
The neurodevelopmental nature of attention-
deficit hyperactivity disorder in adults
Vitor Breda, Luis Augusto Rohde, Ana Maria Baptista Menezes, Luciana Anselmi, Arthur Caye,
Diego Luiz Rovaris, Eduardo Schneider Vitola, Claiton Henrique Dotto Bau and Eugenio Horacio Grevet

Background
Population studies have suggested that most adults with
attention-deficit hyperactivity disorder (ADHD) did not have the
disorder in childhood, challenging the neurodevelopmental
conceptualisation of ADHD. Arbitrary definitions of age at onset
and lack of defined trajectories were accounted for the findings.

Aims
The objective of this study was to assess the proportion of indi-
viduals presenting with either a neurodevelopmental trajectory
or late-onset disorder, and to assess risk factors associated with
them.

Method
Data of 4676 individuals from the 1993 Pelotas birth cohort at 11,
15, 18 and 22 years of age were used. Polythetic and latent class
mixed model analyses were performed to define ADHD trajec-
tories from childhood to adulthood, and characterise the neu-
rodevelopmental or late-onset courses. Regressionmodels were
applied to assess factors associated with different trajectories.

Results
Classical polythetic analyses showed that 67% of those with
ADHD at 22 years of age had a neurodevelopmental course of
the disorder. Latent class mixed model analysis indicated that
78% of adults with ADHD had a trajectory of persistent symp-
toms, more common in males. The remaining adults with ADHD
had an ascending symptom trajectory that occurred after
puberty, with late-onset ADHD associated with female gender
and higher IQ.

Conclusions
Both polythetic and latent trajectories analyses provided empir-
ical evidence supporting that the large majority of adults with
ADHD had a neurodevelopmental disorder.
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The neurodevelopmental conceptualisation of attention-deficit
hyperactivity disorder (ADHD) is based on the fact that the disorder
has its onset before puberty, has a steady course rather than a remit-
ting and relapsing pattern, and affects males predominantly.1

However, clinical and population-based studies do not support all
these assumptions. Despite the absolute predominance of boys in
clinical settings, there is a more balanced gender ratio in the child
population,2 or even a preponderance of females in community
samples of adults.3,4 Still, the persistent course is not observed in
all affected individuals, with remission occurring in at least a third
of patients, both in children and adults.5,6 Additionally, one study
raised the possibility of a remitting and relapsing symptom course
in children.7 However, the most intriguing findings were those
regarding the possibility of the disorder beginning after puberty.
Epidemiological cohorts suggested that a subset of individuals with
the disorder may have its onset late in adolescence8 or even in adult-
hood, with three different cohorts showing that around 80% of adults
with ADHD did not present with the disorder in childhood.9–11

These results challenged both the common notion that adults with
ADHD are persistent cases with onset in childhood, as well as the
classic neurodevelopmental nature of the disorder itself.

Empirical data on late-onset ADHD

Several factors contribute to the plausibility of the existence of late-
onset ADHD cases. As opposed to clinical cohorts, where indivi-
duals are followed up from childhood until adulthood, a birth
cohort design is more appropriate for detecting tardive incident
cases.8 Three birth cohorts that assessed ADHD in >8000 indivi-
duals from New Zealand, Brazil and the UK showed that around
80% of adults with current ADHD syndrome did not have the dis-
order in childhood.9–11 Furthermore, those adults with late-onset

ADHD did not differ from their full-criteria counterparts in terms
of clinical profile, severity, comorbidities and impairment.10–12

Two additional population studies that considered subtle ADHD
symptoms in childhood as evidence of a neurodevelopmental trajec-
tory found that 25% of adults with ADHDwere late-onset cases.13,14

The follow-up of individuals from control groups of case-control
studies could also provide an estimation of the occurrence of late-
onset ADHD, with the advantage of using more accurate methods
to diagnose ADHD in both childhood and adulthood. In this
sense, 18.8% of the individuals from the normative control group
of the Multimodal Treatment Study of Children with Attention
Deficit and Hyperactivity Disorder (MTA) had a formal diagnosis
of late-onset ADHD. After a rigorous stepped procedure to rule
out ‘false’ late-onset cases, 2% of the sample still had ADHD syn-
drome that started late in adolescence or adulthood.15

Critics on birth cohort findings

Critics on the findings of these birth cohorts pointed out several
methodological limitations of the studies to question the validity
of their results.16 One of them is the ‘false positive paradox’,
which occurs when the actual prevalence of the disorder is lower
than the false-positive rate of the diagnostic test. Since the ADHD
diagnosis is not fully validated in population samples, the false-
positive paradox is an important aspect to be considered in those
cohort studies. Another possible source of false-positive, late-
onset diagnosis is the nonobservance of heterotypic neurodevelop-
mental trajectories, in which other psychiatric disorders precede
ADHD. In this sense, a cohort study with enriched risk for psycho-
pathology found that the majority of adolescent-onset ADHD cases
had a heterotypic neurodevelopmental trajectory.13 Also, some of
the population-based studies did not consider childhood subthres-
hold symptoms to rule out late-onset diagnosis.8 Furthermore, other
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psychiatric conditions preceding or co-occurring with ADHD
might determine phenocopies.15 The change in information
source from childhood to adulthood (parent-, teacher- or self-
report) is also quoted as a cause of possible false-positive and
false-negative diagnoses.16 Finally, delayed ADHD diagnosis occur-
ring in individuals with high IQ or highly supportive families was
hypothesised as contributing to false-positive, late-onset ADHD.17

The interpretation of those cohorts’ findings mentioned above
was based on arbitrary categorical definitions (early- versus late-
onset, persistent versus remitted). This aprioristic approach may
have limited the detection of more subtle behaviors and ADHD
symptomatology throughout time. There are few studies on hypoth-
esis-free, empirically derived trajectories from childhood to adult-
hood.16 Riglin et al18 showed the existence of low, intermediate,
childhood-limited and persistent ADHD trajectories between 4
and 17 years of age. In that study, although a latent late-onset trajec-
tory was not found, 2.5% of the cohort’s individuals had late-onset
ADHD. The only study using adulthood data also revealed low-,
intermediate- and high-symptom trajectories, with around 3% of
the individuals belonging to the high-persistent trajectory. The
authors also found that hyperactivity/impulsivity symptoms have
an overall declining pattern, and inattention tends to be more
stable over time, but the study did not mention the specific trajec-
tory of ADHD cases.19 Until now, no single study has followed chil-
dren up to adulthood with a sufficiently long follow-up to permit
identifying possible ascending trajectories.

We tested both polythetic definitions and latent growth model-
ling analyses to differentiate between neurodevelopmental and late-
onset ADHD cases. Analyses were carried out with data from four
waves of evaluation of ADHD up to adulthood (11, 15, 18 and 22
years of age) in individuals from the 1993 Pelotas birth cohort.
We also assessed demographic and clinical factors associated with
different latent ADHD trajectories.

Method

Sample and design

This study was carried out with data from 5249 individuals born in
1993, representing 99.1% of all live-born children in the southern
Brazilian city of Pelotas (340 000 inhabitants), and followed up to
22 years of age. The participants underwent five evaluation waves
at the perinatal period and at 11, 15, 18 and 22 years of age. In
2015, 4003 individuals were traced (including 193 deaths), with a
final retention rate of 76.3%.20

Ethics statement

The authors assert that all procedures contributing to this work
comply with the ethical standards of the relevant national and insti-
tutional committees on human experimentation and with the
Helsinki Declaration of 1975, as revised in 2008. All procedures
involving human subjects/patients were approved by the institu-
tional review board (approval number 1.250.366) of the
Universidade Federal de Pelotas. All individuals in the cohort pro-
vided written informed consent.

Clinical assessment
Interviewers

Trained psychologists performed face-to-face interviews to collect
demographic and clinical information with parents and participants
in the four waves.

Perinatal data

Data on prenatal tobacco exposure, newborn gender, birth weight
and ethnicity were collected from the mothers in maternity.

Assessments at 11 and 15 years of age

Mental health status was assessed through the self- and parent-report
Brazilian Portuguese version of the Strengths and Difficulties
Questionnaire (SDQ). The SDQ is a diagnostic screening tool used
to detect ADHD and other psychopathologies. The instrument was
tested in different cultures and languages and had good psychometric
properties.21 The hyperactive behaviour subset (SDQ-H) presents five
affirmatives regarding ADHD symptoms: restlessness, fidgeting, poor
concentration, impulsivity and finishing tasks. Each item has three
possible answers: ‘not true’, ‘somewhat true’ or ‘certainly true’. To
be considered present, the specific symptom had to be scored in the
highest possible option (‘certainly true’ or ‘not true’, according to
the direction that the affirmative pointed as a positive answer).
Thus, participants could have a total score ranging from 0 to 10
points, or categorical symptoms ranging from 0 to 5 symptoms. The
SDQ also has an impact supplement assessing impairment caused
by symptoms at home, with friends, at school and during leisure
time, with possible scores defined as ‘not at all’, ‘only a little’, ‘a
medium amount’ or ‘a great deal’. Both self- and parent-reported
SDQ information were obtained at 11 years of age, but only the
parent-reported SDQ was available at 15 years of age. Individuals
were considered as having ADHD at 11 or 15 years of age if they
had a score of ≥8 in the SDQ-H by parent-report. This cut-off pre-
dicted the diagnosis with an area under the curve of 0.81 (95% CI,
0.74–0.88), with 85.7% sensitivity and 67.4% specificity. To improve
specificity, we used at least one point of impairment in the impact
SDQ supplement.11 We defined individuals with subthreshold
ADHD as those with one standard deviation above the mean in the
parent-report (≥6 points) or self-report (≥5 points) SDQ-H scores,
regardless of impairment.

Internalising and externalising disorders were considered
present when the participant scored ‘very high’ in the SDQ accord-
ing to the four-band categorisation of the SDQ scores for 4- to 17-
year-olds for emotional, peer and conduct problems (http://www.
sdqinfo.org).

A confidential questionnaire regarding substance use and child
maltreatment was applied at 11 and 15 years of age.

Assessments at 18 and 22 years of age

Between 2011 and 2012, when cohort individuals were 18 years old,
all DSM-5 ADHD criteria were assessed in individuals presenting
with at least two symptoms in the World Health Organization’s
Adult ADHD Self-Report Scale (ASRS)22 six-item screening tool.
The screening tool assesses four symptoms of inattention (does
not follow through, difficulty organising tasks, forgetful, reluctant
to engage in tasks) and two symptoms of hyperactivity (fidgets,
always on the go). ADHD data was collected through face-to-face
interviews by clinical psychologists, using the DSM-5 ADHD cri-
teria draft proposed by the DSM Externalizing Disorders Working
Group, at that time freely available at www.dsm5.org.

At 22 years of age, the complete DSM-5 ADHD criteria were
applied in the whole cohort and individuals were considered as
having ADHD when they had all DSM-5 criteria but the age-at-
onset criterion (i.e. at least five symptoms of inattention and/or
hyperactivity/impulsivity, presence of symptoms in more than
one setting and at least moderate impairment).

Other psychiatric disorders status was obtained through the
Brazilian Portuguese version of the Mini-International Neuro-
psychiatric Interview,23 using the major depressive disorder, bipolar
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disorder, social anxiety disorder, generalised anxiety disorder, post-
traumatic stress disorder and antisocial personality disorder sections.
Information on general health, income, substance use, years of school-
ing and behaviour was obtained with proper cohort protocol.20 IQwas
tested at 18 years of age, with a short version of the Wechsler Adult
Intelligence Scale, Third Edition.24

Statistical analyses
Polythetic analysis to test neurodevelopmental and late-onset
trajectories in those with ADHD at 22 years of age

We took into account the possible causes for questionable late-onset
diagnosis, as debated by Asherson and Agnew-Blais,16 to create
hierarchical polythetic criteria to differentiate between true and
false late-onset cases in the ADHD group at 22 years of age. Thus,
we characterised false late-onset ADHD (doubtful cases) as those
presenting with one or more of the following: (a) an SDQ-H score
of ≥5 from self-report, or of ≥6 from parent-report at 11 years of
age (defined as subthreshold ADHD); (b) an SDQ-H score of ≥6
in the parent-report at 15 years of age; (c) a heterotypic neurodeve-
lopmental trajectory, defined as those without ADHD at 11 and 15
years of age but presenting with internalising or externalising pro-
blems at those ages; (d) high (>116) or low (<78) IQ (±1.5 s.d. in
our sample); and (e) internalising (depression, anxiety disorders)
or externalising disorders (antisocial personality disorder, substance
use disorder) at 18 or 22 years of age that could potentially better
explain ADHD symptoms. The same categorical method was
applied in the non-ADHD individuals to illustrate how this
approach would determine a group of supernormal controls not
representative of the whole group of individuals without ADHD
in the population (Fig. 1).

Latent class mixed model to detect ADHD trajectories

We used a latent class mixed model (LCMM) with data on ADHD
symptoms collected at 11, 15, 18 and 22 years of age to ascertain

different trajectories of ADHD symptoms in the 4676 individuals
of the cohort with at least one evaluation for ADHD symptoms,
as well as in the 540 individuals with ADHD at 22 years of age.
Z-scores derived from five symptoms of the SDQ-H subscale for
11 and 15 years of age, and the six-item ASRS screener at 18 and
22 years of age, were included in the latent analysis of trajectories.

LCMM was designed to differentiate groups of individuals fol-
lowing different developmental trajectories, providing specific tra-
jectories, number of individuals belonging to each trajectory and
the individual’s probability of belonging to specific trajectories.
Further, this methodology allows us to analyse ADHD measures
from different instruments used to assess the disorder at different
ages (e.g. the use of SDQ in adolescence and ASRS and DSM-5 in
adulthood).25 The best-fitting solution between one class and four
classes was defined through the lowest Bayesian information criter-
ion, lowest Akaike information criterion, highest relative entropy
and theoretical and clinical utility of the model. Missing data were
handled with full-information maximum likelihood.25 LCMM ana-
lyses were conducted with the R package lcmm (version 1.8.1)
for the R software for Windows, version 3.5.3.25

We ran binary logistic regressions to assess factors associated
with different ADHD trajectories of those with ADHD at 22 years
of age. A significance level of 5% and two-tailed tests were consid-
ered in the analyses. SPSS for Windows version 18.0 was used in
these analyses.

Results

ADHD prevalence

The estimated prevalence of ADHD (regardless of the age-at-onset
criterion at 18 and 22 years of age) were 8.9% (393/4424), 9.7% (407/
4211), 12.1% (492/4052) and 14.3% (540/3780) at 11, 15, 18 and 22
years of age, respectively. Taking into account all DSM-5 criteria,

At least subthreshold symptoms at 11
or 15 years of age (homotypic

trajectory)
n = 1699 (1699/2993 = 56.7%)

Other psychiatric disorder at 11 or 15
years of age (heterotypic trajectory)

n = 382 (382/2993 = 12.8%)

IQ <78 or >1 15
n = 123 (123/2993 = 4.1%)

Other psychiatric disorder at 18 or 22
years of age (criterion E)
n = 275 (275/2993 = 9.2%)

At least subthreshold symptoms at 11
or 15 years of age (homotypic

trajectory)
n = 342 (342/507 = 67.5%)

Other psychiatric disorder at 11 or 15
years of age (heterotypic trajectory)

n = 71 (71/507 = 14.0%)

IQ <78 or >115
n = 8 (8/507 = 1.6%)

Other psychiatric disorder at 18 or 22
years of age (criterion E)
n = 55 (55/507 = 10.8%)

ADHD at 22 years of age
n = 507a

n = 165

n = 94

n = 86

n = 31 (31/507 = 6.1%)
None of the previous criteria (adult-

onset ADHD)

Non-ADHD at 22 years of age
n = 2993a

n = 1294

n = 912

n = 789

n = 514 (514/2993 = 17.2%)
None of the previous criteria

Fig. 1 Polythetic analysis of individuals with versus without ADHD at 22 years of age. ADHD, attention-deficit hyperactivity disorder.

a. Individuals with missing data were excluded.
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the prevalence rates observed at 18 and 22 years of age were 3.5%
(142/4052) and 4.5% (169/3780), respectively.

Polythetic definitions to characterise
neurodevelopmental and late-onset ADHD cases at 22
years of age

According to the criteria used, 540 individuals had ADHD syn-
drome at 22 years of age. From those, 507 had complete data and
were included in the analysis. Three hundred and eight individuals
had at least subthreshold ADHD at 11 years of age. From the
remaining 199 individuals, 34 had at least subthreshold ADHD at
15 years of age. These ruled-out participants were considered as
having a homotypic trajectory (Fig. 1).

Among the 165 remaining participants, 71 individuals had
severe internalising or externalising problems at 11 or 15 years of
age by parent-report, and were therefore considered to have a het-
erotypic trajectory, resulting in 94 participants. In this remaining
group, two had low IQ (<78) and six had high IQ (>116). Among
the 86 remaining participants, 48 had internalising or externalising
problems at 18 or 22 years of age, and were excluded (ADHD pos-
sibly better explained by another psychiatric disorder). Finally,
seven individuals in this group had important drug or alcohol use
across their lifespan. After this procedure, 31 (6.1%) adults with
ADHD at 22 years of age could be defined as bona fide adolescent-
or adult-onset ADHD. We used the same criteria for refining the
total sample in the non-ADHD group (3240 individuals), resulting
in around 17% (514 individuals) of the sample that went on to be
characterised as supernormal controls (Fig. 1).

LCMM trajectories of ADHD symptoms

When taking into account the entire cohort, the best model
comprised three trajectories: 77.4% (stable-medium), 17.6%
(descending-low) and 4.9% (ascending-high) (Fig. 2). Regarding
trajectories of the group of individuals with ADHD at 22 years,
the best solution was the one with two classes (Fig. 3). This model
included 78.1% in the stable (neurodevelopmental) trajectory (n =
422), and 21.9% in the ascending trajectory (high probability of

late-onset) (n = 118). For comparisons between different LCMM
models, please refer to the Supplementary material available at
https://doi.org/10.1192/bjp.2020.200.

To avoid bias caused by different raters, we performed the
same latent trajectory analysis considering only self-reported
information (data available for 11, 18 and 22 years of age). The
best model fit was the one with three trajectories (see
Supplementary material).

Factors associated with persistent or late-onset
trajectories in those with ADHD at 22 years of age

The ascending trajectory was associated with female gender (71% of
the individuals in this trajectory) (odds ratio, 0.42; P = 0.001) and
higher IQ (odds ratio, 1.04; P = 0.004) (Table 1).

Discussion

This is the first study of ADHD that used polythetic and latent-
trajectory analytic approaches in data from a birth cohort. Our
results provided empirical data on the predominant neurodevelop-
mental nature of ADHD since at least 78% of the individuals diag-
nosed at 22 years of age had a chronic and persistent trajectory of
symptoms. On the other hand, our results also showed the existence
of adult ADHD cases with an ascending ADHD trajectory after
puberty that was constituted predominantly by women and indivi-
duals with higher IQ.

According to the multi-step polythetic approach, most adult
ADHD cases (67%) had chronic symptoms since childhood or
early adolescence and had a homotypic neurodevelopmental trajec-
tory, as previously reported.15 These results also confirm one of the
possible causes of dubious late-onset ADHD related to the presence
of subthreshold symptoms instead of a full disorder in childhood.
Thus, our results are in line with previous findings showing that
subthreshold ADHD symptoms in childhood predict ADHD in
late adolescence,8 and that children with subthreshold symptoms
are at higher risk for adverse outcomes later in life.26 When
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Fig. 2 ADHD trajectories in the entire cohort (n = 4676). ADHD, attention-deficit hyperactivity disorder.
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considering the heterotypic trajectory, in which other psychiatric
disorders precede ADHD, 43% of the ADHD cases not classified
as homotypic actually had the heterotypic trajectory, which is in
accordance with previous findings from a high-risk cohort of
children.13

Also, even excluding individuals with a potentially false-
positive, late-onset diagnosis owing to other psychiatric disorders
that could better explain ADHD symptoms, around 20% of cases

initially classified as late onset could still be considered as ‘true’
late-onset cases. This result is in line with the findings of Sibley
et al15 regarding ADHD cases with onset in adulthood in the indi-
viduals from the MTA study normative control group. In this sense,
removing potential non-late-onset cases provided the most conser-
vative estimate of the actual rate of late-onset cases, at 6%. However,
this is one of the most disputable exclusion criterion, since high
rates of comorbidities are the rule rather than the exception in the

Trajectories of ADHD symptoms
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Fig. 3 ADHD trajectories in those with ADHD at 22 years of age (n = 540). ADHD, attention-deficit hyperactivity disorder.

Table 1 Characteristics associated with the ascending trajectory (stable trajectory as the reference category)

Variables

Univariable models Multivariable model

Odds ratio (95% CI) P-value Odds ratio (95% CI) P-value

Demographics
Gender (male) 0.54 (0.35–0.84) 0.006 0.42 (0.24–0.71) 0.001
Birth weight 1.23 (0.83–1.83) 0.302
Ethnicity (White) 1.81 (1.13–2.92) 0.015 0.98 (0.55–1.74) 0.942
Prenatal tobacco exposure 0.57 (0.36–0.89) 0.014 0.73 (0.43–1.24) 0.243
Child maltreatment 0.59 (0.38–0.93) 0.023 0.71 (0.43–1.19) 0.196
Being arrested 0.37 (0.13–1.06) 0.063
IQ 1.05 (1.03–1.07) <0.001 1.04 (1.01–1.06) 0.004
Years of schooling 1.32 (1.18–1.47) <0.001 1.10 (0.95–1.28) 0.198
Tobacco use 0.71 (0.46–1.09) 0.117

Alcohol use (never) 1 –

Monthly 1.09 (0.67–1.78) 0.725
Weekly 1.16 (0.62–2.18) 0.636

Family income (0–1.8)a 1 – 1 –

1.8–3.0 0.65 (0.35–1.21) 0.174 0.68 (0.34–1.37) 0.280
3.1–4.6 0.89 (0.49–1.61) 0.702 0.81 (0.41–1.61) 0.550
>4.6 1.78 (1.02–3.12) 0.044 1.10 (0.55–2.20) 0.787

Comorbidities
Major depressive disorder 1.39 (0.68–2.59) 0.407
Bipolar disorder 0.92 (0.39–2.18) 0.854
Social phobia 1.26 (0.74–2.15) 0.398

Generalised anxiety disorder 1.08 (0.71–1.67) 0.713
Post-traumatic stress disorder 0.40 (0.20–0.79) 0.009 0.51 (0.21–1.22) 0.129
Antisocial personality disorder 0.62 (0.18–2.16) 0.454

P-value items <0.05 are marked in bold.
a. Family income was measured in units of ’minimum wage’ per month (1 minimum wage = USD$200.00).
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ADHD clinic. The distinction between ‘primary’ and ‘secondary’
disorder is a highly questionable and subjective diagnostic proced-
ure, resulting from the lack of biological markers for ADHD.27 In
this regard, a genomic study found that psychiatric disorders
share common genetic underpinnings, as is the case of ADHD
and major depression.28 Furthermore, when we applied the same
rule-out criteria in non-ADHD individuals, only 17% of the popu-
lation remained, indicating how overexclusive the polythetic
method might be.

Through the use of a latent analysis, we observed, for the first
time, the existence of an ascending trajectory of symptoms. This tra-
jectory represented the course of almost 22% of adults with ADHD
at 22 years of age. Previous population-based studies characterised
the ADHD trajectories assessing the whole population, but did not
consider ADHD cases separately.18,19 In those studies, a three-
trajectory solution was usually present, with individuals belonging
to high, medium and low symptom trajectories, similar to those
obtained in our study when using the entire population. In our ana-
lysis, the ascending (late-onset) trajectory was associated with
female gender and higher IQ. Thus, the emergence of ADHD symp-
toms in late adolescence or early adulthood in women could explain
the more balanced gender ratio observed in adults in clinical and
community studies of the disorder.3,4 In a previous study that
assessed the retrospective recall of childhood ADHD symptoms in
adulthood, using data from the same Pelotas birth cohort, male
gender was associated with the false-negative recall of childhood
symptoms,29 reinforcing the idea that men with ADHD in adult-
hood come from a stable trajectory even when they do not recall
having ADHD symptoms in childhood. Furthermore, our findings
support the hypothesis that women are diagnosed later than men.30

Late-onset trajectories obtained from self-reported information
were similar to those derived from parent-reports. These findings
suggest that undetected ADHD symptoms in women might not
be a determinant cause of false late-onset ADHD cases.

The association between late-onset ADHD and higher IQ is in
line with previous findings,10,14 supporting the idea that intelligence
could ‘mask’ or protract the onset of symptoms or impairment until
higher cognitive demands occur in life.31 Our results on the persist-
ent trajectory are also complementary to findings showing that
ADHD persistence into adulthood was associated with male
gender and low IQ.10,32 Still, in univariate analyses, the persistent
trajectory was nominally associated with prenatal tobacco exposure,
an environmental factor potentially associated with higher genetic
loading for ADHD.33 This set of results supports accuracy of the
LCMM analysis to determine trajectories of clinically relevant sub-
populations, as such adults with ADHD.

Limitations

The current findings should be interpreted with the acknowledg-
ment of some limitations. Community samples as the Pelotas
cohort might not be representative of other populations, and gener-
alisation could represent an important limitation. Furthermore, in
the last assessment, the 1993 Pelotas cohort had a retention rate
of 73.6%.23 However, this rate is higher than the ones observed in
follow-up studies from low- and middle-income countries, and
the final sample in 2015 is representative of the original cohort.34

Although more women were retained than men (79.9% v. 72.6%),
the absolute gender proportion was fairly balanced (53.2% v.
46.8%) and in line with other population studies.3,4 Furthermore,
ADHD assessments at 11 and 15 years of age were performed
through a screening questionnaire, and not through complete clin-
ical evaluations. However, this approach seems to be a feasible
option in epidemiological studies.35 The assessments were also
not performed in the same manner in childhood and adulthood,

with assessments at 11 and 15 years of age performed with
parent-reported SDQ and assessments in adulthood performed
with self-rated ASRS. The strategy used to minimise the effect of dif-
ferent raters was to run latent trajectories with available self-report
information on ADHD at 11, 18 and 22 years of age. The resulting
trajectories were similar to the ones using collateral information at
11 and 15 years of age and self-report information at 18 and 22 years
of age. The best latent model of self-reported information com-
prised three trajectories with one late-onset or ascending pathway
observed in 32.6% of those individuals with ADHD at 22 years of
age (see Supplementary material). The effect of using different
instruments to measure ADHD in childhood (SDQ) and adulthood
(ASRS) is minimised with the use of LCMM.25 We also compared,
through a confusion matrix, the latent trajectory classification with
only self-reported information at 11, 18 and 22 years of age to those
extracted using both third-party and self-reported information. This
analysis identified 66 (56%) individuals from 118 of the original
ascending trajectories (Fig. 3) with low levels of ADHD symptoms
at 11 years of age in both self- and parent-report assessments,
reinforcing the finding that at least 12% of the cases had a later
onset of ADHD.

Our results suggest that clinicians might consider a probability
of a neurodevelopmental trajectory even when evaluating patients
who do not recall childhood symptoms. Still, the fact that women
and individuals with higher IQ had a higher probability of late-
onset ADHD indicates that more work is needed to disentangle if
the absence of detected symptoms in childhood is related to a com-
pensatory mechanism or an actual absence of symptoms. Finally,
future studies should focus more on using individual-based and
latent approaches when assessing the course of ADHD.

In summary, both polythetic and latent trajectory analyses
support the view that the majority of adults with ADHD had a
chronic, stable neurodevelopmental trajectory of the disorder. On
the other hand, our results also confirm the existence of late-onset
ADHD in around a fifth of cases, owing to an age-dependent ascen-
sion of symptoms.
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Further details can be found on the Cohort website (http://www.epidemio-ufpel.org.br/site/
content/coorte_1993/index.php).

The data that support the findings of this study are available upon reasonable request.
Applications regarding collaborations or to gain access to the 1993 cohort data should be
made by contacting the corresponding author or completing the application form for the
Pelotas Birth Cohorts (available at http://www.epidemio-ufpel.org.br/site/content/estudos/for-
mularios.php).
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psychiatry
in history

Charles VI of France: the Glass King

Rachel Sinha

After King Charles V of France died in 1380, his 11-year-old son Charles VI was next in line to inherit the throne. However, for the
next 8 years it would be his uncles who ruled in his stead, spending money from the royal treasury and extorting heavy taxes
from the common people. Overthrowing these avaricious regents and replacing them with highly competent advisors earned
young Charles VI the title of ‘the Beloved’.

Just a few years later, this title would be replaced by one not so kind: ‘le fou’ or ‘the mad’. In 1392, Charles had what was thought
to be the first psychotic episode of many. During a military expedition he became paranoid, and when a servant accidently
dropped a lance, Charles turned around and began attacking his own knights, some of whom died.

In another episode Charles came to believe that he was made of glass – the glass delusion, which would occur intermittently
throughout his life. Pope Pius II noted that Charles even had iron rods sewn into his clothes as reinforcement to stop him from
breaking.

Although perhaps themost famous person to suffer from the glass delusion, Charles was by nomeans the only one – in the 15th
to 16th centuries it was not uncommon for such delusions to be reported. Case numbers dropped after this period, and cases of
the glass delusion are now rare.

Why do people have the glass delusion? In 1393, author Giovanni Boccaccio wrote: ‘We are all glass men, subjected to innumer-
able dangers. The slightest touch would break us, and we would return to nothing’.

Glass can be considered to have a number ofmeanings, whichmay aid us in analysis. At the time, glass was considered precious
and almost untouchable, yet liable to shatter at the slightest jolt. The sufferers of this delusion in their ‘melancholia’ rejected the
touch of other people, as the influence of others could easily cause them to shatter. Glass is also transparent, and this adds
another dimension – that of the person who is both seen and unseen, someone who wants to hide from society. Perhaps
themost significant factor was that in the 15th century glass was a newmaterial and thereforemore likely to become the subject
of delusions. This would explain why cases started to decrease, and is analogous to cement delusions when cement was first
discovered and more modern delusions about technology. In some ways, one could say that the content of delusions reflects
contemporary culture.
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