/y

DMA'VINUVYX 019"V
110" AP My"1O5N»




P=—5190n NX D1 X

5w N2/Ab
T @




/ |

NN TN -P12 JNonN

DMA"UNVUSN D190

O 21 AN 02710 DM'0NVOXRN D'2190N
,N21TA NINDQ 01NV TN ODIN 12D 0190
D'ODDIANN 02190, 01 D100 NMUXT DD
.01 02190 TYV1 ANN NIDIN DY

219'02 "W 1N/2D "2'0NVYX 719V NOIN XD
XY ,NOX D190 .10 AW Ny DY D10
DN QX 0217V ,TINY X191 NS DYDY
17 S nxMab




e

vnet -Q¥pa 71902 MN

D"M%1 0",)9%V

MAN DN NY'SNA NM'0IN0OXN NXI9IN
,0"%2010 01O ,0'NON 0190 S AN
,NUOY MTPANN ,NYVAND 1WA VY
N2D DMV DTIRPSN PN 1N MM
D'/ 2¥/N 9% 2V N N11ON N0t
,JOONX DO XO TV ,0Mm>W 5D Dy 15
1192 TNIVN , TN 219'0D DNV NMAVE NN
291 NNAVH ,0MpPNn QN2 ,NNAN 1Ny




nN*">Yn NXI191 »

NODIND 3 NANIX -"NONNN 21902 NODIND NINM
NXDOT 115

N"MAVINLVOX NXIDN »

2 21902 3 NANIX -"NOINNN 21907 9'2NND NINM
ADD



//

NONVYR/D™MYN 719'0%7 0119 YWOIN NINMA2 U591 DN D'7910N
AW NIYI9NN IR [IXD'T 072100 0'T7'nn 20% ,00 77 9 1mn 1 -2"hnKa
"NNaIRN NMX700" NN RN 0'719'0n 7Y 0Ymn X7 0'xoNn 2Ny

"lyau 1wN" 2 719'02 win'y 7y 790nn xoNn% nnom X7 50-70%
(D'T7' A0NRD'09 -0 T XON)

Horrigan et al. J child & adolesc psychopharmacol 1998;8:249-256
Cala et al. Pharmacotherapy 2003;23:222-230
Bader, A Curr Opin Pediatr 2012; 24:761-769



/ 7

2190 A0

"DnYa0" DM'ON
P2T'O 17M)
0N NN
NN 719V

N80 TN/DI719T71"N

,NAN 12190 VNODD/NMN/NADN) DMNNX D19V
(M




"DMy20" DMY/ON

3 NANIX

ot e
nmoM e
DPoLM ©

N1 e



3 NANIX

DV DT HD¥X 1X¥N1 LC PUFA S N>l N1
NP NYIAPY NXNZNA QYR MyI9ON

'ODIN D DMODIN NX IPTTNN NOXD DT DN
N2> AR M9 DY D17 7;19°02 PUFA
AN Yo ,nN'0a1 MW Dy 0'NMT D02 DY
6 NANIX1 A" 600 TV 300 2 NN 3 NANIX DY
X DTN 2-3 wna 01 2"n 60 Tv 30 12 M'na
N



TABLE 1 Omega Fatty Acid Supplements for Treatment of Children with ADHD

Supplement Omega-3 Omegaf Omega?d
Wordic Gummy Bears (3 B2 mg
{EPA 41 mg DHA 27 mg other 14 mg)
KHordic Fishes Chews (3) 136 mg
{EPA BB mg, DHA 45 mg, other 23 mg)
Mordic ProEFA (2 softgels) 565 mg 224 mg LA 244 mg DA

(EPA 270 mg, DHA 180 mg, other 115 mg)
MegaRed Krill Qil (1 softgel) 90 mg
(EPA 45 mg. DHA 27 mg)
Nutrigold (1 softgel) SB0 mg 184 mg LA 100 mg DA
(EPA 120 mg, DHA BEO mg, ALA 180 mg) 76 mg GLA
Hature Made 1200 mg zoft gel 360 mg
{EP& 180 mg, DHA 120 mg, Other B0 mg)
Oxford/Durham study® 732 mg daily B0 mg GLA daily
{EPA 558 mg, DHA 174 mg)

ALA, ardinclenic acid; EPA, eicos apentaenoic acid; DHA, docosahmaenoic acid; GLA, - linolenic acid; LA, linoleic acid; 0A, oleic
acid
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Table 1
Randomized, placebo-controlled trials of natural supplements for ADHD
Author, Year N Age Range Dosing (mg/d) Duration Comparison Result
PUFAs |
Milte, 4 2012 90 7-12 EPA Enriched: EPA 1109, 16 wk Placebo EFA = DHA = placebc
DHA 108
DHA Enriched: EPA 264,
DHA 1032
Stevens,”” 2003 50 6-13 EPA 80, DHA 480 16 wk Placebo PUFA = placebo
Raz,™® 2009 63 7-13 LA 960, ALa 120 7wk Placebo EFA = placebo
Sinn, 7’ 2007 104 7-12 Fish oil 2400, including EPA 15 wk Placebo PUFA. > placebo
558, DHA
Voigt,”® 2001 54 b-12 DHA 345 16 wik Placebo DHA = placebo
Richardson,”” 2005 102 5-12 EPA 558, DHA 174 12 wk Placebo PUFA = placebo |
Richardson,*® 2002 41 8-12 EPA 186, DHA 480 12 wk Placebo PUFA. = placebo (but

greater improvemer
some ADHD Dutcum

Johnson,*' 2009 75 8-18 EPA 558, DHA 174 12 wk Placebo PUFA = placebo
Belanger,” 2009 26 B-11 EPA 500-1000, DHA 200- 16 wk Placebo PUFA = placebo
400 mg
Gustafsson,®® 2010 92 7-12 EPA 500, DHA 2.7 15 wk Placebo EPA = placebo
Aman,™ 1987 Y X Efamol: LA 2160, GLA 270 4wk Placebo EFA = placebo
Manor,*® 2012 147 6-13 EPA + DHA 120 15 wik Placebo PUFA = placebo
Perera,’® 2012 94 b-12 Omega-3 600, omega-6361 B mo Placebo (+MPH) PUFA = placebo
(+MPH) .
Arnold,™ 1989 18 6-12 Efamol: LA 2160, GLA 270 3 mo Placebo, o-amphetamine c-amphetamine > efar
placebo

vehuda,® 2011 78 912 L& 1440; ALA 180 10 wk Placebo PUFA > placebo
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The effect of phosphatidylserine containing Omega3 fatty-acids on attention-deficit hyperactivity disorder
symptoms in children: a double-blind placebo-controlled trial, followed by an open-label extension.

Manor 11, Magen A Keidar D, Rosen S, Tasker H, Cohen T, Richter ¥, Zaaroor-Regev D, Manor ¥, Weizman A

@ Author information

Abstract
OBJECTIVE: To study the efficacy and safety of phosphatidylserine (PS) centaining Omega3 long-chain polyunsaturated fatty acids attached to its
backbone (PS-Omega3) in reducing attention-deficit! hyperactivity disorder (ADHD) symptoms in children.

METHOD: A 15-week, double-blind, placebo-controlled phase followed by an open-label extension of additional 15 weeks. Two hundred ADHD
children were randomized to receive either PS-Omega3 or placebo, out of them, 150 children continued into the extension. Efficacy was assessed
using Cenners’ parent and teacher rating scales (CRS-P.T), Strengths and Difficulties Questicnnaire (SDQ), and Child Health Questicnnaire (CHQ).
Safety evaluation included adverse events monitoring.

RESULTS: The key finding of the double-blind phase was the significant reduction in the Global: Restless/impulsive subscale of CRS-P and the
significant improvement in Parent impact-emcticnal (FE) subscale of the CHQ, beth in the PS-0Omega3 group. Expleratory subgroup analysis of
children with a more pronounced hyperactive/impulsive behavior, as well as mood and behavior-dysregulation, revealed a significant reduction in the
ADHD-Index and hyperactive components. Data from the open-label extension indic ated sustained efficacy for children who continued to receive P5-
Omega3. Children that switched to PS-Omega3 treatment from placebo showed a significant reduction in subscales scores of both CRS-P and the
CRS-T, as compare to baseline scores. The treatment was well tolerated.

CONCLUSIONS: The results of this 30-week study suggest that P5-Omega3 may reduce ADHD symptoms in children. Preliminary analysis
suggests that this treatment may be especially effective in a subgroup of hyperactive-impulsive, emctionally and behaviorally-dysregulated ADHD
children.

Copyright @ 2011 Elsevier Masson SAS. All rights reserved.
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INTRODUCTION

Background: Afttention deficit-hyperactivity disorder (ADHD) is the most common
neuro-developmental disorder in childhood. Its pharmacelogic treatment mostly includes
methylphenidate, yet many parents seek alternative, "natural” therapeutic options,
commaonly omega3 fatty acids. Previous studies of supplementation with fish oil or
long-chain omega-3 fatty acids to children with ADHD vyielded mixed results. The use of
alpha-linclenic acid (ALA), a8 medium-chained, plant-based omega-3 fatty acid (18:3 n-3),
has not been sufficiently examined in this population.

Methods: Forty untreated children with ADHD, aged 6-16 years, were randomized to
receive either 2 gfday of oil containing 1 g ALA or placebo, for 8 weeks. Before and after
supplementation, the children underwent a physician assessment of ADHD symptoms
and a computerized continuous performance functions test. The children's parents and
teachers filled out Conners” and DSM guestionnaires.

Results: Seventeen (42.5%) children completad the study, eight in the supplementation
group, nine in the placebo group. Main dropout reasons were capsule size, poor
compliance, and a sense of lack of effect. Mo significant difference was found in any of
the measured variables tested before and after supplementation, in both study groups.
Mo between-group difference was found in the changes of the various measures of ADHD
symptoms throughout the study period.

Conclusion: Supplementation of 2 gfday of oil containing 1 g ALA did not significantly
raduce symptoms in children with ADHD. Future studies in this field should consider an
alternative method to deliver the oil, a higher dose, and a larger sample size.

Keywords: fatty Acids, omege-3, attention, hyperactivity, ADHD, linolenic acids

common dietary supplements used in children with ADHI. The
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Training of Working Memory in Children
With ADHD

Torkel Klingberg, Hans Forssberg, and Helena Westerberg
Department of Neuropediatrics, Karolinska Institute, Stockholm, Sweden

ABSTRACT

Working memory (WM) capacity is the ability to retain and manipulate information during a short period of
time. This ability underlies complex reasoning and has generally been regarded as a fixed trait of the
individual. Children with attention deficit hyperactivity disorder (ADHD) represent one group of subjects
with a WM deficit, attributed to an impairment of the frontal lobe. In the present study, we used a new
training paradigm with intensive and adaptive training of WM tasks and evaluated the effect of training with
a double blind, placebo controlled design. Training significantly enhanced performance on the trained WM
tasks. More importantly, the training significantly improved performance on a nontrained visuo-spatial WM
task and on Raven’s Progressive Matrices, which is a nonverbal complex reasoning task. In addition, motor
activity — as measured by the number of head movements during a computerized test — was significantly
reduced in the treatment group. A second experiment showed that similar training-induced improvements on
cognitive tasks are also possible in young adults without ADHD. These results demonstrate that performance
on WM tasks can be significantly improved by training, and that the training effect also generalizes to
nontrained tasks requiring WM. Training improved performance on tasks related to prefrontal functioning
and had also a significant effect on motor activity in children with ADHD. The results thus suggest that WM

training potentially could be of clinical use for ameliorating the symptoms in ADHD.

The ability to retain and manipulate informa-
tion in WM depends on the prefrontal cortex
(Fuster, 1989; Goldman-Rakic, 1987) and under-
lies several cognitive abilities, including logical
reasoning and problem-solving (Engle, Kane, &
Tuholski, 1999; Hulme & Roodenrys, 1995;
Klingberg, 2000). Furthermore, WM capacity
has been regarded as a permanent trait of the
individual, closely related to g, a proposed mea-
sure of general cognitive ability (Engle, Kane, &
Tuholski, 1999; Kyllonen & Christal, 1990).
Attention deficit hyperactivity disorder (ADHD)
is characterized by inattention, impulsivity, and
hyperactivity (American Psychiatric Associa-
tion, 1994). Among the cognitive deficits in this
disorder, WM impairment is of central impor-

tance (Barkley, 1997; Kuntsi, Oosterlaan, & Ste-
venson, 2001; Mariani & Barkley, 1997; Rapport,
Chung, Shore, Denney, & Isaacs, 2000; Wester-
berg, Hirvikoski, Forssberg, & Klingberg, sub-
mitted) and has been suggested to be associated
with an impaired function of the frontal lobe
(Rubia et al., 1999; Schweitzer et al., 2000;
Zametkin et al., 1990).

In the present study we investigated whether
WM capacity could be improved by training.
Furthermore, if impairment of WM is a core
deficit in ADHD, this would imply that improve-
ment of WM would decrease the symptoms in
ADHD. Previous attempts to improve WM by
training have only achieved moderate success. In
experiments where subjects perform repeated
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Table 1

Ingestible complementary and alternative treatments for ADHD reviewed in this article. Level of certainty of research evidence and recommendation grade,
before and after slash

Diagnosed ADHD in Children
(or Elevated Symptoms

ADHD Symptoms in Typically Consistent with an ADHD Specific Subset of Children Basis for Recommend ations
Treatment Developing Children® Diagnosis) with ADHD for ADHD Symptoms in Youth
Elimination diet Good/neutral Good/neutral Documented reactors: fair/ 2 RCTs; 6 placebo-controlled
recommend challenges
Sugar restriction Good/neutral Good/neutral — Meta-analysis
Protein-containing low-sugar Fairfrecommend Mo data — 1 Controlled trial
breakfast
Amino acdd supplements — Fairfrecommend against — 1 RCT with short treatment
duration
Polyunsaturated fatty acids  — Goodfrecommend strongly — 16 RCTs; meta-analysis
(eq, fish oil, w-3)
Glyconutritional supplements — Poor/insufficient data — 2 Open trials
Megadoses of vitamins and  — Fairfrecommend against — 3RCTs
minerals
RDIRDA multivitamin/ FairRecommend Mo data — 2 Open trials
mineral supplementation
Zinc supplementation — Fair/no recommendation Children who live in areas 4 RCTs

with endemic deficiency:
fair/recommend

Magnesium supplementation — Mo data/no recommendation  Children with magnesium 3 Open trials
deficiency: fair/recommend

Iron supplementation — Poor/Recommend Against Children with iron deficiency: 1RCT
fair/recommend




Table 2

Authors” recommendations and advice/opinion

Treatment

Quality of Evidence for
ADHD symptoms/Clinical
Recommendation

Authors” Recommendation,
Clinical Tips, and Cautions

Elimination diet

Fair to goodfrecommended
for documented reaction
to foods, additives,
preservatives. Acceptable
for patients without
docume nted reaction.

Short trial acceptable for
patients without documented
reaction

Monitor nutritional balance
Monitor family stress of diet im-
plementation (treatment can be
difficult to maintain, requires
organization and motivation)

Sugar restriction

Goodfacceptable, especially if
suspicion of prediabetes or
diurnal symptom pattern

Research does not suggest that
eliminating sugar decreases
ADHD symptoms.

A reduction in sugar can be rec-
ommended, however, for all for
general health benefit.

MNeed to monitor parent-child
interaction; strict dietary
restrictions can lead to parent-
child conflict.

Protein-containing,
low-sugar breakfast

Fairfrecommended

Recommended for all children,
including those with ADHD
Breakfast of whole grains

and milk may help maintain
attention in AM; however, a
high-sugar breakfast may lead
to dedine in attention.

Amino acid
supplements

Poorfrecommend against

Due to lack of research support
and metabolic risks, amino acid
supp lements not recommended.
A diet providing adequate pro-
tein is safer and recomme nded

instead.

Polyunsaturated
fatty acids
(eg, fish oil, w-3)

Good/recommend strongly

Definitely recommended for
those who do not eat wild oily
fish at least 3 times weekly.
Sensible for all patients due to
general health benefits.

One concern is potential mer-
cury contamination of fish oil.
Patients should use mercury-free
or USP grade.

May need 3 mo to show effect.

Glyconutritional
supplements

Poorfinsufficient data

Given mixed results in open tri-
als, it is not recommended.
Main known risk is the delay of
proved treatment.

Megadoses of
vitamins and
minerals

Fair/recommend against

Mot recommended

Risks include toxicity (eq,
and peripheral neuropathy)
and delay of proved treatment.

liver

(continued on next page)
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