
Statement on the implications of FSA funded study Project code: T07040 
 

Chronic and acute effects of artificial colourings and preservatives on 
children’s behaviour. 

 
 
Summary 
 
The European Food Standards Authority (EFSA) Panel have published 1 the 
results of its assessment of the Southampton study of food additives and 
children’s behaviour that appeared in the Lancet in September 2007.2  This 
scrutiny, which included an independent re-analysis of the data, supports the 
project’s conclusion that the mixtures of additives had a measurable effect on the 
activity and attention of some children.  The average effects for children as a 
whole are small, but there is considerable variation with some children 
responding more and others less. The Panel recognised that the Southampton 
study was both the largest of its kind and one of the few to be based on children 
from the general population.  Furthermore, the results on 3 year olds  replicated 
the findings of a previous study.3    
 
The EFSA Panel concluded that the results of the study could not be used as a 
basis for changing the recommended levels (Acceptable Daily Intake, ADI) for 
the food colours or the sodium benzoate preservative. Whilst this study cannot 
determine whether the effects are produced by the food colours or by the 
preservative, it is striking that the effects of additives on behaviour in this study 
were similar to those reported previously for food colours on children with more 
extreme levels of hyperactivity.4  
 
The EFSA Panel describes these effects as small and their significance for 
children's development and education uncertain. In contrast we suggest that 
since the colours being tested in this study are of no nutritional value, even the 
small overall benefit of removing them from children’s diets would come at no 
cost or risk to the child.  Under these circumstances a benefit, even a small one, 
would be worthwhile achieving.  

Added weight is given to this conclusion, because other important influences on 
hyperactivity in children, such as genetic factors,5 are difficult to address while 
the risk arising from exposure to food colours can be regulated. 

Uncertainties identified by EFSA 
 
The EFSA Panel identified a number of uncertainties that remain in relation to the 
effects of additives on behaviour.  
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• the limited consistency of the results with respect to age and gender of the 
children, the effects of the two mixtures of additives tested and the type of 
observer (parent, teacher or independent observer); 
• the unknown clinical relevance of the novel metric, i.e. the GHA score; 
• the unknown relevance of the small effect size (as was also seen in the meta 
analysis of earlier studies by Schab and Trinh (2004); 
• the fact that the study has not been designed to identify the effects of individual 
additives; 
• a lack of information on dose-response; 
• the lack of a biologically plausible mechanism for induction of behavioural 
effects from consumption of food additives. 
 
Of the 6 "uncertainties" they identify, two were never going to be addressed by 
the Southampton Study - namely the effects of individual additives and dose-
response effects. The study was simply not designed to address these 
questions. The specification for commissioning the study from the Food 
Standards Agency stipulated the ingredients for the two mixes used. It should be 
noted that if dose response effects are required for each individual additive the 
cost of the research studies would at a first approximation be seven times the 
£0.75m budget for the Southampton Study.   
 
The other four “uncertainties” need to be further consideration.  
 
The supposed lack of a plausible biological mechanism ignores earlier work 
on histamine release.  The EFSA Opinion make no reference to the studies on 
histamine release 6,7 that we cite in our Technical Reports as indicating a 
plausible biological mechanism for the effects of food colours on behaviour.  It is 
relevant here that the genetic polymorphisms we have identified as moderators 
of the effects of additives on hyperactivity are concerned with histamine 
clearance. We would emphasise that the relevance of these tentative genetic 
findings is that they are consistent with a histamine release mechanism. We  
were never advocating their adoption as indicators of risk as suggested in  the  
EFSA Opinion (p.32) 
 
The emphasis in the EFSA Opinion on inconsistency of the mixture effects by 
age puts too much weight on p values rather than effect sizes. The following 
graph presents the results for the two mixes for 3 and for 8/9 year olds for the 
whole sample. It can be seen that for both mixes at both ages hyperactivity levels 
are higher when the children are given the additive mix than on placebo.  As we 
reported the effects do not reach statistical significance for both mixes at both 
ages.  What is clear is that the effects sizes are very similar across mixes and 
age group. The effects for mix A and mix B are significant for 8/9 year olds when 
the analysis is restricted to those consuming 85% of the drinks. 
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Figure. Effect sizes (+  95% Confidence Intervals, CI) for Mix A vs. Placebo and 

Mix B vs. Placebo for 3 and for 8/9 year olds for the whole sample,  
NB If 95% CI cut the zero line the effects are not significant at the .05 level. 

 
 
 
EFSA have introduced consistency across gender as an issue - that was never a 
hypothesis the study was designed to test.  
 
The question of consistency across type of observer ignores the situational 
specificity of hyperactivity (see below). 
  
The suggestion that the GHA is a novel metric ignores the fact that this is 
simply an aggregate of previously validated measures. A key part of the study 
was the specification in the original protocol of the Global Hyperactivity 
Aggregate (GHA) as the primary outcome.  This followed the requirements for 
the conduct of clinical trails that outcomes are specified a priori and before data 
analysis is initiated.   
 
The selection of the measures to comprise the GHA was dictated by the need to 
measure behaviour at home (Parent ratings) and at school (Teacher ratings).  
This is necessary as it is known that hyperactivity shows a degree of situational 
specificity with some children showing a high level at school but not at home and 
other children the reverse pattern.8 Indeed there are contextual influences that 
produce variation in hyperactivity associated with different activities within the 
school 9 and within the home 10-settings.  In addition we were concerned to 
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provide evidence of changes in hyperactivity based upon a number of 
independent sources – classroom observations and the CPT. Full details of the 
reliability and validity of the components of the GHA are given in the Appendix. 
 
The small effect size is deemed to be of unknown relevance. This raises the 
question of how the magnitude of the effect of the mixes on the mean score 
population (0.18) should be judged.  The EFSA Panel consider them statistically 
significant but small. There is no attempt by the EFSA to calibrate what benefit a 
reduction of hyperactivity of 0.18 of a standard deviation would have on the 
general population.  One comparator is the effect of artificial food colour (AFC) 
removal on children with ADHD.  The value of the lowest estimate from the 
Schab and Trinh meta-analysis was 0.21.  So the effect on the general 
population in our study was comparable with the benefit of AFC removal of 
clinical cases.  
 
It must be remembered that this effects is on the mean for children as a whole.  
Some children will experience a bigger benefit (and others less or none). At the 
extremes these changes will, for a minority of children, be sufficient to bring them 
below the clinical threshold for a diagnosis of ADHD.  From our data we cannot 
estimate the number of children in this category with precision but he following 
projection is consistent with our data. If the effects of additives hold across the 
range of levels of hyperactivity, then we hypothesise that removal of these 
artificial food colours and sodium benzoate preservative with an effect size of 
0.18 may lower the population mean. At the extreme we predict that the 
percentage of children scoring more than 1.5 SD above the mean (6.6%, a 
typical population prevalence for ADHD) might be lowered to 4.6%.  If this were 
the case, it would result in a 30% reduction in the prevalence of ADHD in 
children. We accept this is a conjecture but we would argue a plausible one. 

We would argue that although in statistical terms the effects sizes are small the 
benefits from the removal of AFCs from the diet are not small. Added weight is 
given to this conclusion, because other important influences on hyperactivity in 
children, such as genetic factors 5, are difficult to address while the risk arising 
from exposure to food colours can be regulated. 

Placing the Southampton study findings in the context of previous 
research 
 
A puzzling feature of the EFSA Opinion is that on p. 29 (and repeated on p. 32) 
equal weight is given to the meta-analyses conducted in 2004 by Schab and 
Trinh 4 and in 1983 by Kavale and Forness.12  The weaknesses in the Kavale and 
Forness meta-analysis were identified by Schab and Trinh as follows. 
 
“In their meta-analysis of the effect of the FD [Feingold Diet] on hyperactivity, 
Kavale and Forness included trials of hyperactive and nonhyperactive children. 
They folded together trials of the FD, trials of variant diets eliminating a variety of 
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foodstuffs, and trials in which subjects were challenged with individual foodstuffs, 
including AFCs. Their initial analysis included prospective, retrospective, cross-
sectional, blind, and nonblind controlled trials that enrolled both hyperactive and 
nonhyperactive children and employed many categories of outcomes. ……..The 
breadth of those authors’ inclusion criteria, their oversight of several relevant 
trials, the subsequent publication of additional relevant trials, and other limitations 
of their study call for focused consideration of whether AFCs promote symptoms 
of hyperactivity” (Schab and Trinh 4 p.423-424). 
 
As these comments suggest, the Kavale and Forness12  meta-analysis has been 
superseded in rigour and sophistication by the work 21 years later  by Schab and 
Trinh 4 and yet the EFSA Opinion gives equal weight both to the former (showing 
that the FD in general was not effective)  and latter (showing specifically that 
AFCs can effect behaviour). 
 
A crucial aspect of the results of the Southampton study is that they extend the 
findings reviewed by Schab and Trinh to children studies from the general 
population. The findings are consistent with a causal effect of the mixtures on 
hyperactivity.  The effects were shown in a randomised controlled trial (the 
clinical research equivalent of the “experiment” – the touchstone demonstration 
of causality). Moreover since the study was designed as a within subject cross-
over trial there are no between groups artefacts that might confound the 
attribution of effects to additive exposure.  The only likely threat to internal validity 
of the study is the possibility that some of the measurements were made not 
blind to mixtures been used week by week.  The rigorous control applied in the 
study will have prevented anyone responsible for measurements being aware of 
the mixtures being taken by the child at any one time.  Moreover repeated tests 
were made to show that the drinks containing the different mixtures could not be 
reliably differentiated.  This leads us to conclude the effects we identified 
demonstrate a causal role of food additives on hyperactivity in the general 
population.  However they are just one contributor to a wide range of influences 
on hyperactivity.  
 
Hazard, exposure and risk 
 
Accepting this causal role the next question is to determine the risk it presents to 
children.    The EFSA Panel assessment confirms that there is low hazard for 
most children of the mixtures tested i.e. the effects of the additives are small.  
However in appraising what action is appropriate there is a need to consider 
hazard, exposure and risk.  In terms of exposure these food additives are widely 
present in foods ingested  by children – e.g. confectionery, cakes, biscuits and 
soft drinks. The food industry itself has recognised the need to reduce exposure 
and manufacturers have voluntarily been reducing the levels of artificial colours 
in food products. Nevertheless at present children are still ubiquitously exposed 
to this hazard. 
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The hazard is low but the exposure is high, what does that mean for risk? The 
key here is whether the effects we have identified are of developmental 
significance to the child.  Our own previous research has demonstrated that 
elevated levels of hyperactivity in young children represent a risk for continuing 
behaviour problems into later childhood.13  This is supported by other studies.14  
Moreover studies have established a relationship across the full range of 
hyperactivity scores with later outcomes, as the following quote indicates:  
 
“There were strong linear relationships between early hyperactivity and later 
adverse outcomes. Adjustment for other childhood variables suggested that early 
hyperactivity was associated with continuing school difficulties, problems with 
attention and poor reading in adolescence.” (McGee et al. 15) 
 
It should also be recognised that children with elevated levels of hyperactivity can 
be disruptive to a family and are sometimes socially isolated because peers find 
their behaviour unsettling.16   
 
Finally the COT Panel concluded - "The mean differences observed, if causal, 
could be clinically relevant." COT Statement 6 September 2007.17 We have 
addressed the question of causality above and suggest that the putative effects 
of the removal of the additives in the mixtures we investigated would indeed 
produce changes with real benefit to the average hyperactivity levels of children 
in the general population.  
 
Need for further research 
 
Some of the uncertainties identified by the EFSA indicate the need for further 
research on this important question which is of concern to many parents.  Most 
obviously there is a need to clarify the extent to which the effects identified in the 
Southampton study are attributable to sodium benzoate.  A double blind placebo 
controlled food challenge study of sodium benzoate alone is called for. There 
also needs to be a more detailed examination of the role of histamine release as 
a possible biological mechanism. Further investigations of genetic 
polymorphisms that moderate the effects may also open up new avenues for our 
understanding of the complex genetics of hyperactivity.  
 
Recommendations on policy 
 
When the FSA first released the result of the Southampton study they changed 
their advice to parents along the following lines: 
“If your child shows signs of hyperactivity or Attention Deficit Hyperactivity 
Disorder (ADHD), you should try to avoid giving your child the following artificial 
colours because this might help improve their behaviour. 

• sunset yellow (E110)  
• quinoline yellow (E104)  
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• carmoisine (E122)  
• allura red (E129)  
• tartrazine (E102)  
• ponceau 4R (E124)” 

 
There is no commentary in the EFSA Opinion as to whether such guidance is 
justified by the science.  Indeed the only comment the Panel make in relation to 
regulating exposure is “the Panel concludes that the findings of the study cannot 
be used as a basis for altering the ADI of the respective food colours or sodium 
benzoate.” 1 (p.33).  The Panel entertains the notion that a “sensitive 
subpopulation” may exist.  If that is the case, no guidance is given to parents of 
this putative subgroup as to how they should regulate their child’s exposure or 
even on whether avoidance is indicated. 
 
We recognise that the Southampton Study was not designed to identify the 
effects of specific additives. Despite not being able to differentiate the effects of 
AFCs from those of sodium benzoate, we suggest that the similarities between 
the present findings and previous studies of effects of AFCs are striking.  The 
significance of later educational difficulties and antisocial behaviour has recently 
been emphasised by the Government 
(http://www.dcsf.gov.uk/pns/DisplayPN.cgi?pn_id=2008_0054) 
 
It is a Government policy priority to reduce the level of disruptive behaviour by 
young people. We suggest that our findings indicate that the removal of food 
colours might be a small, indirect contribution to such a goal. The role of sodium 
benzoate needs further investigation. 
 
This view is echoed in the final conclusion of the meta-analysis review on 
artificial food colours by Schab and Trinh: 
 
“as long as we remain uncertain about the early and long-term effects of these 
exposures [to AFCs], society should engage in a broader discussion about 
whether the aesthetic and commercial rationale for the use of AFCs is justified.” 
Schab & Trinh 4. 
 
The analogy with lead 
 
The position in relation to AFCs is analogous to the state of knowledge about 
lead and IQ in children that was being evaluated in the early 1980s. Needleman 
found the difference in IQ  between high and low lead groups of children was 4.5 
IQ points (106.6 vs 102.1) 18. Using a standard deviation of 15 this gives an effect 
size of 0.3.  Later Needleman 19 (p.241) reports that this difference falls by 2 
points when confounding social differences were taken into account. This 
produced an effect size of 0.17.  This is very close to the effects sizes obtained in 
our study of food additives. 
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In response to these findings Rutter concluded: 
“…. A marked reduction in the level of environmental lead is likely to make an 
important difference to some children.  Moreover it is important to recognise that 
a small change in mean IQ or average behaviour of the population as a whole 
will have a much greater effect at the extremes of the distribution …. Accordingly 
actions to cut down the amount of lead pollution of the environment should be 
worthwhile; there is sufficient justification for action now” 20(p.364). 
 
We would argue that the findings from our own study and the previous research  
overviewed  by the EFSA would lead to the same conclusion as was reached by 
Professor Sir Michael Rutter in relation to lead in 1983. Namely that for food 
colours there is “justification for action now”.  
 

Jim Stevenson,  
Donna McCann,  

Edmund Sonuga-Barke, 
 John Warner 

 
20 March 2008 
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Appendix  
The reliability and validity of the Global Hyperactivity Index (GHA)  

 
The key feature of the GHA is that it is an aggregate of measures which 
themselves have well established psychometric properties. 
 
For the 3 year olds  
The Parent Rating was the Weiss-Werry-Peters (WWP) hyperactivity scale.1  The 
WWP has been used in studies to assess hyperactivity in preschool children.2  
Inter-parent reliability has been found to be good (r=0.82).3 In terms of validity it 
has been shown to predict behaviour problems in middle childhood 4 and to be 
sensitive to behavioural changes in drug trials. 5 
 
The Teacher Rating was  the ADHD Rating Scale – IV (Teacher version:  Pre-
school).6,7 Test-retest reliability coefficients for this measure are over .90 and 
concurrent validity with the Conners Teacher Rating Scale Revised range from 
.55 to .87. 
 
For 8 year olds 
The Parent Ratings was the ADHD Rating Scale – IV (Home version).7,8  The 
parent scale has been shown to have acceptable psychometric properties 
including inter-rater reliability, test-retest reliability and internal consistency.7  
Scores on this measure also have adequate positive and negative predictive 
power in the diagnosis of ADHD. 9 
 
The Teacher Rating was the ADHD Rating Scale – IV (Teacher version) 6  As 
with the Parent/Home version, the ADHD Rating Scale-IV manual presents 
information on  normative data and the acceptable psychometric properties of 
this scale.7  
 
Response inhibition and attention was measured using the Conners’ Continuous 
Performance Test II (CPTII).10  The CPTII is a visual paradigm of 14 minutes 
duration and is used to evaluate attention and the response inhibition component 
of executive control.  It has psychometric properties which have been well 
documented.11 It has been used extensively with children with ADHD and a 
meta-analysis has shown it to be able to reliably differentiate children with ADHD 
from controls.12 
 
For both 3 and 8/9 year olds  
Observations were recorded using the Classroom Observation Code (COC).13 
The COC is one of the most thoroughly evaluated school observation coding 
systems.  The COC has adequate interobserver reliability, discriminates between 
hyperactive and non-hyperactive children and has no detectable observer effect 
on child behaviour.14, 15 
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Psychometric properties of GHA  
Given the situational specificity of hyperactivity it would be expected that the 
internal consistency of the GHA would be not be high and at baseline it is indeed 
modest for 3 year olds (α = .51) and somewhat higher for 8/9 year olds (α = .68). 
Evidence for the situational specificity of hyperactivity is shown by the highest 
correlation of the observational measure being with teacher ratings at each age.  
 
The test-retest reliability of the GHA is best shown between baseline GHA and 
week 1 GHA, neither of which will be influenced by active challenges. This is 
good for 8/9 year olds ( rtt=0.89) but  is somewhat lower (rtt = 0.52) for 3 year 
olds.. The greater measurement error and the greater variability in the response 
to additives among the 3 year old children militated against detecting a significant 
effect of additives.  For example see Table 3 and Table 4 in the Lancet paper.16  
For the entire sample the effect coefficient in models 2 for Mix B vs. placebo is 
.17 for 3 year olds and .12 for 8/9 year olds.  However it is the latter which is 
significant as the 95% confidence intervals are smaller for 8/9 year olds (.03 to 
.22) compared to those for 3 year olds (-.03 to .36). Notwithstanding these wider 
confidence intervals (reflecting possibly a greater between child variability in the 
mix vs. placebo response and greater measurement unreliabilty) the study was 
able to replicate our previous finding of an adverse effect of mix A in 3 year old 
children.17 
 
The GHA constructed in this way provides a multi-method, multi-source and 
multi-setting indicator of hyperactivity based upon measures with established 
psychometric characteristics. It was designed to detect increases in hyperactivity 
wherever they may occur - be it at home or at school. 
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