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IMPORTANCE Attention-deficit/hyperactivity disorder (ADHD) is now recognized to occur in
adulthood and is associated with a range of negative outcomes. However, less is known about
the prospective course of ADHD into adulthood, the risk factors for its persistence, and the
possibility of its emergence in young adulthood in nonclinical populations.

OBJECTIVE To investigate childhood risk factors and young adult functioning of individuals
with persistent, remitted, and late-onset young adult ADHD.

DESIGN, SETTING, AND PARTICIPANTS The study sample was the Environmental Risk (E-Risk)
Longitudinal Twin Study, a nationally representative birth cohort of 2232 twins born in
England and Wales from January 1, 1994, to December 4, 1995. Evaluation of childhood
ADHD (ages 5, 7, 10, and 12 years) included prenatal and perinatal factors, clinical
characteristics, and aspects of the family environment. Among participants aged 18 years,
ADHD symptoms and associated impairment, overall functioning, and other mental health
disorders were examined. Data analysis was conducted from February 19 to September 10,
2015.

MAIN OUTCOMES AND MEASURES Attention-deficit/hyperactivity disorder according to
DSM-1V diagnostic criteria in childhood and DSM-5 diagnostic criteria in young adulthood.

RESULTS Of 2232 participants in the E-Risk Study, 2040 were included in the present
analysis. In total, 247 individuals met diagnostic criteria for childhood ADHD; of these,

54 (21.9%) also met diagnostic criteria for the disorder at age 18 years. Persistence was
associated with more symptoms (odds ratio [OR], 1.1 [95% Cl, 1.04-1.19]) and lower IQ

(OR, 0.98 [95% Cl, 0.95-1.00]). At age 18 years, individuals with persistent ADHD had more
functional impairment (school/work: OR, 3.30 [95% Cl, 2.18-5.00], home/with friends: OR,
6.26 [95% Cl, 3.07-12.76]), generalized anxiety disorder (OR, 5.19 [95% Cl, 2.01-13.38]),
conduct disorder (OR, 2.03 [95% Cl, 1.03-3.99]), and marijuana dependence (OR, 2.88 [95%
Cl,1.07-7.71]) compared with those whose ADHD remitted. Among 166 individuals with adult
ADHD, 112 (67.5%) did not meet criteria for ADHD at any assessment in childhood. Results
from logistic regressions indicated that individuals with late-onset ADHD showed fewer
externalizing problems (OR, 0.93 [95% Cl, 0.91-0.96]) and higher 1Q (OR, 1.04 [95% ClI,
1.02-1.07]) in childhood compared with the persistent group. However, at age 18 years, those
with late-onset ADHD demonstrated comparable ADHD symptoms and impairment as well as
similarly elevated rates of mental health disorders.

CONCLUSIONS AND RELEVANCE We identified heterogeneity in the DSM-5 young adult ADHD
population such that this group consisted of a large, late-onset ADHD group with no
childhood diagnosis, and a smaller group with persistent ADHD. The extent to which
childhood-onset and late-onset adult ADHD may reflect different causes has implications for
genetic studies and treatment of ADHD.
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o date, adult attention-deficit/hyperactivity disorder

(ADHD) has been conceptualized as a continuation of

childhood ADHD. However, recent findings' have sug-
gested that, for some individuals, ADHD may not arise until
adolescence or adulthood and may be associated with differ-
ent risk factors and outcomes than childhood ADHD. In the
present study, we took a prospective, developmental ap-
proach to clarifying the origins and correlates of young adult
ADHD in a general population cohort.

Although ADHD was originally described as limited to
childhood,?-® prospective follow-up studies* of clinic-
referred children with ADHD indicate that approximately 15%
will continue to meet full diagnostic criteria and an addi-
tional 50% will continue to have impairing ADHD symptoms
as young adults. These studies have identified childhood risk
factors associated with a more persistent course, including
higher levels of symptoms, comorbid oppositional-defiant dis-
order, lower 1Q, and family socioeconomic disadvantage.>
However, most follow-up studies!® of children with ADHD have
been conducted with clinical samples, which may not repre-
sent the overall ADHD population. In addition, individuals who
donot meet diagnostic criteria for ADHD in childhood are gen-
erally not included in studies following children with ADHD,
resulting in a limited understanding of the potential emer-
gence of the disorder in later life.

Our investigation aimed to characterize young adult ADHD
by examining the persistence of the disorder from childhood
to age 18 years and its possible emergence in young adult-
hood. First, we examined childhood predictors of persis-
tence, including prenatal, perinatal, clinical, and family envi-
ronmental factors. Second, we assessed whether some
individuals who did not have an ADHD diagnosis in child-
hood developed the disorder by age 18 years and described
childhood risk factors among these individuals. Third, we in-
vestigated the functioning of persistent, remitted, and late-
onset ADHD groups at age 18 years to understand how these
groups differ or resemble one another in young adulthood.

Methods

Study Cohort

Participants were members of the Environmental Risk (E-
Risk) Longitudinal Twin Study, a birth cohort of 2232 British
children. The sample was drawn from a larger birth register of
twins born in England and Wales from January 1, 1994, to De-
cember 4, 1995.1 Full details about the sample are reported
elsewhere.'? The E-Risk sample was constructed in 1999-
2000, when 1116 families (93% of those eligible) with same-
sex 5-year-old twins participated in home-visit assessments.
This sample comprised 55% monozygotic and 45% dizygotic
twin pairs; sex was evenly distributed within zygosity (49%
male). Families were recruited to represent the UK popula-
tion with newborns in the 1990s on the basis of residential
location throughout England and Wales and mother’s age.
Teenaged women with twins were overselected to replace high-
risk families who were selectively lost to the register through
nonresponse. Older women having twins via assisted repro-
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Key Points

Questions What are the childhood risk factors and what is the
young adult functioning of individuals with persistent, remitted,
and late-onset attention-deficit/hyperactivity disorder (ADHD)
according to DSM-5 criteria?

Findings In this population-based cohort, persistence of
childhood ADHD was associated with more severe childhood
ADHD. Among individuals with ADHD at age 18 years, more than
two-thirds did not have ADHD diagnosed at any assessment in
childhood.

Meaning The extent to which childhood and late-onset adult
ADHD reflect different causes may have implications for research
and treatment; further studies are needed to better understand
the nature of the heterogeneity of the adult ADHD population.

duction were underselected to avoid an excess of well-
educated older women. At follow-up, the study sample rep-
resented the full range of socioeconomic conditions in the
United Kingdom. 314

The Joint South London and Maudsley and the Institute
of Psychiatry Research Ethics Committee approved each
phase of the study. Parents gave written informed consent
and twins gave assent between ages 5 and 12 and then writ-
ten informed consent at age 18. Participants received finan-
cial compensation.

Follow-up home visits were conducted when the chil-
dren were aged 7 (98% participation), 10 (96%), 12 (96%), and
18 years (93%). Home visits at ages 5, 7,10, and 12 included as-
sessments with participants and their mothers; we con-
ducted interviews only with participants at age 18 years
(n = 2066). There were no significant differences between
those who did and did not take part at age 18 years in socio-
economic status when the cohort was initially defined
(x? = 0.86; P = .65),age 51Q (t = 0.98; P = .33), internalizing or
externalizing problems (t = 0.40; P = .69and t = 0.41; P = .68),
orrates of childhood ADHD at ages 5, 7, 10, or 12 years (x° = 2.08;
P = .72). With parents’ permission, questionnaires were mailed
to the children’s teachers, who returned questionnaires for 94%
of children at age 5 years, 93% of those followed up at age 7
years, 90% at age 10 years, and 83% at age 12 years. At age 18
years, participants were asked to identify individuals who know
them well to act as coinformants; 99.3% of participants at age
18 years had coinformant data. Study interviewers com-
pleted postassessment questionnaires about their own im-
pressions of the participants’ mental health and personality,
including 6 characteristics related to ADHD.

Childhood ADHD Diagnosis

We ascertained ADHD diagnosis on the basis of mother and
teacher reports of 18 symptoms of inattention and
hyperactivity-impulsivity derived from DSM-IV diagnostic
criteria and the Rutter Child Scales.'®” Participants had to
have 6 or more symptoms reported by mothers or teachers
in the past 6 months, with the other informant endorsing at
least 2 symptoms. We considered participants to have a
diagnosis of childhood ADHD if they met criteria at age 5, 7,
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Figure. Groups of Individuals With Childhood, Adult, and Subgroups
of Attention-Deficit/Hyperactivity Disorder (ADHD)

ADHD Young adult
in childhood ADHD
(247 [12.1%]) (166 [8.1%])

Remitted Persistent Late-onset
ADHD ADHD ADHD
(193 [9.5%]) (54 [2.6%]) (112 [5.5%])

Proportion and number of study participants who met diagnostic criteria for
childhood ADHD only, adult ADHD only, and both childhood and adult ADHD.

10, or 12. In total, 247 participants (12.1%) met criteria for
ADHD across childhood: 6.8% at age 5 (131/1921), 5.4% at
age 7 (102/1880), 3.4% at age 10 (65/1912), and 3.4% at age 12
years (64/1884). Additional information is provided in the
eTable in the Supplement.

Young Adult ADHD Diagnosis

We ascertained ADHD at age 18 years based on private struc-
tured interviews with participants regarding 18 symptoms of
inattention and hyperactivity-impulsivity according to DSM-5
criteria.! Participants had to endorse 5 or more inattentive
and/or 5 or more hyperactivity-impulsivity symptoms to re-
ceive an ADHD diagnosis; we also required that symptoms in-
terfered with individual’s “life at home or with family and
friends” and “life at school or work” were rated 3 or higher on
a scale (1, mild interference; 5, severe interference), thereby
meeting criteria forimpairment and pervasiveness. The DSM-5
requirement of symptom onset prior to age 12 was met if par-
ents or teachers reported more than 2 ADHD symptoms at ages
5,7,10, or 12 years. Analyses were restricted to 2040 individu-
als with ADHD information in childhood and adulthood. A total
of 166 participants (8.1%) met criteria for ADHD at age 18 years.
We fitted a twin model and identified a heritability estimate
of ADHD symptoms of 35% (95% CI, 25%-41%). Coinformants
rated participants on 8 ADHD symptoms at age 18 years. Heri-
tability estimates were virtually identical using coinformant
reports, indicating that these estimates were not artifacts of
twins’ self-reports. Additional information is provided in the
eTable in the Supplement.

Persistent, Remitted, and Late-Onset ADHD Groups

Among individuals who met diagnostic criteria for ADHD in
childhood or adulthood, we identified 3 mutually exclusive
groups (Figure): individuals with persistent ADHD who met
full diagnostic criteria both in childhood and at age 18 years
(54 [2.6% of the total sample]); individuals with remitted ADHD
who met diagnostic criteria in childhood but did not meet full
diagnostic criteria at age 18 years (193 [9.5%]); and individu-
als with late-onset ADHD who did not meet criteria in child-
hood but had elevated symptoms and impairment at age 18
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years (112 [5.5%]). A total of 1681 participants (82.4%) did not
meet criteria for ADHD in childhood or adulthood. eFigures 1
and 2 in the Supplement show the distribution of inattentive
and hyperactive/impulsive symptoms in childhood and at age
18 among different ADHD groups.

Statistical Analysis

We compared individuals with persistent, remitted, and late-
onset ADHD with non-ADHD controls on a priori-selected fac-
tors using logistic regression. We contrasted individuals whose
ADHD persisted with those who experienced remission toiden-
tify risk factors for persistence. We compared late-onset indi-
viduals with those whose ADHD persisted to characterize child-
hood features of the adult ADHD groups that differ on their
childhood ADHD status. We examined functional outcomes at
age 18 years by comparing each ADHD group with controls. We
compared ADHD-persistent with ADHD-remitted individuals
to examine the effect of remission on functioning, and persis-
tent to late-onset groups to capture the extent to which these
groups differed on characteristics at age 18 years. We used lin-
ear regression to assess whether characteristics associated with
persistence were similar when ADHD symptoms at age 18 years
were assessed with coinformant reports. Analyses were cor-
rected for the nonindependence of twin observations with tests
using the sandwich variance estimator in Stata, version 11.18
Data analysis was conducted from February 19 to September
10, 2015.

. |
Results

We compared participants who met diagnostic criteria for
ADHD in childhood or adulthood with those who were never
diagnosed with ADHD. Participants who met diagnostic crite-
ria for ADHD in childhood or adulthood both differed from con-
trols on prenatal and perinatal factors, clinical features, and
family environment (Table 1).

Childhood Characteristics of Persistent vs Remitted ADHD
Among individuals who met diagnostic criteria for ADHD in
childhood, 54 (21.9%) still met full criteria at age 18 years. Few
childhood characteristics distinguished individuals with per-
sistent and remitted ADHD (Table 1). Individuals with persis-
tent ADHD had more symptoms across childhood (odds ratio
[OR], 1.11[95% CI, 1.04-1.19]) and lower IQ (OR, 0.98 [95% CI,
0.95-1.00]) compared with those whose ADHD remitted. Over-
all, characteristics of the family environment did not distin-
guish individuals with persistent ADHD from those with re-
mitted ADHD except that families of individuals with persistent
ADHD had comparatively higher maternal warmth (OR, 1.38
[95% CI, 0.99-1.93]) and less maternal depression (OR, 0.45
[95% CI, 0.22-0.89]).

Childhood Characteristics of Late-Onset vs Persistent ADHD
Among 166 individuals with adult ADHD), 112 (67.5%) had late-
onset ADHD. Late-onset individuals were more likely to be fe-
male (OR, 2.48 [95% CI, 1.19-5.16]) and, controlling for sex, had
fewer childhood externalizing problems (OR, 0.93 [95% CI,
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Table 1. Characteristics Among Individuals With and Without ADHD

Childhood ADHD Young Adult ADHD P Value

No ADHD Remitted Persistent Late-Onset Persistent Persistent
Characteristic® (n = 1681)° (n=193)° PValue (n=54)° PValue (n=112) PValue  vsRemitted vsLate-Onset®
Prenatal and Perinatal Factors
Male sex, No. (%) 743 (44.2) 140 (72.5) <.001 36 (66.7) .004 49 (44.6) .93 44 .02
Birth weight, 2449.0 (540) 2372.2 (503) .01 2364.4 (538) .19 2467.8 (529) 74 .97 .15
mean (SD), g
Stress during 329 (20.6) 45 (26.0) 21 17 (32.1) .09 29 (26.4) .17 43 .83
pregnancy,
No. (%)
Smoking during 372 (23.3) 65 (39.4) <.001 23 (43.4) .003 34 (31.5) .06 .63 .09
pregnancy,
No. (%)

Child Clinical Characteristics
Age 5-12 y ADHD symptoms, mean (SD)¢

Inattentive 0.83(1.2) 4.96 (2.6) <.001 6.32(3.2) <.001 1.72 (1.3) <.001 .004 <.001
Hyperactive/ 1.33(1.5) 5.53(2.5) <.001 6.63 (3.0) <.001 2.41(1.6) <.001 .02 <.001
impulsive
Total 2.15(2.4) 10.49 (4.2) <.001 12,93 (5.5) <.001 4.14 (2.5) <.001 .002 <.001
Age 5-12 y comorbid problems
0DD, No. (%) 167 (9.9) 83 (43.0) <.001 25 (46.3) <.001 26 (23.2) <.001 .68 .01
CD, No. (%) 168 (10.0) 90 (46.6) <.001 28 (51.9) <.001 33(29.5) <.001 51 .02
Internalizing 10.72 (6.2) 15.81 (8.4) <.001 17.45(9.2) <.001 12.71(6.7) <.001 .26 .002
score, mean
(SD)
Externalizing 14.20 (9.8) 31.87 (14.9) <.001 36.85(17.9) <.001 22.24 (11.2) <.001 .07 <.001
score, mean
(SD)
Age 5y 1Q and executive functioning
1Q, mean (SD) 101.38 (14.6) 93.04 (14.6) <.001 87.96 (14.7) <.001 96.91 (15.7) .004 .03 .001
Performance 1Q, 9.98 (2.8) 8.53(2.7) <.001 7.43 (2.9) <.001 9.23 (2.9) .009 .03 .001
mean (SD)
Verbal IQ, 9.12 (3.0) 7.81(3.1) <001 7.35(2.8) <.001 8.44(32) .03 30 .02
mean (SD)
Executive 11.84 (3.0) 10.54 (3.3) <.001 10.64 (3.4) .02 10.97 (2.8) .001 .85 .69
functioning,
mean (SD)
Family Environment
Parental factors
Antisocial 422 (25.2) 82 (42.7) <.001 23 (42.6) .01 37 (33.0) .08 .99 .19
behavior,
No. (%)
Substance use, 381 (22.8) 66 (34.4) .004 25 (46.3) .001 42 (37.5) .001 13 .38
No. (%)
Maternal factors
Depression, 438 (26.2) 90 (46.9) <.001 15 (28.3) .81 34 (30.4) .36 .02 .57
No. (%)
Warmth, 3.33(1.0) 2.83(1.1) <.001 3.17 (1.0) .36 3.17 (0.9) .08 .055 .99
mean (SD)
Negativity, 1.45 (0.9) 2.01(1.1) <.001 1.96 (1.1) .001 1.71 (1.0) .007 .79 .20
mean (SD)
Low social class, 513 (30.5) 94 (48.7) <.001 24 (44.4) .045 47 (42.0) .01 .61 74
No. (%)
Domestic violence 670 (40.2) 102 (53.1) .004 26 (48.2) 31 59 (52.7) .01 .55 .69
exposure, No. (%)
Child 198 (11.8) 44 (22.8) <.001 9 (16.7) .39 24 (21.4) .005 .38 40
maltreatment,
No. (%)
Abbreviations: ADHD, attention-deficit/hyperactivity disorder; 9 Childhood ADHD symptoms from ages 5 to 12 years are computed as the mean
CD, conduct disorder; ODD, oppositional-defiant disorder. of the sum of mother-reported and teacher-reported ADHD symptoms across
2 Data were missing on some variables; all available data were used in analysis. ages 5,7,10, and 12 years. The range of total inattentive symptoms in

childhood was O to 18 (range, 0-9 for mother and teacher reports separately);
the range of total hyperactive/impulsive symptoms in childhood was O to 18;
and the range of total ADHD symptoms in childhood was O to 36.

b Comparisons are between remitted, persistent, and late-onset ADHD groups,
with the no-ADHD diagnosis group serving as controls.

< Statistical comparisons adjusted for sex using logistic regression.
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Table 2. Functioning Among No-ADHD and ADHD Groups at Age 18 Years

Childhood ADHD Young Adult ADHD P Value
Persistent
No ADHD Remitted Persistent Late-Onset Vs Persistent
Characteristic® (n = 1681)° (n=193)° P Value (n = 54)° P Value (n=112) P Value Remitted vs Late-onset®
Age 18 y ADHD Symptoms and Impairment
Self-report, mean (SD)
Inattentive 2.63(2.2) 3.51(2.4) <.001 572 (2.2) <.001 6.13(1.8) <.001 <.001 .29
Hyperactive/impulsive 2.44 (2.2) 3.33(2.4) <.001 5.63 (2.2) <.001 5.27 (2.4) <.001 <.001 .34
Total 5.08 (3.9) 6.89 (4.3)  <.001 11.37 (3.5)  <.001 11.42 (3.2)  <.001 <.001 .99
ADHD interference
School or work 1.93 (1.0) 2.03(1.1) .14 3.73(1.1) <.001 3.91(0.8) <.001 <.001 .39
Home or with 1.55(0.8) 1.65 (0.8) .05 3.59 (1.0) <.001 3.45(0.7) <.001 <.001 31
friends
Coinformant report 0.42 (1.1) 1.25(1.9) <.001 2.31(2.6) <.001 1.37 (2.2) <.001 .003 .04
of ADHD symptoms,
mean (SD)
Interviewer personality impressions, No. (%)
Not conscientious 151 (9.0) 38(19.9) <.001 21(38.9) <.001 21(18.9) .001 .006 .01
Not diligent 240 (14.4) 56 (29.2) <.001 28 (54.9) <.001 30 (27.3) <.001 .001 .001
Not planful 290 (17.3) 66 (34.6) <.001 16 (30.2) .02 37 (33.0) <.001 .56 .60
Disorderly 49 (2.9) 15 (7.8) .002 7 (13.2) <.001 13 (11.6) <.001 24 .97
Not focused 219 (13.1) 49 (25.7) <.001 20 (37.0) <.001 25 (22.3) .007 13 .05
Not persevering 133 (8.1) 35 (18.5) <.001 20 (37.0) <.001 19 (17.0) .002 .005 .005
Functioning®
1Q, mean (SD) 102.49 (14.5) 93.33(15.9) <.001 89.78 (14.8) <.001 96.12 (14.3) <.001 13 .006
Life satisfaction, 3.92 (0.7) 3.75(0.7) .002 3.48 (0.9) <.001 3.44 (0.8) <.001 .06 93
mean (SD)
Job preparedness, 17.23 (2.4) 16.45 (2.9) <.001 14.64 (4.2) <.001 15.42 (3.0) <.001 .001 .07
mean (SD)
Currently studying, 1231 (73.2) 113 (58.6) <.001 33(61.1) .08 71 (63.4) .03 .75 .78
No. (%)
Comorbid Diagnoses, No. (%)
Generalized anxiety 108 (6.4) 11 (5.8) .67 13 (24.1) <.001 18 (16.1) <.001 .001 22
disorder
Major depressive episode 300 (17.9) 41 (21.4) .06 19 (35.2) .001 48 (42.9) <.001 .049 .50
Conduct disorder 200 (11.9) 45 (23.6) .006 20 (38.5) <.001 39 (35.1) <.001 .04 .95
Marijuana dependence 54 (3.2) 11 (5.7) .35 8 (14.8) .002 13 (11.6) <.001 .04 .68
Alcohol dependence 182 (10.8) 32 (16.6) .08 7 (13.0) .81 35 (31.5) <.001 .55 .01

Abbreviation: ADHD, attention-deficit/hyperactivity disorder.
2 Data were missing on some variables; all available data were used in analysis.

b Comparisons were between remitted, persistent, and late-onset ADHD
groups, with the no-ADHD diagnosis group serving as controls.

< Statistical comparisons adjusted for sex using logistic regression.

d A full description of these variables is provided in the eTable in the
Supplement.

0.91-0.96]) and higher IQ (OR, 1.04 [95% CI, 1.02-1.07]) com-
pared with those who had persistent ADHD (Table 1). Prena-
tal and perinatal factors and characteristics of the family en-
vironment did not differ between these groups.

Young Adult Functioning of Persistent vs Remitted ADHD

Coinformants (ie, parents and co-twins) rated individuals
with persistent ADHD as having more symptoms at age 18
years than individuals with remitted ADHD (OR, 1.23 [95%
CI, 1.07-1.41]), and interviewers rated them as less conscien-
tious (OR, 0.39 [0.20-0.76]), diligent (OR, 0.34 [0.17-0.66]),
and persevering (OR, 0.39 [95% CI, 0.20-0.75]); further data
are reported in Table 2. At age 18 years, individuals with
persistent ADHD had more functional impairment (school/
work: OR, 3.30 [95% CI, 2.18-5.00]; home/with friends: OR,
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6.26 [95% CI, 3.07-12.76]) compared with those with remit-
ted ADHD. Persons with persistent ADHD had higher rates
of generalized anxiety disorder (OR, 5.19 [95% CI, 2.01-
13.38]), conduct disorder (OR, 2.03 [95% CI, 1.03-3.99]), and
marijuana dependence (OR, 2.88 [95% CI, 1.07-7.71]) com-
pared with those whose ADHD had remitted. However, the
remitted group still showed impairment: compared with
controls, individuals with remitted ADHD had more self-
rated (OR, 1.12 [95% CI, 1.07-1.16]) and coinformant-rated
ADHD symptoms (OR, 1.38 [95% CI, 1.27-1.51]), lower life
satisfaction (OR, 0.73 [95% CI, 0.60-0.89]) and job pre-
paredness (OR, 0.88 [95% CI, 0.83-0.94]), and higher rates
of major depression (OR, 1.46 [95% CI, 0.98-2.16]), alcohol
dependence (OR, 1.45 [95% CI, 0.96-2.19), and conduct dis-
order (OR, 1.71 [95% CI, 1.17-2.52]).
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Young Adult Functioning of Late-Onset vs Persistent ADHD
Individuals with late-onset ADHD differed from the persis-
tent ADHD group on few variables at age 18 years (Table 2). Late-
onset ADHD individuals had higher age-18 IQ compared with
the persistent ADHD group (OR, 1.04 [95% CI, 1.01-1.06]), but
the 2 groups did not differ significantly on life satisfaction, job
preparedness, and rates of being engaged in formal educa-
tion. Individuals with late-onset and persistent ADHD did not
differ on age-18 psychiatric comorbidity: both had elevated
rates of generalized anxiety disorder, conduct disorder, and
marijuana dependence. Late-onset ADHD individuals had sig-
nificantly higher rates of alcohol dependence compared with
those with persistent ADHD (OR, 3.40 [95% CI, 1.31-8.84]).

We examined whether having a co-twin with childhood
ADHD conferred increased risk for late-onset ADHD and found
no significant difference in the proportion of individuals who
developed late-onset ADHD among those who had a co-twin
with childhood ADHD (7.9%) and those who did not (6.0%)
(P =.39).

Childhood Characteristics of Coinformant-Rated ADHD

at Age 18 Years

As when predicting age-18 ADHD using self-report, the
number of childhood ADHD symptoms was the most signifi-
cant predictor of coinformant-reported symptoms of ADHD
at age 18 years (3 = 0.43; P < .001). Maternal stress during
pregnancy (B = 0.19; P = .02), comorbid conduct disorder
(B = 0.19; P = .006), oppositional-defiant disorder ( = 0.15;
P =.04), and higher externalizing score ( = 0.30; P < .001)
in childhood were also associated with more coinformant-
rated symptoms.

|
Discussion

Our study was particularly well suited to investigate the per-
sistence and emergence of DSM-5 adult ADHD given its pro-
spective follow-up of a general population sample of children
with and without ADHD from early childhood to young adult-
hood. We found that ADHD persistence was associated with
more ADHD symptoms and lower IQ in childhood. In addi-
tion, we identified heterogeneity in the young adult ADHD
population, such that this group consisted of a minority of in-
dividuals for whom ADHD persisted from childhood and a
larger proportion who did not meet criteria for the disorder un-
til young adulthood. Our results suggest that adult ADHD is
more complex than a straightforward continuation of the child-
hood disorder.

Persistence and Remission of ADHD From Childhood

to Age 18 Years

Although we examined a wide range of risk factors, we found
persistence to be most strongly associated with the severity
of childhood ADHD symptoms, consistent with some,>!° but
not all,®2° prospective studies in clinical samples. We also
found that lower IQ was associated with persistence. Al-
though most prenatal, perinatal, and family environment fac-
tors were associated with the incidence of ADHD in child-
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hood, overall they were not associated with its persistence into
adulthood. It may be possible that remission of ADHD at age
18 years is associated with the increased opportunities for
young adults to select environments more suited to their ADHD
symptoms; in this way, concurrent lifestyle factors rather than
childhood environment may be more important for determin-
ing remission of ADHD at age 18 years.

The majority of individuals with ADHD in childhood nolon-
ger met full criteria at age 18 years. However, this remitted
group reported interference with functioning due to their
ADHD symptoms. In addition to showing more ADHD symp-
toms, the remitted group continued to have lower IQ and higher
rates of depression, alcohol dependence, and conduct disor-
der, which could also negatively affect functioning at age 18
years. Although this group no longer meets full diagnostic cri-
teria for ADHD, residual ADHD symptoms, comorbidity, and
functional impairment suggest that they may require clinical
attention.

ADHD Among Women and Girls

Although an ADHD diagnosis is more common in boys than girls
in childhood, epidemiologic surveys?! of adult ADHD iden-
tify a sex ratio closer to 1:1. The larger proportion of women in
the E-Risk adult ADHD group is due to a higher number of
women with late-onset ADHD joining the population in adult-
hood rather than childhood symptoms being especially per-
sistent in women. In girls, ADHD symptoms may be less likely
to come to the attention of parents and teachers owing to lower
rates of externalizing-type behaviors,?? resulting in fewer girls
with ADHD diagnosed in childhood.

What Is Late-Onset ADHD?
A few studies?>2 point to the possibility of ADHD emergence
after childhood and offer suggestive evidence that, for some
individuals, ADHD symptoms may increase into adolescence
and adulthood. Findings from the Dunedin Study! demon-
strated that 90% of the individuals with adult ADHD at age 38
years had not met criteria for the disorder in childhood. We
found that already by age 18 years, individuals with late on-
set constituted a large proportion of the adult ADHD popula-
tion. However, many questions remain as to the nature of late-
onset ADHD. We considered 3 possibilities. First, individuals
with late onset may have the same underlying liability for
ADHD as those with childhood ADHD, but the disorder may
be masked in childhood owing to protective factors, such as
particularly supportive family environments or highly devel-
oped cognitive skills. In such cases, symptoms may not be-
come impairing until the increasing challenges of later, more
demanding schooling.?®

Second, individuals with late onset may not have ADHD
at age 18 years but rather have another disorder with similar
symptoms. We found that those with late-onset ADHD ex-
hibit elevated rates of anxiety, depression, and marijuana and
alcohol dependence. To investigate whether the late-onset
group is entirely accounted for by ADHD-like symptoms caused
by other disorders, we excluded individuals with diagnoses of
anxiety, depression, and marijuana and alcohol dependence.
Approximately one-third of the late-onset group remained
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after excluding individuals with these comorbidities and pre-
sented similar levels of ADHD impairment and coinformant-
rated ADHD symptoms. However, persons with late-onset
ADHD may have other disorders (eg, obsessive-compulsive dis-
order or social anxiety) or subthreshold comorbidity that ac-
count for ADHD symptoms.

Third, late-onset adult ADHD could be a distinct disor-
der. The late-onset ADHD group showed several characteris-
tics that differ from childhood-onset ADHD, including a dis-
similar sex composition (the late-onset group included more
women) and lower heritability. Indeed, these differences are
consistent with the extant research?-2¢ on the characteristics
of childhood and adult ADHD populations. We found that the
risk of developing late-onset ADHD was similar regardless of
whether the participant’s twin had childhood ADHD. The ex-
tent to which the etiology differs between childhood-onset and
late-onset ADHD has broad implications for our understand-
ing of the adult ADHD population. Studies of adult ADHD that
examine the genetic origins of the disorder or the effective-
ness of different treatments may benefit from considering this
heterogeneity of the adult ADHD population.

Limitations

Our findings should be considered in light of potential limitations.
First, diagnostic information on ADHD at age 18 years was based
only on self-reports. However, a strength of our study is the avail-
ability of reports from coinformants at age 18 years. Coinformants
rated individuals with persistent ADHD as having more symp-
toms than those in the remitted group, corroborating self-reports,
and childhood risk factors for persistence were similar using age-
18 coinformant reports (Table 3).

Second, we defined young adult ADHD using an age-of-
onset criterion; therefore, the late-onset ADHD group had
young adult onset of the full ADHD syndrome rather than
ADHD symptoms. This definition could be considered a limi-
tation since we did not focus on individuals with ADHD at age
18 who had no apparent ADHD symptoms in childhood. How-
ever, those with no reported childhood ADHD symptoms are
a somewhat distinctive group because it is normative to dis-
play some ADHD behavior in childhood (>85% of our sample
had some mother- or teacher-reported ADHD symptoms in
childhood). Including the age-of-onset criterion is also a
strength because our adult ADHD group met DSM-5 criteria,
which stipulate symptom onset before age 12 years. Third, as
an epidemiologic cohort, our study did not have practitioner
interviews and may include false positives. However, we pro-
vide evidence of construct validity since our ADHD groups were
associated with known correlates and were rated as having
more ADHD symptoms by coinformants. Taken together, this
network of information lends validity to our diagnostic pro-
cedures. Fourth, results regarding childhood characteristics and
age-18 functioning did not differ significantly when we re-
moved the age-of-onset criterion for the young adult ADHD
diagnosis. Fifth, the sample was composed of twins, so the re-
sults may not generalize to singletons. However, our preva-
lence of childhood ADHD at each age is well within the range
of 3.4% to 11% estimated previously.?”28 In addition, our rate
of ADHD persistence is similar to that found in a meta-analysis.*
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Table 3. Associations Between Childhood Characteristics
and Age 18 Coinformant-Rated Symptoms Among Individuals
With Childhood ADHD

Standardized

Characteristic B Value P Value
Prenatal and perinatal factors
Male sex 0.14 .055
Birth weight, g 0.13 .15
Stress during pregnancy 0.19 .02
Smoking during pregnancy 0.15 .06
Child ADHD characteristics
Childhood ADHD symptoms at age 5-12 y
Total inattentive 0.37 <.001
Total hyperactive and impulsive 0.37 <.001
Total symptoms 0.43 <.001
Comorbidity at age 5-12 y
0oDD 0.15 .04
cD 0.19 .006
Internalizing score 0.13 .08
Externalizing score 0.30 <.001
1Q and executive functioning at age 5 y
1Q -0.12 11
Performance IQ -0.13 12
Verbal 1Q -0.06 .35
Executive functioning -0.07 42
Family environment
Parental factors
Antisocial behavior -0.08 .28
Substance use -0.04 .62
Maternal factors
Depression 0 .98
Warmth 0.02 .79
Negativity 0.08 .37
Low social class 0.02 .79
Domestic violence exposure -0.11 .14
Child maltreatment 0.02 77

Abbreviations: ADHD, attention-deficit/hyperactivity disorder; CD, conduct
disorder; ODD, oppositional-defiant disorder.

. |
Conclusions

Owing to the prospective longitudinal design of the E-Risk
study, we were able to identify heterogeneity in the adult ADHD
population. Our findings highlight the importance of taking a
developmental approach to understanding ADHD. Although
many questions remain regarding the nature of late-onset
ADHD, this group showed significant levels of ADHD symp-
toms and impairment, as well as poor functioning and high
rates of psychiatric comorbidity. Therefore, the absence of a
childhood diagnosis of ADHD should not preclude adults with
ADHD from receiving clinical attention. Whether individuals
with late-onset vs childhood-onset ADHD respond differ-
ently to treatment is an open question, and further research
is required to better understand the causes, course, and opti-
mal treatment of late-onset ADHD.
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