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We and others have demonstrated that provision of n–3 long chain polyunsaturated fatty acids (n–3 LCPs) in 
preterm and term babies is associated with retinal electrical responses to light stimuli, and to brain cortex related 
visual acuity maturation, that are similar to those observed in human milk fed infants.  Our follow up results in 
young children suggest that neurodevelopment and cognitive abilities are also enhanced by early provision of n–
3 LCPs through breast milk or DHA-fortified foods.  Breast fed infants also require n–3 LCPs after weaning to 
achieve optimal visual acuity at 12 months of age.  Good quality evidence supporting a role for n–3 LCP con-
sumption to enhance learning and/or behaviour in school-age children is currently lacking. 
Evidence supporting the potential importance of n–3 LCP consumption for good cognitive health in older age is 
now beginning to emerge.  Recent cross-sectional surveys have reported that higher fatty fish/n–3 LCP con-
sumption and or higher n–3 LCP blood concentrations are associated with reduced risk of impaired cognitive 
function. Similarly, prospective cohort studies have shown that increased fish consumption and higher n–3 LCPs 
in blood lipid sub-fractions are associated with decreased risk of dementia in older people. We are presently 
conducting a large randomised controlled trial in a group of adults aged 70-79 years to assess whether an n–3 
LCP supplement will preserve retinal function and prevent age related cognitive decline.  
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INTRODUCTION  
For nearly 80 years, researchers have known that specific 
components of fat may be necessary for the proper growth 
and development of animals and humans,1 and the concept 
of the essentiality of certain fats is now well understood.  
Deficiencies of n–3 fatty acids were shown to result in 
subtle clinical symptoms such as skin changes, abnormal 
visual function and peripheral neuropathy,2,3 and these 
findings underpinned the concept that n-3 fatty acids were 
key to adequate development and functioning of the retina 
and the central nervous system.4,5  The relatively high con-
centrations of n–3 long chain polyunsaturated fatty acids (n-
3 LCPs), specifically docosahexaenoic acid (DHA), in the 
cerebral cortex and the retina further supported this view.6  
Indeed, the dry weight of the human brain is predominantly 
lipid, with 22% of the cerebral cortex and 24% of white 
matter consisting of phospholipids.  Importantly, while the 
protein composition in the brain is fixed by the genetic code, 
fatty acid composition of brain phospholipids is modifiable 
by diet.7 

Essential fatty acids play crucial structural roles in brain 
tissue especially in cell membranes, and much research has 
been conducted into functional implications associated with 
diet-induced compositional changes.8,9  Furthermore, the 
oxidative products of polyunsaturated fatty acids act as key 
cellular mediators of inflammation, allergy and immunity, 
oxidative stress, bronchial constriction, vascular responses 

and thrombosis.10  There is also a growing body of evidence 
to show that LCPs can affect the expression of genes that 
regulate cell differentiation and growth,11,12 and may thereby 
have a profound and long lasting impact on human health.  
Indeed, via this mechanism, early diet may influence the 
structural development of organs, as well as the formation of 
neurologic and sensory functions. 

In this paper we review the current evidence linking n–3 
LCPs with measures of brain function in infancy, childhood 
and later life.  Given space limitations, our review is neces-
sarily non-systematic, but reference is made, where possible, 
to current relevant systematic reviews. 
 
THE DEVELOPING BRAIN 
The foetus is entirely dependent on maternal supply of 
essential fatty acids for its growth and development, and a 
total of approximately 600g of essential fatty acids are 
transferred from mother to foetus during a full term gesta-
tion.  The progressive enrichment in the concentration  
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of n–6 arachidonic acid (AA) and DHA in circulating 
lipids and brain tissue in the foetus that takes place during 
the third trimester,13,14 makes preterm infants potentially 
vulnerable to fatty acid deficiencies. 

Numerous studies have therefore investigated whether 
supplementation of preterm infants with LCPs effects 
plasma and tissue composition and/or visual and cogni-
tive function. Results of these studies have been mixed 
and a Cochrane systematic review published in 2004, 
including 11 randomised controlled trials, concluded that 
there was no evidence that supplementation of formula 
with n–3 and n–6 LCPs had any long-term benefit for the 
infant.15 The review noted however that the infants en-
rolled in the trials were relatively mature and healthy pre-
term infants, and also that differences between the trials 
made meta-analysis difficult.15 

A relatively recent study, published after the Cochrane 
review, compared the effect among preterm infants of 
LCP supplementation of formula milk with AA fungal 
oils and DHA from either fish (n=130) or algal (n=112) 
sources, with control unsupplemented milk (n=199), on 
various measures of development.16 The DHA supple-
mented infants had significantly greater scores than the 
infants fed the control formula, in the mental and psy-
chomotor development indices of the Bayley Scales of 
Infant Development (second edition) at 18 months after 
term. All values stayed significantly below those of the 
reference sample of 105 term breast fed infants.16  Longer 
term follow up of these infants or those from other studies 
has not been reported. 

Accretion of DHA in brain tissue continues after birth, 
reaching a total of 4g of DHA in the brain between two 
and four years of age,17 suggesting that n–3 LCP intake in 
the early years may also be important for brain develop-
ment. Again, several studies have investigated the effect 
of LCP supplementation, although these studies are hard 
to design among term infants because of the influence of 
the mother’s choice of mode of feeding. A Cochrane re-
view of the available trial evidence conducted in 2001, 
included 10 trials and concluded that LCP supplementa-
tion conferred a possible beneficial effect on information 
processing in term infants, although larger and more long-
term trials were still required.18 A few recent trials have 
suggested a positive benefit on mental processing in term 
infants of supplementation of the mother during preg-
nancy.19,20 Furthermore, more persistent benefits of LCP 
supplementation for both visual acuity and mental devel-
opment have also been demonstrated.21-23 

The lack of a consistent pattern of results in the trials 
conducted among both pre-term and term infants is not 
wholly surprising given the complexities of such studies. 
A good discussion of methodological problems, such as 
differences in the level, nature and duration of supple-
mentation, the use of tools that are insufficiently sensitive 
to measure small changes in performance, and the com-
plexities caused by the longevity and reversibility of diet 
induced changes in developmental outcomes has been 
published.24 
 
CHILDHOOD 
Despite widespread interest in the potential use of n–3 
LCP supplementation to enhance development and be-

haviour among school-age children, there has to-date 
been no published trial on healthy children. A recent sys-
tematic review identified five randomised controlled trials 
that examined the effect of n–3 LCP supplementation on 
learning and behaviour in childhood,25 but all five trials 
were conducted among children with neurodevelopmetal 
disorders (dyspraxia and attention-deficit hyperactivity 
disorder ADHD).26-30 Study subjects were aged between 5 
and 13 years, study samples were small (40-117 partici-
pants), and intervention periods ranged from 2-4 months. 

Two studies assessed biochemical markers of fatty acid 
status.29,30 Stevens29 found correlations between blood 
concentrations of n–3 LCPs and behaviour but only small 
improvements in 2 out of 16 subjective behaviour and 
education assessments, while Voigt30 showed an increase 
in the n–3 LCP blood concentrations in the intervention 
group but no differences in behavioural or education out-
comes between the intervention and control group.  
Richardson28 found small improvements in 3 out of 14 
subjective parental behaviour scores in the intervention 
group, and Hirayama26 found no difference between the 
intervention and control groups. The Oxford-Durham 
study27 was the only study to report consistent improve-
ments in objective and subjective assessments in the in-
tervention group, although there were no measured gains 
in motor skills. 

Quite understandably, the systematic review authors 
concluded that “there remain too many inconsistencies 
between studies to reliably inform any conclusion”,25 and 
generalisability of any findings from these trials to a 
mainstream population of healthy children is not possible.  
Given the public interest in this field, large scale properly 
designed trials are urgently needed. 
 
OLDER AGE 
LCP concentrations in brain tissues appear to decrease 
with age,31 and it has been proposed that these changes in 
lipid composition are associated with changes in central 
nervous system function.32 While the underlying cause of 
these changes in n–3 LCP concentrations in the ageing 
brain is largely unknown there is clearly a role for dietary 
intake throughout life in determining lipid composition.  
For example, consumption of large amounts of n–6 fats 
can reduce synthesis of n–3 LCPs, while consumption of 
diets containing 20 or 22 carbon polyunsaturated fatty 
acids might increase n–3 LCP concentrations. 

Information on the effects of n–3 LCP supplementation 
on cognitive health in older age is quite scarce and a re-
cent systematic review identified only four cohort studies 
and one randomised control trial that investigated the 
effect of n–3 LCPs on cognitive health.33 The four cohort 
studies34-37 all suggested a positive impact of increased n–
3 LCP (fish and total n–3) consumption on risk of im-
paired cognitive function, dementia or Alzheimer’s dis-
ease. The one trial included in the review38 was small, 
conducted among demented older people and was of poor 
quality.33 A recent Cochrane review found no published 
randomised controlled trials investigating the effect of n–
3 LCP supplementation on cognitive function among 
healthy older adults.39 

Since the publication of the review, two further cohort 
studies,40,41 and one randomised controlled trial42 have 
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been published. A 5-year follow up of 210 surviving 
males in the Zutphen Elderly Study cohort who were aged 
70-89 at baseline demonstrated that fish consumers had 
significantly less 5-year cognitive decline than non-fish 
consumers, and that this could be directly related to n–3 
LCP intake. Older men who consumed approximately 
400mg n–3 LCP a day had less cognitive decline (1.1 
point less on the 30 point Mini Mental State Examination 
[MMSE] scale) than men who consumed only 20mg n–3 
LCP a day.41 While this analysis from the long-running 
Zutphen Elderly Study presented very detailed informa-
tion on dietary intake, it did not present any information 
on biochemical markers of fatty acid status. 

A recent report from the Framingham Heart study pre-
sented data on a 9 year follow-up of 899 men and women 
with a median age of 76 years at baseline.40  Plasma fatty 
acid status was assessed at baseline and the primary out-
come for the analysis was the development of all-cause 
dementia and Alzheimer’s disease. Over the follow-up 
period, 99 new cases of dementia (including 77 Alz-
heimer’s disease) were diagnosed, and study participants 
in the highest quartile of plasma phosphatidylcholine 
DHA concentration were 47% less likely to develop all-
cause dementia and 39% less likely to develop Alz-
heimer’s disease than participants in the lowest three 
quartiles. Highest quartile intakes were in the region of 
200mg DHA per day.40 

The best randomised controlled trial conducted to date, 
assessing the impact of n–3 LCP supplementation on 
cognitive function in later life, recruited 174 participants 
with mild to moderate Alzheimer’s disease. The study 
participants, who had a mean age of 74 years and an 
MMSE score of 15 points or more (30 being the highest), 
were provided with 2.3g n–3 LCP per day, or placebo, for 
6 months. After 6 months of intervention the decline in 
cognitive function as assessed by MMSE did not differ 
between the two trial arms. However, in a sub-group of 
32 participants with mild cognitive function loss (MMSE 
> 27 points), the rate of cognitive decline in the n–3 LCP 
intervention arm was significantly slower than that in the 
placebo arm. While these results, suggesting that n–3 
LCP supplementation can delay cognitive function loss 
are exciting, they must be confirmed by larger and more 
long term studies. We are currently conducting a large 
randomised controlled trial – the OPAL study43 – which 
is investigating the effect of 0.7g n–3 LCP supplementa-
tion for 24 months on a cohort of 868 healthy adults aged 
70-79 years at baseline. The results of the trial are due in 
late 2008. 

In contrast to their proposed actions in childhood, 
where n–3 LCPs are required for healthy development of 
brain tissue, in older age n–3 LCPs are more like to act in 
a protective and health-maintaining manner. For example, 
n–3 LCPs are known to inhibit hepatic triglyceride syn-
thesis and, by modifying eicosanoid function, cause vas-
cular relaxation, a diminished inflammatory process and 
decreased platelet aggregation.44 Furthermore, some new 
protective actions of DHA have recently been discovered 
that may well be directly related to its effects in maintain-
ing cognitive health in older age.45 
 
 

CONCLUSIONS 
There is now a growing body of evidence that supports 
the general hypothesis that n–3 LCPs are crucial for brain 
development and for the maintenance of good cognitive 
function in later life. What is clear from this review, how-
ever, is that there remain some unanswered questions, and 
specifically there is a lack of high-quality population-
based effectiveness trials in many areas. With global 
population ageing continuing apace and a concomitant 
increase in the number of individuals suffering from poor 
cognitive health, we must not delay in our search for cost-
effective solutions. 
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