
www.mghcme.org

Current Concepts in the 
Neurobiology and Treatment of 

ADHD Across the Life Cycle
Joseph Biederman, MD

Professor of Psychiatry 
Harvard Medical School 

Chief, Clinical and Research Programs in 
Pediatric Psychopharmacology and Adult ADHD

Director, Bressler Program for Autism Spectrum Disorders
Trustees Endowed Chair in Pediatric Psychopharmacology

Massachusetts General Hospital



www.mghcme.org

Disclosures 2020-2021

My spouse/partner and I have the following relevant financial relationships 
with commercial interests to disclose:

– Research support: Genentech, Headspace Inc., Pfizer Pharmaceuticals, Roche 
TCRC Inc., Sunovion Pharmaceuticals Inc., Takeda/Shire Pharmaceuticals Inc., 
and Tris. 

– Consulting fees: Akili, Avekshan LLC, Jazz Pharma, and Shire/Takeda

– Honorarium for scientific presentation: Tris

– Royalties paid to the Department of Psychiatry at MGH, for a copyrighted 
ADHD rating scale used for ADHD diagnoses: Biomarin, Bracket Global, 
Cogstate, Ingenix, Medavent Prophase, Shire, Sunovion, and Theravance

– Through Partners Healthcare Innovation, I have a partnership with MEMOTEXT 
to commercialize a digital health intervention to improve adherence in ADHD. 



www.mghcme.org

0 5 10 15 20
Prevalence of ADHD (%)

Puerto Rico

New York City

Pittsburgh

Iowa

Tennessee

Minnesota

Oregon

Missouri

Virginia

North Carolina

N.Y., Mich., Wis.

India
China

Netherlands
New Zealand

Japan
Brazil

Ukraine
Germany

Netherlands/Belgium
Switzerland

Israel
United Kingdom

Ireland
Canada

New Zealand
Spain

0 5 10 15 20
Prevalence of ADHD (%)

Worldwide Prevalence of ADHD in Children

Faraone SV et al. (2003), World Psychiatry 2(2):104-113

USA Ex USA



www.mghcme.org

Akinbami et al. NCHS Data Brief No. 70, August 2011
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Cenat et al. JAMA Psychiatry. 2021;78(1):21-28. 
doi:10.1001/jamapsychiatry.2020.2788
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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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# of patients # of patients who refilled 

a prescription for ≥1 medication

% of patients who refilled

2,206 1,023 46%
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Biederman et al. Psychiatric Services 2019;70:874-880



www.mghcme.org

Long Delays in the Initiation of 
Treatment (n=1498)
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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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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: Course of the Disorder

Inattention

Time

Hyperactivity

Impulsivity
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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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Age-Dependent Decline and Persistence of ADHD Throughout 
the Lifetime

Faraone et al. Nature Reviews Disease Primers 2015
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Persistent Controversy BMJ | 3 april 2010 | Vol 340
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Educational Impairment in High School

*

*

*

*

* p ≤.001

Percentage of Those Who Attended High School
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Biederman et al. J Clin Psychiatry. 2006 Apr; 67(4):524-40
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Current Employment Status
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*

* P≤.001

Percentage of Each Group

52%

72%

34%

57%

48%
27%

14%

5%

Currently employed

Employed full time

Not currently employed

Looking for work

ADHD (N=500)

Non-ADHD (N=501)



www.mghcme.org

Average Household Income by 
Education Level Attained
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Dalsgaard, S., Østergaard, S. D., Leckman, J. F., Mortensen, P. B., & Pedersen, M. G.  The 
Lancet. 2015; http://dx.doi.org/10.1016/S0140-6736(14)61684-6
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ADHD as a Brain Disorder: 
Neuroimaging Findings
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Faraone et al. Nature Reviews Disease Primers 2015
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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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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
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ADHD as a Neurobiological 
Disorder: Genetic Findings
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Twin Studies of ADHD
(Faraone & Larsson, Molecular Psychiatry, 2018)
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New Results from Genome-wide 
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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Maternal Smoking During Pregnancy:
Results in Children
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ADHD Diagnostic Considerations 

Inattention

Impulsivity/Hyperactivity
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Cumulative Morbidity Risks for Psychiatric 
Disorders in ADHD and Control Probands
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Biederman et al. Psychological Medicine, 2006, 36, 167–179.
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Biederman et al. 
AJP. April 2010
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Disorder ADHD Rate

Major Depression1 20%

Bipolar Disorder2 15%

Generalized Anxiety Disorders3 20%

Substance Abuse4 25%

Re-evaluate refractory patients for ADHD.

ADHD Comorbidity in
Other Psychiatric Disorders

1. Alpert, et al. Psychiatry Res. 1996.  
2. Nierenberg, et al. Presented at: APA; May 18-23, 2002; Philadelphia, Pa.
3. Fones, et al. J Affective Dis. 2000
4. Wilens. Psych Clin N Am. 2004. 
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ADHD is a Highly Treatable Disorder

• ADHD is among the most treatable of all 
psychiatric disorders

• Stimulants are among the most effective 
treatments in medicine with effect sizes of 1

• Studies show that many of ADHD-associated 
poor outcomes can be mitigated by treatment 
with stimulants
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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



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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Pharmacotherapy for ADHD

• Stimulants (FDA Approved)
– Methylphenidate

– Amphetamine compounds

• Atomoxetine (FDA Approved)

• Alpha Agonists (FDA Approved [peds])
– Guanfacine (XR)

– Clonidine (XR)

• Combination Therapy (FDA Approved)

ADHD in Children & Adults. Adler, Spencer, Wilens (eds), Cambridge Press; 2015
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Stimulants
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Long Acting MPH formulations
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Pharmacological Dissociation Between The Robust Effects 
Of Methylphenidate On ADHD Symptoms And Weaker 
Effects On Working Memory

Biederman et al. Eur Neuropsychopharmacol 2011
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Best 
Response

(Percent)

Dextroamphetamine Methylphenidate Equal response to 
either stimulant

Meta-analysis of Within-Subject Comparative Trials 
Evaluating Response to Stimulant Medications 
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Adverse Effects of Stimulants

• Adverse effects (AEs) are similar for all stimulants

− Decreased appetite

− Insomnia

− Headache

− Stomachache

− Irritability/rebound phenomena

• Rates of these AEs may be high prior to any medical 
intervention; thus, baseline levels should always be 
obtained

Wilens T, Spencer T. In: Child and Adolescent Psychiatric Clinics of North America. Philadelphia, Pa: 

Saunders Press; 2000:573-604.
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Non-Stimulants
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Atomoxetine

• FDA approval across the lifespan
• Efficacy as monotherapy
• No concerns of diversion
• Comorbid ADHD plus

– Oppositional disorder
– Anxiety
– Tics
– Substance use disorders
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Atomoxetine Improves Anxiety and ADHD 
in Youth with ADHD & Anxiety
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Extended Release Clonidine
for ADHD

N=236; 61% completion rate
Jain et al. JAACAP epub 2011

Note: ADHD-RS-IV total score was significantly improved at week 1 for the CLON-XR 0.2-mg/day group. 

Significant improvement was achieved in both CLON-XR groups beginning at week 2 and continued through study 

termination. Error bars represent standard deviations. CLON-XR= clonidine hydrochloride extended-release 

tablets; a p = .0219 for CLON-XR 0.2 mg/day. b p < .0001 for both groups. c p < .0003 for both groups. d p = .0005 

for both groups. e p < .0054 for both groups. f p < .0074 for both groups. g p ≤.0288 for both groups.

Mean ADHD Rating Scale—IV 
(ADHD-RS-IV) total score from 

baseline to Week 5, 
using a last observation carried 

forward (LOCF) method: 
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Equal Efficacy with Guanfacine XR
AM versus PM Administration

6 to 12 years, 
dosing 1 to 4 mg/day. 

GXR AM (n=107), 

GXR PM (n=114), or

placebo (n=112).

Newcorn JH, et al. J Am Acad

Child Adolesc Psychiatry. 2013;

52(9):921-930. 

Hyper/ImpTotal Score

Inattention
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Summary: Non-Stimulant 
Pharmacotherapy of ADHD

• A number of non-stimulant medications for ADHD

• Lower effect size than stimulants

• A variety of effective drugs
– Noradrenergic agents (ATMX) -(FDA Approved)

– Alpha agonists - FDA approved, used in adol and adults

• Often slow onset-of-action for ADHD

• Useful in comorbidity

• FDA approval on co-administration with stimulants

• Multiple ‘pipeline’ nonstimulants in development
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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

– Adherence to treatment remains very poor


