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Food additives and hyperactive behaviour in 3-year-old and
8/9-year-old children in the community: a randomised,
double-blinded, placebo-controlled trial

Sumimary
Background We undertook a randomised, double-blinded, placebo-controlled, crossover trial to test whether intake of
artificiat food colour and additives (AFCA} affected childbood behaviour,

sely Dalen, Kotz Grimshaw, Elizabeth Kitchin, Kris Lok, Ly

Methads 153 3.vearold and 144 8/9-year-old children were included in the study. The challenge drink contained
sodium benzoate and one of two AFCA mixes {A or B) or # placebo mix, The main outcome measure was a global
hyperactivity aggregate {(GHA), based on agpregated z-scores of observed behaviours and ratings by teachers and
parents, plus, for 8/9-yearold children, a computerised test of attention. This clinical trial is registered with Current
Controlled Trials (registration number ISRCTN74481308}. Analysis was per profocol.

Findings 16 3-year-old children and 14 8/9-vear-old children did not complete the study, for reasons unrelated to
childhood behaviour. Mix A had a significantly adverse effect compared with placelio in GHA for ali 3-year-old children
(effect size (- 20 [95% CI G- 61-0-39], p=0-044) but nof mix B versus placebo. This result persisted when analysis was
restricted to 3-year-old children who consumed more than 85% of juice and had no missing data (0-32 {0-05-0-60],
p=0-02), 8/9-year-old children showed  significantly adverse effect when given mix A (12 [0-02~0-23), p=0-023} or
mix B {017 [0.07-0- 28}, p=0.001) when analysis was restricted to those children consuming at least 85% of drinks

with no missing data,

Interpretation Artificial colours or a sodium benzoate preservative for both) in the diet result in increased hyperaclivity
in 3-year-old and 8/9-year-old children in the general population.

Introduction

Artificial food eolours and other food additives (AFCA)
have foug been saggested to aflect behaviour in children.”
Ben Feingold made Lis initial clainis of the detrimental
effect of AFCA on childheod behaviour more than
30 years age.’ The inain putatve cffect of AFCA is to
produce  overactive, impulsive, and Inatlentive
behaviour—ie, hyperactivity—whicli is a pattern of
behaviour that shows substantial individual differences
in the general population. Children who show this
behaviour pattern to alarge degree are probably diagnosed
with attention-deficit byperactivity disorder (ADHD}.
Despite the failure of early studies® to identify the range
of praposed adverse affects, a recent neta-analysis' of
double-blinded, placebo-controlled trials has shown a
significant effect of AFCA on the behaviowr of children
with ADHD. The possible benefit in a reduction in the
level of hyperactivity of the general population by the
retmoval of AFCA from the diet Is less well established,
Evidence fromn our previous study on the Isle of Wight
has suggested adverse eflects on hiyperactivity, measured
by parental ratings for 3-year-old childven on a specific
mix of additives.’ These findings needed replication on
J-year-old children, and 1o establish whether the effects
could be seen with 2 wider range of measures of
hyperactivit. = The  present  commumity-based,
double-blinded, placebo-controlled food challenge was de-

signed to extend the age range studied to indude
8/9-year-old children to deterrnine whether the effects
could also be detected in middle childhood.

Methods
Participants
Figures 1 and 2 present details of recruiunent and
participation in the study, for 3Jvearold and

8/9-year-old children, respectively. The study sample was
drawn from a population of children aged between 3 years
and 4 years, 2 months. registered in early-years settings
{nurserics, day nurseries, preschool groups, playgroups)
and from children aged between 8 and 9 years attending
schools in Southempton, UK. To ensure that the study
sample included children from the full range of
socioeconomtic backgrounds, schaols were recruited
based on the runber of childven receiving free school
meals (an index of social disadvantage). The distribution

" of the percentage of children receiving fiee meals in the

schools taking part indicated the proportions for the city
as z whole. To further check on how representaiive the
sample wag, teachers completed a
questionnaire® for all 3-year-old and §/9-year-old children.

Pzrents who returned an expression of interest form
were contacted by phone and a home visit arranged. On
this visit. a research asgigtant and the study dietifian,
provided full information about the study and its distary
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Figure 1 Enlistment of 2-year-old participants

implications, and written informed congent was obtained.
The study dietitian alse obtained 2 report based on
24-I recall by the parent of the child's pretrial diet. which
allowed an assessment of baseline levels of the mumber
of foods containing additives consumed by the child in
the previoug 24 h. The study was approved by the local
regearch ethics comumittee (reference no 04/Q1702/61)
anid written inforimed consent was obtained from parents.
Participating early-years seitings received £250 and each
school £500 ag a coniribution towards school funds for
the benefit of all children.

Study design and challenge protecols

The study design and challenge protocols for both
ages were similar. Children were eniered into this
study with a within-subject crossover between two
active mixes (A and B) and a placebo drink.

The two active mixes differed both in the quanlities of
additives and the specific additives included. Mix A was
similar to the active challenge used in the Isle of Wighi
study,’ and mix B was selected to indicate the current
average daily consumption of {ood additives by 3-year-old
and &j9-year-old children in the UK’ Bolh mixes
inchided sodium benzoate, which had been inclided in
the challenge an the Isle of Wight study and in previous
studies.™

Mix A for 3-vear-old children included 20 mg of artificial
faod colourings (5 mg sunset yellow [E110], 2.5 mg
carmoisine {E122}, 7-5 mg tartrazine {E102}. and 5 mng
ponceau 4R [E124, Forrester Wood, Oldham, UK]) and
45 mg of sodiwm benzoate JE21Y, Sigma Aldridge,
Gillinghaem, UK]). Active mix B incuded 30 mg of
artificizl food colourings (7.5 mg sunset yellew, 7.5 mg
carmoisine, 7-5 mg quinoline vellow [E110], and 7.5 mg
allura red AC [E129]) and 45 mg of sodium benzoate.

Mix A amounis for 8/9-vearold children were
rnultiplied by 1-25 to account for the increased amotmnt
of food consumed by children st this age. Therefore, mix
A inchuded 24-98 mg of artificial foed colourings

wthelangrt.com

Figure 2: Enlistment of 8)g-year-oltl participants

{6-25 mg sunset yellow, 3-12 mg carmoisine, 9-36 mg
tartrazine, and 6.25 mg ponceau 4R) and 45 mg of
sodiurn benzoate. Active mix B included 624 mg of
artificial food colourings {15- 6 mg sunset yellow, 15-6 mg
carmoising, 15-6 1mng quinofine yellow, and 15-6 mg
alluza red AC) and 45 mg of sodivun benzoate,

Doses for mixes A and B for }yearold children were
raughly the same as the amount of food colouring in lwo
56-g bugs of sweets. For 8/9.year-old children, the dose
for mix A was equal to about two bags of sweets a day and
for mix B about four bags of sweets a day.

After a week on their typical diet (week 0: baseline diet).
the artificial colours to be used in the challenges and
sodium benzoate were withdrawn from their diet for 6
weeks, Over this period when challenge with active or
placebo drinks were given, additive withdrawal coniinued
{week & withdrawal period but receiving placebo; weeks
2, 4, and & challenge with randomisation lo twe active
periods znd one placebo period; wecks 3 and 5: washout
comiinuing on placebo). During this period, 3-yearold
children received the challenge and washoul-placebo
drinks on a weekly basis and consumed mixed fruil
juices {placebo or active) at home {300 mL/day for 3-vear-
old children, 625 mLfday for 8/9-vearold children),
provided in identical sealed bottles. At the beginning of
the study, childven were assigned by the study
adrinistrator by a vandom-number generator to receive
one of six possible sequences of placebo, active mix A, o7
active mix B chailenges across weeks 2, 4, and 6.

A masked testing by two independent panels of
20 young adulis showed that the active and placebo juice
dririks could not be differentiated. When ssked if the mix
contained additive, 16 (40%), 21 {5298}, and 26 {65%)
adults responded positively for mix A, mix B, and placebo,
respeciively. We recorded no significant differences
between these proportions {Friedinan test, y2=4.412,
df=2). Therefore, no reliable differences were seen
between the look and taste of the drinks. The only
difference in the composition of the placebo and active
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mixee was the presence of the AFCA in the active mix
with vome variation in the preportions of the fruit juices
to ensure maiching colour and taste for the placebo and
active drinks. The child's femily and the research team
were masked to the challenge allocation. The study
adminigtrator assigned the challenge sequence and
assisted in the preparation and packaging of juice drinks
that were then delivered by the masked research tesm to
homes every week, when questionnaires and other forms
were obtained and dispenised. Parents completed 2 daily
diary of juice consumption and compliance with the diet
over the study period. Parenis also recorded a mistake
event when a child consumed a portion of food containing
the artificial colours or sodium benzoate, Any bottles
containing julce not consumed in the previous week
were oblained, reiurned to the study office, and measured
io help validate, if possible, parental reporls of juice
censumption by children.

Global hyperactivity aggregate (GHA)

Three measures of bebaviour were used to calculate GHA
for 3-yearold children, with an additional measure for
8/9-year-old children. First, the abbreviated ADHD rating
scale [V {feacher versfon)® was used. A total score was
obtained for ten of the 18 Hems {inatlentive=5,
hyperactive=5) in this questionriaire, which was completed
o desaribe the frequency of the specific behaviours
displayed over the past week, for every week of the study.
Parent behaviour wag the second measure, by use of the
abbrevialed Weiss-Werry-Peters [WWP) lypesactivity
scale,” which has been used in several studies to assess
hyperactivitp™? Interparen: agreement is good for ratings
of childhood behaviour (1=0-82)." Parents rated their
child's behaviour during the previous week for seven
ftems previously used {switching activitfes; intermupting or
talking too much; wriggling fddling with objects or own:
body; restless; always on the go; concentration),' from
which we obtained a total score. For 8{9-year-old children,
we used an abbrevialed ADHD rating scale 1V {parent
version}" to measure parent behaviour, whereby a fen-ilem
questionnaire was completed by parents every week.

A third measure was the classroom observation code,*
which asgesses the occurrence of 12 mutually exclusive
behaviours dusing structured didactic teaching and
during periods of independent work under teacher
supervision. To develop his measure, the behaviours had
been selected to indicate components of ADHD that are
shown in the dassroom. After observers (psychology
graduates) were given extengive training, e inter-rater
reliabifity of the clasaroom obsezvahon code, tested
before and during the study, exceeded 087 Children
were ohserved for 24 min every week {three observation
sessions of § min each) and a total weelly mean score
was derived from the fotal score over every session, The
code was slightly modified for J-vear-old children, sihce
preschoo] children in the UK are not usually given
siraciured or didaciic teaching sessions and tend to

engage in activities rather than in tasks, Observation took
place over a range of activities and the off<task category in
the code was scored when the child switched activities.

A fourth measure for 8/9-yearold children was the
Conners continuous performance test §1 (CPTIH),* a test
using visual stimuli of 14-min duration and is widely used
to agsess attention and the response inhibition conponent
of executive conirol. We used four scores (SE of reaction
time, % of commission errors. d {discriminability index),
and B) to derive a weekly aggregate score. This subset of
indicators from the CPTIH hag been shown to be highiy
correlated with the ADHD rating scale.”

The GHA was developed to measure .ndjwc!ual
differences in hyperactivity using different sources
{teacher, parent ratings, direct observation, and a
computerised lest) and covering the components of
hyperactivily {overactivity, impulsivity, and inatiention),
Weelly scores for every child were standardised to-time 0
at baseline (TC). Weekly standardized (z) aggregate scores
were calculated as: (score minus mean score at TO)
divided by SD at T0. The GHA was an equally weighted
agaregate of the weekly z-scores, and caleulated only
when at least two (ar three for 8/9-year-old children) of
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these behaviour scores were present for any week {one of
which being for the classroom observation code} and
averaged across the number of available scores. A high
GHA indicates more hyperactivity. g

Statistical analysis

Although the siidy designs for the two age groups were
sirnilar. the difference in composition of the GHA, and
in the dose of AFCA used, nieant that data fromn the lwo
studies could not be analyeed jointly. Therefore, we
treated the studies as parallet but independent.

Linear mixed-model methods'™ in SPSS (version 14.0)
were used to analyse data. Seversl possible covariates
were thought to be significantly related to GHA (eg, sex).
Two miodels were tested separately for each age for the
effects on GHA in challenge weeks. Model 1 used the
challenge type alone as a fixed effect testing for mix A

against placebo and mix B against placebo. In model 2, in
addition: to challenge type, the effects of the following
factors were adjusted for: week during study, sex, GHA
in baseline week, number of additives in pretrial diet,
maternal educational leve!, and social class. A compound
symumetry covariance mahix provided the best-fit model
for 3-year-ald children and an unstructured covaviance
matrix for 8/9-year-old children. The study was powered
o detect differences between the active and placebo
periods and, accordingly in each case, the effects of mix A
and mix B were compared with that of placebo, We
anticipated that the additional controls on: placebo effects
would result in an effect size smaller than that achieved
in the lsle of Wight study’ A sample of 80 children had
80% power al o=0-05 Lo identify an effect size of 0-32—
ie, the rmagnitude of the difference in GHA mean score
changes ($13). This value was lower than that achieved in
the previous study {0.51). We were uncertain aboud the
number of children and families who would comply with
the demands of a 7-week study, so we set a target of
126 children to reduce the effect of atirition on power,
which way eventually exceeded in hoth age groups.

The analyses were replicated for the full saraple, a high
consumption group {(=85% consurnption of drinks in any
chaltenge week), and a comnplete case group (=85%
consumnpiion in afl challenge weeks and no missing
GHA). The high consumption and complete-case groups
were included lo determine whether non-compliance
and the method of handling missing data affecled the
pattern of results. Analvsis was per protocol.

This clinical trial is registered with Current Controlled
Trials {registration nunber ISRCTN74481308).

Role of the funding source

The sponsor of the stmdy had ne role in study design,
data collection, data amalysis, data interpretation, or
writing of the report. The corresponding author had full
access to all the datn in the study and had final
responsibility for the decision to submit {or publication.

Results

0Of 153 children {mean age 43 -5 months [SD 4- 5}) enlisted,
79 were boys {43-5 mouths [4.6)) and 74 were girls
(#3-4months[4- 3§, Table Lprovides parents’ characteristics
for the entive sample. We saw no significant diferences in
these background characieristics between groups assigned
to receive the challenge drinks in different orders during
each of the six periods. The proportion of children in each
of five quintile ranges on the teachers questionnaire® was
not significantly different for the sample or for the iotal
population (n=898, 2 [4}=1.60).

16 (1096) 3-vearold children failed to complete the
study. Age, sex. and marital status of the parenis had ne
effect on shudy completion’and children were no more
fikely to drop out during active challenge weeks than
placebo. Tn only one case was this failure to complete
related to problems with the chitd's behaviour. Of those
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Figure 3: Estimated marginal means by chaflenge type and differonce in
estimated means in GHA under model 2 for 3wyear-old chifdren

Bars=05% Cl. Dashed line-zero differance between mean GHA under active rmix
and nxean GHA under placsbo,

children lost to the study, 12 bad 2 mean of 41%
consumption in the fest challenge week and data were
missing for four children. 128 (93%) of the 137 children
who comptleted the study consumed more than two-thirds
of all drinks, of which 103 {80%) consumed 85% or more
(e, at least six of seven daily drinks per week). Only one

of the remaining nine children drank less than 50% of

placebo and active drinks during the study period. The
occurrence of dietary infractions or inistakes by
3-vemv-old children was low {0=33% of children, 1-2=31%,
3—4=18. 396, »4=17%6). Rate of infractions did not differ
during active and placebe weeks.

117 (76%) 3-year-old children had complete GHA daia
over active and placebo weeks, 19 (129%) had two GHA
scores, and one had one score. Of children who left the
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study, 12 provided one score, and four had missing
data,

Table 2 shows the mean GHA scores under each of the
three challenge types. For the challenge periods in
weeks 2, 4. and 6. preliminary analyses had shown no
effect of the type of challenge in the previous challenge
period on the GHA; therefore, the washout periods had
eradicated carry-over effects. Table 3 shows the resulis of
the linear mixed-model analyses for 3-year-old children.
For madel 1 {the unadjusied effects of challenge type), all
three samples had significant adverse effects of mix A on
GHA compared with placebo. The higher GHA scores
for mix B were not significantly greater than for placebo.
Under model 2, with the effects of other factors controfled,
the effect of mix A was significant fur the entire sample
{table 2, p=0-044), by conirast with that of mix B
{p=0-093). When the analyses are restricted to those
children with atleast 85% juice consumption, the adverse
effect of mix A on behaviour was still significant
{p=0-016), but nor-significant for mix B {p=0-098). The
complete case groups showed the samme pattern of results
{mix A, p=0-020; mix B, p=0-131}. Figure 3 shows
estimaled marginal mean scores after adjustent for
factors in model 2.

Of 144 8/9-vear-old children {mean age 106- 3 months
[SD 5-9]) enlisted to the study, 75 were boys (106-%
mmonths [6-1]) and 69 were girls (106-1 months {3-8]).
Table 1 provides parents’ characteristics for the entire
saraple. We recorded no significant differences in these
background chavacteristics between groups of children
assigned o receive the challenge drinks in different
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Figure 4: Estimated marginal means by challenge type and differencein
estimated means in GHA under model 2 for 879-vear-old children
Bars=95% €1, Dashed line=zero differenca between mean GHA uader active mix
and mean GHA under placebo.

orders over exch of the six periods. The proportion of
children in each of five quintile ranges on the teachers
questionnaire” was not significantly different for the
sample and for the total pepulation (n=663, 32 [4}=5-03).

14 (10%) 8/9-year-old children failed to complete the
study; reasons for failure were wirelzted to behavioural
problems. Age, sex, and marital status of the parents had
no effect on study completion and children were no more
likely to drop out during active challenge weeks than
piacebo. Of those children lost to the study, two had a
mezan of 93% consumiption in the first challenge week
and data were missing for 12 children. Of the remaining
children who completed the study, 98 {75%) consumed
85% ar moere of the drinks over the challenge weeks fat

e thelineot com

least six of seven daily drinks per week). Only seven of
the rernaining 28 childten drankless thar 50% of placebo
and active drinks over the study period. The occurrence
of dietary infractions or mistakes by 8/9-vear-old children
during the study period was low {0=25% of children,
1-2=41%, 3—4=19%, >4=16%}. Rate of infractions did not
differ during active and placebo weels.

Of 125 §/9-year-old children, 114 (87%) had full GHA
data during active and placebo weeks. six (49%) had two
GHA scores. and five (394) had ane score; eight (6%) had
no GHA scores. Table 2 also shows mean GHA scores far
8/9-vear-old children for the entire sample, the group
with at least 85% consumnptlion, and he complete case
sample, For the.challenge periods in weeks 2, 4, and 6,
preliminary analyses showed no effect of the type of
challenge in the previous challenge period on the GHA,
showing that the washout periods had eradicated
catry-over eflects. For ritodel 1 (the unadiusted effects of
challenge type) the effects of mix A and mix B were
significanily greater than that of placebo, with the
exception of the entive sample in which the effects of
mix A versus placebo fail to reach significance {table 4).
Under mode) 2, in which the effects of other factors were
controlled, the eflect of mix A for the entire sample was
not significant (p=0-123) but mix B did have a significanily
adverse effect cornpared with placebo (p=0-012). When
the analyses are restricted to those children who
conswned at least 85% juice, the adverse effect of mix A
on behaviour renwined non-significant {p=0-066) but
wag gignificant for mix B (p=0-003). The coraplete case
groups showed significantly higher GHA scores than
placebo for mix A (p=0-023) and mix B (p=0-001).
Figure 4 shows the estinmated marginal means score after
adjustinent for factors in model 2.

Discussion

CIn this comnnunity-based, double-blinded, placebo-

coutrolled food challenge, we tested the effects of
artificial food additives on childrer's bebaviour and
have shown that a mix of additives commonly found in
children’s food increases the mean tevel of hyperactivity
in children aged 3 years and 89 years. Our complete
case data has indicated that the effect sizes, in terms of
the difference between the GHA under active mnix and
placebo challenges, were very similar for mix B in
Jyearold and 8/9-vearold children, For mix A, the
effect for 3.vear-old children whs greater than for
8/9-year-old children. The cffecis {for mix B were not
significan: for 3-year-old childrer because there was
greater variability in the response to the active
challenges than placebo in this age group. Thus, we
recorded  substantial individual differences in the
response ol children to the additives. For both age
groups, no significant effect of social and demographic
factors was seen on the initial level of GHA or in the
moderation of the challenge effects. The moderating
sffects of genotype on the child's behaviour response to
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AFCA are examined in a separate paper {unpublished
data).

The effect sizes reported in this study are similar to
those calculated in the meta-analysis by Schab and Trinh.-
They estimated the effecis of AFCA on hyperactivily to be
0-283 (95% CI 0.079-0.488), falling i 0-210
{0-007-0-414) when the smallest and lowest guality trialg
were exchided. It should be noted that this 1neta-analysis
included studies of hyperactivity in clinical samples,
whereas the present study wag done on children in the
general population with the full range of degrees of
hyperactivity. These efféct sizes recorded by Schab and
Trinh are smaller than those reported for stimulant
trealment for ADHD in children, for which one
mela-analysis” reported & range of effect sizes from 0-78
{0-64-0-91) by teacher report to 0.54 (0-40-0-67) by
parent report. We report effect sizes that average at about
0-18. Children with ADHD are generally about 2 SB
higher on hyperactivity measures than those without the
digorder,® thus an effect size of 0-2 is zbout 10% of the
behavioural difference between them.

This study provides evidence of deleterious effects of
AFCA on children’s behaviour with data from a whole
population sample, uging a combinaiion of robust
objective ineasures with strong ecological validity, based
partly on observalions in the classroom and rztings of
behaviour made independently by teachers and by
parents in the different context of the home and applying
double-blinded challeniges with quantities of additives
equal to typical dietary intakes. [t also replicales the
effects of mix A previously reported on a large sample
n=277y of 3-vear-old children} although significant
cffects were only seen with parental ratings in that study.

The specific deleterious compounds in the mix cannot
be detennined for the present study and need to be
cxamined in subsequent studies. The effect of artificial
colours needs to be differentiated from the cffccts of
preservatives in a 2x2 design. Further investigation weuld
also mead o establish whether the age-related difference
seen it the present study can be replicated—ie, the effects
of mix A being greater for 3-yearold children than for
8/9-year-old children. We examined the effects of additives
on changes in behaviour during an extended period in a
community-based, double-blinded, placebo-controlled
food challenge. A weakness in this approach is the lack of
conirol over when the challenges are ingested in relation
to the Hring of measures of hyperactivity. This study
design also needs exiensive resources to  oblain
multisource and niulticontext measures of hyperactivity.
We have completed a pilot study showing that changes in
hyperactivily in response to food additives can be
produced within about 1 h. Therefore, future studies
could use more feasible acule double-blinded challenges
undeiaken {n more conirolled settings.

The present findings. in combination with the replicated
evidence for the AFCA effects on the behaviour of
3vear-old children. lend strong support for the case that

food additives exacerbaic hyperacive behaviours
{inattention. impulsivity, and overactivity) in children at
least up to middle childhood. fncreased hyperactivity is
asgociated with the developrment of educational dificulties,
especially in relasion to reading, and therefore these
adverse effects could affect the clild’s ability to benefit
from the experience of schooling.® These findings show
that adverse effects are not just seen in children with
extreme hyperactivity (fe, ADHD)."but can alsa be seen in
the general population and zcross the range of severities
of hiyperactivity. Our resulis are consistent with those from
previous studies and extend the findings to show
significant effecls in the general population. The effects
are shown after a rigorous control of placebo effects and
for children with the full range of levels of hyperactivity,
We have found an adverse effect of food additives on
the hyperaclive behaviour of 3-year-old and
8/9-year-old children. Although the use of anificial
colouring in food manufacture might seem superBuons,
the same cannot be said for sodium benzoate, which has
an Importdnt preservative function. The implications of
these results for the regulation of food additive use could
be substantial.
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