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fMRI in Adults with ADHD

MGH NMR Center and Harvard-MIT CITP.
fMRI, functional magnetic resonance imaging.
Bush G et al. Biol Psychiatry. 1999;45(12):1542-1552.
Bush G et al. Arch Gen Psychiatry. 2008;65(1):102-114.



Methylphenidate (MPH)

• Low bioavailability (~20 – 25%)

• (+)-MPH isomer much greater bioavailability than the 
(–)-MPH isomer

• Typical IR therapeutic doses provide

• Tmax = 1.5 – 2.5 h

• Cmax = 6 – 15 ng/mL

• T½ = 2 – 3.5 h

Wilens and Spencer. Child Adolesc Psychiatr Clin N Am. 2000;9:573-603.

Patrick and Markowitz. Hum Psychopharmacol Clin Exp. 1997;12:527-546.
Markowitz and Melchert, Stimulants in Pharmacotherapy of ADHD. Elsevier Press 2022. 



Methylphenidate (MPH)

• Primarily de-esterified-may be susceptible to genetic 
polymorphisms (ultra slow metabolizer)

• Prominent metabolism (L-MPH) in intestinal wall

• Stereo-isomeric metabolism (L>D)

• Linear pharmacokinetics at moderate doses

• No pharmacokinetic drug interactions

• No food effects noted
Wilens and Spencer. Child Adolesc Psychiatr Clin N Am. 2000;9:573-603. 
Stevens and Wilens. ADHD Across the Lifespan. 2013.
Zhu et al. Clin Pharm. 2009;270:59-65.
Markowitz and Melchert. Stimulants, in Pharmacotherapy of ADHD. Elsevier Press 2022. 



Stevens et al. J Child Adoles Psychopharm. 2010.
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Amphetamine (AMPH)

• High bioavailability (~75%)

• Typical therapeutic doses of IR dextroamphetamine provide

• Tmax = 2 – 3 h

• Cmax = 40 – 70 ng/mL

• T½ = 7 h

Wilens and Spencer. Child Adolesc Psychiatr Clin N Am. 2000;9:573-603. 
Stevens and Wilens; ADHD Across the Lifespan, 2017.
Markowitz et al. J Child Adolesc Psychopharm. 2017;8:678-689.
Markowitz and Melchert. Stimulants, in Pharmacotherapy of ADHD. Elsevier Press 2022. 



Amphetamine (AMPH)

• Redundant hepatic metabolism 

• Linear pharmacokinetics 

• No pharmacokinetic drug interactions

• Food effects noted (delayed onset of action)

Wilens and Spencer. Child Adolesc Psychiatr Clin N Am. 2000;9:573-603.
Patrick and Markowitz. Hum Psychopharmacol Clin Exp. 1997;12:527-546.
Markowitz et al. J Child Adolesc Psychopharm. 2017;8:678-689.
Markowitz and Melchert. Stimulants, in Pharmacotherapy of ADHD. Elsevier Press 2022.
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The Mechanisms of Action of 
Amphetamine

AMPH Inhibits
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into cell causing DA 
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ADHD and Methylphenidate: Dose 
Effects on Attention in Clinic and 
Classroom

Methylphenidate Dose
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IR MPH Improved Spatial 
Working Memory 

MPH Dose
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CANTAB Spatial Working Memory Task

No drug effects were demonstrated on strategy, indicating real effect on working memory.

Spatial Working Memory Tasks

CANTAB = Cambridge Neuropsychological Test Automated Battery.
Bedard AC, et al. J Am Acad Child Adolesc Psychiatry. 2004;43:260-268.



Methylphenidate (MPH) in ADHD

Medication Starting Dose Maximum Dose* Duration

Ritalin IR® 5 mg QD/BID 2 mg/kg/day 4 hr / BID

Focalin® 2.5 mg QD/BID 1 mg/kg/day 4–5 hr / BID–TID

Focalin XR® 5 mg QD 1 mg/kg/day 10–12 hr QD

Daytrana® 10 mg 6–16 hr

Concerta® 18 mg QD 2 mg/kg/day 12 hr / once

Metadate CD® 20 mg QD 8 hr / once

Ritalin LA® 20 mg QD 8 hr / once

Quillivant XR® <10 mg QD 12 hr / once

Quillichew ER® <10 mg QD 8 hr / once

Cotempla XR-ODT®

(disintegrating tab) 
8.6 mg QD 51.8 mg 12 hr / once

Aptensio XR® 10 mg QD 2 mg/kg/day 12 hr / once

Adhansia XR® 25 mg QD 16 hr / once

Jornay PM®

(delayed release)
20 mg QD 100 mg 12 hr / once

Azstarys™
(serdexMPH, MPH)

26.1/5.2 mg QD 52.3/10.4 mg 13 hr / once

*May exceed FDA approved dose.

Childress A. Stimulants. In Newcorn & Wilens (eds). Update on Pharmacotherapy of ADHD. Child Adoles Psych Clin N Am. Elsevier, 2022. www.drugs.com.  
Drugs@FDA: FDA Approved Drug Products. www.accessdata.fda.gov/scripts/cder/daf/.

http://www.drugs.com/


Amphetamine (AMPH) in ADHD

Medication Starting Dose
Maximum Dose*

Duration

Adderall® 2.5–5 mg QD 1.5 mg/kg/day 6 hr / BID

Adderall XR® 2.5–5 mg QD 12 hr / QD

Vyvanse® 30 mg QD 12–14 hr / QD

Mydayis® 12.5 mg QD 50/25 mg (adults/adolescents) To 16 hr / QD

Dexedrine Tablets® 2.5–5 mg BID 1.5 mg/kg/day 3–5 hr / BID–QID

Evekeo® 2.5–5 mg BID 3–5 hr / BID–QID

Dexedrine Spansule® 5 mg QD 6 hr / QD–BID

Dyanavel® XR
(suspension) 

2.5–5 mg QD 1.5 mg/kg/day 13 hr / QD

Adzenys XR-ODT®

(disintegrating tab) 
6.3–12.5 mg QD 12.5 mg (adolescents) 12 hr / QD

Xelstrym (patch) 4.5 mg QD 18 mg 12 hr/ QD

*May exceed FDA approved dose (e.g., >20–30 mg/day).

Childress A. Stimulants. In Newcorn & Wilens (eds). Update on Pharmacotherapy of ADHD. Child Adoles Psych Clin N Am. Elsevier, 2022. www.drugs.com. 

http://www.drugs.com/


Serdexmethylphenidate/MPH 
for ADHD

• Dosing 26/5 – 52/10

• Duration of action: Up to 12 hours

• (e.g., extended release)

Serdexmethylphenidate

Methylphenidate

Consider for concerns of stimulant misuse (?)



Night-Time Administered 
Delayed/Extended Release 
MPH for ADHD: Jornay
Consider for early-morning difficulties, parents who work in early AM

Ironshore Pharmaceutical 6-week open study (presented) followed by controlled trial (not shown) n=43 children aged 6-12 years.
Findings: Improvement in ADHD RS, Before School Functioning Scale, DPRMB.
Adverse effects: Stimulant like—no major effects on sleep Drugs.com; Plizka et al, J Child Adolesc Psychopharm 2017; Wilens et al., APSARD 2018; Wigal et al. AACAP 2018; Children et al. J Child Adolesc 
Psychopharm. 2020. 

Newly approved 
extended-release methylphenidate

Formulation: PM administration ➔ AM release
Dosing: 20 – 100 mg QD
Capsules: 20, 40, 60, 80, 100 mg
Duration of action: 12+ hours (effect noted into evening)
Optimal admin time: 8 pm

Mean Observed MPH Plasma Concentration 
(± S.E.M.) Following a Single Evening 
Administration of HLD200 (54 mg)
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Extended Release MPH Solution 
and Chewable Preparations

Quillivant XR
• Suspension
• 12 hour duration
• 25 mg/5 cc (tsp)
• Dosing to 60 mg daily 
• Approved in pediatrics

Consider for difficulty swallowing pills

Rx list.com; PI

QuilliChew ER 
• Chewable tablet
• 8 hour duration
• 20 s, 30 s, 40 mg tablets
• Dosing to 60 mg daily
• Approved in pediatrics



Extended-Release Oral 
Disintegrating Methylphenidate: 
Contempla XR

• Extended-release methylphenidate

• Formulation: oral disintegrating 
tablets

• Dosing: 8.6 – 25.9 mg QD

• Tablets: 8.6, 17.3, 25.9 mg

• Duration of action: 12 hours

Consider for difficulty swallowing pills

Drugs.com



Amphetamine Oral Disintegrating 
Tabs: Adzenys XR for Pediatric ADHD

Equivalent Dosing

Amph ER disintegrating 

(Adzenys XR)

Mixed Amph salts ER 

(Adderall XR) 

5 mg 10 mg 15 mg 20 mg 25 mg 30 mg

Mixed amphetamine formulation (3:1 ratio of d- to l-amphetamine)
Duration of action to 13 hours

Drugs.com

Consider for difficulty swallowing pills



Extended-Extended Release AMPH 
[Mydayis®] or MPH [Adhansia XR] for 
Adult/Adolescent ADHD 
• Mydais: Extended mixed AMPH (e.g., XR2)

• Composition: Mixed AMPH salts

• Dosing: 12.5 to 25 mg QD (>13 years old) or 50 mg (adults)

• Capsules: 12.5, 25, 37.5, 50 mg

• Duration of action: 16 hours (onset at 2 to 4 hours)

• Adhansia XR: MPH product

• Capsules: 25, 35, 45, 55, 70, or 85 mg 

(up to 100 mg tested in adults)

• Duration of action: 16 hours (onset within 1 hr)

US Food and Drug Administration. Drugs@FDA: FDA Approved Drug Products. www.accessdata.fda.gov/scripts/cder/daf/.

Consider for Very Extended Coverage



Findling et al. Journal of Child and Adolescent Psychopharmacology. 2013; 23(1): 28-35.

The Presence of Cognitive Executive 
Functioning Deficits (EFD) May 
Negatively Influence Response to Stimulants



NIMH Preschool ADHD 
Treatment Study (PATS): Study Results

• N=303

• MPH given tid decreased ADHD symptoms in a dose-dependent 
fashion

• Effect size was lower than observed in school-age children

• dose was limited for safety reasons

• Rates of adverse events were higher and were different

• e.g., crying, irritability, outbursts were very common

Kollins S, et al. JAACAP. 2007
Greenhill LL, et al. JAACAP. 2007.



Design

RCT of Preschoolers with ADHD

Age 4-5 years

Duration 6 weeks 

Assigned dosing 5, 10, 20 , 30 mg

Outcome: ADHD RS Preschool v

Results

N = 199 patients

Week 6: p = 0.0242

Effect Size 0.43

CGI response: 42% LDX v 24% PBO

Adverse effects

47% LDX v 42% PBO

Decreased appetite and irritability 

most common

Discontinued: 5.5% LDX v 4.4% PBO



MAS XR Study in Youth with ADHD: 
Frequently Reported Adverse Effects

% of Subjects Reporting
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Managing Stimulant Side Effects
• Cardiovascular

• AAH/APA guidelines-CP, SOB, palpitations, syncope, VS changes
• If positive->PCP/ cardiology consult

• Insomnia
• Baseline vs stimulant
• Sleep hygiene, melatonin, clonidine, tricyclic, mirtazapine

• Appetite decrease
• Change timing of meals, caloric supplements, qPM snacking
• Consider cyproheptadine, nortriptyline

• Dental issues
• Grinding: wear night guard, consider beta-blocker
• Dry mouth: frequent cleanings, water, pilocarpine solution

• Mood/irritability
• Evaluate when occurring, medication-induced vs comorbid mood
• Consider change preparation, change medication, address mood
• Adjunct fish oils, alpha agonist, SGA, mood stabilizer
• For crash: change preparation, add IR in afternoon, use orange juice (amph)

Wilens and Spencer. Postgraduate Med. 2010.
Stevens and Wilens. CNS Companion. 2013.
Wilens and Hammerness. Guilford Press. 2019. 



MGH Open Study: Fish Oils Reduce 
Emotional Dysregulation in Medication-
Treated Children with ADHD 
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Stimulant  Controversies

• Adverse cardiovascular (CV) outcomes

• Growth suppression

• Exacerbation of anxiety

• Use in concussion/TBI

• Use in Substance Use Disorders



Mixed Amph Salts: 
Mean Blood Pressure and Heart Rate

Systolic BP (mm Hg)

Diastolic BP (mm Hg)

Time in Study (months)

Heart Rate (bpm)

Baseline

Findling, Biederman, Wilens et al. J Ped. 2006.



Cooper et al. The New England Journal of Medicine. 2011;365(20) 18960-1904.

ADHD Meds Are Not Associated 
with Adverse CV Outcomes: Children



Habel et al. JAMA. 2011; 306(24) 2673-2683.

ADHD Meds are Not Associated 
with Adverse CV Outcomes: Adults



MGH Study of Cardiovascular 
Effects of Lisdexamfetamine
Transthoracic Echocardiography (TTE):
Structure
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Hammerness et al. World J Biol Psych. 2012. Early Online: 1–8.



Hammerness et al. World J Biol Psych. 2012. Early Online: 1–8.



What to Do at Evaluation 
(AHA Guidelines)
• Medical History (essentially screening of sudden death risk)

• Personal congenital or acquired cardiac disease

• Palpitations, chest pain, syncope, seizures, post-exercise symptoms

• Family history or premature cardiac disease (<30 yrs of age)

• Other meds (including OTC) 

• Routine med history (neurological, etc.)

• BP/heart rate - particularly in adults

• Peds: no ECG, Holter, or GXT

• Adults: work-up as indicated

• Suspicion of CV defect (e.g. IHSS, ARVD) --w/u as indicated

• Monitor above during treatment

• Issues of informed consent

Gutgesell H et al. Circulation. 1999:99:979-982.
AAP Guidelines. 2008.
Perrin et al. Pediatrics. 2008.
Wilens et al. Pediatrics. 2006.
Cooper et al. NEJM 2012.
Cooper et al. JAMA 2012.



Review of Literature
N =  12 Studies ( 157-163,820 pts)

Findings:
- 3/10 studies showed no decrease in height
- 7/10 studies showed sig decrease in height that 

normalized over two years
- 10/10 studies showed initial decreases in weight that 

normalized over time
- 8/10 showed reduced BMI reductions that normalized 

over time

Conclusion: …effects of stimulant treatment on growth 
trajectories are mainly small and transient. These 
effects seem to be clinically insignificant for most youth 
with ADHD who receive stimulant treatment from 
childhood onto adolescence and adulthood.



AnxietyADHD

During the Pandemic, There Has 
Been Increases in the Prevalence of 
Anxiety and Depressive Disorders in Children



Meta-analysis suggests that treatment with 

psychostimulants significantly reduced the risk 

of anxiety when compared with placebo.  This 

finding does not r/o the possibility that some 

children experience increased anxiety when 

treated with psychostimulants… 



Soul et al. J Child Adolesc Psychopharm. 2021;31(9):639-644. DOI: 10.1089/cap.2021.0011.

SCARED: screen for child anxiety related disorders

N= 57
12 week open 
study
Age:  6 -15 yrs
Mostly MPH

Stimulants Improved Anxiety in 
ADHD Over Time



ADHD, Post-Concussion, & Treatment
• Treatment of ADHD may also improve post-concussive syndrome
• Use of stimulants & modafinal for concussion and/or (traumatic) brain injury

• Targeted symptoms: arousal, disinhibition
• General focus and concentration
• Enhanced processing speeds
• Unclear effects on complex processing

• Non-specific response to stimulants 
• Nonspecific response (Wilens and Kaminski, 2020)

• Caveats
• Careful with side effects: some indication of increased adverse effects with more 

“brain injury” (vs ADHD) 
• To “return to play” faster, some players are using stimulants to improve post-

concussive testing

Wilens & Spencer. Stimulants Revisited. Psych Clin N Am. 2000.
Willmott C and Ponsford J. J Neurol Neurosurg Psychiatry. May 2009;80:552.



McCabe SE, Schulenberg JE, Wilens TE, et al. 2023 JAMA Open Network

National longitudinal multi-cohort panels of U.S. high school 12th graders (N=5,034) who were followed from ages 17–18 (baseline
cohort years 2005–2017) to ages 23/24. At ages 17–18, an estimated 6.4% reported medical use only of prescription stimulants to treat 
ADHD, 3.8% indicated both medical use and misuse, 14.6% reported misuse only, and 75.2% of adolescents did not report medical use 
or misuse of prescription stimulants (population controls). 

Prescription Stimulant Misuse Not 
Medical Use of Stimulants is Linked 
to Later Cocaine & Methamphetamine Use



Strategies for ADHD and Substance Use 
Disorders (SUD)

Levin et al. JAMA Psychiatry. 2015.
Berger and Wilens. Overlap of ADHD and SUD, in Update of ADHD Pharmacotherapy. Child Adoles Psych Clin of N Amer. Elsevier, 2022.

In context to SUD, ADHD should be treated:

If misuse or less severe SUD, treat ADHD 
concomitantly (e.g., MJ use) --> brief SUD intervention

More severe SUD --> address SUD (e.g., daily use)

For ADHD --> use CBT, nonstimulants, extended-
release or prodrug stimulants (may need higher dose)



Summary: Stimulants in ADHD

• Highly effective in treating ADHD

• Improvements in the release mechanisms of the stimulants 

• Largely predictable adverse effects 

• Longer term effects encouraging at both neurobiological and 
outcome levels

• Data on combination with other medications emerging

• Future research
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