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Why develop new / innovative treatments ?
Available treatments have established short-term efficacy.
However, long-term beneficial effects have not been convincingly established1.
Demands on effective treatments are increased. Beyond reduction of symptoms:
Normalisation of behaviour
Improvement of quality of life, functioning
Improvement of cognitive deficits
Reduction of associated risks (e.g. SUD)
Growing concerns about safety of available medications, in particular stimulants

[1] Molina et al. (2009)
www.karakter.com
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Why develop new / innovative treatments ?
About 50% of children and adolescents with ADHD discontinue their medication within the
first 1-2 years1
Increasing interest in society / media / general public in issues of “training / practicing your
brain”
Increasing interest in healthy lifestyle
Individualized treatments, tailor made, instead of “one size fits all” approach

[1] Charach et al. (2013)
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Criteria for new treatments
Effectiveness
Cost-effectiveness
Safety
Acceptability
Accessability, availability
Affordability

www.karakter.com
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Dietary interventions for ADHD
Artificial food colours and preservatives
Sucrose
Supplementation of Omega-3 fatty acids
Supplementation of micro-nutrients
(Elimination) diet
Probiotics
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Artificial food colours and preservatives
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Artificial food colours and preservatives (1)
Rationale
Allergy to food colour additives and synthetic flavours and food preservatives
can lead to increase of ADHD symptoms (Feingold, 1985).
Treatment delivery and available treatments
A form of elimination diet where foods containing certain harmful additives
are removed and replaced with similar foods that are free of those additives.
(www.feingold.org)

www.karakter.com
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Artificial food colours and preservatives (2)
Animal studies
•
Drosophila1: 50, 75, 100, 125 mg mL−1 carmine (E120), turmeric (E100) and annatto (E-160 b).

•

Rat offspring2: prenatal exposure to ‘no observable adverse effect levels’ (NOAELs) of a
common used mixture of artificial food colourings and additives: female rat offspring ↓
motivation, ↑ movements

[1] Uysal et al. (2013)
[2]www.karakter.com
Duygy et al. (2013)
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Artificial food colours and preservatives (3)
Efficacy and effectiveness
Meta-analysis (Nigg et al., 2012)
20 studies, N=794 participants
Effect-size parent-report: 0.18
Effect-size teacher/observer: n.s.
+/- 8% of children with ADHD
have symptoms related to food colours
www.karakter.com
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Artificial food colours and preservatives (4)
Clinical considerations
Small effect size: not qualified as stand-alone treatment
Maybe useful as add-on treatment for some cases
Precautionary Principle: given there is an adverse effect on a few, combined with the
absence of benefit, such ingredients should be minimized in the food supply until
proven to be universally safe.

www.karakter.com
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Sucrose
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Sucrose (1)
Rationale
Symptoms of ADHD may be triggered by consuming sugar.
Hypothesized mechanism: sugar ↑ release of extracellular dopamine in striatum 1.
Long term: desensitization of dopaminergic receptors → ↓ control mechanisms frontal cortex
→ increased intake of sugar1
Treatment delivery and available treatments
Have patients consume a known quantity of sugar in a placebo-controlled manner.

[1] Del-Ponte et al. (2019)
www.karakter.com
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Sucrose (2)
Efficacy and effectiveness
Meta-analysis (Wolraich et al., 1995!)
16 placebo-controlled (artificial sweeteners) studies with blinded measurements
Range from -0.14 for direct observations up to +0.30 for academic tests
95% confidence interval for all 14 mean effect sizes included 0

www.karakter.com
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Sucrose (3)
Efficacy and effectiveness
•
•
•
•

N=2924 children (Pelotas Birth cohort study Brazil)1
Longitudinally assessed (age 6y and age 11y)
↑ sucrose consumption in 6y old boys with ADHD (trend at 11y) (mainly sweet cookies,
sodas, and artificially flavored juices)
However: effect of changes in sucrose consumption between 6 and 11 years of age on
the incidence of ADHD over the same period was zero

Higher sugar consumption by children with ADHD is possibly a consequence rather than a
determinant of the disorder. Or: ‘damage’ already done in prenatal and infancy?
[1] Del-Ponte et al. (2019)
www.karakter.com
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Sucrose (4)
Clinical considerations
Small effect size: not qualified as stand-alone treatment
However: easy to examine in individual cases. Maybe useful as add-on treatment for some
cases when parents feel strongly about the relationship between sugar and the behavior
of their child.
Strong need for studies examining long term effects of high sugar intake.

www.karakter.com
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Supplementation of Omega-3 fatty acids
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Supplementation of Omega-3 fatty acids (1)
Rationale
25-30% of all fatty acids in the brain are rich in
poly-unsaturated fatty acids (PUFAs).
Serotonin synthesis, release, and function in the brain are modulated by
omega-3 fatty acids: Serotonin regulates a wide variety of brain functions
and behaviors (executive function, sensory gating, and social behavior)1.
Omega-3 fatty acid cannot be synthesized
and the uptake should thereby occur through
consumption.
[1] Patrick & Ames (2015)
www.karakter.com
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Supplementation of Omega-3 fatty acids (2)
Rationale
Meta-analysis
Hawkey & Nigg, 2014
9 studies, N=586 individuals
Lower overall blood levels of
omega-3 in ADHD
versus controls
g=0.42, 95% CI=0.26-0.59; p<.001

www.karakter.com
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Supplementation of Omega-3 fatty acids (3)
Treatment delivery and available treatments
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Supplementation of Omega-3 fatty acids (4)
Efficacy and effectiveness
Meta-analysis
Hawkey & Nigg, 2014
16 studies, n=1408
Omega-3 supplementation improved
ADHD composite symptoms
g=0.26, 95% CI=0.15-0.37; p<.001

www.karakter.com
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Supplementation of Omega-3 fatty acids (5)
Efficacy and effectiveness
•
•
•
•

N = 90 children (6-12y) with ADHD, 12 month RCT
Omega-3/6, long-acting MPH, or combination
Omega-3/6 slightly less effective than MPH
Combined therapy:
• lower MPH dosage: 1.0 vs 0.8 mg/kg/day
• Lower withdrawal rate
• Less side effects MPH

[1] Barragán et al. (2019)
www.karakter.com
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Supplementation of Omega-3 fatty acids (6)
Clinical considerations
Omega-3 blood levels are on average reduced in children with ADHD.
There is sufficient evidence to consider omega-3 fatty acids as a supplement to MPH or as
stand alone treatment.
However it remains unclear whether such intervention should be confined to children with
below normal blood levels.

www.karakter.com
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Supplementation of micronutrients
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Supplementation of micronutrients (1)
Rationale
There are many metabolic steps in every neurotransmitter pathway that involve synthesis, uptake, and
breakdown.
Each of those steps requires enzymes, and every enzyme is dependent upon multiple co-enzymes
(cofactors), most of which require the presence of adequate quantities of vitamins and minerals.
One possible mechanism underlying ADHD may be inborn metabolic dysfunction that limits the availability
of vitamin and mineral cofactors, resulting in slowed metabolic activity1,2
Impaired brain metabolic activity may be correctable through nutrient supplementation1
[1] Ames et al., (2002)
[2] Kaplan et al., 2007
www.karakter.com
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Supplementation of micronutrients (2)
Treatment delivery and available treatments
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Supplementation of micronutrients (3)
Efficacy and effectiveness
Review: Rucklidge & Kaplan, 2014
Trials mostly focused on a single ingredient: modest to negligible effects
→ the administration of one nutrient may cause an imbalance in other nutrients; one nutrient is unlikely to
solve all vulnerabilities present in a complex disorder such as ADHD.
Multi-ingredient formulas:
 7 clinical trials in patients with ADHD
 treatment duration: 4 weeks – 6 months
 36 to 55 ingredients
 Treatment benefit was shown for nearly all studies, with virtually no or few adverse effects.
 Large placebo-controlled RCT (N=80 adults with ADHD): d=.46 to .67
www.karakter.com
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Supplementation of micronutrients (4)
Efficacy and effectiveness
•
•

Medication‐free children (n = 93) with ADHD (7–12 years)1
Fully blinded 10 week RCT: broad spectrum micronutrients (n = 47) or placebo (n = 46)

[1] Rucklidge et al., (2018)
www.karakter.com
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Supplementation of micronutrients (5)
Clinical considerations
The multi-ingredient trials all showed promise but most suffered from
methodological limitations.

Double blind RCT n = 180
highly impulsive children
and adolescents (10 – 18
years. Accare

No safety concerns were raised in any of the trials and the evidence suggests that at
least in the short-term, the nutrients are not having any negative impact on functioning.
Dose and breadth of ingredients of micronutrient supplementation may be important
in effecting change in complex clinical syndromes as ADHD, but no specific guidance
can be given since data are lacking.
Current studies did not raise safety issues, but very high doses can become toxic
with no associated benefit, as demonstrated by the earlier studies that gave mega doses.
www.karakter.com
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Elimination diet
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Elimination diet (1)
Rationale
Adverse physical reactions (e.g. eczema, asthma, allergic
rhinitis, and gastrointestinal problems) to foods have led to
the hypothesis that foods might also have an impact on the
brain, likely through influencing the microbiome, resulting in
adverse behavioural effects.1
Children with ADHD have an increased risk of developing such
physical reactions and vice versa1.
Foods often found to be allergenic include cow’s milk, cheese,
egg, chocolate and nuts, and an individually constructed
elimination diet might be an effective treatment for ADHD.
[1] Ly et al., (2017)
www.karakter.com
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Elimination diet (2)
Treatment delivery and available treatments
Temporary (2-5 weeks) total change of diet, in which the patient is only allowed to eat a few
different hypo-allergenic foods.
If the patient reacts by a substantial decrease of ADHD symptoms and shows to be “food
sensitive”, a +/- 12 month reintroduction phase is needed to find out which products
trigger ADHD symptoms.

www.karakter.com
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Elimination diet (3)
Efficacy and effectiveness
Meta-analysis (2014)
ADHD European Guidelines group

www.karakter.com
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Elimination diet (4)
Criticism:
‘too good to be true’, replication is needed
Too difficult to adhere
Unknown long term effects
Negative side effects on parent-child relationship
Expensive
Unknown working mechanism: increase in family structure? Restoration of healthy
food intake? Brain-gut-axis? Immunology?

www.karakter.com
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Elimination diet (5)
Efficacy and effectiveness
TRACE: Treatment of ADHD with Care as usual versus an Elimination Diet
N=222 children (5-12 y) with ADHD
•
N=162 RCT: elimination diet vs healthy diet
•
N=60 CAU
Parent+teacher report
Blind observation, actigraph, cognitive assessment
Expected results: 2021
www.project-trace.nl
www.karakter.com
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Elimination diet (6)
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Probiotics
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Probiotics (1)
Rationale
•
Children with ASD ↑ gastrointestinal (GI) symptoms1,2.
Probiotics may reduce GI and ASD symptoms via similar
mechanisms3.
•
ASD ↔ gut microbiota imbalance3. Probiotics may restore
the balance.
•
Increased intestinal permeability in ASD may be
ameliorated by probiotics3
•
Regulation of the immune system suboptimal in ASD4,
probiotics can modulate the immune system

“gut-brain-immune system” axis

[1] McElhanon et al., (2014)
[2]
Adams et al.,2011
www.karakter.com
[3] Doenyas et al 2018
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Probiotics (2)
Treatment delivery and available treatments
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Probiotics (3)
Efficacy and effectiveness
ADHD??

Double blind RCT n = 180
highly impulsive adults (18 –
65 years

www.karakter.com
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Conclusion: dietary interventions for ADHD (1)
Artificial food colours and preservatives
Not qualified as stand-alone treatment, but should be minimized in the food supply until
proven to be universally safe
Sucrose
Not qualified as stand-alone treatment, but easy to examine in individual cases and a strong
need for studies examining long term effects of high sugar intake.
Supplementation of Omega-3 fatty acids
Sufficient evidence to consider omega-3 fatty acids as a supplementary treatment, but unclear
whether such intervention should be confined to children with below normal blood levels.

www.karakter.com
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Conclusion: dietary interventions for ADHD (2)
Supplementation of micro-nutrients
All multi-ingredient trials showed promise, no safety concerns were raised, but more research
is needed.
Elimination diet
Benefits some children with ADHD, but is an invasive treatment and long-term effects are
unknown. Unknown whether a healthy balanced diet is equally effective.
Probiotics
??
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Thank you!
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