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• Within 2 to 3 months, a 
majority of patients with 
ADHD have stopped taking 
medication consistently

• Patients renewed their 
monthly prescriptions about 
2 to 3 times per year1

• Only 13% of patients consistently take their 
medication one year out
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1. Capone. Presented at CHADD Annual International Conference, Dallas, Texas; October 27, 2005. 
2. Perwien et al. J Manag Care Pharm. 2004;10(2):122-129.
3. Sanchez et al. Pharmacotherapy. 2005;25(7):909-917.
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# of patients # of patients who refilled 
a prescription for ≥1 medication

% of patients who refilled

2,206 1,023 46%
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Poor Adherence to Treatment in 
ADHD

• Poor adherence occurs despite the well 
documented morbidity of ADHD, the 
marked efficacy and safety of stimulants as 
well as the fact that ADHD symptoms 
return rapidly when the medication is not 
taken
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Long Delays in the Initiation of 
Treatment (n=1498)
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Chung et al. JAMA Network Open. 2019;2(11):e1914344.
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Diagnosis of ADHD

• Diagnosis is based on clinical assessment 
of symptoms, associated impairment and 
age of onset

• No test is available 
• Symptoms are subjective, as well as 

developmentally and context sensitive
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Inattention

Impulsivity/Hyperactivity

ADHD: Core Symptom Areas
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Course of ADHD Symptoms Over Time by Sex: A 
Growth Curve Model 

Age by Sex Interaction: NS

Biederman et al. 2009
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ADHD: Course of the Disorder

Inattention

Time

Hyperactivity

Impulsivity



Age-Dependent Decline and Persistence of 
ADHD Throughout the Lifetime

Faraone et al. Nature Reviews Disease Primers 2015
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Objective: Characterize the early trajectories of financial functioning
in adults with history of childhood ADHD and use these trajectories to
project earnings and savings over the lifetime.

Method: Data were drawn from a prospective case-control study
(PALS) following participants with a rigorous diagnosis of ADHD
during childhood (N = 364) and demographically matched controls (N
= 240) for nearly 20 years. Participants and their parents reported on
an array of financial outcomes when participants were 25 and 30
years old.

Results: At age 30, adults with a history of ADHD exhibited substantially
worse outcomes than controls on most financial indicators, even when they
and their parents no longer endorsed any DSM symptoms of ADHD.
Between ages 25 and 30, probands had exhibited considerably slower growth
than controls in positive financial indicators (e.g., monthly income) and
substantially less reduction than controls in indicators of financial
dependence (e.g., living with parents), indicating worsening or sustained
deficits on nearly all measures. When earnings trajectories from age 25 to
age 30 were extrapolated using matched census data, male probands were
projected to earn $1.27 million less than controls over their working lifetime,
reaching retirement with up to 75% lower net worth.

Conclusion: The financial deficit of adults with history of childhood
ADHD grows across early adulthood. Projections based on early
financial trajectories suggest very large cumulative differences in
earnings and savings. With or without persistence of the DSM
symptoms, the adult sequela of childhood ADHD can be
conceptualized as a chronic condition often requiring consid-erable
support from others during adulthood.

Pelham et al. Journal of Consulting and Clinical Psychology 2019
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Persistent Controversy BMJ | 3 april 2010 | Vol 340
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Changes in DSM-5 ADHD

• “Neurodevelopmental” - not “disruptive”
• ≥ 6/9  inattentive or ≥ 6/9 impulsive/hyperactive 

symptoms over last six months (>5 for adults)
• Symptoms caused impairment by age 12 (no 

longer 7)
• ASDs no longer exclusionary
• No more “subtypes”; Inattentive / Hyperactive-

impulsive / Combined are now “Presentations”
• Restricted inattentive subtype: In Appendix, 

worthy of further study 
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Is ADHD Always a Neurodevelopmental 
Disorder?:Adult Onset ADHD

• Recent population studies raised the 
intriguing question as to whether adult 
ADHD is always preceded by childhood 
onset of symptoms (hence 
neurodevelopmental) or can develop 
anew in adult life

Faraone and Biederman JAMA Psychiatry Editorial 2016
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Is There an Adult Onset ADHD?

• The age of onset of ADHD by 12 years in 
DSM-5 is completely arbitrary creating 
the immediate dilemma on how to 
diagnose patients who have an onset of 
symptoms >12

Faraone and Biederman JAMA Psychiatry Editorial 2016
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Adult Onset ADHD

• A multifactorial etiological view of 
ADHD suggests that ADHD is a 
disorder with a continuum of ages of 
onsets, with some subjects starting 
their symptoms earlier while others 
later

Faraone and Biederman JAMA Psychiatry Editorial 2016
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Faraone and Biederman. JAMA Psychiatry. 2016 Jul 1;73(7):655-6.
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ADHD as a Brain Disorder: 
Neuroimaging Findings



Faraone et al. Nature Reviews Disease Primers 2015



Brain Mechanisms in ADHD

Faraone et al. Nature Reviews Disease Primers 2015

The executive control and 
cortico-cerebellar networks 
coordinate EFs

The DLPC is linked to 
WM, the VMPFC to 
complex decision making 
and strategic planning, 
and the parietal cortex 
to attention

The VMPFC, OFC & ventral striatum are the 
brain network associated with anticipation 
and reward

The frontal and parietal cortices 
and the thalamus support 
attentional functioning

Negative correlations between the DMN and the 
frontoparietal control network are weaker in patients 
with ADHD



www.mghcme.org

Resting-State Functional 
Connectivity in a Longitudinal 

Sample of ADHD Children Grown Up
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Adult ADHD: Decreased Positive 
Correlations Between PCC-MPFC

• 20 ADHD participants (mean age = 34.9; 16 male)
– Ascertained retrospectively

• 20 Controls (mean age = 31.2; 14 male)

Castellanos et al., 2008
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Reduced MPFC-PCC Coupling Reflects
Current Diagnostic State of ADHD

Mattfeld et al. Brain: A Journal of Neurology 2014, epub: June 10, 2014
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Neural Basis of Persistent ADHD

• Persistent ADHD alters intrinsic 
functional organization of the brain
• Findings supports the idea that adult 

ADHD diagnosis reflects a true brain 
difference

Mattfeld et al. Brain: A Journal of Neurology 2014, epub: June 10, 2014



Mattfeld et al. Brain: A Journal of Neurology 2014, epub: June 10, 2014



Hoogman at el. (ENIGMA ADHD Working Group) Lancet Psychiatry 2017 Feb 16. doi: 10.1016/S2215-0366(17)30049-4. 
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ADHD Imaging Studies Summary

• Neuroimaging studies confirm that brain 
abnormalities in fronto-subcortical networks 
are associated with ADHD

• Neuroimaging techniques are not valid tools 
for ADHD diagnosis; imaging measures are not 
sensitive or specific enough to be used for 
diagnostic purposes

• Treatment attenuate neural deficits

Spencer et al. J Clin Psychiatry 2013 Sep;74(9):902-17.
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ADHD as a Neurobiological Disorder: 
Catecholamine Dysregulation
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Frontosubcortical Networks and 
Catecholamines

• Dopaminergic and noradrenergic 
dysregulation abnormalities in fronto 
subcortical pathways

• Medications that are effective in ADHD are 
either dopaminergic or noradrenergic 

Zametkin. J Am Acad Child Adolesc Psychiatry. 1987;26(5):676-686.

Zametkin. J Am Acad Child Adolesc Psychiatry. 1987;26(5):676-686
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ADHD as a Neurobiological 
Disorder: Genetic Findings
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Genetic
Basis

of ADHD

ADHD: Genetics

Twin Studies Family Studies

Adoption Studies Molecular Genetics
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Twin Studies of ADHD
(Faraone & Larsson, Molecular Psychiatry, 2018)
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Genetic Correlations with other Traits
Ever vs never smoked

Age at menarche

College completion

Years of schooling 2016

Neuroticism

Subjective well being

PGC cross disorder

Major depressive disorder

Depressive symptoms

Upper line: ADHD children + adults
Middle line: ADHD children
Lower line: ADHD adults



New Results from Genomewide
Association Studies (GWAS)
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Preliminary ADHD meta-analysis
18,284 cases 33,836 controls

Preliminary analyses suggest eight genome-wide significant lociPGC ADHD/iPSYCH-SSI-Broad Collaboration
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ADHD Diagnostic Considerations 

Inattention

Impulsivity/Hyperactivity
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Biederman et al. Psychological Medicine, 2006, 36, 167–179.

Cumulative Morbidity Risks for Psychiatric Disorders in 
ADHD and Control Probands



Biederman et al. 
AJP. April 2010
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Biederman et al. 
Pediatrics 2009 
Jul;124(1):71-8.
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Protective Effect of Stimulants on Comorbidity

Biederman et al. 
Pediatrics 2009

c2
(1) =19.7, p<0.001 c2

(1) =17.8, p<0.001

c2
(1) =3.5, p=0.063
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Protective Effect of Stimulants on Comorbidity

c2
(1) =21.4, p<0.001

c2
(1) =19.9, p<0.001

c2
(1) =1.3, p=0.258

Biederman et al. 
Pediatrics 2009



www.mghcme.org

Protective Effect of Stimulants

c2
(1) =18.4, p<0.001

Biederman et al. Pediatrics 2009
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ADHD and Substance Abuse

Wilens et al. J Nerv Ment Dis. 1997;185(8): 475-482.

Risk for Substance Use Disorder (SUD) 
Onset in Adults With Untreated ADHD
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Clinical Implications: Potential for 
Prevention and early intervention

Treating ADHD 
↓ risk for SUD in 
youth with 
ADHD

ADHD 
onset

SUD 
onset
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SUD in ADHD Youth Growing Up:
Overall Rate of Substance Use Disorder
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Prospective Study of OROS MPH vs. non-ADHD and ADHD
Omnibus test, chi-squared(1)=8.44, p=0.04
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Hammerness et al. J Pediatr 2012



www.mghcme.org



www.mghcme.org

Pharmacotherapy of ADHD

• ADHD remains the most treatable disorder in 
Psychiatry

• Stimulants (amphetamines and methylphenidate 
compounds) remain the mainstay of treatment 
for ADHD due to their robust (High Effect Size) 
efficacy and safety

• FDA-approved Non Stimulants (Atomoxetine and 
Alpha-2 Agonist (guanfacine and clonidine 
extended release) are generally less effective 
than the stimulants (moderate effect sizes of 0.4-
0.6)
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Cortese et al. Lancet Psychiatry. 2018 Sep;5(9):727-738. 
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Summary

• ADHD is a neurobehavioral disorder with a:
– Complex etiology
– Neurobiologic basis
– Strong genetic component

• ADHD 
– Affects millions of people of both genders
– Persists through adolescence and adulthood in a high 

percentage of cases
– Can have negative impact on multiple areas of 

functioning
– ADHD is a highly treatable disorder


