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Fats and Fatty Acids in Infant and Child Nutrition

Fats have traditionally been considered a necessary
part of the dietary energy supply. Until recently the main
focus of research has been the total amount of fat that can
be tolerated and digested by infants and young children,
while the composition of dietary fat had received relatively little attention. Interest in the quality of dietary lipid supply in early life as a major determinant of growth,
infant development and long-term health is presently
growing. Indeed, the selection of dietary fat and fatty acid
sources during the first years of life is now considered to
be of critical importance [Koletzko et al., 1997; Uauy et
al., 2000a]. Fats enhance the taste and acceptability of
foods, with lipid components determining in large part
the texture, flavour and aroma of foods. In addition, fats
slow gastric emptying and intestinal motility, thereby affecting satiety. Dietary lipids provide essential fatty acids
(EFAs) and facilitate the absorption of lipid-soluble vitamins. Lipids are the main energy source in the infant diet
and are therefore necessary for normal growth and physical activity. Indeed, fats provide around half of the energy in human milk (and in most artificial formulas). Finally, fat also constitutes the major energy store in the
body; the energy content of adipose tissue on a wet weight
basis is 7- to 8-fold higher than that of tissue containing
glycogen or protein.
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Over recent decades interest in lipid nutrition has focused on the role of essential lipids in central nervous
system development, and of specific fatty acids and cholesterol in lipoprotein metabolism. The impact of fats and
fatty acids on the development of nutrition related chronic diseases throughout the life course has also received
considerable attention. Lipids are structural components
of all tissues and are indispensable for the assembly of
membranes and cell organelles. The brain, retina and
other neural tissues are particularly rich in long-chain
polyunsaturated fatty acids (LCPs). Some LCPs derived
from the n–6 and n–3 EFAs are precursors for eicosanoid
and docosanoid production (prostaglandins, prostacyclins, thromboxanes, leukotrienes, resolvins and neuroprotectins). These autocrine and paracrine mediators are
powerful regulators of physiologic functions (such as
thrombocyte aggregation, inflammatory responses, leukocyte migration, vasoconstriction and vasodilatation,
blood pressure, bronchial constriction, uterine contractility, apoptosis and reperfusion oxidative damage).
Dietary lipids affect cholesterol metabolism at an early age, and may be associated with cardiovascular morbidity and mortality in later life. Lipid supply, particularly EFAs and LCPs, has also been shown to affect neural
development and function [Uauy and Hoffman, 1991;
Uauy et al., 2000c]. Evidence indicates that specific fatty
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Introduction

Essential Fatty Acid Deficiency, Synthesis and
Metabolism

Burr and Burr [1929] introduced the concept that specific components of fat may be necessary for the proper
growth and development of animals and possibly humans. They proposed that 3 specific fatty acids be considered as essential: linoleic acid (LA C18:2n–6), arachidonic
acid (AA C20:4n–6) and ␣-linolenic acid (ALA C18:3n–3).
Despite this important early work, EFAs were considered
of only marginal nutritional importance for humans until
the 1960s, when signs of clinical deficiency were first recorded in infants fed skimmed milk-based formula [Hansen et al., 1963] and in neonates given fat-free parenteral
nutrition [Caldwell et al., 1972; Paulsrud et al., 1972].
These seminal observations firmly established that LA is
essential for normal infant nutrition. Hansen et al. [1963]
observed dryness, desquamation and thickening of the
skin and growth faltering as frequent clinical manifestations of LA deficiency in young infants. The study included 428 infants fed cow milk-based formulations with different types of fat providing a daily LA intake ranging
from 10 mg/kg when fed a fully skimmed milk-based
preparation to 800 mg/kg when fed a corn and coconut
oil-based preparation. More subtle symptoms appear in
n–3 EFA deficiency including skin changes unresponsive
to LA supplementation, abnormal visual function and peripheral neuropathy have been reported in subjects receiving high n–6, low n–3 fat sources as part of their intravenous nutrition supply [Holman et al., 1982, 1988].
Humans can synthesize saturated and monounsaturated fatty acids, but they cannot synthesize the n–3 and
the n–6 families of polyunsaturated fatty acids. The parent
fatty acids of these families ALA and LA are essential fatty acids and must be present in the diet. The essentiality
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of n–6 and n–3 fatty acids for humans is best explained by
the inability of animal tissues to introduce double bonds
in positions proximal to carbon 9, counting from the
methyl or ‘n’ terminus. Moreover, the fatty acids of these
families cannot be interconverted, thereby making both
n–3 and n–6 fatty acids essential. ALA and LA are converted to longer chain, more highly unsaturated fatty acids
through enzymatic chain elongation and desaturation.
ALA is converted to eicosapentaenoic acid (EPA C20:5n
–3) and then to docosahexaenoic acid (DHA C22:6n–3),
while LA is converted to AA. DHA is a critical component
of cell membranes, especially in the brain and the retina.
The high DHA relative content of cerebral cortex and retinal phospholipids supports an essential role of this n–3
fatty acid for brain and visual function [Uauy et al., 1991],
and it is possible that nervous system manifestations of
n–3 deficit may result from DHA deficit. AA is both a
membrane component and a precursor to potent signalling molecules, the prostaglandins and leukotrienes. The
review by Ratnayake and Galli on ‘Fat and Fatty Acid Terminology, Methods of Analysis and Fat Digestion and Metabolism’ in this issue provides the background on the biochemical pathways for conversion of ALA to DHA and LA
to AA; figure 1 summarizes these metabolic conversions.
The chain elongation/desaturation enzymes are shared by
the n–3 and n–6 fatty acids with competition between substrates for these enzymes [Burdge and Calder, 2005; Innis,
2005]. However, synthesis of long-chain n–6 from LA in
early life seems to be more efficient than that of n–3 fatty
acids [Koleztko et al., 1996; Salem et al., 1996].
Animal and human studies have established that brain
phospholipid AA and DHA decrease, whereas n–9 and
n–7 mono- and polyunsaturated fatty acids increase
when subjects are fed on diets that are deficient in either
LA and ALA or only n–3 fatty acids. Typically, cell membranes from animal or human tissues deficient in n–3
fatty acids have decreased levels of DHA and increased
levels of the end product of n–6 metabolism, n–6 docosapentaenoic acid (C22: 5n–6). Within the subcellular organelles, synaptosomes and mitochondria seem to be
most sensitive to a low dietary n–3 supply, as evidenced
by the relative abundance of DHA in these organelles and
their change in composition in response to dietary deprivation [Galli et al., 1971].
Human neonates as young as 28 weeks’ gestation and
weighing 900 g are able to synthesize LCPs from their
precursors [Carnielli et al., 1996; Salem et al., 1996; Uauy
et al., 2000b]. However, this conversion is quite limited
(3–5% of a tracer dose of labelled precursors was found to
be converted to LCPs over a 96-hour period [Uauy et al.,
Ann Nutr Metab 2009;55:76–96
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acids exert their effect by modifying the physical properties of membranes, including membrane-related transport systems, ion channels, enzymatic activity, receptor
function and various signal transduction pathways. More
recently the demonstration that specific fatty acids have
a role in determining levels of gene expression for key
transcription factors, peroxisome proliferator-activated
receptors and retinoic acid receptors has led to increased
interest in better defining the role of these critical nutrients in the regulation of lipid metabolism, energy partitioning, insulin sensitivity, adipocyte development and
neural function across the lifespan [Innis, 1991; Lauritzen et al., 2001].
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LCP supply available for membrane synthesis. Human
milk and LCPs from dietary sources provide minimal
preformed AA and substantial amounts of preformed
n–3 LCPs such as DHA [Jensen, 1995, 1996].
LA and ALA should be considered essential and indispensable since they cannot be synthesized by humans.
While DHA and AA can be synthesized from ALA and
LA, respectively, they should be considered non-essential, although a dietary supply may be necessary for longterm health. However, given the limited and highly variable formation of DHA from ALA (1–5%) and because of
their critical role in normal retinal and brain development in the human they should be considered conditionally essential during early development. Similarly, they
might be considered conditionally essential for life-long
health considering intakes required for the prevention of
cardiovascular disease [WHO/FAO, 2003].

Fats and Fatty Acids as an Energy Source for Growth
and Development

On a dry weight basis, dietary triacylglycerol has the
highest chemical energy value of all fuel sources (approx.
9 kcal/g [37.7 kJ/g] to 4 kcal/g [16.8 kJ/g] for carbohydrates
and proteins). Fat contributes approximately 35% of the
Uauy /Dangour
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2000b], and the overall evidence indicates that in early
life C18:n–3 precursors are not sufficiently converted to
DHA to allow for biochemical and functional normalcy
[Salem et al., 1996; Uauy et al., 2000b]. Moreover, recent
studies of genetic polymorphisms in genes responsible
for fatty acid desaturation suggest that variability in biochemical responses and functional central nervous system effects to changes in diet are partly explained by single nucleotide polymorphisms affecting a large proportion of the population [Schaeffer et al., 2006].
The uniqueness of the biological effects of feeding human milk on EFA metabolism is based on the direct supply of preformed LCPs, bypassing the regulatory step of
both the ⌬6 and ⌬5 desaturases [Salem et al., 1996; Llanos
et al., 2005]. Excess dietary LA associated with some vegetable oils, particularly safflower, sunflower and corn oil,
may decrease the formation of DHA from ALA because
the ⌬6 desaturase is inhibited by excess n–6 substrates.
In addition, on a relative conversion basis AA formation
is lower when excess LA is provided. The inhibitory effect
of EPA on ⌬5 desaturase activity has been considered responsible for the lower membrane and plasma AA content observed when marine oil is consumed. Excess LA,
as seen in infants receiving corn oil or safflower oil as the
predominant fatty acid supply, will inhibit the elongation
and desaturation of the parent EFAs and thus lower the

mained in the study. The intervention families received
individualized dietary and lifestyle counselling at intervals of 1–6 months; the control children were exposed to
standard guidance given at well-baby clinics in Finland
and were seen at 12 month intervals. Dietary fat intake of
the intervention children is based on predominantly
poly- and monounsaturated fats while the control infants
consume more saturated fats. Serum cholesterol and lowdensity lipoprotein (LDL) cholesterol values of the intervention children are significantly below those of the controls. ApoE phenotypes markedly influenced serum cholesterol values in early childhood but the intervention
effects have been visible in children with all apoE types
[Niinikoski et al., 1997, 2007]. These changes have occurred without changes in the growth or neurological development of the children. A similar intervention with a
dietary fat intake of 30–35% in French infants also did not
result in impaired growth between ages 7 and 13 months
[Michaelsen, 1995].
A number of studies have found that low-fat diets in
the 25–30% range result in lower energy intakes in children with no measurable impact on growth performance,
provided overall energy intake is sufficient to support
maintenance, normal activity and normal tissue accretion. If the diet records accurately reflect habitual intake,
these findings raise the possibility of decreased physical
activity in infants and young toddlers as a way to adjust
to the low-fat diets. However, several studies on secular
trends, migration and vegetarian diets link dietary fat restriction to slower growth. Unfortunately, these studies
are confounded by inadequacies in total energy and micronutrient intake [Rolland-Cachera et al., 1995]. Some
investigators, have reported lower vitamin and mineral
intakes in association with low-fat diets [Reddy et al.,
1980; Zlotkin, 1996]. A cohort of 500 Canadian preschoolers was stratified according to percent of energy
from fat between ages 3 and 6 years in the following
groups: !30%, 30–40% or 1 40%. Low-fat intake was associated with inadequate intake of fat-soluble vitamins.
For children habitually on low-fat diets, the odds ratio
for underweight for age 6 years was 2.3 [Gibson et al.,
1993].
The relationship between dietary fat intake and body
fat in children has been examined in a number of studies
in developed countries. Unfortunately, most studies have
evaluated body composition based on the measurement
of skinfold thickness which is not the most sensitive predictor of total body fat. The effect of dietary fat intake on
growth of 140 children in New Zealand was examined at
ages 2, 4, 6 and 8 years [Boulton et al., 1995]. Median per-
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energy required and approximately 90% of the energy retained during the first 6 months of life in a healthy infant.
Infants can form saturated and monounsaturated lipids
de novo for tissue deposition but the capacity for endogenous synthesis is limited. Endogenous lipid synthesis is
an energy-demanding process; the synthesis of fat from
glucose requires approximately 25% of the energy from
glucose, whereas the storage of fat from preformed fatty
acids requires only approximately 1–4% of the energy.
Supply to infants of isoenergetic diets with greater content of fat than carbohydrate therefore leads to a higher
weight and fat and lower energy expenditure. Obese children who consume high-fat diets tend to have a greater
weight gain, whereas infants who consume low-fat diets
(fat content !25% of total energy intake) commonly fail
to thrive [Tremblay et al., 1989; Brown et al., 1995; Koletzko et al., 1997].
The energy cost of growth is a major component of
total energy requirements for the first 6 months of life
(typically approx. 20–30% of energy), and this progressively drops in relative terms to !5% of energy at age 12
months [Uauy et al., 2000a]. Weight gain is therefore a
sensitive indicator of overall dietary energy adequacy
for the first years of life [Torun et al., 1996; FAO/WHO/
UNU, 2004]. If the diet provides an adequate supply of
energy and essential nutrients, there is no convincing evidence that a dietary fat intake of 30% of energy adversely affects the growth and development of healthy children
living in a clean environment. A review of studies from
Europe and North America also found little evidence of
adverse effects of low dietary fat on growth of young children aged 6–36 months. Percentage of dietary fat was not
correlated with energy intake, growth velocity or energy
density of the diet between ages 6 and 12 months, whereas energy density was positively associated with energy
intake and weight gain [Fjeld et al., 1989; Nicklas et al.,
1992; Shea et al., 1993; Butte, 1996; Torun et al., 1996;
Muñoz et al., 1997]. Dietary energy density, nutrient density and feeding frequency may be more important than
dietary fat content in determining intake and growth of
young children. No association between fat intake and
growth was detected in infants aged 7–13 months or children aged 2–5 years or 3–5 years [Friedman et al., 1976;
Lapinleimu et al., 1995; Michaelsen, 1997].
In the STRIP trial, moderately restricted fat intake
(25–30% of energy) was not associated with compromised infant growth between 7 and 36 months [Niinikoski et al., 1997]. The trial comprised 1,062 children and
families when launched, and followed children from the
age of 7 months to 18 years; around 600 children re-
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rich foods were those containing oil, but these expensive
items were not frequently consumed. LCP intakes expressed per unit of body weight drop significantly in
Gambian children after 12 months of age. These and other findings from developing nations point up clear differences in total energy and saturated fat intake between
children in developed and developing countries.

Cholesterol in the Infant Diet

Interest in the long-term impact of high cholesterol
feeding arose after Reiser et al. [1979] proposed that high
cholesterol feeding in early life may serve to regulate cholesterol and lipoprotein metabolism in later life. Studies
in suckling rats have suggested that the presence of cholesterol in the early diet may serve to define a metabolic
pattern for lipoproteins and plasma cholesterol that could
be of benefit later in life. Differential diets in infant baboons [Mott et al., 1991] provided evidence to the contrary in terms of benefit. Nevertheless, the observation of
modified responses of adult cholesterol production rates,
bile cholesterol saturation indices, and bile acid turnover,
depending on whether the baboons were fed breast or formula milk served to attract further interest. The idea of
possible metabolic imprinting served to trigger several
retrospective and prospective studies comparing cholesterol and lipoprotein metabolism in human milk-fed and
formula-fed infants. However, no long term human morbidity and mortality data supporting this notion have
been reported.
Short-term human studies have been in part confounded by diversity in solid food weaning regimens, as
well as varied composition of fatty acid components of
the early diet; this latter factor is now known to impact
circulating lipoprotein cholesterol species. The mean
plasma total cholesterol by the age of 4 months in infants
fed breast milk reaches 180 mg/dl or greater, while cholesterol values in formula-fed infants tend to remain under 150 mg/dl. In a study by Carlson et al. [1982] infants
receiving predominantly a lLA-enriched oil blend exhibited a mean cholesterol concentration of approximately
110 mg/dl. A separate group of infants in the study receiving predominantly oleic acid had a mean cholesterol concentration of 133 mg/dl. Infants fed breast milk and oleic
acid-enriched formula had relatively higher high-density
lipoprotein cholesterol and apoproteins A-I and A-II
compared to the predominantly LA-enriched diet group.
The ratio of (LDL + very-LDL)-cholesterol to high-density lipoprotein cholesterol was, however, lowest for inUauy /Dangour
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cent dietary fat intake fell from 44% at 3 months to 36%
at 6 months and remained at a similar level until 8 years.
At each age interval no differences were observed in
height, weight or skinfold thickness among children consuming !30, 30–34.9 and 134.9% of dietary energy as fat.
Maffeis et al. [1996] recorded a diet history and measured
the skinfold thickness of 82 prepubertal Italian children.
Mean fat intake was 36.6% in obese children and 33.8%
in non-obese children, and percent dietary fat was only
weakly correlated with percent body fat mass. Gazzaniga
et al. [1993] studied 48 lean and obese American children
and reported that the obese children consumed higher
proportions of total energy as fat. Percent fat mass was
positively correlated with dietary fat intake independent
of total energy intake. Fisher and Birch [1995] found that
children who preferred high-fat snacks consumed a high
percentage of total energy as fat and had high triceps
skinfold measurements. Ricketts [1997] obtained diet records and examined preference ratings of high- and lowfat snack foods and skinfold measurements in 88 American children, aged 9–12 years. Mean percent dietary fat
was 34%. Children who preferred the high-fat snacks had
high dietary fat intakes. High-fat food preference was associated with higher body mass index and triceps skinfold measurements. In summary, data from industrialized countries suggest that if diet supplies adequate energy and essential nutrients, a dietary fat intake of 30% of
energy is adequate for normal growth and development
of healthy children. There is clearly insufficient data to
firmly establish a lower and upper mean value for the
population range of percent energy intake from fat. These
values will clearly be context specific, depending on age,
activity level, prevalence of diarrheal disease and other
infectious morbidity.
The data for developing countries is much more limited. Prentice and Paul [2000] report the total fat intake
of Gambian infants over their first 17 months of life,
showing relatively little change in fat intake on an absolute basis and therefore a marked decline per kilogram of
body weight. Fat intake was highest in the first 3 months
and was provided almost entirely by human milk; as infancy progressed, an increased intake of cereal- and
groundnut-based foods containing little fat replaced the
gradual decline in human milk. The percent energy from
fat was initially 150% and declined to 30% by 17 months.
Once infants were fully weaned at around 2 years, both
fat intake and fat percent energy fell very substantially,
the latter being only 15%. Dietary fat was provided chiefly by groundnuts, but cereals were also important because relatively large quantities were eaten. The few fat-
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Recommendations for Fat as a Proportion of the
Energy Requirements of Infants

During the first 6 months of life, dietary total fat should
contribute 40–60% of total energy to cover the energy
needed for growth and the fat required for tissue deposition. From age 6 months to 3 years, fat intake should be
reduced gradually, depending on the physical activity of
the child, to approximately 30–35% of energy, this is in
line with the upper adult acceptable macronutrient distribution range. The proposed ranges are mean values for
the acceptable distribution of mean energy intake from fat
for a population, expressed as percent of energy.

Comparison of the 1994 Recommendations and
the Proposed 2008 Values

The present recommendations differ from those of the
1994 report (0–6 months 50–60% of energy; 6 months to
3 years 30–40%; children 13 years 30–40%) and other
recommendations formulated by national or regional expert groups (table 1). The justification for the slight decrease in lower and upper values of the acceptable range
is based on the need to control energy intake more tightly
in order to prevent the progression of the obesity epidemic. This at first appears to contradict the existing evidence
summarized in previous sections that indicates that percent fat in the diet in early life is not associated with increased prevalence of overweight and obesity at later ages.
However, the physiologic standards for energy intake
[FAO/WHO/UNU, 2004] and the acceptable weight for
children 0–5 years [WHO Multicentre Growth Reference
Study Group, 2006] have recently been redefined in a significant way [Uauy et al., 2006]. The new standards suggest that children after completing the first 6 months of
life should gain less weight and slightly more height than
previously considered, since the new standard is derived
from a prescriptive approach corresponding to predominantly breast-fed infants to 6 months and non-smoking
mothers. The new reference supports leaner and slightly
taller children for the years 0–5. The new energy recommendations, which are based on measured energy expenditure rather than reported energy intakes, indicate that
children of 0–24 months have energy needs that are 15–
20% lower than previously recommended; for children
2–6 years there was also a significant overestimation. The
new norms coupled with the epidemiological evidence of
a significant progression of the obesity epidemic in young
children support the need to restrict the percent fat intake
Ann Nutr Metab 2009;55:76–96
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fants receiving the oleic acid-predominant formula. Using a similar oleic acid-predominant formula, Darmady
et al. [1972] reported a mean value of 149 mg/dl at age 4
months, compared to 196 mg/dl in a parallel breast-fed
group. Most of the infants then received an uncontrolled
mixed diet and cow milk, with no evident differences in
plasma cholesterol levels by 12 months, independent of
the type of early feeding.
Several studies have assessed the effect of feeding a
controlled lipid diet on plasma cholesterol lipoprotein
fractions, using a prospective randomized controlled diet
design. We studied infants on controlled lipid diets from
birth to age 12 months, followed by an ad libitum diet
from age 12 to 24 months [Mize et al., 1995]. The experimental approach was based on the comparison of oleic
acid- versus LA-predominant diets (both low in cholesterol) as compared to human milk (oleic acid-predominant and high in cholesterol). The human milk group was
weaned at a mean age of 6.2 months (range 4–8.5) and after weaning received a mixed diet resembling human milk
in its cholesterol content. As a result of weaning, the percent of calories delivered as fat decreased in all groups
from 50 (up to age 4 months) to 35% (from ages 4 to 12
months). Our study showed significant effects of exclusive
human milk feeding on lipoprotein cholesterol concentrations at 4 months. At age 9 and 12 months, the human
milk group had cholesterol concentrations which were not
different from those of the high oleic acid, low cholesterol
diet group. The high LA, low cholesterol diet group had
lower total- and LDL-cholesterol throughout the study.
These data suggest that the specific fatty acid intake rather than dietary cholesterol plays a predominant role in
determining total and LDL-cholesterol; this is in accordance with data from adults [Mensink and Katan, 1992].
More recently Ohlund et al. [2008] assessed the association of the quantity and quality of dietary fat intake
from 6 to 12 months of age and serum lipids at 12 months
in healthy term Swedish infants recruited in a longitudinal prospective study. Three hundred infants were recruited at the age of 6 months and 276 remained in the
study at 12 months. The study revealed that a higher
polyunsaturated fatty acid intake was associated with
lower total serum cholesterol, lower LDL cholesterol and
apolipoprotein B independent of total fat consumed. The
results provide added support to the notion that the quality of the dietary fat has greater impact on serum lipoprotein cholesterol levels than the quantity of fat, concluding
that higher polyunsaturated and lower saturated fatty
acid intakes may reduce total cholesterol and LDL cholesterol early in life.
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hydrogenated fats should be avoided to reduce trans fatty
acid intake. Unless children are very active, total fat intake
should be in the range of 30–35% of total energy.
The balance in n–6 to n–3 fatty acid intake is based on
eicosanoid-related effects. There are some indications that
variations of the ratio of n–6 to n–3 may modulate allergy,
inflammation, clotting and vascular responses. The provision of preformed LCPs has been suggested for infants not
breast fed for the first 12 months of life. There is evidence
for a need of preformed LCPs after weaning at age 6 months
even in infants who were fully breast fed for the first 6
months of life and receive a variety of foods; the introduction of food sources of LCPs such as eggs, liver and fish are
presently being delayed due to concerns about allergy.
There is a general concern that the dietary intakes of
EPA and DHA among infants and children in many western and non-western countries are lower than desirable.
The evidence supporting the need for n–3 LCPs during
infancy is reviewed elsewhere in this chapter. However,
there is currently insufficient evidence to link increased
intake levels of DHA and/or EPA to improved physical or
mental development or specific functional benefits in
children aged 2–18 years. Therefore, quantitative dietary
intake recommendations for children cannot be established at this time. Dietary intake patterns that are advised to adults to prevent chronic diseases will apply to the
whole population, including children older than 2 years
of age, unless there are specific arguments for alternative
guidelines or recommendations. There is no reason why
children should be excluded from the advice provided to
adults to consume at least 1 or 2 meals of fatty fish per
week. Establishing a quantitative dietary intake recommendation for EPA and DHA for children aged 2–18 years
will require a research program focussing on well-defined, public health-relevant, age-specific outcomes.
Human milk is used as a model to define acceptable
intakes or other recommendations (estimated average requirement, recommended nutrient intakes) for fats and
fatty acids in early life for normal infants (0–2 years).
Human milk is the preferred mode of infant feeding,
and present recommendations establish that term infants
be exclusively breast-fed for the first 6 months of life
[FAO/WHO/UNU, 2004]. The new WHO growth standards [WHO, 2006] are based on a prescription of predominant breast feeding for the first 6 months of life.
Moreover, presently the evaluation of adequacy of artificial formula feeding is based on the capacity of formula
to support growth, development and functional responses in a manner similar to human milk. Thus, the need to
compare the biochemical, metabolic and functional reUauy /Dangour
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to facilitate the achievement of energy balance without
undue increases in body fat. Objective controlled studies
of the impact of the percent fat in the infant and child diet
should be conducted in order to strengthen the evidence
for this recommendation. However, in light of the public
health implications of the childhood obesity epidemic
and the new normative standards limiting both the upper
and lower ranges of the acceptable macronutrient distribution range for fat is reasonable.
Health promotion efforts for the general population
emphasize the importance of limiting the dietary intake
of saturated and total fats to prevent nutrition-related
chronic diseases. This has lead to a reduction of total lipid intakes in children of some populations, reaching average values as low as 28–30% energy after age 6–12 months.
Adverse effects of low-fat diets (!25% of energy) on
weight gain and longitudinal growth in young children
has been documented. Lowering saturated fat but not total fat intake may be considered exclusively in children
from families with evidence of dyslipidemia due to high
LDL cholesterol or elevated triglyceride levels.
The total diet should provide infants with at least 3–
4.5% of total energy from LA and at least 0.5% energy
from ALA to meet EFA requirements. Very high intakes
of EFAs have no advantage and are associated with potential health risks. Intake of LA and other n–6 fatty acids
should be limited to !10% of energy and intake of total
polyunsaturated fatty acids should be limited to !15%
energy. After age 2 years the composition of dietary fat
should be aimed at reducing the risk of nutrition-related
chronic diseases: saturated fatty acid intake should not
exceed 8% total energy, trans fatty acids should be maximally reduced to !1% of total fat, polyunsaturated fatty
acids should contribute approximately 6–10% of energy
and the remaining fat energy should come from monounsaturated fatty acids.
The proposed values are more specific in terms of recommending maximum values for total polyunsaturated
fatty acid intake and, this can be justified by the emerging information on the effect of excess n–6 polyunsaturated fatty acid on eicosanoid related functions and the
implications for oxidative stress and chronic inflammation. The recommendation for a slightly lower percent
energy from saturated fat is derived from the evidence of
a beneficial effect of reduced saturated fat on LDL cholesterol plasma levels obtained in adults.
One practical approach to limiting saturated fat is to
advise consumption of low-fat milk and dairy products, if
this is done appropriate sources of lipid soluble vitamins
(A, D and E) should be provided. Processed foods rich in

Information on Blood LCP Levels Derived from
Infants Not Breast Fed

The potential use of other available information to define possible daily recommended intakes for infants (estimated average requirement, recommended nutrient inFat and Fatty Acid Recommendations for
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takes, nutrient values and upper limits) [UNU/FAO/
WHO, 2007] was also explored. Dietary reference intakes
for children are set using a variety of different methodological approaches, including consideration of deficiency states, usual intake levels, factorial approaches to calculate needs for maintenance and growth, and intake levels associated with impact on function and/or overall
health. If no age-specific data are available extrapolation
from reference values established for other age groups
such as adults or interpolation from data obtained in
young infants and adults are used.
Numerous studies on infants not breast fed and fed
formulae with various mixtures of C18 polyunsaturated
fatty acids, ALA and LA have been conducted in an effort
to match the LCP status of breast-fed infants (as measured by plasma or red blood cell LCPs). Although DHA
levels are marginally higher in infants fed formulae with
a high ALA/LA ratio compared to groups fed lower ratios, they do not reach the values observed in breast-fed
infants; AA levels might even be suppressed when high
ALA/LA ratios are given [Chirouze et al., 1994; Jensen et
al., 1996; Makrides et al., 2000]. Several studies have compared C20 and C22 LCP levels in plasma and red blood
cells of infants fed human milk, formulae supplemented
with LCPs or unsupplemented formula [Birch et al., 1998;
Gibson et al., 1998]. Circulating levels of both DHA and
AA in breast-fed infants can only be matched with the
addition of both of these fatty acids to the formula. Provision of n–3 LCPs without AA in infant formula may reduce circulating AA in preterm infants [Koletzko et al.,
1989; Hoffman et al., 2000; Lapillonne et al., 2000a] and
in term infants [Lapillonne et al., 2000b] and may negatively affect growth in these infants [Carlson, 1996; Ryan,
1999; Lapillonne and Carlson, 2001].

Effect of LCPs on Visual Development during
Infancy

Infants are born with a poorly developed visual system,
but during the first year of life vision develops rapidly
[SanGiovanni, 2000; Uauy, 2003]. Markers of visual development typically involve electrophysiological measures of
retinal function [electroretinograms] or visual cortex
function [visual evoked potential (VEP)] or behavioural
measures [forced choice preferential looking (FPL)]. Methodological differences are important since electrophysiological evaluations are more sensitive than FPL, and
therefore are capable of detecting smaller differences between groups. Several studies have evaluated the effect of
Ann Nutr Metab 2009;55:76–96
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sponses of breast-fed infants to those given by artificial
nutrient formulations. This same paradigm has been recently used by the expert group addressing protein and
amino acid requirements of children for the first 6 months
of life [WHO/FAO/UNU, 2008].
Mature human milk (after the first 2–3 weeks of life)
provides a fat to energy ratio of 50%. Human milk provides mainly saturated (palmitic) and monounsaturated
(oleic) fatty acids and a relatively high cholesterol intake
of 100–150 mg/day [Jensen, 1996]. Formula-fed infants
receive a similar fat to energy ratio but in contrast have a
much lower cholesterol intake, 25–60 mg/day. A mix of
vegetable oils (corn, soy, safflower, olive or sunflower) is
added to most formulas [Uauy et al., 2000a], and the oleic acid and LA content will depend on the oil source. The
use of vegetable oils in the infant diet is based on availability, nutritional properties and relative costs of oil
sources. The need to include LA, ALA and LCPs (chain
length 118 carbons) in formulas is now well established
[FAO/WHO, 1994; Uauy et al., 1999].
Human milk is a source of LA, ALA, DHA, AA, and
other LCPs. The level of AA is relatively constant on a
worldwide basis, while the level of DHA is more variable
and depends on maternal diet and lifestyle [Agostoni et al.,
1998, 2003; Marangoni et al., 2002; Smit et al., 2002; Yuhas
et al., 2006]. Population means of AA in human milk
range between 0.3–0.7 weight percent of total fatty acids
[Marangoni et al., 2002; Smit et al., 2002; Yuhas et al.,
2006], while means of DHA range from 0.2 to 1.0% of total
fatty acids [Yuhas et al., 2006]. Lactating women supplemented with DHA have an increase in milk DHA levels
[Fidler et al., 2000; Jensen et al., 2005]. Gibson et al. [1997]
reported that a dose-dependent response relationship exists between maternal DHA consumption and DHA levels
in human milk, although human milk DHA levels 10.8%
of total fatty acids did little to increase the plasma or red
blood cell DHA content of the study infants. The content
of human milk EFAs and LCPs can serve to define acceptable intakes, taking into consideration the expected volume of intake, the fat content of human milk and the range
of compositions measured in different regions of the world
where children grow well and develop normally.

Table 1. Recommendations on the dietary intake of total fat (% of energy intake) for infants and young children
according to different consultative bodies. Amended from Institute of Medicine [2005]

Age range, months
0–4/6
AAP, 1986
AAP, 1992
Canadian Paediatric Society, 1993a
European Union, 1996
ESPGHAN, 1991 and 1994
WHO/FAO, 1994

no restriction
≥40–58.5%
≥40–58.5%
50–60%

6–12

no restriction
≥32–58.5%b
≥32–58.5%a

12–24

24–36

no restriction

30–40%
30%
no restriction

no restriction
30–40%

30–35%
30–40%

AAP = American Academy of Pediatrics Committee on Nutrition; ESPGHAN = European Society for Pediatric Gastroenterology, Hepatology and Nutrition Committee on Nutrition.
a
Roy et al. [1993]. b Recommendation for follow-on formulae only, not for total diet.
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pared to infants receiving control formula [Hoffman et
al., 2003; Hoffman et al., 2004], these and other studies
which examined durations of LCPs supplementation suggest that they are needed at least over the first 12 months
of life [Birch et al., 2002; Innis et al., 2002; Birch et al.,
2005; Morale et al., 2005].
Three studies have examined the potential long-term
benefits of LCPs supplemented formulae. One of these
studies did not find an improvement in stereoacuity at
4–6 years of age when infants received a formula containing LCPs [Singhal et al., 2007]. A second study found no
differences between breast-fed infants, or infants receiving either LCP fortified formula or control formula at 39
months of age [Auestad et al., 2003]. In the third study,
infants received various formulae (control formula, formula containing DHA alone, formula containing AA and
DHA), or were breast fed for 17 weeks and were assessed
at 4 years of age for vision and IQ. Both vision and IQ
were significantly poorer in the control group compared
to breast-fed infants, while no such differences were
found when the fortified formula groups were compared
to the breast-fed group [Birch et al., 2007].
A recently updated Cochrane review [Simmer, 2004,
2008] did not find a significant relationship between
DHA supplementation and vision or general development in infants, although the authors noted that a benefit
of increased dietary LCP on information processing was
possible. One problem with summary evaluation of the
various studies is the wide range of LCP levels evaluated
(from 0.1 weight percent DHA to 0.36% DHA). Two
groups [Lauritzen et al., 2001; Uauy et al., 2003] have developed models in which infant DHA status is related to
Uauy /Dangour
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DHA status on the developing visual system although relatively few have used electroretinograms. Malcolm et al.
[2003] provided fish oil to mothers during pregnancy and
found that the DHA status of the infants at birth was related to the maturity of visual evoked potential at 2.5 and
6 months of age [Malcolm et al., 2003]. Eye-hand coordination at the age of 2.5 years is improved in infants whose
mothers received high doses of fish oil during pregnancy
[Dunstan et al., 2003]. Observational studies found that
human milk DHA levels were positively correlated to visual development in breast-fed infants [Innis et al., 2001;
Jorgensen et al., 2001]. Studies which evaluated lactating
women receiving either an n–3 LCP supplement or a placebo control did not find a difference between groups
[Gibson et al., 1997; Lauritzen et al., 2004; Jensen et al.,
2005], although several studies identified a significant
positive correlation between visual acuity and milk DHA
levels or infant DHA status [Gibson et al., 1997; Lauritzen
et al., 2004; Innis et al., 2008].
Other studies have evaluated the effect of supplementation of infant formula with LCPs on visual development
with infants receiving supplemented infant formula from
shortly after birth for various amounts of time. Some
studies report positive results, while others find no statistically significant difference between formula groups [reviewed in SanGiovanni et al., 2000; Simmer and Patole,
2004, 2008; Fleith and Clandinin, 2005]. A number of
studies reporting no positive LCP effects were conducted
with very low DHA levels. Two studies have evaluated the
role of formula LCPs in visual development during the
second 6 months of life and both studies found improved
vision when infants received LCPs during this time com-

Table 2. Summary of current recommendations for LCP intake

Institution

LCP daily recommended intake
for infants

1 FAO/WHO, 1994

20 mg/kg body weight

2 Agence française de sécurité sanitaire des aliments, CNERNA-CNRS, 2001

–

3 Health Council of the Netherlands, 2001

80 mg/kg body weight

4 Commission of the European Communities,

2006a

n–6 LCP 2% of total fat max,
1% as AA. DHA 6 0.2% of total fat

5 WHO/FAO, 2003 TRS 916

–

6 UK Scientific Advisory Committee on Nutrition, 2004

–

7 International Society for the Study of Fatty Acids and Lipids, 2008

AA 0.5% of total fat
DHA 0.35% of total fat

8 Deutsche Gesellschaft für Ernährung, 2005

–

9 Perinatal Lipid Intake Working Group,

2007b

DHA 6 0.2% of total fat

10 Position of the American Dietetic Association and Dietitians of Canada, 2007c

–

11 World Association of Perinatal Medicine, 2008

Infant formulae and baby foods:
DHA: 0.2–0.5% of fatty acids
EPA≤DHA, AA≥DHA

a

The Commission of the European Communities. Commission Directive 2006/141/EC of 22 December 2006 on infant formulae and amending Directive 1999/21/EC. Official Journal of the European Union 30.12.2006:L401/1401/33. b Koletzko et al. [2007].
c
Kris-Etherton et al. [2007].

Effect of LCPs on Infant Mental Development

Considering that the predominant n–3 and n–6 LCPs
in the human brain are DHA and AA, it is reasonable to
consider the possibility that supplementation with DHA
during pregnancy and lactation, or provision of LCPs in
infant formula might effect cognitive development [Clandinin et al., 1980; Farquharson et al., 1992; Martinez,
Fat and Fatty Acid Recommendations for
Infants and Children

1992]. Supporting data from non-human primates are
also indicative of a need for preformed DHA for normal
brain development in early life [Neuringer et al., 1986;
Greiner et al., 1997; Sarkadi-Nagy et al., 2003 ]. Studies
have employed a variety of tests of overall mental developmental (e.g. the Bayley Scales of Infant Development)
and psychomotor development (Brunet-Lezine Test), or
more specific assessments such as problem solving and
language development tests. Each of these measures has
different components of development, therefore it is perfectly possible that some might change while others do
not [Carlson and Neuringer, 1999; Wainwright, 2002;
McCann and Ames, 2005]. It is also possible that responses to tests may be age specific.
Epidemiological evidence reports an association between higher levels of maternal fish consumption during
pregnancy and later developmental outcomes [Oken et
al., 2005; Hibbeln et al., 2007], such as higher scores of
verbal intelligence quotient and other behavioural measures in children up to an age of 8 years [Hibbeln et al.,
2007]. In a double blind randomized trial in Norway, maternal supplementation during pregnancy and lactation
Ann Nutr Metab 2009;55:76–96
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dietary ALA (and subsequent conversion to DHA) and
dietary DHA. Based on the meta-regression model, a positive correlation between visual development and dietary
n–3 fatty acid intake was demonstrated. Mean DHAequivalent dose was directly related to size of the effect
on visual acuity maturation in a comparison of 14 studies, using relative responses from each study (ratio of visual acuity observed in the experimental/control group)
as the dependent variable, independent of whether VEP
or FPL methods were used to assess visual maturation
(r2 = 0.68, p ! 0.001), when a 10% bioequivalence factor
was used for the ALA to DHA conversion.

Total dietary fat intake
Saturated fatty acids
Polyunsaturated fatty acids
n–6
n–3
n–6:n–3
Monounsaturated fatty acids
Cholesterol
Antioxidant vitamins

30–40% of energy depending
on activity
≤10% of energy (especially C12,
C14, C16)
5–15% of energy
4–13% of energy
1–2% of energy
5:1 to 10:1
no restriction within limits of
total fat
< approx. 300 mg/day
generous intake desirable

This dietary composition may be considered for infants >6
months who are at high risk of cardiovascular disease and living
in a clean environment with low prevalence of infection.

with cod liver oil providing about 1.2 g DHA and 0.8 g
EPA compared to a control group receiving corn oil, led
to a 4-point advantage in children’s scores on the Kaufmann ABC test in the subgroup of children tested at the
age of 4 years [Helland et al., 2003] but not at age 7 years
[Helland et al., 2008]. Two other studies during lactation
have not demonstrated significant improvements in cognitive development [Gibson et al., 1997; Jensen, 2005] and
1 study reported a transient decrease in vocabulary comprehension at 1 year of age, but not at 2 years [Lauritzen
et al., 2005].
Follow-up of breast-fed infants has demonstrated that
DHA status at 2 months of age was correlated with language production and comprehension at 14 and 18 months
of age [Innis et al., 2001, 2002]. Jensen et al. [2005] evaluated measures of cognitive development among infants of
lactating women supplemented for 4 months after delivery with either DHA (200 mg/day) or control vegetable
oil. At 30 months of age, a significant increase in Bayley
Psychomotor Development Index was found, although
no differences were found in vision or the Bayley Mental
Development Index during the study. However, controlling all the variables in evaluations of breast feeding and
cognitive development is difficult.
Mixed results have been found in studies using infant
formula. Some studies have demonstrated significant
benefits in cognitive development when infants have received LCP containing formulae, while other studies have
not [reviewed in SanGiovanni et al., 2000; Fleith et al.,
2005; Eilander et al., 2007]. A Cochrane review [Simmer
and Patole, 2004, 2008] found that information process86
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ing may be improved by dietary LCPs. In concordance
with studies assessing visual acuity responses, studies using formulas with <0.2% of total fat as DHA generally had
no impact on cognitive development.
Motor development may also be influenced by early
LCP supply. Spontaneous motor behaviour of infants reported as a set of parameters termed general movements,
measures nervous system organization early in life. After
2 months of formula feeding with or without LCP, or
breast feeding, the infants who had been randomized to
be fed unsupplemented formula had a higher proportion
of abnormal spontaneous general movements [Bouwstra
et al., 2003]. At 18 months of age the groups did not differ
in either Bayley Scales of Infant Development or Hempel
scores, a standardized assessment technique for the
detection of minor signs of neurological dysfunction
[Bouwstra et al., 2005]. Maternal fatty acid status (measured by umbilical cord blood fatty acid analysis) and neurological development was also assessed by Bouwstra et al.
At 3 months of age infants born to mothers with low AA
status had significantly higher levels of abnormal general
movement scores [Bouwstra et al., 2006a] and low DHA
status at birth was associated with lower Hempel scores at
18 months [Bouwstra et al., 2006b]. In a randomized trial
the intake of high dosages of marine oil, providing 2.2 g
DHA and 1.1 g EPA per day, by women during the second
half of pregnancy led to improved eye-hand coordination
of the children at the age of 2.5 years [Dunstan et al., 2008].
Thus, both perinatal status and postnatal supply of LCPs
may contribute to infant development.

Other Health Effects of LCP Supplementation
during Infancy

Dietary supplementation of infant formula with DHA
and AA has been associated with lower blood pressure at
the age of 6 years [Forsyth et al., 2003]. Compared with
children given unsupplemented infant formula during
the first 4 months of life, those fed formula with DHA and
AA had significantly lower mean blood pressure (mean
difference: –3.0 mm Hg) and diastolic blood pressure
(mean difference: –3.6 mm Hg) at 6 years of age. Since
blood pressure tends to track from childhood into adult
life, early exposure to dietary LCPs might have lasting effects on blood pressure and cardiovascular risk. There are
also indications that early LCP supply may modulate immune response [Denburg et al., 2005; Damsgaard et al.,
2007]. Infants born to atopic pregnant women who were
randomized to receive a high-dosage marine oil suppleUauy /Dangour
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Table 3. Dietary composition of fat supply for children >2 years
for prevention of nutrition-related chronic disease

Summary of Systematic Reviews of Data of LCP
Supplementation of Term Infants

Data on 1,719 term infants from 14 randomized controlled trials have been analysed. There was significant
variation among studies regarding the type, concentration and duration of supplementation of LCPs. Variation
was also noted in the outcomes measured and the methods used for assessment. Visual acuity was variously
measured at 4, 6 and 12 months, and 3 years using sweep
VEP, steady-state VEP and teller cards. Neuro-developmental outcomes were assessed at 3, 4, 6 and 12 months,
and 2 and 3 years. In the majority of studies, neuro-developmental outcome was assessed using Bailey’s scores.
Physical growth was assessed at 4, 6 and 12 months, and
2 and 3 years and reported as standard physical measurements or z-scores. The various studies vary in their timing, definitions and methodologies, but the data from
these randomized clinical trials do not demonstrate a
clear and consistent benefit of supplementing formula
with LCPs on visual acuity, neuro-developmental outcomes and physical growth in term infants [Simmer and
Patole, 2004, 2008, Dunstan et al., 2008].

Recommendations for LCP Intake for Term Infants
Aged 0–12 Months

The recommended method of feeding healthy infants
is breast milk. The provision of a balanced dietary intake
to lactating women including a regular supply of n–3
LCPs should ensure adequate LCP intake for the infant.
The provision of dietary sources of LCPs to infants should
continue for the second 6 months of life; optimal amounts
cannot be specified at this time.
For formula-fed infants, considering the human milk
model as the approach to define an acceptable intake for
LCPs, EPA, DHA and AA should be provided as suppleFat and Fatty Acid Recommendations for
Infants and Children

Table 4. Limits of potentially toxic factors in dietary lipids

Trans fatty acids
Erucic acid
Lauric and myristic acids
Cyclopropenoids
Hydroperoxides

<2% of total energy
<1% of total fat
<10% of total fat
trace
trace

Limiting processed foods and hard fats/margarine is a practical way to limit the intake of saturated and trans fatty acids.

ments or included in infant formula. The amount of DHA
provided can range from 10.2 to 0.5% of total fatty acids.
Added AA should at be least equal in amount to that of
DHA. The amount of EPA added should not exceed the
amount of added DHA. These recommendations are in
line with those proposed over recent years by other authoritative professional groups and regional expert groups
as shown in table 2. The upper level for EPA + DHA
should be !1.5% of total energy. The provision of dietary
sources of LCPs to infants should continue for the second
6 months of life; optimal amounts cannot be specified at
this time.

Potential Outcomes for the Definition of DRIs for
LCPs of Normal Children Aged 2–18 Years

Beyond infancy, evidence linking EFA and LPCs with
neurological benefits is limited to special population
groups with very low dietary intakes of EPA and DHA,
such as children with phenylketonuria [Beblo et al., 2001,
2007]. These studies indicate that increasing DHA status
with fish oil supplements is consistent with improvements in speed of information processing in the central
nervous system as assessed by latencies of VEPs [Beblo et
al., 2001], as well as marked improvements of coordination and fine motor skills [Beblo et al., 2007].
These findings indicate that a dietary supply of preformed DHA and/or EPA may be essential for achieving
optimal neural function even in children who have a high
intake of the precursor ALA. However, the possible relationship between levels of intake and effects, as well as possible other modulating factors such as genetic polymorphisms of ⌬6 and ⌬5 desaturases [Schaeffer et al., 2006]
need to be studied in more detail in children, which appears feasible with modern non-invasive methodologies.
Intakes of EPA and DHA may also modulate the immune system by decreasing the synthesis of pro-inflamAnn Nutr Metab 2009;55:76–96
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ment during the second half of pregnancy demonstrated
an improved response to antigen skin prick test at age 1
year and less severe atopic dermatitis compared to infants
whose mothers received placebo supplements [Dunstan
and Prescott, 2005]. A study in preterm infants demonstrated that lymphocyte populations, cytokine production and antigen maturity were similar between infants
receiving human milk and an LCP supplemented formula, while infants receiving an unsupplemented formula
differed in all of these parameters [Field et al., 2000].
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velopment will remain despite optimal study designs.
For now, recommendations for fat and fatty acids will
most likely need to follow existing dietary guidance
based on prevention of cardiovascular disease as shown
in table 3.

Recommendations for Dietary Intakes of Specific
Essential Fatty Acids for Infants and Children

The suggested approach is to define an acceptable intake based on observed intakes of healthy populations.
There is general concern that n–3 LCP intakes in children and adolescents tend to be low both on a unit of body
weight basis and as percent of total energy [Meyer et al.,
2003]. However, reliable and comparable data on dietary
intake of n–3 fatty acids and on biochemical markers of
status in different populations of children are scarce
[Lambert et al., 2004]. The available data are insufficient
to assume that increasing n–3 LCP intakes will improve
physical or mental development or yield specific functional benefits relevant to the health and wellbeing of this
age group.
Specific recommended levels of intake cannot be established based on age-specific data. Deriving a recommendation for children from existing recommendations
for either adults or infants by extrapolation using body
mass or energy expenditure has limitations since these
may not adequately reflect the age-specific physiological
factors that determine dietary needs.
The currently available evidence does not permit defining an age-specific quantitative estimate of recommended dietary intake for EPA and DHA for children
aged 2–18 years.
However, dietary advice for children should be consistent with advice for the adult population: an intake
of DHA and/or EPA equivalent to 1–2 fatty fish meals
per week or approximately 500 mg of EPA and DHA per
day in order to reduce cardiovascular risk. Promoting
this intake in children should also be compatible with
an adequate n–3 LCP supply during pregnancy and
lactation. Children aged 2–18 months in a family setting form part of the household and could thus consume
at least 1 to 2 meals of fatty fish per week, which is recommended for the adult population and in agreement
with the position of the American Dietetic Association
and Dieticians of Canada [Kris-Etherton and Innis,
2007].
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matory arachidonic acid-derived eicosanoids [Calder,
2006] and by shifting the balance of Th1, Th2 and T regulatory cells [Krauss-Etschmann et al., in press]. Evidence for beneficial effects on asthma in children is not
established, but some studies suggested that for certain
subgroups of respondent children, symptoms of asthma
may be alleviated with DHA/EPA supplementation
[Broughton et al., 1997; Calder, 2006].
While regular intakes of fatty fish is widely advised to
adult populations for the prevention of cardiovascular
diseases (CVD) [Mozaffarian and Rimm, 2006], potential beneficial effects of EPA and DHA intakes in children
on their future risk of developing CVD have not been
documented. However, an individual’s CVD risk profile
in later in life is influenced by dietary habits in childhood
[Niinikoski et al., 2007]. Elevated levels of blood risk factors at a young age will induce changes in arteries that
contribute to the development of arteriosclerosis in adulthood and, furthermore, dietary habits established in early childhood may to some degree be maintained into later ages [Engler et al., 2004; Viikari et al., 2004; Hayman
et al., 2007]. It is therefore conceivable that adequate intakes of EPA and DHA during childhood are important
for future prevention of CVD.
EPA and DHA in combination with n–6 fatty acids
have also been suggested in some studies to improve behaviour of school age children with neurodevelopmental
disorders such as attention-deficit hyperactivity disorder
(ADHD) and dyspraxia [Voigt et al., 2001; Richardson
and Puri, 2002; Stevens et al., 2003; Hirayama et al., 2004;
Richardson and Montgomery, 2005; Joshi et al., 2006;
Sorgi et al., 2007, Sinn et al., 2007], aggressive behaviour
[Itomura et al., 2005] and autism [Amminger et al., 2007].
However, a recent systematic review concluded that there
were too many inconsistencies between studies to draw
any conclusion [Ells et al., 2007].
There is currently insufficient evidence to identify an
effect of LCPs on learning, education or performance of
school-aged children in industrialized countries. A recent controlled study in a well-nourished school-aged
population using low dose n–3 LCP (88 mg DHA and 22
mg EPA) supplementation did not find a beneficial effect on learning ability in children [Osendarp et al.,
2007]. Further research is required, ideally using a randomized interventional approach, and additionally investigating the dose effects of DHA or EPA alone and in
combination. The challenge in terms of interpreting the
results of such studies within the context of confounders
such as the family and community setting, poverty, disease and the rate of individual maturation and neurode-

Preterm Infants
This group of infants is particularly susceptible to
EFA and LCP deficiency since they have very limited fat
stores and greater nutrient demand given their rapid
growth rate and are thus heavily dependent on dietary
EFA and LCP supply for tissue accretion [Uauy et al.,
1990; Carlson et al., 1993; Dobbing, 1994]. A recent Cochrane review indicates that LCP supplementation appears safe in preterm infants when growth is used as the
safety parameter. Four out of 13 studies reported benefits
of LCPs on growth of supplemented infants at different
postnatal ages. Recent studies adding AA to the supplement have found no significant negative effect on growth.
A variable of importance in studies on preterm infants is
the medical complications and treatments associated
with early delivery; most studies enrol only relatively
healthy infants. The Cochrane review concludes that no
clear long-term benefits for visual or intellectual development have been demonstrated in trials providing n–3
LCPs to preterm infants. The largest clinical trial on preterm infants ever conducted with over 1,000 infants has
been recently completed in Australia by Smithers et al.
[2008]. In this study 0.4% DHA (as percent total fat) was
compared to 1.0%. The data support a beneficial effect of
higher DHA provision on visual acuity and improved
mental development assessed by the Bayley Infant Development Scale. However, the justification to date for adding LCPs to formula is based on the need to mimic the
composition of human milk and not on evidence of important clinical benefits. A supplement containing a balance of n–3 and n–6 LCPs is unlikely to impair the
growth of preterm infants.
Further work is clearly necessary to determine the extent of the benefit of supplemental LCPs on the neurodevelopment and health outcomes of infants born preterm.
Any benefit to neurodevelopment may be important to
this group of infants because the mean score of the preterm infants included in these studies was 1 standard deviation lower than standardized norms.
Intrauterine Growth Retardation
LCP metabolism assessed using stable isotopes suggests lower formation of DHA in infants with intrauterine growth retardation (IUGR) compared with neonates
of equivalent birth weight but shorter gestation or of similar gestation with higher weights [Uauy et al., 2000a].
IUGR term and preterm infants also appear to have a
Fat and Fatty Acid Recommendations for
Infants and Children

lower metabolic conversion relative to infants of the same
weight who are more immature, or of a similar gestational age who are heavier [Llanos et al., 2005]. These studies
complement other observations demonstrating lower
LCP plasma concentrations in IUGR infants. The decrease in DHA and not in AA formation in infants with
IUGR suggests that the metabolic abnormalities are related to the final metabolic steps that include the insertion of the sixth double bond and a partial ␤-oxidation
that occurs in peroxisomes [Sprecher, 2000]; AA formation does not require the peroxisomal step. Considering
the important role that DHA plays in neural and retinal
development, the finding of a lower formation of DHA in
infants with IUGR may have important implications as it
can be a contributing factor to the abnormalities in neurodevelopment described in infants with IUGR [Llanos
et al., 2005; Agostoni et al., 2008].
Further work is clearly necessary to determine the extent of the benefit of supplemental LCPs on the neurodevelopment and health outcomes of infants born with
IUGR. Any benefit to neurodevelopment, cardiovascular
and metabolic outcomes may be important to this group
of infants because they are at risk for poor neurodevelopment, hypertension, diabetes and the metabolic syndrome.
Infants and Children with Metabolic Diseases
(Zellweger and Phenylketonuria)
DHA supplementation given from birth may improve
DHA status and neurodevelopment of infants with some
genetic metabolic disorders of peroxisomes that normally result in DHA deficiency. In addition children with
PKU who are placed from birth on diets restricted in animal foods, to prevent phenylalanine excess, have low
DHA status and have been shown to improve their visual electrophysiological responses with n–3 LCP supplementation. Taken together, these findings suggest a potential benefit for early nutritional interventions with
DHA supplementation to improve neurologic outcome
for infants with some metabolic diseases, improvements
correlate with better DHA status in red blood cells and
plasma [Agostoni et al., 2000; Beblo et al., 2001, 2007].
The work of Martinez et al. [1994] on 13 patients who had
Zellweger syndrome demonstrated improvements in vision, muscle tone, social contact, and liver function and
brain myelination after being supplemented with DHA
ethyl ester (100–500 mg/day), and offers further evidence
in favour of the effect of DHA supplementation in patients with DHA deficits in early life.
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Recommendations for Dietary Intakes of Special
Groups of Infants and Children

Vegetarians
Individuals that eat plentiful plant sources of fats and
oils receive abundant LA and ALA but virtually no LCPs
unless algae are included in the diet. Vegans and vegetarians, do have a lower EPA and DHA status than omnivores, but do not develop overt signs of deficiency [Davis
and Kris-Etherton, 2003]. Higher intake levels of n–3
LCPs have been associated with a range of possible physiological benefits [Akabas and Deckelbaum, 2006], such
as the improvement in neurological functions in the perinatal period [Cheatham et al., 2006], the secondary and
primary prevention of CVD and the metabolic syndrome
in adults [Carpentier et al., 2006; Mozaffarian and Rimm,
2006], enhanced immune function [Calder, 2006], and
improved pregnancy outcomes [Makrides et al., 2006;
Szajewska et al., 2006; Horvath et al., 2007]. The evidence
for beneficial effects of n–3 LCPs on health outcomes of
vegetarian children aged 2–18 years is limited. Further
work is clearly necessary to determine the extent of the
benefit of supplemental LCPs on the neurodevelopment
and health outcomes of this age group.

Safety Issues When Considering Food Sources of
Fats Intended for Use by Children

The selection of fat sources for infant complementary
foods must consider the safety of fat sources and not only
the level of fat absorption, this is especially relevant for
developing countries where fats included in foods given
to young children are low-cost oils or by-products of industrial processing. Since fats are structural components
of tissues, especially neural tissues, n–3 and n–6 essential
fatty acids must be provided by the diet.
Trans fatty acids formed in the hydrogenation of C18
n–6 and n–3 LCPs may result in potential problems for
young children since they do not serve the biological
role of the corresponding EFAs. For example, if all cis18:2n– 6 is replaced by cis-trans-18:2n– 6, it does not fulfil
its role as a precursor of AA. The impairment of LCP synthesis by trans fatty acids should be considered a safety
issue since EFAs are essential for infant growth and development. Animal studies demonstrate altered postnatal growth when exposed to high levels of trans fatty acids. Partially hydrogenated marine oils produced as a by
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product of fish meal processing have been included in
complementary foods in Peru and Chile [Uauy et al.,
2003b]. The trans fatty acid content of hydrogenated fish
oil can be very high, on the order of 30–40%, raising concerns of the long-term safety given the effects of trans
acids on lipoprotein cholesterol metabolism. Diets high
in trans fatty acids increase LDL cholesterol, reduce HDL
cholesterol and possibly increase lipoprotein(a). Absorption of C20 and C22 fatty acids derived from hydrogenated marine oils may be less than optimal, limiting the
energy provided to growing children.
The low price and longer shelf life of hydrogenated fats
have been used to justify their inclusion in complementary foods and other products given to children [BeareRogers et al., 1998, Parcerisa et al., 1999]. However, this
needs to be balanced against the possible long-term adverse effects of this type of fat. The European Union sets
an upper limit of 4% of total fat for the trans fatty acid
content of foods for infants and young children, this may
need to be reconsidered in view of the present limit of 2%
placed from the standpoint of cardiovascular prevention.
All children should be given foods that meet acute and
long-term safety standards; low price of food ingredients
is desirable but should not be at the expense of compromising long-term safety of the product.
Lauric and Myristic Acids
In most developing countries, fats included in foods,
even those given to young children, are low-cost by-products of industrial processing of oil seeds or of animal fats
[Beare-Rogers et al., 1998] (for example, coconut oil, partially or fully hydrogenated fish oil and hydrogenated
vegetable fats of low cost such as cotton oil). Coconut oil
has a high content of saturated fatty acids with intermediate chain length (lauric acid and myristic acid); these
fatty acids are well absorbed but induce higher plasma
LDL cholesterol. Human milk has relatively low concentrations of lauric (approx. 5–7%) and myristic acids (approx. 6–8%). Some countries have placed limits on dietary intakes of lauric and myristic acids to prevent adverse long-term cardiovascular effects, in concordance
with WHO TRS 916 recommendations [WHO, 2003].
Erucic Acid
This is a long-chain monounsaturated fatty acid (trans22:1n–9) found in large amounts in wild-type rapeseed
oil. Absorbed erucic acid is oxidized slowly and accumulates in the myocardium, causing myocardial lipidosis
and functional abnormalities in myocardial mitochondria. These side effects are observed at high but not at low
Uauy /Dangour
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Further work is clearly necessary to determine the extent of the benefit of supplemental LCPs on the neurodevelopment and health outcomes of infants born with metabolic diseases affecting EFA metabolism or utilization.

Antioxidants as Additives
Highly unsaturated oils such as fish oil or vegetable
oils used in human foods or as animal feed require substantial amounts of synthetic antioxidants to preserve
their structure and prevent rancidity. Most authorities
permit the use of up to 0.1% butylated hydroxytoluene,
butylated hydroxyanisole, tert-butylhydroquinone and
propyl or octyl gallate as total antioxidant [Beare-Rogers
et al., 1998]. This is in accordance with Codex, despite
some existing concerns with the safety of synthetic antioxidants, which have led some countries to restrict their
use. A specific issue in the use of processed fish oil for
animal feed is the safety concern of ethoxyquine or its
mixtures used as an antioxidant in the product. Ethoxyquine is a highly efficient antioxidant and anti-combustion agent but is prohibited in human food products
[Parke et al., 1992]. The consumption of poultry or other
animals fed fish meal or fish oil containing ethoxyquine
is a safety issue that has not been addressed by present
regulatory efforts. Table 4 summarizes the upper limits
of toxic components associated with the fatty acid composition of foods consumed by children.
Storage, Packaging and Distribution
Safety problems may also be created by the way oils are
stored, distributed and/or dispensed. Large tin or plastic
Fat and Fatty Acid Recommendations for
Infants and Children

barrels used in developing countries to reduce costs of
distribution may facilitate adulteration of products and
promote peroxidation given the large volume and the
long time until the total product is sold. A study in marasmic children demonstrated altered antioxidant defence systems and increased lipid peroxidation, suggesting an increased risk of oxidative damage in malnourished infants [Mansur et al., 2000]. Bottled oil ready for
consumer purchase is undoubtedly safer but is also more
expensive. Soft plastic containers made with phthalic
acid as plasticizer can also create safety problems because
this agent is fat soluble and a known carcinogen; rigid
plastics or glass bottles are preferable [Korhonen et al.,
1983]. Tetra Pak brick containers have been introduced in
some countries to package oils, this type of container prevents rancidity by limiting exposure to light and oxygen.

Research Needs

Further systematic research is needed to provide a
sound scientific basis for formulating specific intake levels for n–3 LCPs in children aged 2–18 years. Relevant
public health outcomes that are likely to be linked to lifelong intakes of EPA and DHA include future risk of cardiovascular disease and metabolic syndrome, optimal
mental development and behaviour, and immune response. Dietary studies should be carefully conducted
and analysed, with a specific and standardized methodology, considering the substantial challenges in assessing
individual intakes of EPA and DHA in children. However, because assessment of dietary intake is always inaccurate, age-specific information on fatty acid status based
on biological markers is required. Cross-sectional analyses from prospective birth and childhood cohort studies
may provide valuable insights that can contribute to designing intervention trials. Age-specific effects of different fatty acid intakes and dosages on relevant endpoints
should be assessed in controlled intervention studies.
The data obtained should aim at establishing the effect of
different doses of individual fatty acids, and of different
combinations and ratios of polyunsaturated fatty acids,
on well-defined and quantifiable outcomes of public
health significance. Potential adverse effects of recommending increased dietary intakes of EPA and DHA or
of fatty fish, such as risk of contamination with environmental pollutants or increased bleeding risks, should also
be carefully assessed [Innis et al., 2006].
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(!1% of dietary fatty acids) levels of intake. Canada has
developed low erucic acid rapeseed oil seeds under the
registered trade name Canola [Dupont et al., 1989]. Another safety concern of oils used for complementary feeding in developing countries is the need to avoid the use of
rapeseed oil with high concentrations of erucic acid
[Beare-Rogers et al., 1998]. If erucic acid is not monitored,
toxicity may occur which is virtually impossible to diagnose clinically. If rapeseed oil is used it should be derived
from genetically low erucic acid varieties. All children
should be given foods that meet acute and long-term safety standards; low price of food ingredients is desirable but
should not be at the expense of compromising long-term
safety of the product.
Other components of vegetable oils may have adverse
effects for infants and young children. Unsaponifiable ingredients in sesame seed oil have been reported to cause
allergic reactions, and cyclopropenoids in cotton seed oil
impair EFA desaturation. Therefore, the use of both oils
in the production of infant foods has been restricted in
Europe. Another critical safety issue is the stability of oils
in terms of lipid peroxidation, noticed as rancidity by
smell and taste.

Future research should consider short- and long-term
effects of genetic variation in fatty acid desaturase activities and the respective effect of LCP intake prior to and
during pregnancy, lactation and infancy. Studies are
needed that address subgroups with potential specific
needs and benefits, such as women with restricted dietary intakes, multiple or at risk pregnancies or short intervals between pregnancies. Supplementation studies
should aim to examine growth, body composition and
bone mineralization, visual and cognitive development,
as well as effects on immune outcomes such as allergy
and inflammatory disorders, and cardiovascular function. Studies evaluating different amounts of LCP, and
the specific effects of AA supply, with sufficient duration
of intake, adequate sample sizes, and standardized methodology for outcome measurements need careful consideration. Dose response studies of LCP intake during the
second 6 months of life should be undertaken. Simplified

measures of dietary supply and of LCP status that permit
evaluation of large population groups including young
children should be developed and evaluated.
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