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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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Adherence in ADHD is Dismal

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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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
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Age-Dependent Decline and Persistence of 
ADHD Throughout the Lifetime

Faraone et al. Nature Reviews Disease Primers 2015
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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 considerable 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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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
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Resting-State Functional 
Connectivity in a Longitudinal 

Sample of ADHD Children Grown Up
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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. 



www.mghcme.org



www.mghcme.org

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)

0 0.2 0.4 0.6 0.8 1 1.2
Matheny 1971

Willerman 1973
Goodman 1989

Gillis 1992
Edelbrock 1992
Stevenson 1992

Schmitz 1995
Thapar 1995
Gjone 1996

Silberg 1996
Sherman 1997

Levy 1997
Nadder 1998

Hudziak 2000
Willcutt 2000
Thapar 2000

Coolidge 2000
Kuntsi 2001
Martin 2002

Rietveld 2003
Laarson 2004

Dick 2005
Hudziak 2005

Derks 2007
Polderman 2007

Spatola 2007
Tuvblad 2009

Cole 2009
Bornovalova 2010

Ilott 2010
Lichtenstein 2010

Greven 2011
Polderman 2011

Langner 2013
Chang 2013

Chen 2016
Rydell 2017

Heritability

Mean heritability 
across 37 studies = 74%

Diagnoses
Symptom Counts



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



www.mghcme.org

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

MDD
BPD

Agoraphobia

Social phobia

Simple phobia

OCD
ODD

CD Tics/Tourette's

Enuresis

Nicotine…

Alcohol…

Cu
m

ul
at

iv
e 

M
or

bi
di

ty
 R

is
k

Control ADHD

P ≤ .009 for all categories

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



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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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
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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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P ≤0.05, ADHD vs 
control at end point
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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

8.6 7.1 8.3

20.8

0

5

10

15

20

25

Non-ADHD 
(n=177)

OROS MPH 
(n=154)

ADHD Current 
Meds (n=36)

ADHD Not 
Current Meds 

(n=49)

% current 
smoking 
according to 
Fagerstrom
Tolerance 
Questionnaire

p=0.02

p=0.007

Not significant (all p>0.60)

Hammerness and Biederman, Jounal of Pediatrics 2012



www.mghcme.org

Accidents and Near Misses
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Percent of Subjects Involved in Collisions During 
Surprise Events 

LDX = lisdexamfetamine dimesylate

Biederman et al. 2012

*

n During the five 
surprise events, 
drivers in the 
medication group 
were 67% less likely 
to have a collision 
than drivers in the 
placebo group
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Libutzki et al. Eur Psychiatry. 2020 Oct 1;63(1):e86. 
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Literature Review of Registries and 
Large Databases Examining the 

Effects of Stimulants on Functional 
Outcome
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Summary of Results

• The majority of the N=40 articles identified 
document a robust protective effect of ADHD 
medications on mood disorders, suicidality, 
criminality, substance use disorders, accidents 
and injuries, traumatic brain injuries, motor 
vehicle crashes, and educational outcomes

• Similarly, the meta-analyses demonstrated an 
overall protective effect of medication treatment 
on these functional outcomes
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The Serious Problem of Non-
Adherence
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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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Stimulant Rx:  A Partners Healthcare EMR Review

Biederman et al. Psychiatric Services 2019;70:874-880
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AN SMS-BASED DISEASE 
MANAGEMENT INTERVENTION FOR 
ADHD
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OR =4; p<0.001
Number Needed to Treat (NNT)=3
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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


