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As well as the differences in myelination our observational data indicated 
that SM levels were also positively correlated with cognitive performance 
within normal ranges of development (using the Mullen Scales of  
Early Learning).

Experiments using in vitro models of myelination suggested a 
potential mechanism for the noted effects, where SM supplementation 
resulted in dose-dependent significantly improved myelination and 
neuronal network growth. 

Sphingomyelin in brain and cognitive development 
Preliminary data 
Introduction
Myelin is the coating around nerve fibers, which enables fast  
and efficient transmission of nerve impulses (Fields, 2008). 
Ensuring efficient transmission is important in the maturation 
of the infant brain networks, information processing and 
ultimately, to cognitive performance in infants and children 
(O'Muircheartaigh et al., 2013). The abundant levels of SM in the 
CNS and its presence in maternal breast milk (Bitman, Wood, 
Mehta, Hamosh, and Hamosh, 1984) suggest it has an important 
role in infant nutrition and in particular in infant brain development.  

Preclinical studies have provided insight on the role of SM in CNS 
development under compromised conditions (Oshida et al., 2003).
But the impact of SM intake from diet as well as any potential 
mechanisms for positive effects are unknown, especially in healthy 
infants and children.

In this preliminary study, we investigated the link between early 
life SM obtained from the diet (extracted from parent reporting 
and the reported formulas analyzed retrospectively) with later 
brain development, brain structure (as measured by brain imaging) 
and cognitive function in a group of healthy children. Second, we 
examined the mechanism behind these effects using in vitro models 
of brain development. 

Results
Brain regions with a significant relationship between formula 
SM content (consumed in the first 3 months of life) and myelin 
water fraction (MWF – a surrogate imaging measure of myelin 
content) between 12 and 24 months of age is shown in figure 1. 
(Presence of colour indicates a statistically significant result for 
that particular brain region, shading of the colour (red – yellow) 
indicates strength of relationship i.e. low to high). 

The trajectory of brain myelination is represented in figure 2 .  
These trajectories are different for children who received a formula 
composition with high SM content (71mg/L) versus a lower SM 
content (28mg/L) composition.

Key Points
The presences of sphingomyelin (SM) in breast milk suggests
it has a role in infant nutrition and its abundance in the CNS
indicates a potential role in infant brain development. 

In this preliminary study, we investigated the link between
early life SM obtained from the diet (extracted from parent
reporting and the reported formulas analyzed retrospectively)
with later brain development, brain structure (as measured by
brain imaging) and cognitive function in a group of healthy
children. Second, we examined the mechanism behind these
effects using in vitro models of brain development.  

Our preliminary findings in children indicate a positive
association between early SM intake (0-3 months) and later
brain structural development as well as learning. The structural
development results are supported by findings obtained in our
in vitro models. 

IMPORTANT NOTICE

The World Health Organization (WHO*) has recommended that pregnant women and new 
mothers be informed on the benefits and superiority of breastfeeding– 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.
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Despite the promising first results, this study has several limitations 
including observational (not interventional), small sample size, 
the absence of SM bioavailability data, retrospective analysis of 
the infant formula, a delay between SM feeding through infant 
formula and effects on myelination and cognition. Given these 
time-related limitations, changes in nutritional composition of the 
formula as well as the impact of other environmental influences on 
myelination and cognition (e.g. parent-child interaction, nutrition, 
physical activity, sleep) cannot be excluded.

Nevertheless, our findings are the first to report a positive 
association between SM and brain structure as well as learning in 
healthy children, and structural development results are further 
supported by in vitro models. 

Future studies need to investigate this area further to build on the 
findings of this preliminary work.

Discussion
This is the first study in healthy children that links dietary SM 
intake from the diet (in the form of infant formula in the first 3 
months of life) to cognitive development and brain myelination 
in early childhood.

Higher levels of SM in the first 3 months of life were associated 
with higher levels of brain myelin content in the second year of 
life, particularly in the cerebellum, occipital lobe, visual cortex, 
internal capsule, parietal lobe and motor cortices – areas of the 
brain involved in vision, movement and learning.

Our findings also indicate an impact of SM on the pattern of 
developmental myelination in favor of a later onset as well as a 
more prolonged rate of myelination (figure 2).

As well as the differences in myelination our observational data 
indicated that SM levels were also positively correlated with 
cognitive performance. Specifically, the data suggested verbal 
functioning (e.g. auditory comprehension and memory, speaking 
ability and language formation) to be more sensitive to early life 
SM intake than non-verbal functioning (e.g. visual processing and 
visual memory, motor control and coordination skills).

Through use of in vitro models we explored the potential 
mechanism behind SM related effects on myelination. Our results 
suggest it may be mediated through increasing the proliferation, 
differentiation and maturation of myelination promoting cells 
known as oligodendrocytes. Further experiments are needed to 
characterize the exact mechanism of SM in myelination. 
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Figure 1: Brain regions with a significant relationship between formula 
SM content and MWF between 12 and 24 months of age. 

Figure 2: Representative whole-brain white matter myelination 
trajectories for children who received a formula composition with high 
SM content (71mg/L) versus a lower SM content (28g/L) composition.




