
Docosahexaenoic acid (DHA), choline, and lutein are examples of nutrients 
that may have either functional or structural roles in the areas of the brain:

•  DHA is a major structural lipid deposited in neuronal membranes of the 
central nervous system1,2 and plays a critical role in normal retinal and brain 
development in infants and toddlers.3 

•  Choline is an essential constituent of membrane phospholipids in the 
developing brain.1

•  Lutein, a key antioxidant in neural tissue, has been found to be present in 
regions of the infant brain relating to learning and memory.4 

In 2015, a University of North Carolina observational study among breast 
milk-fed infants around 3 months of age found associations between nutrient 
combinations (ie, higher DHA and choline levels, higher choline and lutein 
levels) and improved recognition memory at 6 months.5 This was the first 
study to suggest an interaction between these breast milk nutrients and their 
positive influence on the cognitive abilities of young infants. Recently, another 
observational study at the University of British Columbia has suggested 
that higher concurrent intake of DHA, choline, and lutein is associated with 
better short-term memory and general mental processing ability in school 
age children.6 

Recent observational study from the Research Institute of British 
Columbia Children’s Hospital in Canada shows positive associations 
between higher concurrent intake of DHA, choline, and lutein and 
cognitive performance among children

This observational study by Mulder et al. investigated the association between 
DHA, choline, and lutein intake with cognitive performance in fifty-nine 
healthy, school age children (median age of 5.8 years). Dietary intake data 
was collected along with measures of cognitive performance (short- and 
long-term memory, visual processing, learning ability, and general mental 
processing ability). The relationship between concurrent nutrient intakes 
and cognitive performance was explored by stratifying the children into  
4 groups by higher versus lower concurrent nutrient intakes.

•  G1 (intakes of all 3 nutrients above cohort medians; n = 15)

•  G2 (intakes of any 2 nutrients above cohort medians; n = 14)

•  G3 (intake of any 1 nutrient above cohort median; n = 15)

•  G4 (intakes of all 3 nutrients at or below cohort medians; n = 15)

In this study, the median (interquartile range) intakes of DHA, choline, and 
lutein in these particular children were 76 (40–127) mg/d, 311 (238–400) mg/d, 
and 2300 (1100–4100) mcg/day, respectively.

Study results:

•  Intake of each of the 3 nutrients was significantly correlated with short-
term memory.

•  Intakes of DHA and choline were each significantly correlated with general 
mental processing ability.

•  Children with dietary intakes of all 3 nutrients above cohort medians (G1) 
had significantly better short-term memory and general mental processing 
ability compared to children with DHA, choline, and lutein intakes below 
cohort medians (G4).

•  Short-term memory scores were also significantly higher in G1 compared 
with G2 and tended to differ in G1 compared with G3.

• No other subgroup differences were detected.

Overall, these results suggest that higher concurrent intakes of DHA, choline, 
and lutein are associated with higher scores of short-term memory and 
general mental processing ability in school age children.

DHA, choline, and lutein may work together in the brain

A substantial amount of in vitro and preclinical animal studies have  
revealed that DHA and choline are critical nutrients supporting neuronal 
and brain development.7-14 As indicated in Figure 1, DHA is 
a part of the neuronal membrane and influences 
membrane integrity and fluidity7,9;
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IMPORTANT NOTICE: The World Health Organization (WHO*) has recommended that pregnant women and new mothers be informed on the benefits and superiority of breast-
feeding – in particular the fact that it provides the best nutrition and protection from illness for babies.

Mothers should be given guidance on the preparation for, and maintenance of, lactation, with special emphasis on the importance of a well-balanced diet both during pregnancy 
and after delivery. Unnecessary introduction of partial formula-feeding or other foods and drinks should be discouraged since it will have a negative effect on breastfeeding. 
Similarly, mothers should be warned of the difficulty of reversing a decision not to breast-feed.

Before advising a mother to use an infant formula, she should be advised of the social and financial implications of her decision: for example, if a baby is exclusively formula-fed, 
more than 400g per week will be needed, so the family circumstances and costs should be kept in mind. Mothers should be reminded that breast-milk is not only the best, but also 
the most economical food for babies.

If a decision to use an infant formula is taken, it is important to give instructions on correct preparation methods, emphasizing that unboiled water, unsterilized bottles or incorrect 
dilution can all lead to illness.

*See: International Code of Marketing of Breast Milk Substitutes, adopted by the World Health Assembly in Resolution WHA 34.22, May 1981.
For healthcare professionals use only. Not intended for public distribution

Figure 1: Possible mechanisms of action of DHA, choline, and lutein working 
together in the brain
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it influences oxidative stress and reduces inflammation7; it modulates cell 
growth and survival, and facilitates neuronal communication.7,9 Existing 
literature on choline also suggest that it has an impact on all these processes 
(Figure 1)8,10-15, and in some instances, may have a more direct effect. Lutein is 
widely accepted as an important nutrient for eye development and function, 
and as an antioxidant, may reduce oxidative stress and inflammation.16,17 
Emerging data also demonstrate that lutein is accumulated in brain tissues 
critical for cognitive functions, such as the hippocampus.4 Collectively, 
these three nutrients may work together5,18,19 in impacting neurocognitive 
development via its unique pathways and/or shared biological processes. 
Additional studies are warranted to determine causality and further investigate 
the potential mechanism of these nutrients working together.

Figure 2 shows the average reported intake of DHA, choline, and lutein 
from available worldwide data (right) in the context of the current dietary 
recommendations for these nutrients (left). Although the evidence from 
the UBC data suggests the importance of DHA, choline, and lutein intake in 
cognitive performance in children and perhaps that consuming an optimum 
amount of these nutrients concurrently could provide benefit, we must 
remember that the populations and dietary intake methods and analyses 
differed between the UBC data and other reported dietary intake surveys, and 
more data is required to draw conclusions. It is clear and remains important 
however, that a child gets appropriate amounts of DHA, choline, and lutein 
through a healthy, well-balanced diet and/or nutritional supplements.

Figure 2: Dietary recommendations and the reported average intakes of DHA, 
choline, and lutein

Nutrient
Recommended  
Dietary Intake

Examples of Known Nutrient Gaps  
vs Recommendations

DHA

2–4 years old:  
100–150 mg/day*

4–6 years old: 
150–200 mg/day*

6–10 years old:  
200–250 mg/day*,20 

*(DHA+EPA)

•  Median DHA intake across 76 developing 
countries (17 upper middle income,  
34 lower middle income, 25 low income)  
was found to be 48.9 mg/day21   

•  A study reported a DHA intake with a  
mean of 54.1 mg/day in Canadian children 
4–8 years old22 

Choline

 1–3 years old: 
200 mg/day

4–8 years old:  
250 mg/day23 

•  Choline intake as assessed in European 
population showed 151–210 mg/day among 
toddlers and 177–304 mg/day among other 
children (3 to ≤ 10 years old)24 

•  National Health and Nutrition Examination 
Survey (NHANES) from US showed suboptimal 
intakes of choline (92.9% in children aged  
2–3 years and 45.4% in 4–8 years)25

Lutein
No recommended 
daily intake  
for lutein

•  US NHANES data reported intake of  
lutein (279 mcg/day for 1–3 year olds  
and 311 mcg/day for 4–8 year olds)26

•  FITS reports 30% of preschoolers do not 
consume a daily serving of vegetables27
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KEY TAKEAWAYS

• These cohort findings report that higher concurrent intakes of DHA, choline, and lutein are associated with better cognitive performance in school age children.

• DHA, choline, and lutein may be working together in the brain to support a child’s cognitive performance.

• Evidence suggests that current DHA, choline, and lutein intakes among toddlers and school age children may not be enough, based on experts’ 
recommendations and suggestive findings in the scientific literature.

• It is important that a child gets the appropriate amount of DHA, choline, and lutein through a healthy, well-balanced diet and/or nutritional supplements.

Information brought to you by Wyeth Nutrition, pioneers of infant nutrition science for over 100 years, manufacturer of S-26® GOLD.

S-26 GOLD has range of infant and growing-up milk formulas with the S-26® NutrilearnTM System, a scientific blend of the highest quality nutrients 
working together to support the multiple dimensions of a child’s development for learning.

For healthcare professionals use only. Not intended for public distribution.
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