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ADHD is not a stable condition:
• Fluctuations in symptomatology occur during childhood, adolescence, persist or
remit in adulthood and can emerge de novo in adulthood.

• Research differentiates:
normal development, subthreshold, syndromatic and persistent ADHD.
• Longitudinal follow-up indicates that some childhood ADHD individuals have
reduced (subthreshold) ADHD symptomatology. This is often referred to as
“remission”.
• Subthreshold ADHD is not benign.

This indicates that there is considerable instability in
ADHD expression with the greatest variability in the
subtype Hyperactivity-Impulsivity.

Those on a high trajectory,
hyperactivity decreased
whereas inattention
increased.
Trajectories of hyperactivity
impulsivity and inattention between
8–9 to 16–17 years.

1,450 twin pairs participating in a
population-based, longitudinal
twin study. Developmental
trajectories were defined using
parent-ratings of hyperactivityimpulsivity and inattention
symptoms.

This study suggests that
ADHD subtypes cannot be
viewed as discrete and stable
categories.

Most of the participants who had childhood ADHD did not have adult ADHD.
Most of those with adult ADHD did not have childhood ADHD, (Dunedin birth cohort).
Hence, predictive validity of ADHD ratings for life-time ADHD uncertain.

Estimates of ADHD persistence rates into adulthood in
longitudinal studies.
Mean age at follow-up of at least 18 years old and a
full diagnosis (syndromatic) definition of persistence.

This study indicates that there is a very large
variation between studies in the long-term
persistence of ADHD.
This raises the issue of whether tests (of whatever
type) with high test-retest reliability can
psychometrically account for the change in clinical
status.
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ADHD symptoms were
assessed in 9,875
participants: Twins Early
Development Study

Mood & Feeling, parent-report,
Anxiety Related Behaviors,…
Prosocial behaviors
Peer problems

Mood & Feeling, self-report,
Emotional/Anxiety
0

0.5

1

1.5

2

De Novo ADHD Pathology E.S.

Subthreshold ADHD Pathology E.S.

The three ADHD groups:
developed similar levels of
behavioural and emotional
problems in adolescence.

Conduct problems
Mood & Feeling, parent-report,

Prosocial behaviors
Anxiety Related Behaviors,…

Conduct problems
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Subthreshold ADHD is not
benign.
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Definition of ADHD Subgroups
Genuine late-onset
Close to average score (0–5) SDQ
at ages 7, 8, 9 and 12 years
Childhood-onset Persistent
High or very high (8–10) SDQ at age 12
and 17 years

Population, longitudinal, assessed at 12 and 17 years

Genuine Late-Onset v Childhood-onset Persistent
Note
Autism Ratings highest for
the Childhood-onset
persistent.
Pragmatic difficulties
highest in Genuine Late
Onset ADHD group.

Mean Difference Genuine Late onset v child onset
persistent
Pragmatic language

Pragmatic language difficulties
present in both ASD and ADHD
individuals

Autistic symptoms
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Odds Ratio Subthreshold ADHD and K-SADS-PL
Item Boys

K-SADS-PL ITEMS

smoking

This indicates that
Subthreshold ADHD is a serious
condition for both substance abuse
and emotional deregulatory
behaviours.

alcohol

Association with Subthreshold
ADHD in a population-based
sample of twins including

agoraphobia ⁄ specific phobias

avoidance
motor tics

177 girls and 135 boys.
Note diversity of items between
boys and girls.
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Odds Ratio Subthreshold ADHD and K-SADS-PL
Item Girls
elation and expansive mood

Twin study from childhood (8 years)
to adulthood (21– 22 years).

decreased need for sleep
avoidance
irritability and anger
social phobias, shrinks from…
Unrealistic worry about the…
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Depression/Anxiety % of Group
Full ADHD
"subclinical" ADHD

ADHD full diagnosis and Subclinical ADHD

Controls
0

Data from the Christchurch birth cohort of 995 followedup to age 25 years at the time of publication.
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Parents by 20 years

Number of arrests 18 - 25
years
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Severe psycho and socio-pathology present both in Full ADHD group and “Subclinical”/subthreshold ADHD.
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J. Am. Acad. Child Adolesc. Psychiatry, 2010;49(6): 595–605
School district sample: 1,615 students
aged 5 to 11 years followed-up study 8 years later.
High-risk youths meeting full (n = 94) and
subthreshold (n=75) DSM-IV ADHD criteria were
matched with low-risk peers (n = 163).

Odds Ratio for full ADHD group

Odds Ratio Subthreshold ADHD
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Subthreshold ADHD, but not full ADHD, increased the risk of grade retention.
Both conditions increased the risk of graduation failure.
Anxiety/Depression more probable in full ADHD group but also present in subthreshold ADHD.
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Analysis of 9 Follow-up Studies
N = 11,111

A minority (17.7%) of clinically referred
and non-referred children met a priori
definitions of subthreshold ADHD.

Effect size Subthreshold - Controls - Full ADHD
Overall Functional Continuous Variables & Psychiatric Risk

Overall Functioning of subthreshold ADHD
had higher rates:

Subthreshold ADHD - Controls

• Family dysfunction,
• Cognitive impairment, executive
dysfunction,
• Interpersonal and school deficits,
• Temperament problems,
• Psychiatric comorbidity, and
• Juvenile delinquency

ADHD > Subthreshold ADHD
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Full ADHD group more disturbed than Subthreshold cases. Subthreshold
cases more disturbed than controls.

Proportion of Persistent Group

Police contact

Drugs
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Group which did not meet full DSM-IV
criteria for ADHD (sub-threshold ADHD
with continued impairment):
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Comorbid mental health problems
were predicted by current
symptoms of
hyperactivity-impulsivity, and not
by childhood ADHD severity.

Proportion of Subthreshold Group

Police contact

15.1% in partial remission and
Drugs

4.7% in total remission.
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This study replicates those
of Fergusson et al, (2010)
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Obesity Effect Size

Late-onset ADHD

Thus, even in “remission”, ADHD in childhood
presents a significant somatic medical risk.
Participants aged 18 years at follow-up.

Persistent ADHD

Remitted ADHD
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Both remitted and persistent groups showed greater obesity
risk compared with those who had never had ADHD.
The late-onset group did not, suggesting a long-term effect of
childhood ADHD, rather than also in adult onset cases.

Daily cigarette smoking ES - Never ADHD

Not in education, employment or training ES
- Never ADHD
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All ADHD groups showed higher risk for not in
education, employment or training.

Risk of daily cigarette smoking was elevated in all ADHD
groups compared with controls

Further replication of
Fergusson et al, (2010)

Criminal cautions/convictions ES - Never ADHD

All ADHD groups showed higher risk for
Criminal Cautions/convictions with no
significant difference between the
Persistent and Remitted ADHD groups.

Late-onset ADHD
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Brief Summary this section:
•

Early longitudinal studies showed that in childhood,
subthreshold cases had both cognitive and clinically significant dysfunctioning.

•

In the last decade, using longitudinal designs, subthreshold cases have emerged as having
severe psycho-socio-pathology, similar to that of persistent ADHD individuals.
Lower educational impairments observed in
remission/subthreshold and persistent ADHD subgroups.

•

Increased risk of obesity in subthreshold cases compared with persistent ADHD and controls.

What might be a factor requiring further study to determine the ADHD symptomatic
and neuropsychological trajectory?
At age 40, the childhood ADHD group had lower educational
level, more executive dysfunction, and higher rates of drug use
than the other groups.
Higher ADHD scores associated with higher ratings: disinhibitory
self-control, flexibility, and poorer emergent metacognition.
Early subthreshold ADHD with minor neuropsychological defects
may increase with age and potentially predispose such
individuals to increased psycho-social pathology.

Subthreshold, Persistent, De Novo ADHD and
Neuropsychological Functioning

Biederman, J., Fitzgerald, M., Kirova, A., Woodworth, K.Y., Biederman, I., Faraone, S.V.,
(2018). Further evidence of morbidity and dysfunction associated with subsyndromal
ADHD in clinically referred children. J. Clin. Psychiatry, 79.

Subthreshold group had lower scores than controls on: Vocabulary,
Digit symbol, Block Design, and arithmetic.

Full ADHD differed from controls and Subthreshold ADHD:
• Freedom From Distractibility
• WRAT Reading and
• WRAT Arithmetic but not full-scale IQ
• The subthreshold ADHD group had significantly higher Digit
Span but lower Digit Symbol than full ADHD group.

This study shows that syndromatic symptom fluctuations occur but that neuropsychological tests continued to show deficits.
Suggested as a trait or structural feature of ADHD.

Follow-up MTA subsample, original Child ADHD
diagnosis and current status.

This study suggests that disinhibition is
present in both full and subthreshold
ADHD.

More commission errors (Conners CPT) observed in persistent
ADHD adolescent group than Desistant ADHD subgroup.
Desistant (subthreshold) participants made more errors than
LNCG (control) participants.

Improvement in response inhibition unrelated to ADHD symptom
change.
Stop signal RT: lower values are associated with better performance.

Improvement in visual spatial working memory maintenance
predicted symptom remission in ADHD.

ADHD Class 1: “ADHD: impaired, recovering,” included
children who had impaired VWM at age 7 compared to the
“Control: normally developing” improved significantly faster
over time than the normally developing controls and
normalized on VWM performance by age 13.

PLoS ONE 10(4): e0124357.
doi:10.1371/journal.pone.0124357
General population, Twin N = 4771 pairs

0.59

ADHD symptoms and IQ scores significantly predicted each other over
time.

• ADHD symptoms at age 12 (t1) years were a significantly stronger
predictor of vocabulary at age 14 (t2) years but not at 16 years (t3).
The results suggest:
• ADHD symptoms may put adolescents at risk for lower IQ scores and
• when measurement occurs can give different predictive results.

ADHD

VOCABULARY

ADHD

0.75

Vocab

0.46

ADHD

ADHD

Vocab

0.73

ADHD

0.39

Vocab

ADHD

ADHD
-0.16

-0.23

Vocab

Vocab

Vocab

Stable aetiological factors and time-specific genetic and
environmental influences emerge for each trait at e.g.
t2 and t3 versus t1 and t3 (ADHD)
t1 and t2 versus t1 and t3 (IQ) at two year intervals.

Psychological Medicine 1–10. https://doi.org/
10.1017/S0033291719003015

ADHD at any point in development (7, 10, 12, and
18 years) associated with lower average IQ.
N = 2232 twins.
ES Persistent ADHD versus Control

ES Persistent versus Remitted ADHD

ES Persistent versus Late Onset

Verbal (child) Persistent ADHD - control

Verbal (child) Persistent- Remit ADHD

Verbal (child) Persistent- Late ADHD

Verbal (Adult) Persistent ADHD- control

Verbal (Adult) Persistent- Remit ADHD

Verbal (Adult) Persistent- Late ADHD

Performance (child) Persistent ADHD control

Performance (child) Persistent- Remit
ADHD

Performance (child) Persistent- Late ADHD

Performance (Adult) Persistent ADHD control

Performance (Adult) Persistent- Remit
ADHD

Performance (Adult) Persistent- Late
ADHD
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ADHD groups showed deficits in IQ
Persistent ADHD greatest IQ deficit,
across development compared to controls followed by Remitted ADHD.
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Persistent ADHD differed from lateonset ADHD.

ADHD groups did not differ from controls in their developmental trajectory of IQ.
Hence, changes in ADHD symptomatology appear independent of IQ, which reflects
a spectrum of cognitive functions. Differences in cognitive functioning between
controls and ADHD subgroups were present.
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Psychological Medicine 1–10. https://doi.org/
10.1017/S0033291719003015

Persistent ADHD poorer executive
functioning than remitted ADHD.
Remitted ADHD at 18 still significantly
impaired compared to controls.
Having ADHD at any point in
development was associated with
poorer executive functioning at ages 5
and 18 years.
No differences observed in working
memory between Persistent & Remitted
ADHD and both with poorer working
memory than controls.

Inhibition (RVP test Cantab False Positives) at
Age 18
ADHD Persistent - Controls FPs

Persistent- Late ADHD FPs (Adult)

Persistent- Remit ADHD FPs (Adult)

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

d´ (vigilance) ADHD-P and ADHD-R v. controls
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Stroop Word: ADHD-P and ADHD-R v. controls

Stroop Replication by:
ADHD-R
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Note: difference greater in ADHD-R (subthreshold) than ADHD-P

Spanish sample of IMAGE longitudinal study, follow-up
12 years succeeding first assessment
Executive Functions Group Effect

partial eta squared

Shift

1>3

.13

Plan/Organize

1 > 3; 2> 3

.27

Inhibition

1>3

.31

Working Memory

1 > 2, 3

.33

ADHD-Persisters not significantly different from ADHD-Remitters in:
inhibition, Planning, Set Shifting.
Primary difference between ADHD-Persisters and ADHD-Remitters is in
Working Memory performance.

Longitudinal study N = 1317

• Youth-onset ADHD: children no more than two
ADHD symptoms at baseline and ADHD diagnosis at
follow-up (n = 28);
• Persistent ADHD: children ADHD diagnosis both at
baseline and follow-up assessments (n = 26).

Mean difference Youth Onset - Community Controls
Reading Score

Writing

This paper indicates that individuals can commence
with no or ≳ 2 symptoms and achieve supra-threshold
ADHD rating.
Primary defects: academic with Executive dysfunction
explained primarily by temporal processing (time
anticipation).

Temporal processing

Working Memory
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Brief Summary Neuropsychological section:
•

Syndromatic symptom fluctuations occur.
Neuropsychological tests continue to show deficits in both persistent and subthreshold ADHD
compared with Typically Developing participants: CPT errors and vigilance measure d´, Working
memory, and other executive functions.

•

Changes in ADHD symptomatology may be independent or correlated with cognitive performance
both in ADHD remitters and persisters.

•

Improvement in visual spatial working memory maintenance can predict symptom remission in
ADHD.

•

Individuals can commence with no or few symptoms and achieve supra-threshold ADHD rating and
have executive dysfunction e.g. in time anticipation.

•

General trend (but not always): Persistent greater cognitive deficits than Subthreshold ADHD
individuals.

Neuroimage, Subthreshold and Full Syndrome ADHD

Selective Review

Greater positive functional connectivity between posterior
cingulate cortex and medial prefrontal cortex for the control
group than the persistent ADHD group.
(C) The remitted ADHD group also showed greater positive
functional connectivity between the posterior cingulate cortex
and medial prefrontal cortex than the persistent ADHD
group.
Direct comparison of whole-brain correlations of the medial prefrontal
cortex seed in the remitted and persistent groups showed no significant
differences at the dorsolateral prefrontal cortex.

Cue-related connectivity (Panel B) greater between the
right thalamus and prefrontal regions: including the left right frontopolar cortex and the left dorsolateral prefrontal cortex,
in individuals with remitted ADHD relative to those with persistent ADHD.
But
no differences in activation between individuals in the remitted ADHD group and those in the persistent ADHD group in any
regions

Six year follow-up

Component A: mainly located in bilateral Crus I, subthreshold ADHD cases were intermediate
between ADHD and typically developing controls.

The varying ADHD trajectories are centered
bilaterally on the:
cingulate gyrus and medial prefrontal cortex,
extending to the precuneus and the right
dorsolateral prefrontal cortex.

Cortical thickness in regions linked to adult ADHD status for the
right (A) and left (B) hemispheres.
Cortical thickening or minimal thinning was found exclusively in
individuals with remitted ADHD.

Suppl fig 5. Participants with remitting ADHD showed significantly higher RSFC
executive control network than controls.
There were no significant differences between persistent ADHD and controls.

Association between greater RSFC and
executive control network due to change
(decreasing) in hyperactive/impulsive
scores.

MRI

This paper suggests that prefrontally mediated cognitive
processes are tied to the adult outcome of ADHD. Adult
severity of hyperactive-impulsive symptoms rather
than inattentive symptoms accounted for these findings.

Left inferior frontal
cortex activation for
failed compared with
successful inhibition

Right inferior frontal
cortex activation for
failed compared with
successful inhibition
Persistence of more hyperactive-impulsive symptoms in
adulthood associated with lower left inferior frontal cortex
activation during failed inhibition.

ADHD-R
higher nodal efficiency of right
IFG significantly associated with
lower inattentive and
hyperactive/impulsive
symptom severity scores.
ADHD-P
Higher nodal efficiency of right
IFG significantly associated with
higher inattentive and
hyperactive/ impulsive
symptom severity scores.
Both remitters and persisters
relative to controls lower nodal
efficiency in right inferior
frontal gyrus and reduced left
side frontal-parietal functional
interactions.

Note that the Inferior Frontal gyrus with the parietal lobe play a crucial role in the
inattentive network.
Functioning of the inattentive network may be crucial in recovery trajectories of
ADHD, predictive studies required to test this hypothesis.

Conclusions:
• With increasing age, child ADHD wax and wane, with some expressing “remission” or
subthreshold ADHD.
• Hyperactive-Impulsive symptoms may provide more information on clinical changes
and be associated more with brain functioning measures than inattentive items.

• Comorbidities increase e.g. affective disorders and addictive behaviours.
• ADHD may emerge in “controls” during adulthood.

• Hyperactivity/Impulsivity symptoms may prove better predictor of adult functioning
than inattention symptoms.
• Remission does not mean symptoms are absent or “normality” achieved.
• Many “Subthreshold” ADHD individuals exhibit Adult Psycho-social pathology.

