








Catecholamine mechanisms in ADHD 



Sistemi neurotrasmettitoriali e farmaci



Methylphenidate (MPH)

Challman TD & Lipsky JJ, Mayo Clin Proc,  2000



• Ben assorbito per via orale (meglio con alimenti)

• Effetto farmacologico inizia dopo 30 – 60 minuti

• Picco dopo circa 2 ore

• Durata dell’azione 3 – 5 ore

• Singola dose completamente eliminata in 12 – 15 ore

• Necessità di somministrazioni multiple

Metilfenidato



Methylphenidate
Dosing regimen

Age group Indication Typical initial dose Usual maximal
daily dose

Children (> 6y) Attention-deficit/
hyperactivity disorder

Regular release: 5 mg twice daily, 
with or after breakfast and lunch
Sustained release: 20 mg OD

60 mg

Adults Attention-deficit/
hyperactivity disorder, 
narcolepsy

Regular release: 5 to 20 mg 2 to 3 
times daily, with or after meals
Sustained release: 20 mg 1 to 3 
times daily, at 8h intervals

90 mg

Depression due to 
medical illness

Regular release: 5 to 10 mg 2 or 3 
times daily

30 mg

Challman TD & Lipsky JJ, Mayo Clin Proc,  2000



Metilfenidato

Tasso di risposta (%) 70 – 75 (50 in adulti)

Tasso di normalizzazione (%) 50 – 60 

Miglioramento dei sintomi (%)
Scale comportamentali 30 – 50  

Effect size
Comportamento
Attenzione
Prestazioni

0.9 alto
0.7 medio
0.3 basso



System More frequent Less frequent

Cardiovascular Hypertension, tachycardia Angina, dysrhythmias

Central nervous system Insomnia, nervousness Headache, dizziness, dyskinesia

Gastrointestinal Anorexia Nausea, abdominal pain, weight
loss

Dermatologic ─ Rash, urticaria

Methylphenidate
Adverse effects

Challman TD & Lipsky JJ, Mayo Clin Proc,  2000



Methylphenidate for children and adolescents with 
attention deficit hyperactivity disorder (ADHD) (Review)
Storebø OJ, Ramstad E, Krogh HB, Nilausen TD, Skoog M, Holmskov M, Rosendal S, Groth C,
Magnusson FL, Moreira-Maia CR, Gillies D, Buch Rasmussen K, Gauci D, Zwi M, Kirubakaran R, Forsbøl B, 
Simonsen E, Gluud C

• We included 38 parallel-group trials (5111 participants randomised) and 147
cross-over trials (7134 participants randomised)

• The average age across all studies was 9.7 years
• The results of meta-analyses suggest that methylphenidate may improve

teacher-reported ADHD symptoms, teacher-reported general behaviour, and
parent-reported quality of life among children and adolescents diagnosed with
ADHD. However, the low quality of the underpinning evidence means that we
cannot be certain of the magnitude of the effects.

• Within the short follow-up periods typical of the included trials, there is some
evidence that methylphenidate is associated with increased risk of non-serious
adverse events, such as sleep problems and decreased appetite, but no
evidence that it increases risk of serious adverse events

Cochrane Database of Systematic Reviews, 2015



Fatty acid composition in patients with ADHD

Plasma Red blood cells
ω-3 EPA

DHA
ALA
Total

Decreased ↓
Decreased ↓
Decreased ↓
Decreased ↓

No data
Decreased ↓
No data
Decreased ↓

ω-6 AA
LA
GLA
Total
OA

Decreased ↓
Increased ↑
Increased ↑
Decreased ↓
Increased ↑

Decreased
No data
Decreased ↓
Decreased ↓
Decreased ↓

ω-6/ω-3 ratio Increased ↑ Increased ↑

Grela A et al., Clin Chem Lab Med, 2016



PUFA
Assunzione con la dieta



Il rapporto ottimale secondo
l’Organizzazione mondiale della
sanità è di 1 (ω-3) : 5 (ω -6)

Rapporto n-6/n-3



Janssen CIF & Kiliaan AJ, Progress in Lipid Research, 2014



Activation of neuronal signaling by 
phosphatidylserine (PS)

Kim HY et al., Progress in Lipid Research, 2014



Phosphatidylserine in neuronal tissues

Kim HY, Chemistry and Physics of Lipids, 2008



Effects of ω-3 PUFAs supplementation

Diagnosis Positive results Negative results Positive results without
statistical significance

Ultra high risk psycosis Amminger 2010; 
Amminger 2013

McGorry 2017

First psycosis episode Pawełczyk 2016 Berger 2007

ADHD Germano 2007; Johnson 
2009 & 2012; Bos 2015; 
Gustafsson 2010; Manor
2012; Vaisman 2008; 
Hariri 2012; Perera 2012

Milte 2015; Milte 2012; 
Widenhorn-Müller 2014; 
Matsudaira 2015; Dubnov-
Raz 2014; Voigt 2001

Anand 2016; Salehi 2016; 
Behdani 2013; Bélanger
2009; Assareh 2017; 
Barragán 2017; Stevens 
2003; Raz 2009; Dashti 2014

Elevated ADHD symptoms Sinn 2007; Sinn 2008 Kean 2017

Autism Yui 2012 Voigt 2013 Bent 2014

Agostoni C et al., Int J Mol Sci, 2017



DHA supplementation in children with ADHD

Puri BK & Martins JG, Prostaglandins Leukot Essent Fatty Acids, 2014



3-ω PUFA effects in ADHD patients
Hyperactivity symptom scores

Chang JPC et al., Neuropsychopharmacology, 2018

ADHD, attention deficit hyperactivity disorder; EPA, DHA, docosahexaenoic acids; N3, n-3 or 
omega-3 polyunsaturated fatty acids; >=500, clinical trials with EPA dosage ≥ 500mg; <500, clinical 
trials with EPA dosage <500mg 

Placebo        N3 



Fatty acids and composition of plasma 
phosphatidylcholine in children with ADHD

Fatty acid Active* n Placebo n P-value
n-3

Change** 3.70 (1.48) 18 0.17 (1.31) 23 < 0.001
n-6

Change - 3.04 (2.08) 18 0.25 (2.95) 22 < 0.001
n-6/n-3 ratio

Change - 3.44 (1.66) 18 0.13 (1.58) 23 < 0.001
EPA

Change 1.95 (0.76) 17 0.17 (0.66) 20 < 0.001
DHA

Change 1.48 (0.88) 17 0.08 (0.57) 20 < 0.001
* EPA 558 mg (9)
DHA 174 mg (3)
GLA 60 mg   (1)
+ Vit E 10.8 mg

daily x 3 months
** after therapy vs baseline

Johnson M et al., Atten Defic Hyperact Disord, 2012



Methylphenidate (MPH)
Dosage with or without omega 3/6 combination* in 90 children with ADHD

n M (SD) 
mg/kg

T df Significance
(two-tailed)**

Baseline
MPH
MPH + Omega

30
30

0.48 (0.10)
0.49 (0.10)

- 0.41 58 0.682

Month 1
MPH
MPH + Omega

29
29

0.98 (0.11)
0.79 (0.11)

6.56 56 0.000

Month 3
MPH
MPH + Omega

23
28

1.03 (0.12)
0.80 (0.10)

7.25 49 0.000

* EPA 558 mg
DHA 174 mg
GLA 60 mg  

daily dose

Barragan E et al., Journal of Attention Disorders, 2014



• Several theories have been proposed to explain why
deficits and imbalances of ω-3 PUFAs can be linked to
impairments in cognitive and behavioral performances

• The effect of ω-3 PUFAs supplementation has been
widely studied in ADHD.

• A common characteristic of RCTs with positive
outcomes is that they all have a minimum sample size of
50 and minimum study duration of 15 weeks.

• Studies that add GLA to EPA and DHA were more likely
to obtain positive than negative outcomes.

Conclusion
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