreased volume of white and gray cortical matter (Sowell et al.,
2003); altered dopamine and serotonin pathway (Faraone et al,
2005); and neurophysiology dysfunction of fronto-striatal struc-
tures (Barry et al., 2003; Bush et al, 2005).

In pediatric age, ADHD diagnosis is essentially based on clinical
observation and on information obtained from interviews with
parents, teachers, and educators, since impairing symptoms must
be present in more than one setting (American Psychiatric
Association [APA], 2013). Semi-structured questionnaires or
interviews were implemented for parents and teachers as were
scales to measure the severity of the disorder and comorbid psy-
chiatric symptoms. Similarly, neuropsychological tests are admin-
istrated to investigate the development of cognitive functioning.
Unfortunately, no biological marker is available for diagnosis in
either childhood or adulthood, although slow EEG rhythms
(Jasper et al. 1938), and altered frontal-striatal-cerebellum dopa-
minergic pathway in neuroimaging have been suggested
(Lenartowicz & Loo, 2014). Due to this lack of biological markers,
ADHD diagnosis can be influenced by cultural factors, as sug-
gested by the differences in ADHD prevalence across the world
(Sayal et al., 2018).

In the childhood population, ADHD is more frequent in males,
with a ratio of 2:1 (American Psychiatric Association [APA], 2013;
Sayal et al, 2018). Some authors highlighted a smaller difference
between the two sexes, suggesting that inattentive ADHD dimen-
sion emerged the most prevalent, often undiagnosed, ADHD pre-
sentation and among females (Ramtekkar et al, 2010;
Nussbaum, 2012).

ADHD impulse control and attention deficits foster the impair-
ment of many social skills resulting in educational issues (school
dropouts and/or failures, discipline problems, etc.) (Kuriyan
et al., 2013), antisocial behavior (Young et al., 2018), substance
use (Gudjonsson et al, 2012; Estevez et al, 2016; Zamboni
et al., 2021), incidents, unemployment, occupational and relational
instability (Sayal et al, 2018). In childhood and adolescence,
ADHD is often associated with other psychiatric disorders, such
as oppositional defiant disorder, conduct disorder and depressive
disorders (Powell et al., 2020), which can further impair the social
adjustment, increasing the complexity of treatments (Erskine et al.,
2016). Moreover, individuals with ADHD present a higher mortal-
ity rate compared to the rest of the population, as highlighted by a
nationwide cohort study and a recent systematic review (Dalsgaard
et al., 2015; Ruiz-Goikoetxea et al., 2018).

The most widely used treatment in school age is represented by
catecholaminergic stimulant medication, e.g., dopaminergic
stimulation with methylphenidate and atomoxetine. In general,
non-pharmacological treatments including parent training,
psychoeducational support, and psychotherapies are often associ-
ated (Storebo et al., 2015).

The choice of different treatments depends on the age of patients,
because non-pharmacological treatments, such as parent training in
behavior management techniques, are preferred in pre-school age
or at the onset of ADHD, as recommended by most guidelines
(Italian Society of Child And Adolescent Neuropsychiatry, 2002;
National Institute for Health and Clinical Excellence [NICE],
2009; American Psychological Association [APA], 2012). If those
interventions fail, methylphenidate may be considered only in case
of moderate-to-severe symptoms as indicated by APA guidelines
(American Psychological Association [APA], 2012). The Multimodal
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Treatment Study of Children with ADHD (MTA) and subsequently
Swanson et al. (2001) analyzed the efficacy of stimulant therapies,
highlighting that the success rate was only 56%, whereas behavioral
treatments were even less effective (The MTA Cooperative Group
[MTA], 1999). No consistent results concerning the efficacy of
stimulant medication in preventing adulthood ADHD persistence
and/or the occurrence of other comorbid psychiatric disorders
were highlighted. The longer-term consequences of pharmacologi-
cal treatments in childhood have been investigated by several stud-
ies and some systematic reviews, but without conclusive results
(Shaw et al., 2012).

Recently, more attention has been drawn to the previously
questioned persistence of ADHD in adulthood and more studies
have been implemented to explore this issue. In particular,
recent long-term studies on the evolution of ADHD onset in
childhood and its consequences in adulthood have contributed
to recognizing that ADHD can be a lifetime chronic disorder
with a significant impairment of quality of life (Hodgkins et al.,
2012). Therefore, early diagnosis and appropriate treatments of
ADHD have become important targets to prevent long-term out-
comes (National Institute for Health and Clinical Excellence
[NICE], 2009). As a matter of fact, a recent study pointed out
the importance of diagnosis among adults with ADHD: diagnosed
patients experience better functioning, Health-Related Quality of
Life (HRQoL), and self-esteem in comparison with symptomatic,
but undiagnosed ADHD patients (Pawaskar et al., 2020).

The criteria for ADHD diagnosis can greatly affect the
adult prevalence rate, since if the DSM-IV partial remission
criteria are adopted, the rate of persistence in adulthood is much
higher (Faraone et al., 2005). Another study (Biederman et al,
2011) pointed out that severe social impairment, psychiatric
comorbidities, and exposure to maternal psychopathology at the
onset of ADHD can be significant predictors for adult ADHD per-
sistence. The World Mental Health Survey Initiative highlighted a
rate of persistent ADHD in adulthood of 50% on average and iden-
tified many predictors of persistence: ADHD symptom severity
and type of symptoms (attentional plus impulsive-hyperactive
type), comorbid major depressive disorder, paternal (but not
maternal) anxiety-mood disorder, and parental antisocial person-
ality disorder (Lara et al., 2009). Many adults with ADHD may be
undiagnosed and untreated or, otherwise, many false positive cases
can be incorrectly treated (Sibley et al., 2016). Other studies
questioned that adult ADHD can represent a childhood-onset
neurodevelopmental disorder. A recent study identified among
the heterogeneous adult ADHD population a large group with
late-onset ADHD without childhood diagnosis and with mini-
mal neuropsychological impairment (Agnew-Blais et al., 2016).
Another study did not confirm that adulthood ADHD is always
a childhood ADHD persistence, suggesting the possibility that 2
syndromes with different developmental trajectories can be
presented with similar symptom profile at different ages (Caye
et al., 2016).

Despite growing interest in adult ADHD, until now, its clinical
course in adulthood has been evaluated by few studies. A prospec-
tive 33-year follow-up study of childhood ADHD observed that
22% of original cohort presented ongoing ADHD at mean age
41 (Klein et al, 2012). The Massachusetts General Hospital
Longitudinal Studies of ADHD reported that in both sexes, this
disorder is associated with high levels of persistence into adulthood
and documented its neural basis using neuroimaging (Uchida
et al., 2018).
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Similarly, a 7-year follow-up study of adults with ADHD
showed that approximately a third of the sample did not main-
tain ADHD criteria and 12.4% presented full remission (<4
symptoms) (Karam et al., 2015). During follow-up study, symp-
toms declined in all ADHD domains, but rises in inattentive,
hyperactive, and impulsive symptoms were observed in approx-
imately 13%, 25%, and 17% of patients, respectively (Karam
et al., 2017). Different predictors influenced ADHD dimen-
sions: oppositional defiant disorder and social phobia were asso-
ciated with the maintenance of symptoms, while alcohol use
disorder was associated with both maintenance and rise of
symptoms (Karam et al., 2017).

Although the lifetime “instability in diagnosis” highlighted
by some authors (Sibley et al., 2016), ADHD is currently inter-
preted as a chronic condition, which can be present in adult-
hood and can be associated with other disorders and/or social
maladjustment.

This systematic review is aimed at highlighting the clinical and
social consequences among adults who suffered from ADHD in
their childhood/adolescence.

Methods

The review has been planned ahead and registered in the
international database PROSPERO (registration number:
CRD42020173960; published on April 28, 2020).

Research questions

— Is the childhood and adolescence ADHD clinically remitted in
adulthood?

In adults who were diagnosed with ADHD in childhood and
adolescence, what is the prevalence of the following conditions,
independently of the presence of ADHD diagnoses in
adulthood:

- social maladjustment (incarceration or legal problems)
— psychiatric disorders ascertained by clinical evaluation
- substance and/or alcohol use ascertained by clinical evaluation?

Study identification

We adopted the PRISMA (Moher et al., 2015) flow diagram
to describe the sequence of steps (identification, screening,
eligibility, and inclusion) for the collection and identification
of eligible studies. Following the formulation of the research
questions reported above, we selected the keywords, with which
we interrogated the PubMed, PsycINFO, and Scopus electronic
databases.

We restricted our electronic search to the last 5 years, and
searched other studies reviewing references from previous system-
atic reviews on articles published before 2015 on the same topics, to
highlight updated data.

Studies were identified by searching the titles and abstracts of
the last 5 years for the following search string: ((“Attention
Deficit Disorder with Hyperactivity“[Mesh] OR “attention deficit
hyperactivity disorder”[title] OR ADHD[title]) AND (adult[mesh]
OR adult[ti] OR child[mesh] OR child[ti] OR children[ti] OR
adolescent[mesh] OR adolescent[ti] OR adolescence[ti]) AND
therapy)) AND (follow-up studies|mesh] OR follow-up|title]
OR outcome OR prognosis)).
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The titles of studies published in the 5 years were retrieved by a
primary reviewer using the search strategy to detect potentially eli-
gible articles. To increase the period of study publication, we sys-
tematically screened previous review articles published before 2015
and focused on the same topics (Hodgkins et al., 2012; Shaw et al,
2012; Erskine et al., 2016; Sibley et al., 2016).

Inclusion criteria: prospective studies, studies with patients
with ADHD diagnosed in childhood/adolescence (between the
age of 5 and 18) and followed-up to adulthood, studies in which
the diagnosis of ADHD was carried out using clinical and/or scale
assessments, published in English or Italian.

Exclusion criteria: studies including subjects diagnosed after
the age of 18, or diagnosed in childhood/adolescence, but without
any follow-up evaluation in adulthood, or without clinical and/or
scale assessment of ADHD. Book chapters were also excluded.

Following, three reviewers independently screened the abstracts
and discrepancies were resolved after collective discussion. After
the title and abstract screening phase, full texts were assessed for
eligibility by the three reviewers, and again, any disagreement
was resolved through discussion with the help of another reviewer
in case of conflict on the final decision. Finally, three reviewers
independently extracted relevant data using a form, designed
ad hoc for the purposes of this review, including the following
information: authors, year of publication, study design, sample
size, interventions, and results for each investigated outcome. In
particular, for the quantitative analysis, data regarding the num-
ber of adult patients with ADHD persistence, psychiatric disor-
ders, substance use, and social maladjustment were extracted to
find out: 1) the percentage of adult individuals with ADHD per-
sistence at the end of follow-up period and 2) the percentage of
adult patients affected by a psychiatric disorder (schizophrenia
and other psychoses, bipolar disorders), alcohol and/or sub-
stance abuse, and social maladjustment (number of patients
incarcerated or with legal problems, unemployed, and/or with
other social problems), after having suffered from ADHD in
childhood and adolescence.

Risk of bias (quality) assessment

Two authors independently assessed the risk of bias of the included
studies using the Newcastle-Ottawa Scale (NOS). Briefly, the NOS
tool is based on a star system assessing three domains: the ‘selec-
tion’ of the study groups, the ‘comparability’ of the groups, and the
ascertainment of either ‘outcome’ or ‘exposure’ of interest for
cohort or case—control studies, respectively (Muka et al., 2020).
A score of six or less stars indicates a high risk of bias, seven or
eight stars indicates a moderate risk, while nine stars indicates a
low risk of bias.

Statistical analysis

We calculated the weighted mean (WM) with corresponding 95%
confidence interval (CI) of investigated outcomes, namely, per-
centage of ADHD persistence in adulthood, presence of psychiatric
disorders, substance use disorders, and antisocial/criminal activ-
ities. We weighted the analysis using the population size of each
study, considering the total population or a specific subgroup alter-
natively. When several studies were carried out on the same cohort
reporting several outcomes at different time levels, the study with
the longest follow-up period was considered for the analysis of a
specific outcome. We used the Stata software (release 16.1 2021;
Stata Corp. College Station, Texas) for all data analyses.
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Results
Selected studies

In Fig. 1, results of study retrieval and identification are shown. We
identified a total number of 1899 articles through online database
search and 583 through backward citation and reference scanning
of relevant studies and previous reviews.

After exclusion of 2268 records based on title and abstract and
of 3 articles because of duplicate studies, 211 articles were deemed
eligible. After full-text evaluation, 172 articles were excluded on the
basis of three main excluding criteria: 70 due to non-prospective
design, 71 due to sample age <18 years at follow-up, 24 due to dif-
ferent outcomes, and 7 due to more than one reason (Fig. 1).
Finally, 39 articles were included in the qualitative analysis of over-
all studies, with 5 studies carried in the same cohort of a more
recent study which was considered for the quantitative synthesis.
After risk of bias quality assessment, seven articles considered of
low quality were excluded, leaving 27 studies to be included in
the quantitative analysis of high-quality studies.

Study designs and findings

Most of the studies included (28 of 39) were published after the
year 2000, 5 of them in the last 5 years, whereas another four
research papers were published many years ago (before 1990),
as shown in Table 1. Most of the selected studies (74%) were con-
ducted in the USA, whereas only 26% of them were carried out in
Canada (Hechtman et al, 1984; Hechtman & Weiss, 1986;
Greenfield et al, 1988), Denmark (Mohr-Jensen et al, 2019),
Germany (Dépfner et al, 2016), The Netherlands (van Lieshout
et al., 2016), New Zealand (Fergusson et al., 2007; Moffitt et al,
2015), Sweden (Rasmussen & Gillberg, 2000), and Taiwan (Shyu
et al., 2015). The majority of included studies had a prospective
cohort design, with only two that were case—control studies (De
Sanctis et al., 2014; Dopfner et al., 2016). The follow-up of selected
studies ranges between 5 and 33 years (mean=14.88 + 6.72
SD years).

The samples collected by our studies were composed of more
than 80 000 individuals, ranging between 50 and 73 049. The attri-
tion rate, which was reported by only 22 studies, ranged between
6% (Molina et al., 2018) and 63% (Realmuto et al., 2009). Only six
studies (15%) did not collect a control group to compare the var-
iables of the sample.

The average age at baseline ranged between 4 and 14 years
(mean=7.11 £ 2.5 SD years), whereas the age at follow-up was
between 19 and 41 years (mean = 25.65 + 5.9 SD years). One study
(Biederman et al., 2012b) recruited a sample of females only,
whereas 11 studies collected samples of males only (Mannuzza
et al, 1991; Mannuzza et al, 1993; Mannuzza et al, 1998;
Paternite et al, 1999; Satterfield et al, 2007; Biederman et al.,
2008; Mannuzza et al., 2008; Biederman et al., 2009; Biederman
etal.,2011; Klein et al., 2012; Biederman et al., 2012a). The remain-
ing study samples were mainly composed of males with a propor-
tion ranged between 49% and 91%.

As shown in Table 1, 15 studies (38%) reported psychiatric dis-
orders in comorbidity at baseline age, mainly represented by
Oppositional Defiant Disorder (ODD), with a proportion range
of 9-81%, followed by Conduct Disorders (CD), which was
reported in three studies associated with ODD, with a range
between 26 and 38.3%. Only one study reported anxiety disorders
(32%) and mood disorders (32%) in comorbidity with ADHD at
baseline age (De Sanctis et al., 2014). Fourteen studies reported
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Fig. 1. PRISMA flow-chart of study identification and

data on ADHD treatments in childhood, in particular pharmaco-
logical therapies with stimulants (eight studies: Mannuzza et al.,
1993; Paternite et al., 1999; Barkley et al, 2003; Biederman
et al., 2009; Moffitt et al, 2015; Shyu et al., 2015; van Lieshout
et al. 2016; Mohr-Jensen et al., 2019) and multimodal treatments
(three studies: Dopfner et al, 2016; Vitiello et al., 2017; Molina
et al., 2018), or both therapies (three studies: Satterfield et al.,
2007; Biederman et al., 2011; Biederman et al., 2012a).

Twenty studies reported data on ADHD persistence with a pro-
portion ranging between 5% and 85%. Among psychiatric disor-
ders reported by 11 studies at the follow-up, depressive and
anxiety disorders were the most frequently investigated (N=7),
followed by bipolar disorders (N = 4), and schizophrenia spectrum
disorders (N=3). In general, substance use disorders were
reported in 21 studies, in particular alcohol (N = 16) and cannabis
use (N =9). Only one study reported gambling with a frequency of
77%. Finally, 18 studies reported antisocial personality disorders
and antisocial behavior with prevalence ranging from 9% to
85%; 15 studies reported a prevalence of criminal activities ranging
between 3% and 67%.

Quality assessment of included studies

The quality of most studies included in the review was assessed as
good with a median score of 8, in accordance with the score system
of NOS (Table S2). In particular, 26 studies obtained a score of 8 or
9 at NOS (high quality), 10 studies a score of 6 or 7 (moderate qual-
ity), and only 3 studies a score of 4 or 5 (low quality). Regarding the
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“selection” domain, 29 studies (74%) obtained the maximum score
of 4, 5 studies (13%) a score of 3, and only 5 studies (13%) a score of
2. As regards the “comparability” domain, 6 studies (15%) did not
present a comparison group, and for this reason, they obtained a 0
score; 26 studies (67%) reported the maximum score (2/2), whereas
7 studies (18%) only a score of 1. For the third domain (“outcome”
for cohort studies and “exposure” for case—control studies), 26
studies (67%) obtained the maximum score of 3, whereas 13 studies
(33%) scored 2.

Study outcome analysis

The persistence of ADHD diagnosis in adulthood was reported by
14 studies among the 39 included in this review (Fig. 2), with the
percentage ranged from 4% to 86% and a weighted mean of 49%
(95% CI 33-64%) in overall studies, and 43% (95% CI 28-58%) in
the 12 high-quality studies. The prevalence of persistent ADHD in
adulthood reported by the most recent studies published after 2011
(the median of study publication years) was higher than that
reported by the other studies published previously from 1985 to
2011: 55% (95% CI 35-76%) vs. 34% (95% CI 6-62%), respectively
(Fig. 3).

As reported in Table 2 and Supplemental Figures S1-S3, in the
ADHD follow-up on adulthood, the most experienced condition
was substance/alcohol use disorder, followed by antisocial person-
ality disorder or criminal activities. Substance use disorder from 17
studies (21%, 95% CI 11-31%—Figure S1) and antisocial person-
ality disorder from 15 studies (34%, 95% CI 22-46%—Figure S2).
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Table 1. Characteristics of included studies

88¢C

1 Babinski et al. Prospective 17 305 - 230 (75) 9.35 26.6 - - - - - Antisocial behavior:
(1999) USA Cohort 143 (47)
Conviction:
59 (19)
2 Barbaresi et al. Prospective 20 232 335 167 (72) 37 10 30 (1.9) - 68 (29) Total 132 (57) AUD: 60 (26) Antisocial behavior:
(2013) USA Cohort Bipolar dis.: 35 SUD: 37 (16) 39 (17)
(15) Conviction: 10 (3)
Depressive dis.:
30 (13)
Anxiety dis.: 32
(14)
3 Barkley et al. Prospective 13 147 73 134 (91) 7 4 20.8 Oppositional Pharmacological 85 (58) - AUD: 82 (56) -
(2003) USA Cohort defiant dis.: therapy: 126 (86) SUD: 43 (29)
40 (27)
4 Barkley et al. Prospective 13 147 73 134 (91) 7 4 20.8 Oppositional - 85 (58) - SUD: 68 (46) Antisocial behavior:
(2004) USA Cohort defiant dis.: 70 (54)
46 (31)
5 Biederman, Prospective 10 1121 105 112 20 6 27 Oppositional 76 (68) SUD: 63 (56) Antisocial behavior:
et al. (2008) USA Cohort (100) defiant dis.: 31 (28)
52 (46)
Oppositional
defiant
dis.+
Conduct
dis.: 30 (27)
6 Biederman, Prospective 10 1121 105 112 20 6 21.6 Oppositional Pharmacological - Bipolar dis.: 14 - -
et al. (2009) USA Cohort (100) (3.3) defiant dis.: therapy: 82 (73) (12)
85 (76) Depressive dis.:
Conduct dis.: 38 (34)
29 (26) Anxiety dis.: 36
(32)
7 Biederman et al. Prospective 11 110t 105 110 21 11 22 - Multimodal treat- 76 (69) - - -
(2011) USA Cohort (100) ment: 60 (54)
Pharmacological
therapy: 30
(27
Psychological
treatment: 8
@
8 Biederman, Prospective 16 79 90 79 (100) 44 6 274 Oppositional Multimodal treat- 47 (61)
et al. (2012a) Cohort (3.7) defiant dis.: ment: 70 (89)
USA 30 (38) Pharmacological
therapy: 2 (3)
Psychological
treatment: 1
)
9 Biederman, Prospective 11 96 91 0 (0) 31 11 22 Oppositional - 74 (77) Bipolar dis.: 8 SuD: 32 (33) Antisocial behavior: 9
et al. (2012b) Cohort defiant dis.: 9 (8) 9)
USA (9) Depressive dis.: lw]
19 (20) -
Anxiety dis.: 25 5
(26) 3
=]
10 Breyer et al. Prospective 10 1421 93 115 (81) 33 7 20.5 - - 47 (33) - Gambling: 110 - B
(2009) USA Cohort (1.5) (77) o
~
2
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Table 1. (Continued)

11 Breyer et al. Prospective 5 150% 69 122 (81) 11 8.97 22 Oppositional - 79 (53) - AUD: 25 (17)

(2014) USA Cohort (1.19) defiant dis.: Cannabis use: 25
42 (59) (17)

12 Brook et al. Prospective 23 72 479 - 33 14 37 - - - - Conviction and incar-
(2013) USA Cohort ceration: 19 (26)

13 De Sanctis et al. Case 10 98 85 87 (89) 42 8.9 (1.3) 18.4 Anxiety dis.: - - - SUD: 46 (47) Arrested: 41 (43)
(2014) USA Control (1.7) 31(32) Incarcerated: 13 (14)

Mood dis.: 10
(32)

14 Dopfner et al. Case 8 75 - 57 (92) 17 6(8.3) 18.2 Oppositional Multimodal treat- 24 (32) Conviction and incar-
(2016) Control (1.4) defiant dis.: ment: 31 (41) ceration: 12 (16)
Germany 46 (61)

15 Fergusson et al. Prospective 18 973 - 477 (49) 23 7 25 - - - - AUD: 54 (5) -

(2007) Cohort SUD: 26 (3)
New Zealand Cannabis use: 63
(6)
16 Fischer et al. Prospective 14 147 73 128 (87) 11 4 21 - - 8 (5) Major depres- AUD: 34 (23); ASPD: 31(21)
(2002) USA Cohort sion: 39 (26); SUD: 64 (43);
Anxiety disor- Cannabis: 35 (24)
der: 23 (15);
Other disorders:
70 (47)

17 Greenfield et al. Prospective 15 61 - - 6 28 - - 22 (36) - AUD: 28 (46) Antisocial behavior:
(1988) Cohort SUD: 8 (13) 21 (34)

Canada

18 Hechtman et al. Prospective 12 53 38 - 6 21 - - - - SUD: 40 (75) Antisocial behavior:
(1984) Cohort Cannabis use: 7 29 (55)

Canada (13) Conviction and incar-
ceration: 25 (47)

19 Hechtman et al. Prospective 15 61 41 55 (90) 45 6 25 - - - SUD: 42 (69); Antisocial behavior:

(1986) Cohort Alcohol: 56 (92); 19 (31)
Canada Cannabis use: Conviction and incar-
41 (67) ceration:
41 (67)
20 Hinshaw et al. Prospective 10 128 88 0(0) 6 20 - - 74 (58) Suicide - -
(2012) USA Cohort attempts: 30
(22)

21 Howell et al. Prospective 15 50 319 38 (76) 9 25 - - - - Cannabis use: 15 Antisocial behavior:
(1985) USA Cohort (29) 19 (37)

Conviction and incar-
ceration: 16 (31)

22 Klein et al. Prospective 33 135° 136 135 8 41 - - 49 (66) AUD: 61 (45) Antisocial behavior:

(2012) USA Cohort (100) SUD: 19 (14) 22 (16)
Conviction and incar-
ceration: 49 (36)
23 Lambert and Prospective 16 218 182 ? 6 22 - - - - AUD: 83 (38)
Hartsough Cohort SUD: 48 (22)
(1998) USA Cannabis use: 59
(27)

24 Mannuzza et al. Prospective 10 50° 50 50 (100) 7.3 (L1) 18.3 - - 25 (50) Psychiatric AUD: 5 (10) Antisocial behavior:

(1991) USA Cohort (1.6) comorbidity: 21 SUD: 9 (18) 14 (28)
(42)

25 Mannuzza et al. Prospective 10 918 95 91 (100) 12 9.3 (1.4) 26 - Pharmacological 10 (11) - AUD: 5 (6) Antisocial behavior:
(1993) USA Cohort therapy: 91 (100) SUD: 15 (16) 16 (18)

26 Mannuzza et al. Prospective 17 85% 73 85 (100) 7 24.1 - - - - AUD: 9 (11) Antisocial behavior:
(1998) USA Cohort (1.2) SUD: 10 (12) 10 (12)

(Continued)
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Table 1. (Continued)

06¢C

Notes: M, mean; N, number; SD, standard deviation, *same sample, Tthe Massachusetts General Hospital Sample, tsame sample, Sthe New York Sample.

27 Mannuzza et al. Prospective 30 93¢ 93 93 (100) - 8.3 (1.6) 38.2 - - - - SUD: 50 (55) Antisocial behavior:
(2008) USA Cohort (2.6) 40 (47)
28 Moffitt et al. Prospective 26 61 920 48 (79) - 11 38 Oppositional Pharmacological 31 (51) Depressive dis.: SUD: 15 (25) Conviction and incar-
(2015) Cohort defiant dis.: therapy: 5 (8) 10 (16) ceration: 15 (25)
New Zeland 36 (59) Anxiety dis.: 10
(16)
29 Mohr-Jensen Prospective 22 4231 19 595 3596 - 4 22 Oppositional Pharmacological - - - Conviction and incar-
et al. (2019) Cohort (85) defiant dis.: therapy: 3000 ceration: 1355 (32)
Denmark 1470 (35) (71)
30 Molina et al. Prospective 8 364 240 ? - 9.4 28 Oppositional - - - AUD: 53 (15) Antisocial behavior:
(2007) USA Cohort defiant dis.: 54 (15)
131 (36)
31 Molina et al. Prospective 16 547 258 - 6 85 25 - Multimodal treat- - - AUD: 265 (52) -
(2018) USA Cohort ment: 547 (100) SUD: 130 (26)
Cannabis use:
179 (23)
32 Paternite et al. Prospective 12 97 - 97 (100) 20 8.8 23 - Pharmacological - Depressive dis.: AUD: 25 (26) Antisocial behavior:
(1999) USA Cohort therapy: 97 (100) 27 (28) SUD: 13 (13) 17 (18)
Anxiety dis.: 13
(13)
33 Rasmussen and Prospective 15 B5) 46 42 (76) 10 7 21.9 Oppositional - 27 (49) Total: 17 (31) AUD: 13 (24) Antisocial behavior:
Gillberg (2000) Cohort (0.4) defiant dis.: Schizophrenia.: SuD: 4 (7) 10 (18)
Sweden 39 (64) 1(2) Conviction and incar-
Bipolar dis.: 1 ceration: 8 (19)
@)
Depressive dis.:
14 (25)
Anxiety dis.: 1
@)
34 Realmuto et al. Prospective 12 119 93 94 (79) 63 7 19 Oppositional - - AUD: 58 (49) -
(2009) USA Cohort defiant dis.: SUD: 68 (57)
52 (44) Cannabis use: 67
(56)
35 Satterfield et al. Prospective 30 179 75 179 - 6 373 - Multimodal treat- - - Conviction and incar-
(2007) USA Cohort (100) (1.9) ment: 76 (42) ceration: 66 (37)
Pharmacological
therapy: 103
(58)
36 Shyu et al. Prospective 12 73 049 73 049 58 302 - 9.4 (3.3) 21 Oppositional Pharmacological - Schizophrenia: - -
(2015) Cohort (80) defiant dis.: therapy: 58 302 1270 (2)
Taiwan 8088 (11) (80)
37 Sibley et al. Prospective 10 200 121 174 (87) 10.31 20.2 Oppositional 39 (20) - - -
(2012) USA Cohort (2.32) (2.19) defiant dis.:
85 (43);
Conduct disor-
der 77(38)
38 van Lieshout Prospective 6 262 - 215 (82) 11.4 17.4 - Pharmacological 227 (86) - - Antisocial behavior: =
et al. (2016) Cohort therapy: 207 (79) 152 (58) —
The Netherlands Q
o
39 Vitiello et al. Prospective 16 509 276 407 (80) 12 8.5 (0.8) 25.1 Multimodal treat- - Schizophrenia: 6 - - 3
(2017) USA Cohort ment: 509 (100) (1) o
"._D'_
2
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%
Weight ~ ADHD
Reference (USER) persistence (%)
Barbaresi et al. 2013 4 : 12.66 29
Barkley et al. 2004 | 4 8.02 58
Biederman et al. 2012a 1 . 4.31 61
Biederman et al. 2012b : 4 5.24 77
Breyer et al. 2009 4 | 7.75 33
Dépfner et al. 2016 . | 4.09 32
Fischer et al. 2002 . I 8.02 5
Greenfield et al. 1988 4 : 3.33 36
Hinshaw et al. 2012 | C 7.64 78
Klein et al. 2012 1 . 7.37 66
Moffitt et al. 2015 : . 3.33 51
Rasmussen & Gillberg 2000 ¥ 3.00 49
Sibley et al. 2012 . | 10.92 20
van Lieshout et al. 2016 | . 14.30 86
WM: Overall (49%, 95% CI 33% to 64%) <:> 100.00
WM-Low RoB: Overall (43%, 95% Cl 28% to 58%) _
|
T T T : T T T
0 20 40 60 80 100

Fig. 2. Summary weight mean (WM) of ADHD persistence in adulthood (%) in overall studies and in high-quality studies.

Focusing only on high-quality studies, substance/alcohol use dis-
order and antisocial personality or criminal activities were the
most represented conditions: alcohol use disorder presented the
highest percentage (36%, 95% CI 25-48% vs. 27%, 95% CI 15-
39% on overall), followed by cannabis use (32%, 95% CI 23-
41% vs. 21%, 95% CI 10-33% on overall) and criminal activities
(32%, 95% CI 26-36% vs. 30%, 95% CI 26-35% on overall). Among
the other psychiatric disorders associated with ADHD in adult-
hood, as shown in Figure S3, anxiety (23%, 95% CI 10-37%)
and depressive (22%, 95% CI 15-29%) disorders were more fre-
quently reported in comorbidity than bipolar disorders (12%,
95% CI 4-19%) and schizophrenia (2.0%, 95% CI 1.7-2.2%).

Discussion

This review was aimed at evaluating the follow-up of ADHD from
childhood to adulthood to investigate the adult persistence of this
disorder, the occurrence of psychiatric/substance use comorbidities,
and antisocial consequences. In the literature, reports on ADHD
persistence in adulthood are controversial and not exhaustive, prob-
ably due to the lack of clinical markers for diagnosing this disorder in
both children and adults, which could condition the accuracy of
diagnosis and the possibility of appropriate treatments. Similarly,
the observations concerning the psychiatric comorbidities, which
can be associated with ADHD in adulthood, are partial and not com-
prehensive. Only substance use disorders and antisocial behavior,
which in extreme but frequent cases are represented by conviction
and jail restriction, have been more extensively reported in the lit-
erature as ADHD long-term consequences in adulthood.

https://doi.org/10.1017/neu.2021.23 Published online by Cambridge University Press

The studies included in this review report clinical observations
during a long period of time, namely, 35 years, since they were pub-
lished from 1984 to 2019, allowing us to collect an exhaustive frame-
work of ADHD evolution in terms of diagnosis and treatments.

The majority of selected studies were conducted in the USA, 12
studies in other Western countries and only one among Asian pop-
ulation (Shyu et al., 2015), indicating the careful attention paid to
this disorder and its complications by the researchers and clini-
cians of these countries (Hodgkins ef al., 2012). The country dis-
tribution of studies may represent a limitation, because all but
one study investigated ADHD and its evolution mostly among
Caucasians, thus restricting findings to a population with similar
biological and cultural characteristics.

Most selected studies (37 out of 39) implemented a prospective
cohort design that allowed an appropriate period of follow-up for
the analysis of ADHD persistence. In addition, the number of peo-
ple collected from the selected studies was large and representative
of the general population. Indeed, all but one sample (Biederman
et al., 2012b), which was composed exclusively of females, were
mostly males (from 76% to 100% of samples), reflecting the higher
prevalence of this disorder among this latter category in the general
population. However, this feature, which reflects epidemiological
data, may limit the generalizability of the study results, since
many women with ADHD may be undiagnosed and unassessed
(Ramtekkar et al., 2010).

The period of follow-up in selected studies was appropriate and
sufficiently long to highlight the evolution of ADHD in early
adulthood. In fact, the baseline age of people collected by most
studies permits us to observe the ADHD onset and follow-up
age to verify its evolution and comorbidity presence at early adult
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Studies published from 1985 to 2011

%
Weight ADHD
Reference (USER) persistence (%)
Barkley et al. 2004 I o 26.63 58
Breyer et al. 2009 ‘I 2572 33
Fischer et al. 2002 J | 2663 5
Greenfield et al. 1988 :~ 11.05 36
Rasmussen & Gillberg 2000 | . 9.96 49
WM: Overall (34%, 95% Cl 6% to 62%) 100.00
WM-Low RoB: Overall (34%, 95% Cl %1
I I I I T T T
0 20 40 60 80 100
Studies published after 2011
%
Weight ADHD
eference ersistence (%
Ref (USER) persi (%)
|
Barbaresi et al. 2013 ¢ I 18.12 29
Biederman et al. 2012a I O 6.17 61
Biederman et al. 2012b I e 7.50 77
Dépfner et al. 2016 O | 5.86 32
Hinshaw et al. 2012 | o 10.94 78
Klein et al. 2012 | . 10.55 66
Moffitt et al. 2015 | 4.77 51
Sibley et al. 2012 . | 15.62 20
van Lieshout et al. 2016 | . 2047 86
WM: Overall (55%, 95% CI 35% to 76%) S 100.00
WNM-Low RoB: Overall (47%, 95% CI 27% to 68%@
T T T I T T T
0 20 40 60 80 100

Fig. 3. Summary weight mean (WM) of ADHD persistence in adulthood (%) in overall studies and in high-quality studies, divided by publication year (from 1985 to 2011 and after

2011).

age, in accordance with the literature (American Psychiatric
Association [APA], 2013; Sayal et al., 2018).

Some studies reported a maximum attrition rate of 45%,
probably due to the long period of follow-up, representing a
potential bias. Nevertheless, the sample retention gradually

https://doi.org/10.1017/neu.2021.23 Published online by Cambridge University Press

increased in the most recent studies compared to the earlier
ones, suggesting an increase in both accuracy of studies and
interest of participants. This observation seems further con-
firmed by the higher ADHD persistence in adulthood yielded
in the stratified analysis on the most recent studies only.
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Table 2. Summary weighted mean (WM) and 95% confidence interval (Cl) for secondary outcomes: substance use disorders, antisocial behavior, and psychiatric

disorders
All studies selected (N =34) High-quality studies (N =27)
Clinical and social outcomes in adulthood N WM (%) (95% Cl) N WM (%) (95% CI)
Substance use disorders
Alcohol use disorder 13 27 (15-39) 10 36 (25-48)
Substance use disorder 17 21 (11-31) 14 29 (18-40)
Cannabis use 9 21 (10-33) 7 32 (23-41)
Antisocial behavior
Antisocial personality disorder 15 34 (22-46) 10 27 (11-44)
Criminal activities with conviction and/or jail 14 30 (26-35) 12 31 (26-36)
Psychiatric disorders
Schizophrenia spectrum disorders 3 2.0 (1.7-2.2) 3 2.0 (1.7-2.2)
Bipolar disorders 4 12 (4-19) 4 12 (4-19)
Depressive disorders 7 22 (15-29) 6 21 (13-30)
Anxiety disorders 7 23 (10-37) 6 27 (8-41)

Regarding the persistence of ADHD in adulthood, our studies
reported a wide range of prevalence, in line with another recent
review (Sibley et al., 2016), indicating the difficulties in ADHD
diagnosis, especially in adulthood. In fact, the accuracy of ADHD
data collection depends on the criteria used in the diagnosis of this
disorder, which greatly differed: in some studies, diagnosis was
evaluated through patients’ self-assessment or through specific
scales or questionnaires, in others, ADHD symptoms were diag-
nosed through parent interviews or teacher assessments, and in
others, only objective data, such as scholastic failure, incidents
or legal conviction, were requested for evaluating ADHD out-
comes. Moreover, during the period from 1985 to 2019, when stud-
ies included in our analysis were published, the ADHD diagnosis
criteria underwent major changes, specifically in the definition
of hyperkinetic disorder in ICD-9-CM (1978) or ICD-10 (1992)
versus ADHD in DSM-III (American Psychiatric Association,
1980), DSM-III-R (American Psychiatric Association [APA],
1987), and DSM-IV (American Psychiatric Association
[APA], 1994), which can have greatly influenced the accuracy
and stability of ADHD diagnosis over time. Moreover, as
recently highlighted by a review, self-reports and/or strict diag-
nostic criteria threshold as required by DSM-5 can lead to a very
low persistence rate in adulthood (Sibley et al., 2016). Therefore,
authors recommended multilevel diagnosis criteria for adult
ADHD, including self-assessment ratings and parents/educa-
tors/others interviews, impaired social adjustment, and appro-
priate diagnosis criteria for adulthood (Sibley et al., 2016). The
weighted average of 43% reported by this review as the mean
incidence of persistent ADHD in adulthood overlaps that of the
epidemiological literature (American Psychiatric Association
[APA], 2013; Sayal et al.,, 2018), indicating that persistence of this
disorder in adulthood affects approximately half of children with
ADHD. In accordance with our results, higher prevalence of per-
sistent ADHD was observed in the studies published after 2011 in
comparison with those published before, suggesting increased
attention drawn to this disorder and/or more accurate diagnosis
criteria applied during the past 10 years (Sibley et al., 2016).

The majority of studies reported that oppositional defiant
and conduct disorders were the more frequently associated

https://doi.org/10.1017/neu.2021.23 Published online by Cambridge University Press

comorbidities with ADHD in childhood. These data, in line with
epidemiological findings (Erskine et al., 2016), suggest the close
and frequent association between ADHD and disorders character-
ised by externalizing symptoms and aggressive behavior. The high
prevalence of these disorders in childhood is consistent with an
equally high prevalence of antisocial behavior and/or criminality
activities observed in adult ADHD, confirming that antisocial per-
sonality disorder and criminal activities can be the evolution of
childhood oppositional and impulsive behavior, in accordance
with the literature (Kessler et al., 1996). Unfortunately, only one
study among the selected ones (Molina et al., 2007) carried out
stratified analysis according to ADHD comorbidity with ODD
and/or CD in childhood, reporting higher prevalence of antisocial
personality disorders in the latter category.

Differently, other psychiatric disorders were less frequently
associated with ADHD in adulthood, especially schizophrenia,
whose prevalence ranged between 1% and 2%, slightly higher than
that of the general population (American Psychiatric Association
[APA], 2013). This result can help us to differentiate ADHD from
schizophrenia due to different biological substrates and clinical
patterns. Moreover, the meta-analysis of Shyu et al. (2015) high-
lighted that methylphenidate use in ADHD did not increase the
specific risk of developing schizophrenia.

In our selected studies, bipolar disorders associated with adult
ADHD presented a prevalence of 2-15%, rates substantially greater
than the general population. This result confirms the epidemio-
logical observation that ADHD in adulthood is frequently associ-
ated with bipolar disorders with a maximum rate of 21% (Kessler
et al., 2006; Di Nicola et al., 2014). This association can worsen
both the disorders with an increase of affective episodes and suicide
attempts (Sachs et al., 2000; Nierenberg, et al., 2005). The associ-
ation between bipolar disorders and attention-deficit/hyperactivity
disorder (ADHD) in children and adolescents has been previously
much debated due to the similarity of symptoms, age of onset,
comorbidities, and chronic lifelong course, which makes the differ-
ential diagnosis and the treatment complicated (Marangoni et al.,
2015). Moreover, due to these similarities, a potential common
biological vulnerability shared by these two disorders has been
hypothesised, but not confirmed to date (Marangoni et al., 2015).
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Most selected studies reported that anxiety and depressive dis-
orders were frequently reported as comorbid disorders in the adult
ADHD, with a higher prevalence than the general population. The
real incidence of these disorders, which has been generally under-
estimated over previous years in younger subjects, especially in
case of mild or subthreshold symptoms (Wittchen et al., 2011),
could indicate that both disorders can represent psychological
reactions to the relational and social difficulties induced by
ADHD. The high prevalence of depressive disorders highlighted
by this review is in line with that reported (38%) by a national
comorbid ADHD survey (Kessler et al., 2006). The frequent
relation between mood disorders and ADHD is also highlighted
by the high prevalence (5-12%) of co-occurring ADHD and
major depressive disorder in adults (Mclntyre et al, 2010;
Bond et al., 2012; Di Nicola et al., 2014). Depressive disorders
associated with ADHD can be more severe, with greater func-
tional impairment and higher rates of suicidality (Chronis-
Tuscano et al., 2010). In this regard, among our selected studies,
only one (Hinshaw et al., 2012) reported that suicide attempts in
ADHD had a frequency of 22%. This finding is consistent with
the recent observation of an increased risk for suicide in ADHD,
especially in males, probably due to the worsening of comorbid
conditions, in particular conduct disorder and depression
(Balazs & Kereszteny, 2017).

Another frequent complication of ADHD was represented by
substance/alcohol use disorders, in particular alcohol and canna-
bis. Only one more recent study observed gambling as a frequent
complication in adult ADHD, probably because this condition is
currently more observed and diagnosed. This observation is in line
with other recent studies: among adult patients with substance use,
about one-fifth have ADHD, which further worsens the clinical
course of addiction disorder (Wilens, 2007); 23% of patients with
substance use disorder met DSM criteria for comorbid ADHD (van
Emmerik-van Oortmerssen et al., 2012).

In accordance with our results, alcohol and cannabis use disor-
ders are the most frequent complications of adult persistent
ADHD. A recent study estimated that the prevalence of ADHD
in adults seeking treatment for cannabis use disorders ranged from
34% to 46% (Notzon et al, 2020). Another 25-year prospective
longitudinal study (Fergusson & Boden, 2008) in a birth cohort
of 1265 New Zealand children reported that cannabis use by
age 25 was significantly associated with increasing self-reported
ADHD symptoms, which could support the hypothesis of
common neurological dopaminergic paths (Castelli et al,
2011). Regarding alcohol use disorder, a review highlighted that
both ADHD and alcohol use disorder can be associated with
neuropsychological impairments in diverse domains, including
executive functioning and working memory (Grazioli et al.,
2019). This association may also favor the detrimental course
of ADHD associated with alcohol use disorder.

Moreover, the high prevalence of substance and alcohol use dis-
orders is similar to the high prevalence of antisocial behavior
and personality disorders, confirming data from the literature
regarding the frequent association of both conditions which
can make each other worse (Mueser et al., 2006; Philipp-
Wiegmann et al., 2018).

Our selected studies reported data concerning treatments pre-
scribed in childhood and, in particular, their long-term efficacy in
improving symptoms and in preventing complications of ADHD
in adulthood. In this regard, a recent systematic review investigated
the long-term efficacy of pharmacological treatments in reducing
the impairment of quality of life (Shaw et al., 2012), highlighting
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that treatments improve the ADHD outcomes, reducing its nega-
tive impact on relational and social functioning in comparison
with untreated ADHD but not with normal control groups. In
any case, the real efficacy of therapy is difficult to evaluate due
to the lack of clinical randomised studies, although a recent review
and meta-analysis has highlighted that early diagnosis and treat-
ment of ADHD may help alleviate the risk of harmful outcomes
(Boland et al., 2020).

This systematic review has a number of limitations. First of all
is, as reported above, the instability of ADHD diagnosis over time,
much increased by cultural changes and scientific measures over a
period of 35 years. Moreover, the lack of many data regarding
specific categories of population and outcomes limited the
implementation of further stratified analyses. In addition, all
but one of the selected studies was carried out in Western coun-
tries, further limiting the observation of population variability.
On the other hand, the length of study follow-up allows us to
assess the long-term consequences of ADHD in early adulthood,
observing the most frequent and relevant outcomes of this dis-
order. The good quality of studies favored the accuracy of the
review. Moreover, the long period of time in which the studies
were published allowed us to appreciate the evolution over time
of ADHD diagnosis and treatments, which reflect the concomi-
tant cultural and social evolution.

Limitations

Some limitations affecting the present study need to be acknowl-
edged. First, the adopted criteria were not completely standardised.
In particular, we restricted our search to the last 5 years, and
searched previous studies reviewing references from comprehen-
sive systematic reviews of studies published before the last 5 years.
Although we may have missed some papers published before our
chosen time frame, a noticeable amount of studies has been
included in this review, confirming the growing interest in this
topic during the last 5 years which has led us to new insight in this
disorder.

Conclusions

This review has contributed to highlighting the long-term conse-
quences of childhood-onset ADHD, confirming that this disorder
can persist into adulthood with a mean rate of 40% and can be
mainly associated with both substance/alcohol use disorders and
antisocial behavior and, less frequently, with anxiety and depres-
sive disorders. Our results highlight the difficulty in evaluating
adult ADHD, since the wide range of persistence observed in
the selected study. This diagnosis showed an increased accuracy
over time in the most recent studies, suggesting more interest
and attention in this disorder, which should be not just considered
a neurodevelopmental disorder but a chronic and complex condi-
tion, which can predispose the development of other psychiatric
disorders or social maladjustment with detrimental consequences
for quality of life in adulthood.
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