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0% Bty wae) & uez 2 o)F W A ©, (b) Yo (AFHR) S ARESIGen, (o AEWY

TFE AN ol5g TFs] RE JIEEL 397 A, BE, AR S AFHEAE B2 WA
i o AAE i) Foll RS Bole oFs B Al ollen, (d) AEI FANHE ARSI A A

5% 45 g0 2493 32 + 8.9 mg?] olABES AF3 A= Table 1-4° FEH ok 849 Av= AT
Act, olReh B 1 5.6 g9 Y 38 mgo of~EH kg ZF 1.25~5.6 g BSlolA 22 AHAARIL, WA 8A
& AFE Bols ol A sl Wt Si%iﬂ T 8kl 35~78 g2l F& AR Table 2994

2o o}z AFolut 1] FHe| vl P 3] = ng} o), o5 Ee B AFHE HBTFTS LTSl
Al 98 Wolraich 592 16719 Q747 ES 7D Wl $5AQ odFAgl #-do] ioar @%bﬂ‘a‘iﬂn 3, AT
B} B42 AAETH (Tables 1—4) T olm) B A} A QIR BEAVF HF Eof YA %E Feingold
£ AFEL (@) YA Fo) D& AFskes ATl AAE o) £ F AZE FANEEIME, ADHDE 7}

Tuble 1. Characteristics of studies used in a meta analysis of sugar and hyperocnvny

Precondifions _ No.ofsubjects . Age, year %male Investigators

ADHD None 50 5-17 72 Gross, 19847

ADHD Postprandial 16 7-12 100 Wolraich et af., 1985%
ADHD Ovemight fast 16 8-12 100 Wolraich et al ., 1985”
ADHD Overnight fast 16 6— 9 100 Milch and Pelham, 1986'”
ADHD/aggressive With breakfast 17 5—7 Wender and Solanto, 1991
Sugar sensitive Overnight fast 21 614 100 Behor et al., 1984

Sugar sensifive Overnight fast 21 6—14 100 Behar et al., 198470

Sugar sensitive None 8 5-13 75 Ferguson et al., 1986'7
Sugar sensitive None 18 2—-7 100 Kruesi et al., 1987'

Sugar sensitive None 5 3-10 >80 Mehan et al., 1988'”

Sugar sensitive 3-week diet 23 6—10 78 Wolraich et al., 1984'¢
Delinquent With breakfast 15 14-19 100 Bachorowski et al., 1990
Psychiatric inpatients None 37 6-12 76 Conners, 1983'%
Prader-Willie syndrome With breakfast 9 10—30 100 Ofto et al., 1982

Normall None 12 2- 7 100 Kruesi et al., 1987

Normal With breakfast 45 5—- 8 58 Rosen et al., 1988™
Normal None 18 3-5 50 Ferguson et at., 1986"
Normall None 8 3-7 50 Goldman et al., 1986
Normail None 12 3-5 50 Roshon and Hagen, 1989
Normal With breakfast 39 14-19 100 Bachorowski et al., 19907
Normal With breakfast 9 5-7 Wender and Solanto, 1991"
Normal With breakfast 20 9-10 50 Saravis et al., 1990”
Normal 3 week diet 25 3- 5 48 Wolraich et al., 1994'¢

Adopted from Wolraich et al.”
All the studies used sucrose or fructose challenge except 2 studies which used glucose.

Table 2. Weighted mean effect size, d, from a meto onalysns of sugar and hyperochvﬁy

Asurements . No of sub)ecfs NG of el 4“‘01 slze  Meand

Neuropsychological tests 135

3 0.04 —0.20
Teachers’ ratings 161 9 0.03 -0.19
Direct observation 154 7 0.05 -0.17
Parents’ ratings 146 6 0.03 -0.20
Actometer 142 9 0.04 -0.20
Aggressiveness 105 6 -0.10 -0.38

Adopted from Wolrdich et al.”
Distribution was homogeneous in all measures.
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Table 3. Details of studies on sugar and hyperactivity in children

Subjects

Study design

Dietary intervention

Observed Effects Investigators

50 hyperactive children
(36 M & 14 F) ages 5—-17

Years, whose mothers
believed sugar caused
the child’s symptoms

16 boys ages 7—12 years
with hyperactivity index of
15, IQ of 85, and no known
severe neurologic or
psychiatric comorbidity

16 boys ages 8— 12 years
with hyperactivity index of
15, 1Q of 85, and no
known severe neurologic
or psychiatric comorbidity

16 boys ages 6—9 years
meeting DSM-IIl criteria
for ADDH. Enrolled in day
freatment program for
children with behavior
and/or learning problems
with concurrent diagnosis
of conduct disorder

17 children ages 5—7 years
meeting DSMII! criteria for
ADDH and oppositional
disorder, scoring at least

14 on parent and teacher
Conners scales 9. Control
subjects without ADDH,
matched for age, sex,
SES, IQ

21 boys (ages 6—14 years)
deemed “sugar sensitive”
by parent, recruited
from community ¢ met
DSM-lllb criteria for ADDH

8 children ages 5—13 years
reported as sugar sensifive
by parents and
maintained on low sugar
diet; 5 diagnosed with
ADDH

Double blind, placebo
confrolled,

Crossover.

Mother rate behavior
change.

Double blind, placebo
Controlled,
Cross-over.
Measured CPT, PAL,
PRS, PO, ACT and MFF

Double blind, placebo
controlled, cross-over.
Measured CPT, PAL, PRS,

PO, ACT and MFF

Double-blind, placebo
controlled,

Crossover.

Measured CO and TRS.

Double biind, placebo
controlled crossover.
Measured CPT and PO.

Randomized, double
blind, placebo-
controlled crossover .

Measured CPT, ACT
and PO.

Double-blind, placebo
confrolled

Crossover.

Measured CPT, PAL,
memory task, CO, PBS
and TRS.

Lemonade containing
75 g of sucrose or
lemonade containing
accharin; Observed
child for several hours
afterward

Day 1: sugar restriction

Day 2—3: challenge
drink of 1.75 g/kg of
sucrose vs. aspartame
(placebo), given after
lunch in
counterbalanced
order

Day 1: sugar restriction

Day 2—3: challenge
drink of 1.75 g/kg of
sucrose vs. aspartame.

Subjects fasted
ovemight and had
chatllenge drink the
next morning

Chdllenge drink of
Kool-Aid with 1.75 g/kg
sucrose vs. aspartame
(placebo), given
instead of breakfast,
presented in random
order daily for 4 days

Chdllenge drink
containing either
sucrose (35 9).
saccharin (175 mg), or
aspartame (175 mg),
given after ovemight
fast along with high
carbohydrate
breakfast on 3
separate days with
1 week in between,
in random

counterbalanced order

High carbohydrate diet
for 3 days prior to each
study day one sugar
drink of 1.75 g/kg dose
of sucrose, glucose, or
saccharin, randomly
assigned to one of 3
study days (all subjects
received all 3 drinks)

Expt 1. Challenge drink
ith sucrose vs.
aspartame, in low,
medium, and high
dosage levels: given
randomily over 1 week
with random
assignment of dosage
followed by 48-hour
washout period; then
crossover to other
condition the
next week.

Expt 1. Multiple comparisons

No differences in behavior scores  Gross, 19847
between sugar and saccharin
phases

Both phases associated with slightly

worse behavior than usual.

No significant differences between Wolraich
sucrose and placebo on etal., 1985”
37 separate indices, including
structured play observation,
laboratory measures of attention,
learning, and impulsivity, and

examiner behavior ratings

Wolraich
etal., 1985”

No significant differences
between sucrose and placebo
on 37 separate indices, including
structured play observation,
laboratory measures of altention,
learmning, and impulsivity,
and examiner behavior ratings

Milich and
Peldham,
1986"

No differences between
sucrose vs. placebo for alf rating
scales, classroom observations,
or recreational observations

Wender and
Solanto,
1991%

No significant differences in
aggression scores in sugar
compared to placebo phases
Increased inattention on CPTin
ADDH children compared to
controls following sugar phase
but not placebo phases

Behar et al.,
19842

No differences in motor activity,
CPT performance, memory test
scores, or Conners ratings across
the 3 arms for all children.

Children with ADDH

significant higher motor activity
compared to children without
ADDH

Ferguson
across baseline, sucrose, and etal, 1986
aspartame at all dosages

yielded no evidence of sucrose

effect compared asparfame

or baseline.
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Subjects

Study design

Dietary intervention

Observed Effects Investigators

30 preschool boys ages
2—-6 years, 14 deemed
“sugar sensitive” (4 with
ADHD) and 12 “normal”

16 children ages 1-8 years
deemed “sugar sensitive”
by parents, all aiready on
sugar restricted diets;
none hyperactive

23 children ages 6—10 years
identified by parents as
sugar sensitive (5 met
criteria for ADDH), and

25 children ages
3—5 years normal

115 juvenile delinquents
incarcerated in maximum
security comrectional
facility; volunteers,

39 non-delinquent
comparison subjects,
ages 14—19 years

45 preschool and
elementary
school children (2
hyperactive).

27 reported by mothers fo
be sensitive to sugar

18 children ages 3—5 years
from same preschool,
no history of sugar
reactions

8 children ages 3—5 years

Double blind, placebo
controlled

Crossover.

Measured TRS, PRS, ACT,
& aggression.

Open challenge
followed by double-
blind, placebo-
controlled crossover.

Measured

ACT and CO.

Double blind, placebo
controlled
Crossover.

Double-blind,
randomized,
placebo-controlled.

Measured finger
tapping, trail making,
digit span, CPT, TRS, PRS

Double-blind, placebo
controlled, crossover.

Measured PAL, CO,
ond TRS.

Double-blind, placebo
controlled crossover.
Measured PRS, TRS, CO,

PAL, ACT &
development drawing

Double-blind, placebo

recruited through day care  controlled crossover.

centers and university
classes; none with history
of hyperacitivity or
sensitivity to sugar

Measured CPT and PO.

Single lemon drink
containing either
sucrose 1.75 g/kg,
glucose 1.75 g/kg,
aspartame 30 mg/kg.
or saccharin, with
washout days between
each test

Phase 1: open
challenge with candy
bar containing 3 g/kg
sucrose.

Phase 2: double-blind
challenge with one of
4 stushes (sucrose,
honey, tapioca plus
aspartame, and
aspartame only),
presented after a
standard lunch on 4
nonconsecutive days

3 diet condifions
(sucrose, aspartame
placebo, and
saccharin placebo),
given in 3-week
periods in
counterbalanced
Latin square design,
for total of 9 weeks

Randomized to
challenge breakfast
of sucrose loaded
cereal and drink
vs. asparfame-
sweetened cerecl
and drink

5 separate days each
of 3 breakfast
conditions (high-sugar,
low-sugar. aspartame),
randomly selected for
each child

Challenge drink of
apple juice with either
sucrose or aspartame,
each presented twice
randomly but
counterbalanced

Chalienge with orange

juice containing sucrose and increased restlessness and

(2mg/kg) vs.
aspartame, given in
random order after

No significant effects on
aggression or behavior ratings
although lower actometer
counts associated with
aspartame

Kruesiet al,,
1987"

7/16 in phase 1 with at least 15%
increase in 3 of 4 measures
(actometer, Stony Brook Scale
for hyperactivity, toy fouches per
minute, or maze task from WISC)
after sugar challenge 5/7 children
from phase 1 enrolled in phase 2;
no consistent responses across
conditions and measures

Mahan et al.,
1988'"

Wolraich
etal., 1984

For school-aged group, no
significant effects of diet
condition in all 39 cognitive,
behavioral, and motor measures.

In preschool group, no significant
effects of diet condition in alf
31 measures except improved
parent ratings on cognition
subscale of Pediatric Behavior

Scale and slower pegboard
performance during sucrose
diet compared to placebo diets

Among hyperactive dlinquents,
mproved performance on
neuropsychological measures
after sucrose breakfast compared
to aspartame breakfast.

No negative effects on
performance for delinquents
and non-delinquents after
sucrose compared to aspartame

Small increagse in teacher-rated
activity level in high-sugar
compared to low-sugar condition.

Girls made more errors on
paired-associate learning task in
high sugar compared o
low-sugar condition

No differences in parent or
teacher Conners, actometer,
pegboard, or behavioral
observations between sucrose
and aspartame conditions

Bachorowski
et al, 199017

Rosen et al.,
1988"

Ferguson
etal, 1986"

Goldman
et al., 1986

Worsened performance on CPT

decreased taskorientation during
free play approximately 1 hour
affer sucrose challenge

overnight fast; crossover compared fo aspartame

to other condition
1 week later
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Table 3. Continued

Subjects Study design Dietary intervention Observed Effects Investigators
12 children ages 3—5 years Double-biind, placebo  After ovemight fast, No significant differences on Roshon and
without attention or confrolied, crossover. challenge drink with paired-associate leaming task, Hagen,
emoftional problems Measured PAL and CO.  sucrose (2 g/kg) vs. task orientation, or locomotion 1989”
aspartame, given between the 2 conditions
randomly in pairs over
6 days
20 children ages 9-10, years Double-blind, placebo  Challenge drink with No significant effects on Child Saravis et al.,
healthy, recruited from controlled, crossover.  1.75 mg/kg sucrose vs.  Depression inventory, State 1990%
community Measured ACT, PO, and  aspartame, given after  Scale of State-Trait Anxiety
associated learning overnight fast and inventory, conditional
fask. stondard breakfast, on  Associative leaming task,
two separate days actometer movements in sucrose
within 1 week in vs. aspartame conditions.
random but balanced  Decreased minor and gross motor
order activity after sucrose ingestion
compared to Aspartame.
23 children ages 6—10 years Double blind, placebo * 3 dief conditions For school-aged group, no Wolraich
identified by parents as controlled crossover. (sucrose, aspartame, significant effects of diet et al., 1994

sugar sensitive (5 met
criteria for ADDH)

25 children ages

3-5 years normal

Measured CPT, PAL, PRS,
PO, ACT, and MFF.

and saccharin
placebo), givenin
3-week periods in
counterbalanced Latin
square design, for fotal
of 9 weeks

condition in all 39 cognitive,
behavioral, and motor measures.
In preschool group, no significant
effects of diet condition in all
31 measures except improved
parent ratings on cognition
subscale of Pediatric Behavior
Scale and slower pegboard
performance during sucrose
diet compared to aspartame and
saccharin diefs

Adopted from Rojas and Chan”. and Krummel et al

Aspartame or saccharine was used as placebo in the most of studies.

ADDH: Attention Deficit Disorder with Hyperactivity, DSM: Diagnostic and Statistical Manual of Mental Disorders, ACT: actometer,
CO: classroom observation, CPT: confinuous performance test, MFF: matching familior figures, PAL: pained associated learning, PO:
playroom observations, PRS: parent rating scale, TRS: teacher rating scale, WISC: Wechsler intelligence Scale for Children, I1Q:
intelligence quotient, K-P diet: Kaiser-Permanente diet, RBRI: Rowe Behaviour Rating nventory.
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Table 4. Cognifive measures during the three diet periods
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Sucrose diet Aspartame diet Saccharin diet P for trend
Preschool children 05+ 1.3 09+ 1.7 1.0+ 09 <0.05, but
inconsistent pattern
Parent’s rating of cognition
Grooved pegboard, overall 210 £ 45 191 29 197 = 3.6 <0.05
Dominant hand 252+ 53 232+ 43 244+ 79 <0.05
Non-dominant hand 463+ 9.2 423+ 6.6 440+ 10.4 <0.05
School age children
Parent’s rating of behavior
Conduct 8.1+ 67 86t 58 69+ 6.1 NS
Aftention deficit 102+ 7.0 8.6+ 6.2 9.0 & 67 NS
Depression or anxiety 74+ 72 73+ 7.5 71+ 6.5 NS
Deviation 64+ 5.6 55+ 50 53+ 54 NS
Health 62+ 68 56+ 48 55+ 52 NS
Cognition 23+ 3.0 24+ 3.0 28+ 4.6 NS
Teacher’s rating of behavior
Attention 233+ 5.4 228 =+ 6.7 232+ 7.4 NS
Hyperactivity 119+ 50 11.6 = 56 123 55 NS
Social skills 261 = 5.7 26.7 = 57 264 + 6.1 NS
Oppositional behavior 11.1 £ 58 103+ 48 108 £ 4.5 NS
Total score of behavior symptom checklist 10.1 £ 10.0 108 £ 123 10.8+11.8 NS
Child’s assessment of mood
Happy 86+ 1.3 82+ 20 86+ 1.4 NS
Calm 76+ 18 77+ 19 75+ 20 NS
Alert 79+ 19 74+t 1.9 82+ 1.5 NS
Healthy 83+ 18 85+ 20 87+ 1.3 NS
Hungry 75+ 20 73+ 24 83+ 14
Pared associate learning Number of errors 141+ 84 143 =114 159+ 7.3 NS

Adopted from Wolrcich et al'®

Parent’s rating of cognition and Parent's rating of behavior: higher score worse.
Attention, social skills and child assessment of mood: lower score worse.
Hyperactivity, oppositional behavior, and total score of behavior symptom checklist: higher score worse.
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Table 5. Additive free diet (Feingold elimination diet) and hyperactivity in children

Subjects Study design Dietary intervention Observed Effects Investigators
16 hyperactive Double-blind Challenge (50% adult RDA No difference in parentor teacher- Goyetie et al.,
children ages 4—11 Crossover. of FDA-approved artificial  rated behavioral symptoms 3 1978
years who had at Measured colors) and placebo “dye-sensitive” children with
least 25% symptom CR, CPTRS, and  chocolate cookies, 2 per decreased visual motor tracking
reduction on GlIS. day for 2 weeks, performance 1 hour after challenge
elimination diet alternating ABAB or BABA
for a total of 8 weeks
13 hyperactive children Double-blind Challenge (50% adult RDA  Worse parent-rated behavioral Goyette et al,,
ages 3—10 years who crossover. of FDA-approved arfificial  symptoms 3 hours after challenge 1978
had at least 25% Measured colors) and placebo
symptom reduction on CPIRS, ZITA, and  cookies, 2 per day for
elimination diet (n = 8) VMTT 2 weeks

or who were borderline
responders (n = 5)

36 boys ages 6—12 years Double-blind Random assignment to K-P - No significant improvements in Harley et ai.,
and 10 boys age 3—5 crossover diet or control diet for 3—4  observations of classroom or 1978a”
years with both Trial. weeks, then crossover {o laboratory behavior or on
teacher and parent Measured CPTRS other arm for another neuropsychological tests. Some
Conners scores of 15 or  and PALT 3—4 weeks improvement in parent behavior
a referring physician ratings but not in teacher behavior
diagnosis of ratings
hyperactive reaction

9 boys from previous Double-blind, Entire family placed on No significant difference Harley et al.,
study who were the placebo elimination diet for in parent and teacher 1978b™
most responsive o controlled 4 weeks. Conners behavior ratings,
elimination diet Crossover. Multiple crossover observations of classroom behavior,

Measured CR challenge with active or neuropsychological measures
and CPTRS cookies and candy bars

(containing 50% of RDA for
certified food colors) or
placebo, 2 items ddaily for
2 weeks with crossover
for total of ? weeks

8 children ages 4—-8 Double-blind, Elimination diet for 4 No significant differences Levy and
years placebo weeks, followed by after intervention Hobbes,
controlled challenge with 5 (1978)a™
crossover; tartrazine cookies or
Replication of  placebo daily for 2 weeks,
Levy and crossover to the other arm

Dumbrell study  for 2 weeks, then washout
elimination diet for 4 weeks

40 children ages 6—12  Double-blind, Feingold diet for 3 days. No difference in Conners Swanson and
years referred placebo Capsules of ¢ food dyes ratings between dye and Kinsbourne,
for hyperactivity; 20 Conftrolled. (100 mg for half the placebo conditions. (1980) ¥
“hyperactive” and 20 CPTRS and PALT sample and 150 mg for the Increased number of errors
with “not hyperactive”, other half) vs. placebo on laboratory-based
matched for age and sugar, one daily for 2 days  learning task 2—3 hours
gender after challenge.

22 children (ages 2.5—-7) Double-blind, Elimination diet. No difference in parent Conners Weiss et al.,
years without placebo Challenge drink (soft drink  rating scales 3.5 hours and 24 hours 1980%
hyperkinesis or controlled with blend of 7 colors plus  after challenge drink, except in
significant medical or repeated cranberry coloring) vs. 1 child whose mother accurately

psychiatric problems crossover placebo (soft drink with predicted ingesting challenge

caramel and cranberry drink 5 of 6 fimes

coloring), once daily for
77 days; child received
challenge drink on

8 separate days randomly

© 2007 The Korean Nutrition Society
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Subjects Study design Dietary intervention Observed Effects Investigators

11 children ages 4—12  Double-blind, Elimination diet. No significant difference between Mattes and
years maintained on placebo Randomized to chalilenge  placebo vs. challenge on parent, Gittelman,
Feingold diet and with  controlled (13 mg mixture of all teacher, child, psychiatrist, 19810*
regular deterioration crossover. FDA-approved artificial or psychologist ratings.
when exposed Measured food colorings) vs.
to arfificial food CPTRS placebo cookies for Note: Somewhat higher dose
colorings 1 week each, with of colors (36 m@)

crossover and 1 week
washout in between.

Cookies given in increasing
amounts over the week
fo maximum of 2 cookies
3 times a day on day é
and 7 each week

24 children (ages 1 to 12 Double-blind, Control-additive elimination No changes in behavior David,
years) referred for placebo diet. Tartrazine 50 mg for either challenge or 1987%
atopy with parent- conlrolled in orange juice or placebo. 21 patients were able
reporied adverse Ribena, followed by to return to normal diet without
reaction to food tartrazine 250 mg 2 hours  further incident.
additive 12 outpatients, later 6 patients met DSM-IIl criteria for
12 inpatients On separate day, ADD-H.

challenge with benzoic Parents of outpatients

acid (same dose and not blinded to challenge.

procedure) Note: No standardized or objective
behavior rating  system used.

29 children ages 2—-13  Double-blind, Randomized to order of 3 6/19 with no significant difference Wilson and
years with history of placebo arms: 1) Control drink -- in symptoms Scott, 1988%
symptoms induced controlled Additive-free diet, 2) 13/19 repeated trial; 6/13
by artificial yellow challenge control drink plus with no consistent association
colorings tartrazine and sunset between drinks and symptoms

yellow 3) control drink 3/13 with consistent deterioration
plus sodium associated with challenge drinks.
metabisulphite and History of hyperactive
sodium benzoate. Each behavior in sample not described
drink given ddaily for 12 10 children did not complete study.
days plus 2 day washout,  Challenge drinks and monitoring
in random order occurred at home.
Parent ratings of symptoms
not standardized
39 children ages (2—15 Double-blind, Chdallenge with food color  Mean daily parent Conners Poliock and

years) from pediatric
allergy clinic

placebo
controlled

397 children ages 3 with  Double-blind,

and without placebo
hyperactivity and with  controlled
or without atopy on crossover

skin prick tests
(4 groups)

Capsule (tartrazine, sunset
yellow, carmoisine,
amaranth), given daily
during 2 separate weeks,
with placebo capsules for
3 weeks in between
active challenge weeks

(7 weeks total)

Diet free of artificial
colorings and sodium
benzoate throughout
study.

Challenge with 300 cc of
fruit juice with 20 mg
arfificial colorings (sunset
yellow, tartrazine,
carmoisine, ponceau) vs.
placebo fruit juice, given
daily for 1 week during
second and fourth weeks
of study

scores significantly higher
during active weeks, but
were not associated with
somatic symptoms scores
(e.g., wheeze, urlicaria).

Only 1 child with

Hyperkinesis 19/39 completed trial.

Dose of colors greatly
exceeds normal daily intake

No significant change in clinic-based
test scores associated with
challenge vs. placebo periods.

Significant increase in parent
ratings of hyperactivity, but
not inattention or impuisivity,
using the Weiss-Werry-

Peters Activity Scale during
challenge period; these results
not associated with atopy status or
initial hyperactivity level.

Initial epidemiologic sample of 2,878;
1,237 of whom completed both
behavioral screening and skin
festing; 840 not selected for foed
challenge for various reasons
120/397 failed to complete trial;

these were nof included in the analysis

Warner, 19907

Bateman et al.,
2000%
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Table 5. Continued

Subjects Study design Dietary intervention Observed Effects Investigators
15, ages 6—12 years Double-blind Random assignment to K-P Improved teacher behavior ratings Conners et al.,
with normat IQb who crossover. diet or control diet for on K-P diet compared to control diet 1976 o™
met DSM Il criteria for  Measured CPTRS 4 weeks, then crossover Improved parent and teacher
hyperactive reaction and GIS to other arm for additional  behavior ratings on K-P diet
of childhood 4 weeks compared to baseline.
Probably order effects ~Control diet
noticeably different from
experimental diet
22 children ages 4—8 Double-blind, Elimination diet for 4 weeks, Parent behavior ratings improved Levy et al.,
years judged by placebo followed by challenge for the first 4 weeks of elimination diet. 1978
psychiatrist to be controlled with 5 tartrazine cookies No significant differences between
hyperactive crossover or placebo daily for challenge and placebo periods in
2 weeks, crossover to the mother or teacher Conners ratings
other arm for 2 weeks, or in objective neuropsychological
then washout elimination = testing
diet for 4 weeks
26 children ages 6—14  Double-blind, Modified Feingold dief for  Teacher and parent Conners Williams et al.,
years with hyperactivity placebo 5 weeks checklists improved on stimulant 1978a*”

controlled
crossover

responsive to at least
3 months of stimulant
therapy

55 children (ages 3—15  Double-blind,

years) referred for placebo
hyperactivity conirolled
crossover
200 children referred Double-blind,
for hyperactivity placebo
34 children from phase  controlled,
1 plus 20 new children  crossover

with no behavior
concerns
(non reactors)

Randomization to 1 of

24 possible orders of

4 treatment arms:
1) stimulants with
challenge cookies
(containing mixture of
colorings), 2 cookies daily
for 4 days 2) Stimulants
with control chocolate
cookies 3) Placebo with
control cookies

4) Placebo with
challenge cookies.

Crossover to next arm
each week until all

4 arms completed

Phase 1: open Feingold
diet for 6 weeks, followed
by gradual liberalization
to regular diet over next
3—6 months if
improvement in behavior
noted

Phase 2: challenge with
carmoisine 50 mg or
tartrazine 50 mg, or
placebo (lactose)
capsules, given daily for

1 week at a time, 2 weeks
total, with variable
placebo washout periods

Phase 1: diet free from
artificial colors. Phase

2. coloring-free diet
continued, plus 1 capsule
per day of tartrazine
(1,2,5,10, 20, 50 mg)
randomly over 21 days,
with 3 day placebo
(lactose capsules)
lead-in and 2 day
placebo washout periods

phases.
Mixed parent and teacher
Conners scores with challenge cookies

40/55 improved on parent Rowe, 1988"
behavior ratings, but 26/40
remained improved after
discontinuing diet.
14/55 reported adverse reaction
to reintroduction of Foods.
9/14 entered phase 2 (8 completed).
2/9 demonstrated response to
ingestion of challenge capsules.

Rowe and
Rowe, 1994%

150/200 reported improvement with
diet, but deterioration with
reintroduction of foods with arfificial
colors.

24/54 with consistent behavioral
responses to dye chailenge.

Note: No description of recruitment,
eligibility, characteristics of
nonreactors in phase 2. Behavior
inventory developed from 50
reactive children in phase 1
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Dietary intervention

Observed Effects Investigators

Subjects Study design

56 children ages 4—12  Double-blind,
years with behavior placebo
problems, scoring of controlled,
15 on Conners crossover

Abbreviated Parent

Teacher Questionnaire
and —85th percentile
on RBR! for additive
chailenges 27/33
completing phase |
during study period
entered phase 2

Stage 1: open phase
elimination diet for
3 weeks

Stage 2: challenge with
bread containing max.
dosage of calcium
propionafe vs.
preservative free
bread, 4 slices of bread
daily for 3 days with
crossover to the other
arm the following week

improved RBRI scores and Conners
scores after elimination diet
14/27 with worsened RBRI
scores with challenge compared
to placebo 8/27 no
change: 5/27 improved with
challenge.

Dengate and
Ruben, 2002*

Adopted from Rojas and Chan”. and Krummel et of®

CPT: continuous performance test, DSM: Diagnostic and Statistical Manual of Mental Disorders, IQ: inteligence quotient, K-P die_f:
Kaiser-Permanente diet, RBRI: Rowe Behaviour Rating Inventory, FDA: Food and Drug Administration, RDA: recommended c!culy
allowance, CPTRS: Conners Parents/Teacher rating scale, GIS: global impression scale, CR: classroom rating, PALT: paired associate

learning test, ZITA: Zero input fracking analyzer, VMTT: visual moftor tracking test.

Table §. Beneficial effects of glucose on various cognitive tasks

Demonstrated benefits

Investigators

Improved recall for word lists
Improved recall for a story

Improved 24 h recall

Improve vigilance

Quickened reaction times

Improve mental arithmetic

Decreased errors in a driving simulator
Decreased the Stroop effect

Improved performance of an intelligence test

Improved performance in narrative memory tests and
the total Wechsler Scale
Enhanced a facial recognition task

Improved Trails fask (measure of visual search, attention,
mental flexibility and motor function)

Enhanced brain electrical activity (enhanced brain activity
associated with alertness and attention)

Improved performance on a serial subtraction task
(computerized Serial Sevens)

Benton and Owens, 1994*"; Benton and Parker, 1988%:
Lapp et al., 1981%; Sinram-Lea et al., 2002

Craft et al., 1993 Craft et al., 1994"”; Hall et al., 1989
Manning et al., 1990"

Manning et al., 1990*"; Manning et al., 1998%

1987*Y; Benton et al.,
1983*’; Owens and Benton, 1994"
Moser et al., 1983"

Keul, 1982*

Benton et al., 1994*

Benton et al., 1996

Gonder-Frederick et al., 1987

Benton, 1990™; Benton et al., 1994

Moser et al.,

Metzger et al., 2000*; Metzger et al., 2003*
Kaplan et al., 2000™; Kaplan ef al., 2001*"

Wang et al., 2004*

Scholey et at., 2001%"

49)

Adopted from Benton et al.'”, Metzger et ol.””, Metzger et al.
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