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 Special Report – The Oxford-Durham Study 

(1) GENERAL BACKGROUND 
 
Food and Behaviour 
 
There is increasing concern about the effects that food and diet can have on children, but 
attention is only just beginning to focus on the importance of nutrition for children’s behaviour 
and learning as well as their physical health. 
 

 

• Many children’s diets are high in sugar, refined starches 
and the wrong kinds of fats, as well as artificial additives. 
They are high in calories (energy), but lacking in essential 
nutrients.   

 
• The risks to physical health of such a ‘junk food’ diet are 

now recognised, but their potential effects on children’s 
behaviour, learning and mood are still largely ignored. 

 
In the UK, the Government has recently been forced to spend an additional £342 million on 
school behaviour improvement programmes, and the World Health Organisation predicts a 
50 per cent rise in child mental disorders by 2020. 
 
Despite the obvious fact that the brain – like the body - needs the right nutrients to function 
properly, there has so far been very little scientific research aimed at finding out the extent to 
which better nutrition could improve children’s behaviour and learning. FAB research is 
committed to improving this situation. 
 
 
Omega-3 fatty acids 
 
Our own research in this area to date has mainly been focused on the omega-3 fatty acids 
found in fish and seafood. These special omega-3 long-chain polyunsaturated fatty acids 
(EPA and DHA) are absolutely essential for normal brain development and function.  
Unfortunately, modern diets in developed countries often contain relatively low levels of 
these omega-3 fatty acids (especially if those diets consist mainly of highly processed and 
packaged foods). 
 

 
 
 
Traditional folk wisdom told us that ‘fish is good for the brain’, and this is now increasingly 
supported by scientific evidence. Research is showing that omega-3 fatty acids are critically 
important to mental health and performance as well as physical health. Much of this evidence 
(and further information on omega-3 fatty acids and the best dietary sources of these) can be 
found from the FAB Research website, as only a brief outline can be provided here. 
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• The highly unsaturated omega-3 fatty acids found in fish oils (EPA and DHA) have 
many benefits for physical health:  
– They are important for maintaining a healthy heart and circulation. Based on the 

existing evidence, experts now recommend that adults should aim to consume 450-
500mg per day of EPA + DHA for these reasons alone.a 

– These omega-3 also play crucial roles in maintaining hormonal balance and in 
regulating the immune system. (EPA is used to make many other substances within 
the brain and body. Some of these are crucial for controlling inflammation – which is 
promoted by certain omega-6 fatty acids. Others affect hormonal systems, and still 
others help to improve blood flow). 

– Both EPA and DHA are also now being studied for their apparent ability to combat 
some types of cancer.  

 
• These omega-3 are potentially even more important for the brain and nervous 

system: 
– Omega-3 should make up 5-10% of the brain’s dry mass. (The brain is 60% fat, and a 

large proportion of this should be omega-3 and omega-6 long-chain polyunsaturated 
fatty acids). 

– DHA is particularly important in brain cell membranes, and helps to keep these fluid 
and flexible (allowing efficient signalling between and within cells) 

– Omega-3 fatty acids are crucial for the normal development and function of the visual 
system (especially DHA), but they also have direct and indirect roles in numerous 
other brain signalling systems. 

– As noted above, key substances made from EPA (and to a lesser extent, DHA) help 
to regulate cardiovascular, hormonal and immune systems. These systems all have 
powerful effects on brain development and function, but links between the immune 
system and the brain may be especially important in this respect. 

 
• Dietary intake of omega-3 fatty acids is often low in modern developed countries.  

– The omega-3 fats that the brain needs (EPA and DHA) are found in appreciable 
quantities only in oily fish and seafood. 

– Vegetarians (and others who don’t eat fish) must make their own EPA and DHA within 
the body from another omega-3 fatty acid – alpha-linolenic acid (ALA) – although this 
conversion process is not always very efficient. (ALA is found in green leafy 
vegetables and some nuts and seeds, notably flaxseed).  

– Omega-6 fats are more plentiful, as the simplest omega-6 is found in most vegetable 
oils, nuts seeds and grains. A key omega-6 that the brain needs (arachidonic acid, or 
AA) is found directly in meat and dairy produce.  

– The ratio of omega-6 to omega-3 fats in the diet has increased dramatically over the 
last century (from around 4:1 to more than 15:1 by most estimates). This relative lack 
of dietary omega-3 fatty acids has been explicitly linked with increased rates of many 
disorders of mental as well as physical health.1 

– Average UK daily intakes of the key omega-3, EPA and DHA, are estimated at less 
than 100mg (i.e. less than one fifth of the levels now recommended by experts) but 
even this low ‘average’ is inflated by the minority of less than 10% who regularly eat 
oily fish. Nine in every ten people consume even less than this. 
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Omega-3 in disorders of behaviour, learning and mood 
 
• Research with adults suggests that a relative lack of omega-3 fatty acids may 

contribute to a wide range of mental health conditions  

– There are correlations between low omega-3 status (as assessed by dietary intake or 
blood biochemical measures) and many adult psychiatric conditions. Although these 
kinds of data cannot prove causation, they strongly suggest a link. 

– Evidence from randomized controlled treatment trials (which can demonstrate causal 
links) shows that dietary supplementation with omega-3 (notably EPA) can help to 
reduce symptoms of depression and other mood disorders, stress-aggression, 
schizophrenia and Huntington’s disease. 

 
• In children, a relative lack of omega-3 in the diet (and an excess of other fats such 

as omega-6, and hydrogenated or saturated fats) has been implicated in various 
common developmental disorders of behaviour and learning.  
– Most research in this area to date has involved children with attention-deficit / 

hyperactivity disorder (ADHD), dyslexia or autistic spectrum disorders.2,3  

– Only a few properly controlled treatment trials have so far been published, but a pilot 
study by this author was among the first to show that supplementing the diet with 
omega-3 (and some omega-6) fatty acids could reduce ADHD-type symptoms in 
children with dyslexia.4   

– A study by US researchers reported similar improvements in children with ADHD from 
dietary supplements containing fish oil,5 but two other studies involving children with 
ADHD found no apparent benefits from supplementation with the omega-3 fatty acid 
DHA.6,7  

– No controlled trials of fatty acid treatment have previously been reported in children 
with DCD (Developmental Coordination Disorder) – sometimes known as 
developmental dyspraxia.b 

 

                                                 
b The DCD / dyspraxia syndrome is defined in terms of specific and unexpected difficulties in motor 
coordination and functioning that have no obvious known cause. While their general intelligence is 
normal (by definition), dyspraxic children usually show an uneven profile of strengths and weaknesses 
on standard ‘psychometric’ testing. Their verbal abilities (such as vocabulary, verbal reasoning and 
spoken language comprehension) are usually superior to their ‘non-verbal’ abilities (such as visual-
spatial information processing and perceptual-motor skills). 
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Developmental Coordination Disorder (DCD) 
 
• Around 5% of school age children are severely affected by DCD / dyspraxia, and 

many more experience milder forms of the same kinds of difficulties.  
– The motor coordination difficulties that are central to DCD/dyspraxia can affect many 

everyday activities that other children take for granted. These may include doing up 
buttons or shoelaces, riding a bicycle and taking part in many games and sports and 
handicrafts. Handwriting and copying often present particular problems. 

– Dyspraxic children typically show significant underachievement at school relative to 
their general abilities. Difficulties in planning and organising usually contribute to this, 
but many other features of the dyspraxia syndrome can also prevent children from 
achieving their full potential – especially if their difficulties go unrecognised. 

– These children usually have low self-esteem, particularly if unfairly perceived by 
others as ‘lazy’, ‘careless’ or ‘stupid’. They are often teased or bullied by peers, and 
may also be excluded from games or social activities because of their difficulties. 

 
• Many dyspraxic children have other associated behavioural or learning difficulties.  

– There is a high degree of overlap between DCD / dyspraxia and other, better-known 
conditions such as ADHD (particularly with respect to attentional difficulties) dyslexia 
(particularly with respect to spelling and writing) and milder, high-functioning forms of 
autistic spectrum disorders.8,9 

– With no intervention, children with both DCD and ADHD at 7 years of age often show 
poor academic achievement and psychosocial adjustment when followed up as young 
adults. 

Dyslexia 
 

ADHD 
 

Dyspraxia 
 

 
• Few effective, evidence-based treatments for DCD / dyspraxia are currently 

available.  
– Specialist programmes involving behavioural training, physiotherapy and/or 

occupational therapy are usually the recommended options, but these are not always 
easily accessed.c 

– Controlled trials have already shown that dietary supplementation with fatty acids can 
help some children with dyslexia or ADHD.4,5  This approach therefore seemed well 
worth investigating in children with dyspraxia/DCD.  

                                                 
c Anyone seeking guidance on the nature and management of DCD/dyspraxia may find the following books 
helpful (both available from the FAB Research website):  
Developmental Dyspraxia – Identification and Intervention, by Dr Madeleine Portwood;  

© 2005 - Food and Behaviour Research (Registered Charity Number SC034604) 
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(2) THE OXFORD-DURHAM STUDY 
 
 
Introduction 
 

• The Oxford-Durham study is the largest controlled treatment trial yet published 
investigating the effects of fatty acid supplements in children with specific learning 
difficulties 

– It involved a total of 117 children between 5 and 12 years of age, all of whom were 
attending mainstream schools and met formal diagnostic criteria for DCD/dyspraxia. 

– The study was achieved by a unique collaboration between researchers at Oxford 
University (led by Dr Alex Richardson, a senior research fellow at the University Lab. 
of Physiology, Oxford) and staff at Durham Local Education Authority (led by Dr 
Madeleine Portwood, a senior specialist educational psychologist with Durham LEA).d  

 
  

 
 
 
 
 
 

• It was a randomized, double-blind, placebo-controlled trial. This is very important, 
because this is the only kind of study that can provide unequivocal evidence of 
cause and effect relationships. 
Numerous ‘anecdotal’ reports already suggest benefits from fatty acid supplementation in 
dyspraxia and related conditions.  Many of these have formed the basis for stories 
reported in the media, but these are frequently used to serve commercial purposes. 

These kinds of personal reports, if backed by more rigorous ‘single case studies’, can 
sometimes be helpful in suggesting whether a particular treatment is likely to be of any 
value. However, they can equally be very misleading, because it is well known that 
apparent ‘benefits’ can often arise for various reasons other than the supposed 
‘treatment’. If the effects are genuine, they should stand up to formal investigation. 

One very small pilot study of dyspraxic children also indicated improvements in dyspraxic 
and ADHD-type symptoms, but this was ‘open-label’ i.e. both the children taking part, and 
their parents (who completed most of the ratings), knew what supplement they were 
taking. Although these observations were encouraging, such findings always need proper 
confirmation in a randomized, double-blind, placebo-controlled trial. 

                                                 
d The costs of data collection were largely borne by Durham LEA (with a contribution from a grant 
provided to Dr Richardson by the Dyslexia Research Trust). The study design, overall research 
supervision, data analyses and the writing of the first publication were all carried out by the Oxford 
researchers, but further papers from both teams are expected from the extensive dataset obtained.  
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– Why the use of a ‘placebo control’ is essential  
It is crucially important to make sure that any changes observed following ‘treatment’ are 
not simply the result of expectations, the extra attention involved in taking part in a 
research trial, or other such confounding factors.  

Apparent ‘benefits’ from any intervention can easily arise for these kinds of reasons. To 
control for these possible confounding effects, the changes in the study ‘outcome 
measures’ in a group of children receiving the ‘active treatment’ (in this case, the fatty 
acid supplement) must be compared with changes in another group of children who are 
given a ‘placebo treatment’ - i.e. one that appears identical to the one being tested, but 
which is not thought to have any effect on the measures of interest. 

– Why ‘random allocation’ to treatment groups is essential 
In a properly randomized trial, each individual child has an equal chance of receiving the 
active treatment or the placebo. This is very important in helping to control for other 
possible influences that could otherwise distort the study results.  

Strict randomization prevents any bias that might otherwise occur in allocating treatments 
- and if the number of participants is large enough, it should ensure that the groups are 
well-matched for any other factors that could affect outcomes. If the only difference 
between the two groups is the type of treatment received, then should any significant 
differences be found in the outcomes for these two groups, it is safe to conclude that 
these are probably caused by the treatment itself. 

The randomization method or sequence itself must also be concealed. If instead the 
sequence of active and placebo treatments was known - or could be guessed - by the 
person handing out the treatments, then this might allow conscious or unconscious 
influences to distort the allocation of treatments. For example, active treatments might 
otherwise be given more often to children who seem most likely to benefit, which could 
easily bias the results and make any treatment appear more effective than it really is. 

– Why the ‘double-blind’ procedure is essential 
If anyone knows what treatment is being received by any of the volunteers taking part in a 
study, then expectations (or bias from other sources) can easily influence the results. 

When a study is ‘double-blind’, this means that until it has been completed (i.e. all of the 
data has been collected, scored, checked, recorded and verified; and the preliminary 
analyses have been carried out), nobody can be allowed to know who received which 
treatment.  In the Oxford-Durham study, none of the children, parents and teachers, 
researchers or administrative staff involved in the trial knew the identity of the treatments 
until long after all the study data had been collected. Even then, treatment codes were 
initially revealed only at the level of group membership (i.e. groups 1 and 2), so that the 
main statistical analyses were performed without the researchers knowing which group of 
children had actually received the active treatment rather than the placebo. 

 
• For these reasons, our aim was to carry out a proper, randomized controlled trial 

(RCT) to find out whether dietary supplementation with fatty acids would be of 
benefit to children with DCD / dyspraxia 

– Most dyspraxic children show at least some features of related conditions such as 
dyslexia or ADHD, and previous research has already shown that fatty acid 
supplements can be of some benefit in these conditions. 

– To take account of the high degree of overlap between dyspraxia, dyslexia and 
ADHD, the Oxford-Durham study included primary outcome measures in all three of 
these domains, i.e. motor coordination skills, literacy skills and ADHD-type difficulties 
with behaviour and learning. 

© 2005 - Food and Behaviour Research (Registered Charity Number SC034604) 
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Methods - How the study was carried out 
 
Study Design 
 
The study was designed by Dr Alex Richardson, a Senior Research Fellow at the University 
Lab of Physiology, Oxford; and it followed a protocol very similar to those used successfully 
in her previous randomized controlled trials of fatty acid treatment in dyslexia and ADHD. Dr 
Portwood then assisted with some of the practical adaptations needed to suit this particular 
study population and location. 
 
Children who took part were followed for a total period of 6 months while they took dietary 
supplements. Full assessments were carried out at the pre-treatment ‘baseline’. Key 
assessments were then repeated at the main study follow-up points 3 months and 6 months 
later, focusing on the primary outcome measures. 
 

Assessments at:      Baseline    3 months    6 months 
   
Group 1  Active treatment Active treatment 
Group 2  Placebo Active treatment 

 
 

• The main treatment period was the first 3 months, when children were divided at 
random into two ‘parallel groups’. 
 
– Group 1 received  ‘active treatment’ in the form of fatty acid supplements 

(containing 80% fish oil and 20% evening primrose oil). Group 2 received identical 
looking placebo capsules (containing olive oil).  

 
• After 3 months, there was then a ‘one-way treatment crossover’.  

 
– Children who had been receiving the placebo treatment then received the active 

supplement, while those who had already been receiving this continued to do so. All of 
the children were then followed up for a further 3 months. 

– The identity of the treatment groups still remained concealed from everyone directly 
involved in the study throughout the whole 6 month period. 

 
• The primary focus of the study was to compare the effects of the fatty acid 

supplement and the placebo over the 3 month parallel treatment period.  
 
– This treatment period is the minimum suitable for this kind of dietary intervention, 

because of the slow turnover of these fatty acids in brain cell membranes.  Following 
chronic dietary deficiency, it can take 3 full months for levels of DHA in brain cell 
membranes to return to normal when adequate levels of omega-3 fatty acids are restored 
to the diet.  

– A ‘full crossover’ design (in which children on active treatment also switch to placebo) 
would be inappropriate for similar reasons, because it may take a similar length of time 
for deficiency symptoms to reappear when omega-3 are withdrawn from the diet. 

– The ‘one-way treatment crossover’ (from placebo to active treatment) provided some 
useful additional information from observations of the progress of children in both groups 
for this extra 3-month period. No valid statistical comparisons can be made from these 
data, however, owing to the lack of an appropriate control group. 

© 2005 - Food and Behaviour Research (Registered Charity Number SC034604) 
For more information on this and related research, visit www.fabresearch.org

8

STRICTLY CONFIDENTIAL – FAB ASSOCIATE RELEASE ONLY 
 



 Special Report – The Oxford-Durham Study 

Recruitment and screening 
 
Teachers at participating schools were first asked to identify potentially suitable children. 
(The study was open to all mainstream primary schools within Durham LEA, but in practice, 
the first 12 schools referred sufficient numbers of children to fill the study quota.)  

Written information about the study was provided to the parents or carers of these children. 
They were also required to provide written informed consent (using a form approved by the 
Local Research Ethics Committee) before any child could take part in the research. Children 
were then ‘screened’ to ensure that they were eligible for the study. 

– Each child’s general ability (IQ) was assessed, and objective, age-standardised tests of 
motor function were carried out to ensure that each child met criteria for the DSM-IV 
diagnosis of DCD.e  

– Additional information was also gathered from parents/carers and teachers, as well as 
from the child’s medical practitioner, to confirm that each child was in good general health 
and had not taken food supplements containing omega-3 fatty acids in the previous 6 
months.  

Baseline assessments (including both primary and secondary outcome measures) were then 
carried out with each child before he or she began taking any dietary treatment. 

 
Dietary Intervention 
 
The active treatment was a fatty acid supplement providing both omega-3 fatty acids from 
fish oil (558 mg EPA and 174 mg DHA per day) and some omega-6 fatty acids from evening 
primrose oil (60 mg GLA per day). It also contained a little Vitamin E (9.6 mg per day, natural 
form alpha-tocopherol). These daily doses were provided in 6 small gelatine capsules (each 
containing around 500mg total oil). 

The placebo treatment consistent of identical-looking capsules containing olive oil. These 
had been carefully matched with the active treatment not only for colour but also for flavour 
(so that the two would be impossible to distinguish, even when different children were taking 
their capsules at the same time and in the same place). 

– In each case, the daily regime for each child involved taking 6 capsules of whichever food 
supplement had been allocated (along with some food and drink). 

 
 
– On school days, teachers supervised the children while they took the capsules in three 

divided doses of 2 capsules (early morning, lunchtime and late afternoon). They also kept 
daily records of capsules taken and any possible side-effects. At weekends and school 
holidays, children were given an allocation of capsules to take at home on a similar 
schedule under parental supervision. 
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Study Assessments 
 
The assessments included questionnaire checklists of features and symptoms relevant to 
DCD/dyspraxia (completed by parents or teachers), tests of educational achievement and 
motor skills (carried out by teachers or other Durham LEA staff) and some specialist 
experimental measures (developed by the Oxford researchers, who provided training in how 
to administer these).  

The study assessments were carried out at each study time-point, i.e. at the pre-treatment 
baseline, after 3-months of treatment in parallel groups receiving active treatment or placebo, 
and finally at the 6-month follow-up point. 

Any well-designed treatment study must focus on only a few ‘primary outcome measures’. 
Otherwise the more assessments used, the more likely it is that some will appear to show 
‘benefits’ from treatment purely by chance. Many of the assessments carried out in this study 
were included only to provide additional, secondary information (or pilot data for future 
studies by Durham LEA staff or the Oxford researchers), so these do not form part of the 
main study report. 
 
Primary Outcome measures 
 
Because DCD / dyspraxia shows significant overlap with other developmental conditions 
including dyslexia (specific reading difficulties) and ADHD (attention-deficit / hyperactivity 
disorder), our ‘primary outcome’ measures included age-standardised assessments in all 
three of these domains. 

– Motor coordination (assessed using the Movement ABC Battery10) 
– Reading and Spelling (assessed using the ‘WORD’ dimensions11) 
– ADHD-related symptoms (assessed using the Conners’ Teacher Rating Scales12) 
 
Statistical Analyses 
 
All of the statistical analyses reported were carried out by the Oxford researchers (using 
SPSS for Windows, version 11.5) 

The main analyses involved comparing the changes shown by the two groups of children 
(those on active treatment and those on placebo) during the first 3 months of treatment in 
parallel groups. 

– Comparisons between the two treatment groups were made for changes in all three 
primary outcome measures (motor coordination, literacy skills and ADHD-related 
symptoms)  
All group comparisons were carried out using ‘non-parametric’ tests.f  These provide a 
conservative estimate of any group differences that is not unduly distorted by the 
presence of ‘outliers’ – i.e. a few individuals showing extreme changes. 

– These group comparisons were made on an Intention-To-Treat basis. This is 
essential to the proper reporting of randomized controlled trials according to 
accepted guidelines, and provides a conservative estimate of treatment effects. 
‘Intention to Treat’ means that data were analysed for all children who were eligible for 
the study and were randomized to receive treatment (provided that they had baseline 
data on at least one of the primary outcome measures), whether or not they completed 
the trial. Any missing data were ‘imputed’ using the last observation carried forward. 
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Results (1) – Participants and Compliance 
 
Figure 1. Flow of participants through the study 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
These data show the numbers of participants at each stage of the trial. All analyses were performed 
on an intention-to-treat basis, with the last observation carried forward, for all randomized children 
provided that baseline data for that measure were available.  
 
Therefore, the numbers of participants (n) reported in our analyses (see Tables 1,2 and 3) differ 
slightly among the 3 main outcome measures (motor skills analyses n=117; reading and spelling 
n=112; ADHD related symptoms n=102.  

Assessments used at each study time point:  
(1) Motor skills: Movement Assessment Battery for Children18  
(2) Reading and Spelling Ages19 
(3) Teacher-rated ADHD-related symptoms20 

12/247 schools agreed to participate. Letters of invitation were 
sent to parents of 189 children, of whom 129 responded. 

117 met entry criteria, gave 
consent to enter the study 
and were randomized 

4 excluded (receiving 
potentially confounding 
treatments); 1 physician 
permission refused 
(diabetes); 2 moved; 5 
missing data on all primary 
outcome measures 

Active treatment n=60 
Valid data at baseline: 
(1) Motor skills n=60 
(2) Reading & spelling n=55  
(3) ADHD n=50. 

Placebo controls n=57 
Valid data at baseline:  
(1) Motor skills n=57 
(2) Reading & spelling n=57 
(3) ADHD n=52 

Dropouts at 3m: n=5 (non-
compliance)  

Dropouts since baseline at 6m: 
n=10 (non-compliance) 

Dropouts at 3m: n=2 (non-
compliance)  

Dropouts since baseline at 6m: 
n=7 (non-compliance) 

Children within Durham Local Education Authority with 
DCD-type difficulties n=1782  (estimated as 5% of 
35641 children aged 5-12 years) 

© 2005 - Food and Behaviour Research (Registered Charity Number SC034604) 
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Study Sample 
 
In total, 117 children were randomized into one or other of the two treatment groups, as 
shown in Figure 1. (Because of the double-blind nature of the study, group membership was 
not known until long after all data collection had finished). 
 
• Of the 117 children enrolled, 78 were boys and 39 were girls.  

An excess of males is typical in children with dyspraxia and related conditions such as 
ADHD, dyslexia and autistic spectrum disorders. The sex ratio in this sample of around 2 
boys for every girl is slightly lower than ratios often reported in samples of children 
recruited from specialist clinical centres. (The school-based nature of our study may 
have helped to reduce any potential ‘referral bias’ that might favour boys over girls.) 

 
• The average age of children in the sample was just under 9 years of age (105.8 

months; SD: 16.3 months; range 70-147 months).  

Almost all of the children were between 6 and 10 years of age, as shown in Table 1. 
 

Table 1. Age distribution of the children who took part 
 

Age in 
years 

Number of 
Children 

Percent Cumulative 
Percent 

5 1 0.9 0.9 
6 10 8.5 9.4 
7 26 22.2 31.6 
8 28 23.9 55.6 
9 25 21.4 76.9 

10 23 19.7 96.6 
11 3 2.6 99.1 
12 1 0.9 100.0 

Total 117 100  
 
• On average, the children’s general ability was just below population means, and all 

scored within the normal range (full-scale IQ 90.3; SD: 8.1; range: 71-110)  

As expected for children with DCD/dyspraxia, verbal IQ scores in our sample were slightly 
higher than nonverbal IQ scores (Verbal average: 94.0 (SD: 7.8; range 76-116), Non-
verbal average: 88.4 (SD: 8.3, range 71-110)). 

 
Compliance 
 
As Figure 1 shows, most children who were enrolled completed the full study schedule.  The 
few children who dropped out simply refused to take part in any more assessments. Seven 
children did so before the 3-month point (5 in the active treatment group and 2 in the placebo 
group), and a total of 17 children dropped out by 6-months (10 in the active treatment group 
and 7 in the placebo group).  

In all such cases, these children first stopped taking capsules. Data on their capsule intake 
were therefore not included in the figures for treatment compliance (calculated from teachers’ 
log-books and counts of capsules returned). The mean treatment compliance rate at 3 
months for all children who completed this phase of the study (n=110) was 88.7% (SD: 
7.1%), and rates did not differ between the treatment groups. No adverse effects were 
reported. 
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Results (2) – Motor Skills 
 
Age-standardized scores from the Movement Assessment Battery for Children are shown in 
Table 2. At the pre-treatment baseline, mean percentile scores were below the 6th percentile 
(i.e. these children scored below the level achieved by 94% of the general population)  

After 3 months of treatment in parallel groups, these scores had improved to the 12th 
percentile, but on average, the improvements in motor skills did not differ significantly 
between children receiving the active treatment and those given the placebo (see Figure 2). 
 
Figure 2. Changes in Total Motor Skill Impairment Scores (percentiles) over 3 months 
of treatment in parallel groups (active vs placebo) 
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Table 2. Movement Assessment Battery for Children - Scores for Active Treatment and 
Placebo-Crossover Groups at Pre-treatment Baseline, 3 Months, and 6 Months 
 
 Mean Score (SD) 

 
Mean Score (SD) 

 Baseline 3 months 6 months 
 
 

Active   
(n = 60) 

Placebo 
(n = 57) 

Active  
LOCF  
(n = 5) 

Placebo 
LOCF 
(n = 2) 

0-3 Month Group 
Comparisons 

Mann-Whitney 
two-tailed test Active 

LOCF  
(n = 10) 

Crossover 
LOCF  
(n = 7) 

Manual Dexterity 10.0 (2.5) 9.6 (1.9) 8.7 (2.8) 8.7 (1.9) Z = 0.96, P = .4 7.4 (2.3) 7.6 (2.1) 
Ball Skills 2.1 (2.5) 2.5 (2.8) 1.7 (2.3) 1.6 (2.2) Z = 0.57, P = .6 1.1 (1.8) 1.1 (1.8) 
Static & dynamic Balance 3.5 (3.6) 3.1 (2.7) 2.5 (3.3) 1.8 (2.5) Z = 1.03, P = .3 1.9 (2.8) 1.3 (2.2) 
Total Impairment 15.6 (5.7) 15.2 (5.0) 13.1 (5.9) 12.1 (5.1) Z = 0.42, P = .7 10.4 (4.9) 10.0 (5.0) 
Percentile 5.9 (4.6) 5.8 (4.3) 12.3 (11.2) 12.9 (10.1) Z = 0.58, P = .6 19.5 (14.7) 20.0 (12.6) 

 
The scores shown are derived from 8 different subtests of the Movement Assessment Battery for Children,18 which are 
grouped into 3 categories: Manual Dexterity (3 subtests), Ball Skills (2 subtests) and Static and Dynamic Balance (3 
subtests). Each subtest yields a crudely age-standardised impairment score, ranging from 0 (no impairment) to 5 
(severe impairment). For the Manual Dexterity and Static and Dynamic Balance categories, the maximal possible 
impairment score is 15; for Ball Skills, the maximal possible impairment score is 10. The Total Impairment score 
represents the sum of these 3 categories (maximum of 40). For any of these impairment scores, reductions correspond 
to improved performance. Percentile scores (relative to general population normative values) are derived from the 
Total Impairment Scores, with higher percentiles representing better overall motor performance. Because analyses 
were conducted on an intent-to-treat basis, the total number of participants (n) remained constant throughout the 
duration of the study, but data for children who had dropped out at each time point was imputed as the last observation 
carried forward (LOCF), and their numbers are shown. 
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Results (3) – Reading and Spelling 
 
Reading and spelling ages are shown in Table 3.  Before treatment, these children’s 
achievement scores in these areas were around 1 year below chronological age. After 
treatment for three months in parallel groups, highly significant improvements were made in 
both reading and spelling by children receiving the active treatment compared with those on 
placebo (see Figures 3 and 4). 
 
Reading progress 
   

– Children receiving the fatty acid supplement improved their reading age by 9.5 
months on average (SD: 13.9 months) – i.e. their progress was three times greater 
than would usually be expected over a 3-month time period. 

– Children receiving placebo treatment improved their reading age by an average of 3.3 
months (SD: 6.7 months) during the same period – i.e. their progress in reading 
simply matched what would be expected for their chronological age. 

 
Spelling progress 
   

– Children receiving the fatty acid supplement improved their spelling age by 6.6 
months on average (SD: 11.4 months) – i.e. they progressed at twice the rate that 
would usually be expected over a 3-month time period. 

– Children receiving placebo treatment improved their spelling age by an average of 
only 1.2 months (SD: 5.0 months) during the same period – i.e. their progress in 
spelling fell behind what would be normally be expected for their chronological age. 

 
 
Figure 3. Changes in Reading and Spelling Age (in months) over 3 months of 
treatment in parallel groups (active vs placebo) 
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Table 2. Reading and Spelling Ages for Active Treatment and Placebo-Crossover 
Groups at Pre-treatment Baseline, 3 months, and 6 months 
 
 Mean Score (SD) Mean Score (SD) 

 Baseline 3 months 6 months 

 
 

Active 
(n = 55) 

Placebo 
(n = 57) 

Active 
LOCF 
(n = 0) 

Placebo 
LOCF 
(n = 2) 

0-3 Month Group 
Comparisons 

Mann-Whitney 
two tailed test 

Active 
LOCF 
(n = 4) 

Crossover 
LOCF 
(n = 7) 

Reading Age  93.6 (18.6) 99.8 (25.5) 103.2 (28.4) 103.2 (27.1) Z = 2.87, P < .004 114.0 (34.1) 116.0 (34.1)
Spelling Age  92.2 (16.3) 95.5 (17.6) 98.8 (22.0) 96.7 (17.9) Z = 3.36, P < .001 104.1 (25.0) 102.8 (22.2)

 
Reading and spelling ages (shown here in months) indicate the level of achievement expected for a normal child of a 
given chronological age. These scores were derived from single-word reading and spelling tests from the Wechsler 
Objective Reading Dimensions19 battery. Because analyses were conducted on an intent-to-treat basis, the total number 
of participants (n) remained constant throughout the duration of the study, but data for children who had dropped out at 
each time point were imputed as the last observation carried forward (LOCF), and their numbers are shown. 
 
Reading and spelling progress relative to chronological age 
 
By definition, children whose reading or spelling ages increased by more than 3 months over 
the treatment period made better progress than would usually be expected for normal 
children of their age. 

– In the active treatment group, almost 6 in every 10 children (56%) increased their 
reading age by more than 3 months, compared with less than 4 in every 10 children 
(37%) who received the placebo treatment – a significant group difference. 

– For spelling, the group difference was even more pronounced. Almost half of the 
children who received the active treatment (49%) increased their spelling age by more 
than 3 months, while this was true of only around 2 in 10 children on placebo (21%).  

 
Figure 4. Numbers of children whose reading and spelling age gains exceeded normal 
expectations over 3 months of treatment in parallel groups 
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Results (4) – ADHD-related Symptoms 
 
Age-standardized scores on the Conners Teacher Rating Scales (CTRS-L, assessing 
ADHD-related symptoms, are shown in Table 3.  

– At baseline, mean scores for both groups were on average slightly more than 1 SD 
above population means (i.e. only around one in 6 children from the general 
population would be expected to score at or above this level). 

– To the best of our knowledge, no child had a formal ADHD diagnosis. However, 32 of 
the 102 children with CTRS-L scores at baseline (17 boys and 15 girls), i.e. 31% of 
this sample, had scores ≥ 2 SD above the general population average on the DSM-IV 
total ADHD scale of the CTRS-L.  (Very similar proportions were within the same 
range for the DSM-IV hyperactivity and DSM-IV inattention scales). Only 2-3% of the 
general population would be expected to have such high scores, which would 
therefore place these children within the usual clinical range for a DSM-IV ADHD 
diagnosis, although this could be confirmed only with a full psychiatric assessment, 
which was not feasible in this study. 

In summary, the raised ADHD symptom scores of these children before treatment are 
consistent with the well-known overlap between dyspraxia/DCD - and almost 1/3 of these 
children had scores that would place them within the clinical range for ADHD. 
 
Table 3.   Scores on the CTRS-L for Active Treatment and Placebo-Crossover Groups 
at Pre-treatment Baseline, 3 Months, and 6 Months (Age-Standardized With Respect to 
General Population Normative Values, in the Form of t-scores: Mean 50; SD 10) 
 

 Mean Score (SD) Mean Score (SD) 
 Baseline 3 months 6 months 

 Active  
(n=50) 

Placebo 
(n=52) 

Active  
LOCF (n=6)

Placebo 
LOCF (n=7)

0-3 Month Group 
Comparisons 

Mann-Whitney 
2-tailed test 

Active  
LOCF  
(n=2) 

Crossover 
LOCF  
(n=3) 

Subscales        
Opposition  59.5 (13.0) 59.2 (13.6) 56.2 (12.2) 59.7 (13.8) Z=2.42, P < .02 54.9 (13.1) 56.6 (13.5) 
Cognitive problems 65.9 (9.2) 63.9 (9.8) 61.2 (10.0) 63.0 (10.3) Z=4.13, P < .0001 59.4 (10.4) 60.4 (10.1) 
Hyperactivity 61.9 (12.7) 61.0 (13.5) 57.3 (11.8) 61.3 (12.6) Z=5.08, P < .00001 55.5 (11.0) 58.2 (13.3) 
Anxious/shy 62.8 (12.1) 61.3 (13.9) 59.3 (10.3) 61.3 (13.1) Z=3.03, P < .002 56.5 (10.8) 56.9 (12.8) 
Perfectionism 53.6 (9.8) 51.8 (9.0) 52.4 (9.1) 52.0 (9.8) Z=1.37, P = 0.2 52.4 (9.8) 50.3 (9.6) 
Social problems 56.8 (12.9) 58.1 (11.9) 54.9 (11.2) 57.8 (11.4) Z=1.72, P < .09 53.9 (11.1) 55.6 (10.9) 
Global scales        
Conners’ index 66.2 (10.7) 64.0 (12.0) 59.9 (10.6) 63.8 (12.1) Z=5.78, P < .00001 58.3 (11.6) 61.1 (13.5) 
Conners’ global 
restless-impulsive 66.3 (10.7) 64.2 (12.2) 60.4 (11.0) 64.3 (11.9) Z=5.56, P < .00001 58.0 (11.9) 61.5 (13.9) 

Conners’ global 
emotional lability 61.7 (15.2) 59.1 (12.2) 58.5 (14.1) 59.9 (13.1) Z=2.34, P < .02 55.4 (13.7) 54.8 (11.4) 

Conners’ global 
index 66.9 (12.2) 64.1 (12.5) 60.8 (11.9) 64.4 (12.9) Z=5.62, P < .00001 58.1 (12.8) 60.7 (13.8) 

DSM inattention 65.2 (9.9) 64.3 (9.8) 60.1 (10.2) 62.7 (10.1) Z=3.92, P < .0001 57.9 (11.1) 59.5 (11.3) 
DSM hyperactivity 61.1 (13.0) 60.4 (13.9) 57.1 (12.6) 60.2 (13.9) Z=4.87, P < .00001 55.7 (12.3) 58.0 (13.8) 
DSM total ADHD 64.6 (10.9) 63.7 (11.5) 59.5 (10.8) 62.7 (11.9) Z=5.00, P < .00001 57.5 (11.6) 59.6 (12.7) 
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The CTRS-L 20 consists of 59 items describing different aspects of child behaviour, each endorsed with a 4-point 
scale. Item scores are combined in different ways to yield raw scores for the 6 subscales and 7 global scales 
shown, each of which then yields an age-standardized score for comparability with general population normative 
values. Because analyses were conducted on an intent-to-treat basis, the total number of participants (n) 
remained constant throughout the duration of the study, but data for children who had dropped out at each time 
point were imputed as the last observation carried forward (LOCF), and their numbers are shown. 
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After 3 months of treatment in parallel groups, reductions on all CTRS-L global scales were 
significantly greater for active treatment than for placebo. Results for the subscales were 
similar, with only perfectionism and social problems scales failing to show a significant 
advantage for active treatment. Treatment effect sizesg are shown in Figure 5.  
 

Figure 5. Treatment effect sizes for active vs placebo groups over the 3-month period 
of treatment in parallel groups 
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The analyses of group differences in ADHD-related symptoms involved 13 scales, and this 
raises the possibility that some differences between groups could occur purely by chance. 
The usual ‘statistical correction for multiple comparisons’ would be inappropriate in this case, 
however, because scores on many of these age-standardized scales involve some of the 
same items and are thus inter-correlated.  

– As a further check, CTRS-L total raw scores were therefore also examined. For active 
treatment, scores decreased from a mean of 74.7 (SD: 26.7) to 58.1 (SD: 27.7), a 
reduction of > 0.5 SD during the 0- to 3-month parallel-group treatment phase. In 
contrast, almost no change was seen in the placebo group (pre-treatment mean: 69.5; 
SD: 33.1; post-treatment mean: 67.9; SD 34.8). This group difference was highly 
significant (Z = 5.48, P < 0.0001). 

 
Finally, the effects of treatment on a ‘categorical’ definition of ADHD severity were 
considered. After 3 months of treatment, only 24 children in the study sample (23.5%) still 
had CTRS-L scores that placed them in the clinical range for ADHD. Among those receiving 
active treatment, 7 of the initial 16 no longer fell into this category; in the placebo group, only 
1 of 16 improved in this way. 
                                                 
g The ‘effect size’ expresses the changes observed following treatment in terms of a standardised 
measure of how scores vary around the average (the ‘standard deviation’) for the population studied. 
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Results (5) – Follow-up Phase 3-6 months 
 
As noted earlier, this study was designed to include a 3-month follow-up phase, involving a 
‘one-way treatment crossover’. Children who had been receiving the placebo ‘crossed over’ 
to active treatment at this point, while those children who had been receiving the fatty acid 
supplement continued to do so. The double-blind nature of the study was still maintained 
while both groups were followed for an additional 3-month period. 
 
This follow-up period allowed additional observations of the progress of children in both 
groups. No valid statistical comparisons can be made from these data owing to the lack of an 
appropriate control group, but they nonetheless provide some useful information – 
particularly for planning further studies. 
 

– The pattern of results for the placebo-crossover group allows informal observations of 
any apparent changes from the point when they started receiving the active treatment.  

– For the children continuing with active treatment, the additional 3-month follow-up 
period can give some indication of whether or not any previous changes in the primary 
outcome measures may be sustained during a longer period of dietary 
supplementation. 

 
Compliance 
 
The mean treatment compliance rate during the 3- to 6-month follow-up phase was 85.5% 
(SD: 8.6) for all children who completed this phase of the study (n = 100) and rates did not 
differ between groups. 
 
Motor Skills 
 
The mean increase in motor skills during the 3-6 month follow-up period (as assessed by the 
Movement ABC battery) did not differ between groups for either the sub-scales or the total 
impairment scores, as shown in Table 1. 
 
Figure 5.  Motor performance at 0, 3 and 6 months by treatment group 

Movement ABC centiles

0

2

4

6

8

10

12

14

16

18

20

0m 3m (One-way
Crossover:

Placebo-Active)

6m

M
ov

em
en

t A
B

C
 - 

C
en

til
e 

S
co

re
s

The motor performance of both 
groups showed similar (and 
significant) improvements over 
the 6-month study period. 
 
– However, no effect of active 

treatment over placebo was 
seen in the 0-3 month parallel 
groups phase. 

 
– Similarly, no ‘treatment 

crossover’ effect was 
apparent when the placebo 
group switched to active 
treatment in the 3-6 month 
follow-up period.

Active (N=60)
Placebo-Crossover (N=57)

 

© 2005 - Food and Behaviour Research (Registered Charity Number SC034604) 
For more information on this and related research, visit www.fabresearch.org

18

STRICTLY CONFIDENTIAL – FAB ASSOCIATE RELEASE ONLY 
 



 Special Report – The Oxford-Durham Study 

Reading and Spelling 
 
With respect to reading and spelling, however, children crossing over from placebo to active 
treatment showed improvements similar to those shown earlier by children receiving active 
treatment (as shown in Table 2). Their mean reading age improved by 13.5 months (SD: 
11.9 months) and their spelling age improved by 6.2 months (SD: 6.8 months).   

The group of children continuing on active treatment again showed improvements in reading 
over and above what would be expected for their chronological age, with a rate of progress 
similar to what they had already achieved in the first 3 months (mean reading age gain: 10.9 
months; SD: 11.8 months; mean spelling age gain: 5.3 months; SD: 6.9 months). 
 
Figure 6.  Reading achievement at 0, 3 and 6 months by treatment group 
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Figure 7.  Spelling achievement at 0, 3 and 6 months by treatment group 
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ADHD-related Symptoms 
 
In terms of teacher-rated behaviour, the placebo-active treatment crossover group showed 
reductions in CTRS-L scale scores similar to those of the active group in the 0- to 3- month 
period (as shown in Table 3).  
 
Their mean total raw score decreased to 57.8 (SD: 38.0), whereas children continuing with 
active treatment showed some additional improvement, with their mean total raw score 
decreasing to 52.6 (SD: 32.8). 
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Discussion 
 
The Oxford-Durham study is the first randomized, double-blind, placebo-controlled trial to 
investigate the effects of dietary supplementation with fatty acids in children with 
DCD/dyspraxia. It involved 117 children between 5 and 12 years of age, who were followed 
for 3 months while they took either a supplement containing primarily omega-3 fatty acids 
(from fish oil) or an olive oil placebo. 
 
The primary outcome measures were (1) changes in motor skills, (2) progress in reading and 
spelling, and (3) teacher ratings of behavioural and learning difficulties usually associated 
with ADHD. The measures of learning and behaviour were included because in addition to 
their motor coordination difficulties, most children with Dyspraxia/DCD also show features of 
dyslexia, ADHD or both.  
  
The two groups of children both showed improvements in motor skills after 3 months of 
treatment, but there was no significant difference between them on these measures – i.e. no 
effect of treatment was seen. In reading and spelling achievement, however, the children 
receiving the fatty acid supplement made significantly greater improvements than those on 
placebo, and these children also showed a much greater reduction in teacher-rated ADHD-
type symptoms. 
 
Following a one-way treatment crossover (placebo to active treatment), similar changes were 
then seen in the placebo crossover group over 3 months, while the children continuing with 
active treatment maintained or improved on their earlier progress.  
 

 

“..dietary supplementation 
with fatty acids was effective 
in improving both behaviour 
and learning in children with 
DCD, but was no better than 
placebo in boosting their 
motor skills.” 

These results indicate that dietary 
supplementation with fatty acids was effective in 
improving both behaviour and learning in children 
with DCD, but was no better than placebo in 
boosting their motor skills. 
 
 No adverse events were reported, and 
compliance with the treatment was very good for 
both groups, with a low drop-out rate and a high 
percentage of capsules consumed. 
 

 
How far can the results of this study be generalized to other populations? 
 
An important question to address is the extent to which these results may be applicable to 
other children in the wider population. The children we studied were from mainstream 
schools in one UK county. All of them met DCD criteria but were otherwise normal and not 
receiving any other treatment for their specific learning difficulties. As expected for a DCD 
population, boys outnumbered girls by around two to one. 
 
Although it seems unlikely that these children would differ significantly from general 
population samples in other UK regions or other developed countries, it cannot automatically 
be assumed that these findings would generalize to other age groups and cultures. This 
would need to be explicitly tested. The low rate of dropout and high compliance with 
treatment indicate that the researchers, teaching staff and other members of Durham LEA 
provided very high motivation, which might not always be the case in other circumstances.  
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Most of the children in this study had not been formally diagnosed with DCD or any other 
condition before they were referred, but were identified by teachers from mainstream 
schools.h  It is thought that around 5% of children in the general school population are 
severely affected by DCD, while a further 5% have mild to moderate difficulties of the same 
kind. These estimates do suggest that many other children in the UK might have the potential 
to respond to dietary treatment with fatty acids in a similar way, but again – further studies 
are needed to confirm this. 
 
The improvements in literacy skills and behaviour found here are consistent with other 
reports of benefits from fatty acid supplementation in children selected for dyslexia or 
ADHD,5, 6 The similarity in the treatment effect sizes for ADHD-related symptoms between 
this DCD sample and another group of children selected using standard criteria for dyslexia5 
certainly suggests that these results may have wider applicability. Although the focus of this 
investigation was DCD / dyspraxia, there is a high degree of overlap between all of these 
developmental conditions, and considerable individual differences between children within 
each diagnostic category. The results from this trial add to the existing evidence in 
suggesting that if the aim is to identify those children who may benefit from supplementation 
with omega-3 fatty acids, a symptom-based approach may be more fruitful than an exclusive 
focus on current diagnostic categories. 
 
What practical significance could these findings have? 
 
In children with these kinds of difficulties, delays in literacy development – along with 
behavioural problems – usually increase over time, indicating the potential value of any early 
intervention that might prevent this from happening. As expected, children in the placebo 
group fell even more behind with spelling during the 0- to 3-month parallel group phase, 
although they did show average progress in reading.  In contrast, children receiving active 
treatment with fatty acids made three times the expected normal gain in reading age and 
twice the normal gain in spelling age, bringing their average scores towards those of the 
general population on these measures.  In the follow-up phase they continued to make 
improvements above what would be expected for chronological age. If this kind of treatment 
can help children who have fallen behind in literacy skills to start catching up with their peers, 
it could be of significant practical value in helping them to reach their educational potential. 
 
On global measures of teacher-rated behaviour, children receiving active treatment improved 
by around 0.5 standard deviations in the 0- 3-month parallel group phase, with some 
additional improvements in the follow-up phase.  In the placebo group, no changes were 
observed until the children crossed over to active treatment. The first-line treatment for 
ADHD symptoms in most developed countries is methylphenidate, for which a recent meta-
analysis 21 found an overall effect size of 0.78 on the Conners’ Index but little or no evidence 
of durability beyond 4 weeks of treatment.  By comparison, in this study of DCD children the 
effect sizes on this ADHD symptom measure were 0.55 for the first 3 months and 0.70 over 6 
months for children receiving fatty acid treatment throughout.  
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The problems faced by this kind of population are enduring. Follow-up studies indicate that, 
without specific intervention, children with DCD and ADHD at 7 years of age have unusually 
poor academic, social and health outcomes in adolescence and young adulthood.13, 22, 23 
Studies with older populations are therefore warranted, in addition to replication of the 
current findings. Although our data suggest that continuing treatment from 3 to 6 months may 
produce additional benefits, issues of both durability and maintenance of treatment effects 
also require attention in future studies. 

 
h Under the leadership of Dr Madeleine Portwood (the specialist educational psychologist who organised the data 
collection for this study), Durham LEA’s procedures for identifying and supporting children with specific 
learning difficulties are probably among the best in the UK. However, recognising and meeting children’s’ needs 
in practice does not necessarily require overt diagnostic labels of this kind. 
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What dosage and combination of fatty acids is likely to be most beneficial? 
 
The optimal dosage and combination of fatty acids for these purposes are at present 
unknown. For this study, we chose to use a supplement containing 80% fish oil and 20% 
evening primrose oil, providing mainly the omega-3 fatty acids EPA and DHA, but also some 
omega-6 (in the form of GLA) and a little Vitamin E (in the form of natural alpha-tocopherol). 
This choice was made on the basis of previous work indicating benefits from similar 
formulations in children with dyslexia and/or ADHD,5, 6 and pragmatically in view of the 
supplements available in the UK at the time. 
 
It seems probable that the benefits we found reflected the children’s increased intake of 
omega-3 fatty acids in particular, although contributions and/or interactions from the other 
components cannot be ruled out. There is already good evidence that omega-3 fatty acids 
alone (and particularly EPA) can be helpful in the management of behaviour, learning and 
mood in many developmental and psychiatric conditions. By contrast, no clear benefits from 
the omega-6 in evening primrose oil alone have yet been demonstrated in any such 
conditions, and two small controlled trials failed to show any meaningful improvements in 
children with ADHD. In our ongoing studies we are therefore testing a supplement that 
contains omega-3 from purified fish oils with some Vitamin E, but no omega-6 fatty acids. 
 
With respect to the omega-3 component, in this study the fish oil contained a higher ratio of 
EPA to DHA than was used in the earlier studies of children with dyslexia or ADHD. 
Controlled treatment trials involving adults with either depression or schizophrenia have 
shown an apparent superiority of EPA over DHA in the management of behaviour and mood, 
including attentional symptoms, in these conditions.  Similarly, two studies of children with 
ADHD have shown no apparent benefits from supplementation exclusively or primarily with 
DHA rather than EPA. The pattern of results to date therefore suggests that EPA may be 
more effective than DHA for these purposes, but further research is still needed to confirm 
this, and to establish what might be the optimal ratio. Ordinary fish oils usually have an 
EPA:DHA ratio of around 3:2. For the supplement used in this study the ratio was around 
3:1, and in current studies we have chosen a ratio of around 5:1. Large-scale trials are still 
needed to test directly the relative merits of EPA and DHA in different ratios. 
 
Additional studies are therefore needed to establish both the optimal composition of fatty acid 
treatments and dose-response relationships. 
  
This study was a pragmatic one, designed to investigate the efficacy of fatty acid treatment, 
and can therefore shed no light on the possible mechanisms at work. The findings do 
suggest, however, that fatty acid supplements of this type may be a safe, tolerable, effective 
treatment for improving academic progress and behaviour among children with DCD.  
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(3) THE WIDER IMPLICATIONS 
 
 
Why was this study needed? 
 
Developmental Coordination disorder (DCD) – often known as dyspraxia – affects around 
5%-10% of school age children to some degree, preventing many of them from achieving 
anything like their full potential. Motor coordination difficulties are central to this diagnosis, 
but most children with DCD also have at least some additional behaviour and learning 
difficulties, although by definition, they do not lack general ability – hence their difficulties can 
feel all the more frustrating. Problems in social and psychological adjustment are common, 
especially if the true nature of their difficulties goes unrecognised. Anxiety and low self-
esteem can then add to a vicious circle of underachievement. 

The DCD / dyspraxia syndrome usually persists into adulthood, and the associated 
difficulties represent a huge cost not only to the individuals and families affected, but to 
society as a whole. Without effective intervention, these children usually fall even further 
behind their peers at school as time goes by, and miss out on educational, social and future 
employment opportunities.  

The main current treatment options for DCD usually involve behavioural training and/or 
physiotherapy or occupational therapy. Unfortunately, these are not always easy to access, 
and few are backed by any firm evidence of their effectiveness. 

There is now increasing scientific evidence that nutrition can play a role in a range of 
common and overlapping childhood behavioural and learning difficulties, including 
DCD/dyspraxia. In particular, research suggests that a relative lack of certain 
polyunsaturated fatty acids (the omega-3 fatty acids found in fish oil) could contribute to the 
difficulties experienced by many of these children. These fatty acids are essential for brain 
development and function, but in modern developed countries they are often lacking from 
children’s diets. 

Dietary supplementation with omega-3 has already been found beneficial in related 
conditions such as dyslexia and ADHD, so the question of whether fatty acid supplements 
might be of benefit to children with DCD was considered well worth proper investigation. 

 
What did the study involve? 
 
We studied 117 children with DCD (all aged between 5 and 12 years) while they received 
dietary supplementation for 3 months in a randomized, double-blind, placebo-controlled trial: 
the only kind of study that can provide clear evidence of cause and effect.  

– Half of the children received a supplement containing 80% fish oil and 20% evening 
primrose oil (providing omega-3 and some omega-6 fatty acids with a little Vitamin E). 
The other half received an identical-looking placebo supplement of olive oil, which 
was not expected to be of any benefit. 

– Each child had an equal chance of receiving the fatty acid supplement being tested, 
and until the whole study had finished, no one involved knew which children were 
receiving which treatment. 

– Over the main 3-month study period, the progress of children taking the fatty acid 
supplement (the ‘active treatment’) was compared with the progress of those on 
placebo treatment to find out if the supplement had any effects.  
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The study also involved an additional follow-up period of 3 months. During this time the 
children who had been receiving the placebo ‘crossed over’ to treatment with the fatty acid 
supplement, while those who were already receiving this continued to do so. 
  
Each child was then assessed again using the same measures of behaviour, learning and 
motor skills that had already been completed before and after the first 3 months of treatment. 
 
 
What did you measure? 
 
By definition, children with DCD/dyspraxia all have motor coordination difficulties, but most of 
them usually show at least some features of either dyslexia or ADHD in addition, such as 
problems with reading and spelling or attentional difficulties and hyperactivity.  

Our ‘primary outcome measures’ therefore included assessments of the children’s progress 
in all three of these areas using age-standardised tests before and after treatment. These 
were:  

– Motor performance skills – assessed objectively using the Movement ABC test battery. 

– Reading and spelling achievement – assessed with the WORD Dimensions tests.  

– Teacher ratings of ADHD-type symptoms – assessed using the Conners Teacher Rating 
Scales (CTRS-L). 

 
 
What were the main findings?  
 
Essentially, we found that in children with DCD/dyspraxia, supplementing their diet with 
(mainly) omega-3 fatty acids led to highly significant improvements in their reading and 
spelling achievement, and highly significant improvements in their behaviour, according to 
teacher ratings of symptoms usually associated with ADHD. No effect of treatment was 
found, however, on objective measures of motor skills.  

In the children receiving the fatty acid supplement for three months: 

– Reading progress was three times greater than would be expected for normal 
children of the same age. By contrast, children receiving placebo treatment made 
progress only at the expected rate for their age. 

– Spelling progress was twice as great as would be expected for normal children of the 
same age. By contrast, children receiving placebo treatment made progress at less than 
half the normal rate, falling further behind their normally achieving peer group. 

– ADHD-type symptoms fell markedly in the children receiving fatty acid treatment, while 
no changes were found in the placebo group. Teachers noticed significant improvements 
in attention and concentration as well as hyperactivity and impulsivity. The size of this 
effect was similar to the reductions usually achieved by stimulant medication. 

Similar improvements in behaviour, reading and spelling were then observed for the children 
who crossed over from placebo to active treatment during the next three months, while 
children continuing with active treatment maintained or improved their progress. 
 
 
Are the results what you expected?  
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Our findings did support and extend the results of an earlier small pilot study of Dr 
Richardson's involving children with both dyslexia and ADHD-type difficulties.4 The 
improvements in ADHD-related symptoms found in that study were essentially replicated in 
this study of DCD children (although the ratings in the earlier trial came from parents rather 
than teachers). 

Our findings of better behaviour and attention are also in line with those of the leading US 
researchers in this area, who studied 50 children with ADHD-type difficulties for four months 
while they took either a placebo or a fatty acid supplement to the one used in this study (80% 
fish oil, 20% evening primrose oil).5 They found benefits over placebo treatment for teacher-
rated attention and parent-rated conduct, as well as reductions in oppositional defiant 
behaviour. Other previous studies using different kinds of fatty acid treatments in ADHD 
children have not been so positive,6,7 but our findings of reduced ADHD-type symptoms were 
similar to or greater than those reported by the US group, and were as we had expected. 

The highly significant improvements in literacy skills that we found were also in line with 
predictions, and it was particularly interesting that these effects were even more pronounced 
for spelling than they were for reading.  

The only unexpected result was to find no effect of treatment on motor coordination 
difficulties – the core feature of the DCD/dyspraxia ‘diagnosis’ on which these children were 
selected.  One small open study (with no placebo control group) had previously suggested 
that fatty acid supplements might improve motor skills in dyspraxic children. However, in our 
much larger randomized controlled trial, using the same test battery, we found no evidence 
for this.  Instead, motor skills improved significantly but equally in both treatment groups, 
suggesting that the apparent benefits seen in the earlier open study could simply have been 
placebo effects. 

 
 
What can you conclude from these results? 
 
Our results indicate that this simple dietary treatment could offer a safe and efficacious 
treatment option for both educational and behavioural problems in children with 
DCD/dyspraxia.  

In the largest controlled trial to date investigating the effects of fatty acid supplementation in 
children with specific learning difficulties, we found that this treatment led to highly significant 
improvements in reading, spelling and ADHD-related symptoms.  Difficulties in these areas 
are usually the main obstacles preventing children with DCD/dyspraxia from achieving their 
potential at school.   

These results obviously need replication, but there are obvious potential health benefits from 
this simple nutritional approach, together with its safety and acceptability. In our view, it 
therefore seems reasonable to conclude that increasing the dietary intake of these fatty acids 
should now be considered as part of the standard management of DCD/dyspraxia. 

Dietary treatments are of course no substitute for other forms of intervention, but should be 
complementary to other management approaches.  We found no differences in motor skills 
performance between the children who received fatty acids and those who were given the 
placebo (although both groups showed significant improvement over the study period). 
Further research would be needed to find out if other tests of motor function might be more 
sensitive to any potential treatment effects than the ones we used, and anecdotal evidence 
already suggests benefits in some cases.  Until firm evidence may be provided, however, it 
cannot be concluded that fatty acids will help to improve motor coordination in children with 
DCD/dyspraxia. 
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Will this treatment help other children? 
 
There is good reason to believe that many children could benefit from an increased dietary 
intake of omega-3 fatty acids in particular, because these fatty acids are known to be 
essential to brain function, and yet they are often lacking from children’s diets. However, to 
find out whether other children can be similarly helped by this treatment will require further 
research. 

This is also the first study of its kind in children with DCD/dyspraxia, so our findings still need 
to be replicated – ideally in a much larger sample. The benefits we found for the group 
receiving the fatty acid supplement obviously didn’t apply to every individual child, as there is 
considerable variability between children who meet diagnostic criteria for DCD/dyspraxia, as 
these children did. By studying larger groups of such children, however, it may well be 
possible to identify specific features or traits that could help to predict which children are 
most likely to benefit from dietary supplementation. 

Additional studies are also needed to find out whether the positive findings from this study 
will generalise  

– to other age-groups 

– to children with behavioural and learning difficulties other than DCD/dyspraxia (such 
as ADHD, dyslexia and autistic spectrum disorders among many others) 

– to children in the general school population who may have milder forms of the same 
kinds of difficulties, but would not meet formal diagnostic criteria for any of these 
conditions 

Furthermore, it would also be helpful to follow children for a longer time-period, to find out 
whether this kind of treatment can have lasting effects on behaviour and academic progress  

 
Are supplements needed? Could dietary changes be just as good?  
 
For controlled research studies like this one, the use of supplements is usually the only way 
to achieve the ’double-blind’ conditions needed (so that no-one knows which treatment any 
child is receiving). It also makes it much easier to standardise the exact dose of fatty acids 
provided. It is often emphasised that a healthy, well-balanced diet should be able to provide 
adequate supplies of all essential nutrients, and this is of course true. In theory, it is perfectly 
possible for a child’s diet to provide the same average daily intake of fatty acids that we used 
in this study (as well as the vitamin E that was also included in our treatment). However, 
theory often differs from practice, and all the evidence shows that many children’s food 
choices are not healthy, and have diets that are in no way ‘well-balanced’. 

Oily fish remains the main dietary source of the key omega-3 fatty acids EPA and DHA. 
Examples include sardines, anchovies, pilchards, mackerel, herring, salmon and tuna.  Other 
fish and seafood can also make a valuable contribution – and food manufacturers have 
started adding these fatty acids to some other products such as eggs, milk and even fruit 
juices – although it is worth checking labels carefully to find out exactly how much EPA and 
DHA these really do provide.  
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Unless they have been deliberately fortified, vegetarian foods don’t usually contain any pre-
formed EPA and DHA. A simpler omega-3 (alpha linolenic acid or ALA) is found in flax 
seeds, walnuts, some other nuts and seeds and green vegetables, but its conversion within 
the body into EPA and DHA is not very efficient. Conversion can be impaired further by a 
range of factors, including age (older people are more vulnerable), sex (males are at a 
disadvantage) or diet and lifestyle factors, including poor diets that do not provide enough 
vitamin and mineral co-factors. For these reasons, unless EPA and DHA are provided ready-
made, adequate supplies are much more difficult to guarantee. 
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What dose of fatty acids is needed? 
 
Without further research, it is impossible to know what doses of fatty acids may be the most 
appropriate. The quantities used in our study were chosen by ‘educated guesswork’: similar 
quantities had been found effective in previous studies of children with dyslexia or ADHD, 
and to provide any more would have been impractical with the supplement we were using, as 
the children had to take 6 capsules every day just to achieve our target dose. 

It might be possible to achieve similar effects with lower doses (or even better effects with 
higher doses).  We simply don’t know yet – and ‘dose-response’ studies are needed to 
address these questions – but individual differences are also likely to be important in this.  

In fact, the doses of omega-3 fatty acids that we used in this study did not greatly exceed the 
daily intakes that experts now recommend for healthy adults simply for the prevention of 
cardiovascular disease. For those purposes, the leading international group of scientific 
experts in the field now recommends around 500mg per day of EPA + DHA.  In the UK, 
consideration of the scientific evidence has led to similar recommendations of a daily intake 
of around 450 mg per day for cardiovascular health, and ‘health claims’ can now be made for 
any foods or supplements containing enough EPA and DHA to make an appreciable 
contribution to this.  By comparison, the active treatment in this study contained just under 
750mg per day of these omega-3 fatty acids (558 mg EPA and 174 mg DHA), along with a 
much smaller quantities of the omega-6 fatty acid GLA and Vitamin E.  
 
 
Which fatty acids are most important? 
 
Again, we don’t know for certain whether some components of our treatment were more 
important than others. Further studies are still needed to determine the optimal composition 
of fatty acids, and this may of course differ somewhat between individuals. In the meanwhile, 
however, some reasonable predictions can be offered, based on what is already known from 
previous research. 

Omega-3 or omega-6 fatty acids? 

Omega-3 fatty acids are much more likely than omega-6 to be lacking from the diets of 
children and adults in the UK and similar countries, with considerable evidence now showing 
that the higher the dietary ratio of omega-6 to omega-3, the higher the risk of a range of 
physical and mental health conditions.  Previous studies of evening primrose oil alone 
showed no real benefits for children with ADHD, but several studies have shown benefits 
from treatment with fish oils (containing the omega-3 fatty acids EPA and DHA). On balance, 
the evidence therefore points to omega-3 fatty acids as the component most likely to be 
helpful for a wide range of difficulties in behaviour, learning and mood – but further studies in 
progress should help to illuminate this issue. 

Which omega-3 fatty acids? 

The simplest omega-3 fatty acid ALA is found in various vegetarian foods and supplements 
(green leafy vegetables and some nuts and seeds - notably flax or linseed, and to a lesser 
extent, walnuts). However, this needs converting within the body into the EPA and DHA that 
are most important in the brain and nervous system, while fish oils provide these directly. As 
discussed above, this conversion process appears to be rather inefficient, and some people 
may find it very difficult to meet their needs for EPA and DHA from consuming ALA alone. 
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Of the omega 3 from fish oils, the current balance of evidence from studies of fatty acid 
treatment in both psychiatric and developmental disorders suggests that EPA may be more 
effective than DHA in improving behaviour, learning and mood. This issue still needs further 
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research – but the superior efficacy of EPA for these purposes would be in keeping with the 
key functional roles that EPA plays in the regulation of the immune system as well as 
cardiovascular function and hormonal balance.  
 
Does the Vitamin E make a difference? 
In all the controlled trials to date that show benefits for behaviour or learning in children given 
fatty acid supplements, some Vitamin E has also been included in the supplements used.  
Vitamin E is known to be an important antioxidant that can protect omega-3 and omega-6 
fatty acids from breakdown, and for this reason alone it might be expected to increase fatty 
acid concentrations and thus add to any positive treatment effects. However, it is also 
possible that Vitamin E could contribute in other ways to the benefits observed, and this 
issue deserves further investigation. 

 
If supplements are used, which ones would you recommend? 
 
As scientific researchers, we consider it extremely important to keep our work independent of 
commercial influences, so our studies are not financed by any of the companies whose 
products we may choose, and nor do we ‘recommend’ or ‘endorse’ any particular 
supplements. This would be a matter for consumers to decide – preferably in consultation 
with an experienced and knowledgeable practitioner who is similarly independent. 

It should certainly not be assumed that the supplement we used in this study is in any way 
‘optimal’, as different supplements have already been used with success in previous studies 
of children with dyslexia and/or ADHD, and some of the relevant issues have already been 
discussed above with respect to dosages and the fatty acid composition of supplements.  For 
our ongoing studies, we have chosen what we believe to be a better quality supplement, 
which also has a much higher concentration of omega-3 fatty acids than was used in this 
study, meaning that far fewer capsules are needed. Our current choice also contains a 
higher ratio of EPA:DHA, and a little Vitamin E but no omega-6 fatty acids, which should help 
us to determine whether this component is really needed to achieve benefits. 

A huge variety of different fatty acid supplements is now available in the UK – and even more 
different versions are available in other countries.  Individual differences are such that no 
supplement would be expected to suit everyone’s needs and preferences, but key questions 
that consumers should always ask about any fatty acid supplements concern their quality 
and purity. Good manufacturing methods and quality control procedures are needed to 
ensure that fish oils do not contain potential contaminants (such as mercury, PCBs or 
dioxins) and also to preserve these delicate fatty acids from damage. Packaging should 
protect the contents from light, heat and air (and this argues against liquid formulations 
unless these are packaged in individual portions). The addition of Vitamin E may also be 
helpful in protecting the fatty acids from breakdown, although it is particularly important to 
ensure a good supply of antioxidants from the diet (from fruit and vegetables, nuts and seeds 
and other whole, unrefined foods). 

 
Where can I get further information?  
 
For additional reading and references on this subject, please visit the website of our charity, 
Food And Behaviour Research at http://www.fabresearch.org/  where relevant factsheets, 
handouts and research articles can be found along with other resources such as website 
links and the FAB Research bookstore.  

Associates of FAB Research will be the first to receive our next Special Research Reports, 
and are also welcome to make individual enquiries, which we will answer as best we can. 
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