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EARLY LIFE NUTRITION:
THE OPPORTUNITY TO INFLUENCE LONG-TERM HEALTH
The rapid increase in prevalence of metabolic and allergic disease
is a significant global health problem, with a growing body of
evidence now linking nutrition in early life to an increased risk
of disease in adulthood.
The risk of developing metabolic and allergic disease is influenced
by a range of factors across an individual’s lifespan. Environmental
exposures during foetal development and infancy are now
considered responsible for a significant part of lifetime disease
risk, as they can trigger adaptations in the developing offspring.
Research has identified vulnerable time periods both prior
to conception and during development where exposure to
environmental factors, including nutrition, can trigger adaptations
in the growing foetus.1,2 While these effects may be adaptive in the
short term, they may also be associated with adverse outcomes in
childhood and later life, including a greater risk of obesity,3 type 2
diabetes, heart disease4-7 and allergy.8
Maternal and paternal behaviour are therefore important
determinants of pregnancy outcomes and the longer-term health of
the offspring. Identifying vulnerable periods in foetal development
provides an important opportunity for parents and healthcare
professionals to intervene and optimise future health outcomes.
This report provides an overview of early-life nutrition research
findings and provides practical, evidence-based recommendations
to maximise nutritional status before and during pregnancy, as well
as during infancy and early childhood, when the foundations of
future heath are created.

“Early life nutrition refers to
nutritional exposures prior to
conception and during pregnancy,
infancy and early childhood. These
exposures can leave an imprint on the
foetus and young child that results
in increased risks for disease in later
life. For many metabolic and allergic
diseases, the stage is set well before
a child can reach the fridge door.”
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Snapshot of metabolic and allergic
disease in Australia and New Zealand
Cardiovascular disease: The leading cause of death
in Australia and New Zealand, affecting approximately 3.7
million Australians9 and responsible for 30% of deaths in
New Zealand annually.10

Type 2 diabetes: The fastest growing chronic condition
in Australia and New Zealand, with approximately 1 million
Australians11 and 200,000 New Zealanders diagnosed with
type 2 diabetes.12

Obesity: In Australia, more than 65% of adults are
overweight or obese (based on BMI) and 25% of children are
overweight or obese.13 In New Zealand, 30% of adults are
obese, 20% of children are overweight and almost 10% of
children are obese.14

Asthma: Approximately 1 in 10 adults and 1 in 9 children
in Australia have asthma.15 In New Zealand, 1 in 6 adults and
1 in 4 children experience asthma symptoms.16

Eczema: Affects approximately 1 in 5 infants under the age
of 2 years.17

Food allergy: Affects approximately 1 in 20 children
and 2 in 100 adults.17 An Australian study found more than
10% of one-year-olds had challenge-proven IgE mediated
food allergy.18 In Australia, hospital admissions for severe
allergic reactions (anaphylaxis) have doubled over the last
decade, while the rise in anaphylaxis has increased fivefold
in children aged 0–4 years over the same time period.17 In
New Zealand, an estimated 1 in 10 children will develop food
allergies.19

WHAT DOES THE RESEARCH SHOW?
Nutrition is one of the most easily modifiable environmental
factors during early life, and has been shown to strongly
influence foetal growth and development,20 as well as the risk
of metabolic and allergic disease in childhood and adult life.3-8

Impact of maternal and paternal nutrition
prior to conception
The health of a woman prior to conception has a significant impact
on pregnancy outcomes and may have a lifelong impact on her
child’s health.21 Obesity reduces fertility and affects the health of
the human oocyte.22 Overweight and obesity in women during their
reproductive years is of increasing concern – around 60% of women
aged 20–39 years are now either overweight or obese.23 Women
who are obese before becoming pregnant are also more likely to
develop gestational diabetes when pregnant, which in turn increases
the risk of diabetes and overweight in the offspring.24
Increasing paternal body mass index (BMI) has also been linked
to impaired embryo and foetal development, as well as reduced
pregnancy rates and pregnancy loss.25-28 Conversely, paternal
exposure to famine and undernutrition has been associated
with a higher BMI in their offspring compared with the offspring
of fathers who were not exposed to famine.29 An animal study
involving male rats fed long-term, high-fat diets found that glucose
intolerance and impaired insulin secretion developed in their adult
female offspring.30 These associations between paternal nutrition
and health outcomes in the offspring appear to reflect epigenetic
changes* in the sperm that develop in response to nutrition.31

Nutrition during pregnancy – Maternal
undernutrition increases metabolic risk in
offspring
The Dutch Famine cohort provided insights into the importance
of maternal undernutrition and the development of disease in the
offspring in later life.4,5,6,32 In this cohort, serious food shortages
and a major reduction in daily food intake over a six-month period
in 1944–1945 had a significant impact on the offspring of women
who were pregnant at the time. The birth cohort was shown to have
a significantly greater risk of obesity, heart disease, type 2 diabetes
and renal dysfunction 40–50 years later.4,5,6,32,33 These effects
were also transmitted to the second generation.34 These results
suggest that, in the face of calorie restriction, the foetus becomes
conditioned to seek out every last calorie. If the child is then born
into a world where food is plentiful, they tend to over-eat because
the hunger/satiety set points have been altered during development,
probably via epigenetic mechanisms.

Maternal obesity, excessive gestational
weight gain, diabetes and stress during
pregnancy increase the risk of obesity
in the offspring
Several other environmental circumstances have been found to
drive obesity in the offspring. These primarily define the “set-points”
or sensitivity for obesity and associated risk factors, e.g. hunger
and satiety, adipose tissue development and metabolism:35-37

Maternal obesity: Overweight or obese mothers are
significantly more likely to have overweight children, with evidence
showing that a woman’s BMI at the start of pregnancy is a strong
predictor of her offspring’s risk for obesity in adult life.38 In addition,
maternal obesity often precedes gestational diabetes.39 A systematic
review found that maternal pre-pregnancy BMI is directly
associated with the risk of developing gestational diabetes.24
Prior to conception, obesity also reduces fertility and affects
the health of the human oocyte.22

Excess gestational weight gain: Approximately 50% of
women gain excess weight during pregnancy.40 The Southampton
Women’s Survey found that children born to mothers who gained
excessive weight during pregnancy had a greater fat mass at
birth and at six years than children whose mothers’ gestational
weight gain was within the recommended range.40 The study found
that excessive weight gain in pregnancy was common, and most
marked in women who were overweight or obese prior to becoming
pregnant.
The timing of excess pregnancy weight gain also has an impact on
the health of the offspring. A study found that women following
guidelines for healthy living during pregnancy who gained excessive
weight during the first half of pregnancy had offspring with a
greater heel-crown length, higher birth weight and higher body fat
at birth compared to women who did not gain excessive weight
during this time (including those who gained excessive weight
during the second half of pregnancy). Excessive weight during
the first half of pregnancy was found to be a stronger predictor
of excessive body fat in the offspring at birth than total excessive
maternal weight gain.41

Maternal diabetes: Maternal gestational diabetes mellitus
has been shown to predispose male offspring to a greater BMI
at 18 years of age.42 In addition, animal studies have shown
that macrosomic offspring of diabetic mothers exhibit many
physiological disorders associated with the metabolic syndrome.43

* Epigenetic changes are heritable changes or the stop/go signals that regulate gene expression without changes to the underlying DNA sequence. In other words, signals that change the
phenotype but not the genotype.
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Maternal stress: A study involving Danish army recruits found
that those recruits who were born to mothers bereaved during
pregnancy had an overall higher risk of overweight in early adult life
than those whose mothers did not experience bereavement. There
was also an increased risk of overweight when the mother was
bereaved in the six months prior to conception.44
The mechanisms that link maternal obesity, excessive gestational
weight gain, diabetes and stress during pregnancy to later disease
risk in the offspring involve a range of factors. These include
epigenetic changes that reset foetal energy metabolism, appetite
and adipose tissue development, an abnormal intrauterine
environment and poor or restricted placental development.45,46
These factors may subsequently alter the likelihood of developing
obesity later in life,45 with the effects of a sedentary lifestyle and
modern energy-dense diets exacerbated in affected offspring.

Birth weight is associated with later
disease risk
There are clear links between birth weight and subsequent disease
risk. While not a causal factor, many studies use birth weight as a
proxy measure or clinical marker of the impact of developmental
factors on later disease risk. Both low and high birth weights have
been associated with an increased risk of childhood and adult
obesity, as well as heart disease, stroke and type 2 diabetes later
in life.36,47-51
The United States Nurses’ Health Study involving more than
70,000 women found that in full-term offspring, an increased risk
of hypertension was associated with low birth weight, while an
increased risk of obesity was associated with high birth weight.52 In
birth cohorts from Finland, mortality from stroke and heart disease
was greater in people born at a low birth weight.50,51 A British study
involving more than 15,000 people found that death rates from
heart disease fell with increasing birth weight.47,53
While overweight and obesity, excessive gestational weight gain and
gestational diabetes all are associated with large for gestational age
infants,39 maternal obesity can also lead to low birth weight infants.
A New Zealand retrospective analysis involving more than 26,000
pregnancies found that maternal obesity was an independent risk
factor for small-for-gestational age infants.54 Several mechanisms
may account for these findings, including a reduced likelihood that
intrauterine growth restriction is detected and acted upon in obese
mothers.46
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Influence of maternal macronutrient intake
on appetite and food preferences in the
offspring
Programming of appetite and food preferences may occur during
foetal development. A study comparing maternal nutrient intake of
protein, fat and carbohydrate during pregnancy with the maternal,
paternal and child dietary intake of the same nutrients following
birth found that the maternal diet during pregnancy was most
strongly associated with later childhood intake (assessed at
10 years of age) of the same nutrients, particularly protein and fat.
This association was greater than those observed for post-natal
paternal and maternal intake, suggesting that some programming
of appetite in the offspring may occur during foetal development.55
A study involving the Dutch Famine cohort found that the offspring
of mothers exposed to famine in early gestation were twice as likely
to consume a high-fat diet in later life.56 Experimental models have
also shown that altered maternal protein intake can result in a
preference for high-fat foods in the offspring.57

Early-life nutrition affects the developing
immune system and risk of allergic disease
Early-life nutrition has a substantial impact on the developing
immune system, which is highly sensitive to environmental changes.
While many immune system disorders are inherited, genetic
factors alone cannot explain the dramatic rise in many immune
diseases in recent years. These changes, particularly the rise in
food allergy, highlight the vulnerability of the immune system
to early environmental exposure.8,20
Allergic disease may manifest very early in life, often in the first
few months after birth. There are demonstrated differences in
the immune function of newborns that develop allergic disease
compared with those who do not, suggesting that alterations in
immune system function begin during foetal development.8,58,59
A range of environmental cues have been shown to influence
immune development and function, including maternal nutrition,
microbial burden and pollutants such as cigarette smoke.
In addition, the rising rates of maternal allergy – itself a risk factor
for the development of allergic disease in the offspring – may
further amplify the effects of environmental exposures on the
developing immune system.8 Women with a history of allergy
appear to have altered immune interactions with their foetus,
so that the foetal immune response to environmental cues may
be modified.8 In addition, maternal allergy is a stronger predictor
of allergic risk in offspring than paternal allergy.8

Some maternal nutritional changes have been associated with
altered immune programming. These include a reduced intake of
omega-3 polyunsaturated fatty acids, folate and zinc.20 The LISA
PLUS study, a prospective study involving more than 3,000 infants,
found that a high maternal intake of margarine, vegetable oils
and some fruits and vegetables (celery, citrus fruit, sweet peppers)
during pregnancy may be associated with an increased risk of
allergies, especially eczema.60
Gut colonisation and microbial diversity in the offspring differs
between vaginal and Caesarian delivery,61 and this may have an
impact on the later development of allergic disease.62 Breastfeeding
also influences the establishment of the gut microbiota. Low gut
microbial diversity and disturbances in gut colonisation patterns
during infancy and childhood have been associated with later
onset of allergic disease.63,64
The rate of foetal growth may affect allergy risk. In the UK
Southampton birth cohort, rapid foetal abdominal growth between
11 and 19 weeks’ gestation followed by slowing of abdominal
growth was associated with later atopy.65

Other key maternal nutritional factors that
alter the risk of allergic disease and obesity
in the offspring
Several other key nutrients, including antioxidants (selenium, zinc,
vitamins A, C, D and E), long chain polyunsaturated fatty acids and
pre- and probiotics have been linked to multiple health outcomes,
including asthma and allergic disease and obesity.

Antioxidants
In vitro human studies have shown that antioxidants can favourably
improve immune function.66 Observational studies suggest that
higher dietary intakes of antioxidant-rich foods (such as fresh fruits
and vegetables) or higher antioxidant levels measured in pregnancy
may reduce the risk of wheezing, asthma and/or eczema in the
offspring.67,68

Long chain polyunsaturated fatty acids (LCPUFA)
Dietary omega-3 LCPUFA have been shown to have multisystem
anti-inflammatory benefits in terms of immune and metabolic
outcomes. Several randomised controlled trials investigating
maternal fish oil supplementation during pregnancy have found
beneficial immunomodulatory effects in terms of reduced allergen
sensitisation and allergic disease outcomes in the offspring.69-71
Studies have also shown beneficial effects on metabolic
programming and cardiovascular risk with higher dietary
intakes of omega-3 LCPUFA in early life.72-74

Vitamin D
There is consistent geographical variation in the prevalence of
vitamin D status and this has been associated with the incidence
of allergic disease. Specifically, a low prevalence of allergic disease
is seen in equatorial regions (where vitamin D levels are generally
higher), while a higher prevalence of allergic disease is noted with
increasing distance from the equator (where vitamin D levels are
typically lower).75 This association is reported for food allergy,
eczema and asthma.76-78 A recent Australian cohort study of infants
with a parental history of allergic disease found that lower cord
blood vitamin D concentrations were significantly associated with
eczema at 1 year of age.79

Prebiotics and probiotics
Modern diets typically contain more processed, low-fibre foods
and less fruit, vegetables, unprocessed grains, nuts and seeds.80,81
This dietary pattern is associated with changes in gut microbial
biodiversity, another common risk factor now strongly linked
with both allergy and obesity.82
The maternal gut microbial environment is also emerging as
potential risk/protective factor for allergy in the offspring, with
maternal microbial transfer to the foetus likely to begin during
pregnancy. This early exposure may help to prepare the foetus for
a extensive microbial exposure during vaginal delivery and after
birth.83 A healthy balance of specific micro-organisms in the gut
is essential for healthy immune system development; infants who
develop allergic disease have an altered balance of gut microorganisms in early life.84,85
Animal models have shown that gut microbiota modulate
immune programming and can reduce the risk of allergic disease
as well as the risk of obesity, cardiovascular disease and other
metabolic disease.86-88 Similarly, the use of soluble ‘prebiotic’ fibre
(oligosaccharides) has been shown to have beneficial effects on
both immune and metabolic homeostasis.89,90

Nutrition during the first years of the life
It is not just health and nutrition during pre-conception and
pregnancy that can impact on later disease risk. Exposures during
infancy and up to three years of age can also affect the risks of
developing allergic and metabolic disease in later life.
During the early months after birth, nutrition is provided in the
form of milk – either human milk via breastfeeding or formula milk
via bottle feeding if breastfeeding is not possible. There are longterm health benefits in infants who are breastfed for any length
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of time, including protection against some immune-mediated
disorders,91 a reduced risk of obesity92 as well as positive effects on
cognitive function.93,94 Breast-fed babies may also gain weight at
a slower rate than formula-fed babies, which has implications for
the subsequent reduced risk of overweight and obesity.
While infant feeding guidelines have typically recommended
exclusive breastfeeding until six months of age, there is emerging
evidence that introducing solids after 17 weeks and before six
months of age (while continuing breastfeeding) has potential
benefits in terms of reducing the risk of some food allergies.95-97
Researchers believe that there may be a time window for the
child to develop appropriate immunological gut tolerance, and
this begins from approximately four months of age.96 In line with
these findings, the Australasian Society of Clinical Immunology and
Allergy (ASCIA) has advised relaxing recommendations to avoid
certain food groups and allow the introduction of solid foods after
17 weeks, while continuing breastfeeding.98 However, it is important
that the introduction of solids does not occur before 17 weeks of
age; a systematic review found that introducing solid foods any
earlier may increase the risk of childhood overweight.99
The composition and quality of milk and early solid foods may
also influence changes in BMI and lead to obesity.100 For example,
a high intake of protein during infancy has been linked to obesity
in childhood. The Childhood Obesity Project compared lower
protein and higher protein content formula (both levels within
recommended ranges) during the first year of life.100 The study
found that infants fed the higher protein content formula had a
significantly higher BMI at six years of age and a greater risk of
obesity. While the optimal upper limit of dietary protein intake has
not been firmly established, a systematic review found that a higher
protein intake (i.e. comprising 15–20% of energy intake) in infancy
and early childhood was associated with increased growth and
an increased risk of being overweight in later childhood.101

The rate of growth during infancy influences
metabolic risk in later life
Weight gain during the first year of life, often in the form of rapid
“catch-up” growth, is a strong predictor of later obesity risk.102-104
Rapid growth during the first year of life has also been associated
with an increased risk of heart disease in later life; a study of more
than 3,000 women born in Finland demonstrated a relationship
between low birth weight, rapid weight gain during infancy and
later heart disease.105
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Importance of early eating patterns and
behaviours
The first two to three years after birth are critical times for
programming of long-term energy regulation, especially
establishing patterns of healthy nutrition and physical activity.106
It is also a key time during which a child’s taste patterns and
food preferences are set.
Importantly, children’s eating and lifestyle behaviours are heavily
influenced by parenting practices. Young children may be at greater
risk of becoming overweight or obese due to parental modelling of
behaviours that predispose children to weight gain.106

“The body of evidence that supports
good nutrition as a way to maximise
foetal growth and development, as
well as to reduce the risk of disease in
later life, continues to grow. Planning,
expectant and current parents
should be informed of the significant
role of good early life nutrition in
ensuring the long-term health of their
offspring.”

RECOMMENDATIONS
Pre-pregnancy, pregnancy, infancy and early childhood
represent key windows of opportunity for parents to adopt
lifestyle and nutritional strategies that can improve foetal and
childhood development and lower the risks of their children
developing allergic and metabolic disease in later life.
Practical, evidence-based recommendations can support parents
and healthcare professionals to maximise foetal and childhood
development during the period in which the key foundations
of future heath are created.

Pre-conception and pregnancy

•	Just as overconsumption can be damaging to the developing
foetus, a lack of nutrients is also problematic. As such,
dieting or weight loss programs during pregnancy are not
recommended as they may compromise the health of the
unborn child.108
•	Women may notice changes in appetite and taste preferences
during pregnancy, and these generally settle down over time.
Women should satisfy their appetite but continue to eat a
healthy diet and monitor weight gain so that it is not excessive
(Refer Table 1).
Table 1. Recommended weight gain during pregnancy109

Reduce excess weight prior to conception

Pre-pregnancy
body mass index

 besity is now one of the most common and important risk
O
factors for infertility and adverse pregnancy outcomes.21
It reduces the likelihood of becoming pregnant, increases
maternal complications during pregnancy107 and is also
associated with an increased risk of obesity in the offspring
in later life.3,38
•	Women should aim to achieve and maintain a healthy body
weight prior to becoming pregnant.107,108
•	Women who are obese (BMI of 30 kg/m2 or more) should be
advised and encouraged to safely reduce their weight before
becoming pregnant. This may require specific education about
nutrition and physical activity strategies from appropriate
specialists.107,108
•	Losing 5–10% of body weight can have significant health
benefits for the woman and may also increase the chances of
becoming pregnant.108
•	Women should be supported in their weight control endeavours
by their partner.

Less than 18.5 kg/m2

12.5 to 18 kg

18.5 to 24.9 kg/m

11.5 to 16 kg

25 to 29.9 kg/m

7 to 11.5 kg

More than 30 kg/m2

5 to 9 kg

•

Maintain healthy weight and monitor weight
gain during pregnancy
E xcessive weight gain and obesity during pregnancy can
have an adverse impact on a woman’s health and the longterm health of her child, in particular an increased risk of
obesity, coronary heart disease and type 2 diabetes in later
life.3,6,7
•	Steady weight gain during pregnancy is normal and important
for the health of the mother and baby. However, it is important
that women who are pregnant do not gain too much weight.
Weight gain should be discussed by healthcare professionals
and monitored regularly during antenatal care.107
•	Women should be advised about the appropriate amount
of weight to gain during each stage of pregnancy.
Recommendations are outlined in Table 1.107
•

Recommended
total weight gain
2

2

Maintain a healthy diet and lifestyle prior to
and during pregnancy
•	
Couples planning a pregnancy should implement and
maintain a pattern of healthy eating and physical activity
in order to increase the likelihood of pregnancy and, in the
case of the male, improve sperm quality.
•	It may be appropriate to assess the presence of any nutritional
deficiencies in women planning a pregnancy. Both Australia and
New Zealand have evidence-based healthy eating guidelines
about the type and amount of foods that are recommended.
•	Physical activity is also important for maintaining a healthy
lifestyle prior to and during pregnancy.21 Women should be
encouraged to do at least 30 minutes of moderate intensity
physical activity on most if not all days of the week (i.e. target
of at least 150 minutes per week).
•	A woman should stop smoking before attempting to become
pregnant. Paternal smoking prior to conception should also be
discontinued as it has been associated with damage to sperm
DNA and an increased risk of malignancy in offspring.21

Stop smoking and alcohol use during
pregnancy
•	
Cigarette smoking (including passive smoking) and alcohol
consumption during pregnancy can have serious health
consequences for the women and her unborn child and
should be avoided.
•	Cigarette smoking increases the risk of ectopic pregnancy,
7

miscarriage, premature labour, low birth weight and sudden
unexpected death in infancy.110
•	Drinking alcohol during pregnancy has been associated with
miscarriage, low birth weight and intellectual impairment
(known as foetal alcohol syndrome). Women should be advised
that there is no safe level of alcohol consumption during a
pregnancy.21

Optimise control of existing health
conditions
•	
Existing health conditions should be controlled prior
to and during pregnancy in order to reduce the risk of
complications during pregnancy.
•	Women with chronic diseases such as asthma, diabetes and
chronic kidney disease have an increased risk of complications
during pregnancy.
•	Women with diabetes who are planning a pregnancy should
be informed that establishing good glycaemic control before
conception and maintaining good glycaemic control during
pregnancy has important health benefits, including a reduced
risk of miscarriage, congenital malformation, stillbirth and
neonatal death.111

Take folic acid supplementation
•	
Maternal folic acid deficiency has been linked to the
development of neural tube defects (NTD) such as spina
bifida in the offspring.
•	It is recommended that folic acid supplementation is taken
for a minimum of one month before conception to assist the
prevention of NTD.112
•	Folic acid supplementation should be continued for the first
trimester of pregnancy.112 There is no evidence that continued
folic acid supplementation after the first trimester is beneficial.
•	The recommended dose of folic acid supplementation during
pre-conception is at least 0.4 mg daily. Where there is an
increased risk of NTD (e.g. in women who are obese, those
using anticonvulsant medication, those with existing type 2
diabetes, those with a previous history of a child with NTD
or a family history of NTD) a 5mg daily dose of folic acid is
recommended.112

Take iodine supplementation
•
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S evere maternal iodine deficiency has been linked
to pregnancy loss and impaired mental and physical
development in the foetus. Mild-to-moderate iodine
deficiency during pregnancy adversely affects infant
thyroid function and may affect mental development.113

•	Iodine supplementation (150mcg daily) is recommended
before a woman becomes pregnant to help optimise foetal
development and pregnancy, as well as for the duration of
pregnancy and during breastfeeding.94
•	Women with diagnosed pre-existing thyroid conditions
should seek advice from their doctor before taking any iodine
supplements.94
•	In addition, women who consume daily seaweed soup should
seek advice before taking iodine supplementation, as it may
lead to an excess of iodine and subsequently impact on thyroid
function.

Maintain recommended dietary intake of
omega-3 fatty acids
 mega-3 fatty acids are important for foetal development,
O
including brain development.113
•	Australian and New Zealand dietary guidelines recommend
2–3 servings of oily fish (e.g. salmon, tuna) per week to provide
adequate amounts of omega-3 fatty acids.114
•	Most fish in Australia and New Zealand are low in mercury,
but this varies depending on the type of fish. The higher up the
food chain, the more mercury the fish is likely to contain.
•	Too much mercury can harm the developing nervous system,114
so it is recommended that pregnant women are aware of the
mercury levels of different types of fish and how often to eat
each type.113,114
•

Consume appropriate levels of other vitamins
and minerals
•	
Maternal micronutrient status plays an important role
in pregnancy and birth outcomes. Maternal deficiencies
in certain micronutrients may have an impact on foetal
development and the subsequent health of the offspring.
•	Above and beyond the intake of folic acid, iodine and omega-3
fatty acids, pregnant women should maintain adequate levels
of vitamins and minerals including:
Calcium: Calcium is required for the normal development and
maintenance of the skeleton.113
•	Calcium supplementation is recommended for women who
avoid dairy in their usual diet and do not consume alternative
high calcium food (e.g. calcium-enriched soy milk).112
•	The recommended dietary intake of calcium for pregnant
women is 1300mg per day for those aged under 18 years and
1000mg for those aged 19–50 years.112

Iron: Requirements increase during pregnancy in order to provide
for the growing foetus and increased maternal blood volume.
•	Maternal iron deficiency anaemia has been shown to adversely
affect foetal brain development, increasing the risk of poor
cognitive, as well as poor motor and behavioural development
in the offspring.113 Children of iron-deficient mothers are also
more likely to have low iron stores and be susceptible to iron
deficiency.113
•	Iron status in pregnant women should be monitored, and iron
deficiency treated with iron medications. All women should
receive advice on dietary sources of iron and factors affecting
iron absorption.113
Zinc: Essential for growth and neurobehavioural development of
the foetus and its requirements increase during pregnancy.
•	Maternal zinc deficiency has been associated with growth
retardation and congenital abnormalities (including neural
tube defects), low birth weight and premature delivery, as
well as problems with neurobehavioural and immunological
development in the foetus.113
Vitamin B12: Essential for cell function and neurological function,
including neural tube development.
•	Maternal deficiency has been associated with impaired
neurodevelopment in infants.
•	Low plasma vitamin B12 status in early pregnancy has been
associated with a significant elevation in insulin resistance in
the offspring.115
•	The recommended daily intake of vitamin B12 is 6 mcg/day.
Vegetarians and vegans should be advised to eat foods that
contain vitamin B12, such as milk and milk products, eggs
and foods fortified with B12 (e.g. soy milk). They should also
receive vitamin B12 supplementation during pregnancy and
breastfeeding.112
•	It is important to note that vitamin B12 in plant sources, such
as seaweed and spirulina, does not translate to vitamin B12
activity in the human body.113
Vitamin D: Severe maternal deficiency has been associated with
rickets in the offspring. Maternal vitamin D deficiency has also
been associated with decreased foetal growth through its effect
on maternal calcium homeostasis116, and may also affect bone
mineralisation in adulthood at the time of peak bone mass.117
•	Women who are at risk of vitamin D deficiency should be
identified and advised about methods to increase vitamin D
levels. This includes women with reduced sunlight skin exposure
(e.g. women who wear a veil), those who use sunscreen on a
regular basis, dark-skinned women and obese women.112,113

•	For women who are at increased risk of vitamin D deficiency,
testing should be considered and supplementation instituted
where needed.112

Increase protein and carbohydrate
consumption and moderate fat intake
Increased consumption of protein and carbohydrate is
required during pregnancy to promote foetal growth and
development; however fat intake – especially saturated
fat – may need to be reduced.
•	
Protein: The requirement for protein increases during
pregnancy to support foetal growth, especially in the third
trimester. However, high protein diets (over 20% of total
energy) should be avoided as they may lead to increased birth
weight.113
•	Carbohydrate: Increased intake of carbohydrates is important
in pregnancy to ensure adequate glucose supply for maternal
brain metabolism, as well as for foetal development.113 Pregnant
women should aim for 8.5 serves of breads and cereals
(preferably wholegrain) each day.118
•	Fat: Pregnant and breastfeeding women should aim to reach
the recommended fat intake level of 20–35% of energy intake.
This may mean a reduction in fat intake, especially saturated
fat.113
•

Consumption of allergenic foods
T he developing foetus and newborn infant benefit from
exposure to a wide range of nutritious foods consumed
by the mother during pregnancy and breastfeeding.
•	Avoiding allergenic foods such as peanuts, peanut products
and tree nuts during pregnancy and breastfeeding with the
aim of reducing allergy risk in the offspring is not necessary.98
However, if a pregnant or breastfeeding woman has a food
allergy, she should continue to avoid those foods for her
own safety.
•

Prebiotics and probiotics
•	
A healthy balance of micro-organisms in the gut is
essential for healthy immune system development and
metabolic regulation.84,85
•	The use of probiotic bacteria, commonly found in yoghurt, yeast
and supplements, during pregnancy has been shown to have
metabolic and immune system benefits.20 A study found that
combined dietary counselling and probiotics improved insulin
sensitivity and glucose metabolism in healthy women.119
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•	There is emerging evidence that the use of prebiotics (naturally
occurring dietary fibre which acts as food for probiotics)
during pregnancy may protect against allergy in the offspring
long term. Changing the gut flora of the mother can change
the microbiota of the infant. A systematic review found
that prebiotic use in late pregnancy and early infancy was
associated with a significant reduction in the development
of eczema.120 Further studies are required to determine the
effects off prebiotics in pregnancy.

Women with additional needs
Pregnant women with the following conditions, or in the
following situations, should talk with their doctor about
nutrition during pregnancy and breastfeeding:
- Morning sickness
- Low gestational weight gain
- Pre-existing diabetes or gestational diabetes
- 	Smokers, illicit drug users, women who continue to
consume alcohol
- Teenage mothers

Newborn and infant –
first six months
Breastfeed for as long as reasonably possible
•	
Human milk contains an ideal balance of nutrients to
promote optimal growth and healthy development.
Breastfeeding conveys significant short- and long-term
health benefits for the infant, promotes mother-infant
bonding and provides economic benefits.94
•	Exclusive breastfeeding is recommended for around six months.
It should be continued until at least 12 months of age and
beyond or for as long as the mother and child desire.94

Pre-term Infants
•	Breastfeeding reduces the risk or severity of a number of
conditions in infancy and later life, including necrotising
enterocolitis in preterm infants.94
•	Breastfeeding also has significant cognitive benefits, which
appear to be more pronounced in preterm infants.94
•	In addition to breastfeeding for as long as possible, preterm
breastfed infants require iron supplements from 4-8 weeks
of age.94
•	Those born at less than 32 weeks’ gestation usually require
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fortification of breast milk with protein and calories in the
pre-term period, in order to promote adequate growth.94
•	If a mother is unable to provide enough breast milk, breast
milk bank products are available in Australia for pre-term
infants or those with serious medical conditions.94

Full-term Infants
•	Exclusive breastfeeding is recommended for around six months.
It should be continued until at least 12 months of age and
beyond or for as long as the mother and child desire.94
•	It is important to note that feeding with expressed breast
milk is both practical and safe, provided the expressed milk is
appropriately stored to prevent the risk of bacterial growth.121
•	It is recommended that breastfed infants receive vitamin D
supplements (10 mcg/day) if their mothers are dark-skinned
or wear a veil because of the potential for vitamin D deficiency
in these women.94

Breastfeeding mothers and nutritional intake
 ood nutrition is important for the health and wellbeing of
G
all women and particularly for breastfeeding women, who
have additional nutritional requirements.94
•	Breastfeeding mothers have increased energy needs, and
typically require an additional 2,000–2,100 kJ/day. However,
this requirement will vary depending on the mother’s level of
milk production, rate of postpartum weight loss and physical
activity levels.94 Ensuring adequate energy levels may assist in
prolonging breast milk production, allowing breastfeeding to
continue.
•	Diets containing less than 20% of energy from fat are not
recommended for breastfeeding women, because they may
affect the fat content of breast milk.113
•	Vegan or vegetarian mothers or mothers who follow other
forms of restrictive diets have a greater risk for nutrient
deficiencies, including iron, zinc, calcium and vitamin B12, and
may need referral to a dietitian to maximise the nutritional
quality of their breast milk.94
•	Iodine supplementation should be continued for the duration of
breastfeeding.
•	Breastfeeding women should aim for 9 servings of breads and
cereals (preferably wholegrain) each day.118
•	Exclusion of allergenic foods from the maternal diet has not
been shown to prevent allergies in the offspring and therefore
do not need to be avoided by the breastfeeding mother.98
•	Breastfeeding may promote postpartum weight loss. However,
many women fail to return to their pre-pregnancy weight
within six months, and this has been linked to the development
of obesity.94 Modest and gradual weight loss in women who
remain overweight may be beneficial.
•

Introducing solids
 hile infant feeding guidelines recommend exclusive
W
breastfeeding until around six months of age, emerging
evidence suggests that introducing solids after 17 weeks and
before six months of age (while continuing breastfeeding)
has potential benefits in terms of reducing the risk of some
food allergies.95-97
•	The Australasian Society of Clinical Immunology and Allergy
(ASCIA) has advised relaxing recommendations to avoid certain
food groups and allow the introduction of solid foods after
17 weeks, while continuing breastfeeding.98 It is important that
the introduction of solids does not occur before 17 weeks.
•	Allergenic foods do not need to be avoided during the
introduction of solid foods. Research is currently underway
investigating the timing of introduction of allergenic foods,
including peanuts and egg, into the diet of infants to reduce
the risks of food allergy development.
•	The order and timing of first foods do not appear to be
important, providing that the first foods provided are nutrient
dense and iron fortified.94 Iron is particularly important to
protect against iron-deficiency anaemia and to promote good
cognitive development in the foetus. Good sources of iron
include iron-enriched infant cereals, as well as pureed meat,
poultry and fish.
•	If infant formula is required in the first months of life before
solid foods are introduced, there is evidence that hydrolysed
formulas may reduce the risk of allergic disease in high risk
infants (i.e. those with a family history of allergy).98
•

Infant – six to twelve months
Introduce a wide range of solid foods
T he introduction of a wide range of solid foods from the
five food groups, with an emphasis on iron-rich foods,
is important to promote growth and development in the
infant. It may also assist the child to choose a broader
range of foods in later life.94
•	Continued breastfeeding is encouraged and should be
supported. However, while breast milk continues to be a major
source of nutrients, by this stage it no longer provides all of
the required nutrients and energy for growth and development,
and the infant’s appetite is unlikely to be satisfied by breast
milk alone.94
•	Most infants can manage finger foods by eight months of age.94
•	Most infants are willing to accept new textures and flavours,
so it is important to gradually introduce new food tastes and
textures (from pureed to lumpy and then to normal textures)
during this time.94
•

•	Infants should not consume foods with added sugar, salt,
honey (which may contain clostridium botulinum) or foods
high in saturated fat.94
•	Cow’s milk as a drink should be avoided. Feeding infants with
whole cow’s milk before 12 months of age is associated with
an increased incidence of iron deficiency,94 which can affect
the production of hemoglobin and red blood cells and increase
the risk of anaemia. Consumption of cow’s milk also reduces
the bioavailability of non-haem iron provided by other foods,
and may be associated with occult loss of blood from the
gastrointestinal tract.94

Toddler – one to three years
Vary the child’s diet and establish positive
eating behaviours
 variety of nutritious foods, plus daily physical activity,
A
are important for the ongoing development and growth
of the child. Eating behaviors are also formed during this
phase of life and should be modelled on a regular routine,
eating as part of the family unit, with the size of servings
tailored to the child’s appetite.94
•	Solid foods should provide an increasing proportion of
nutrients after the age of 12 months. Toddlers typically require
small, frequent and nutrient-dense meals, which should
be consistent with the Australian and New Zealand dietary
guidelines.94
•	Toddlers may go through a picky eating stage, but it is
important to continue to offer a wide variety of foods and
regular meals to promote healthy eating habits, behaviours
and eating patterns.94
•	Special milks for toddlers are not required for healthy children.
Water and pasteurised full-cream milk are recommended drinks
at this time.94
•	Sugar-sweetened drinks and fruit juice should be avoided or
limited/diluted. Coffee, tea and other caffeinated drinks are
unsuitable for toddlers.94
•	Consumption of nutrient-poor foods with high levels of
saturated fat, sugar, and/or salt (e.g. potato chips, cakes,
biscuits and confectionery) should be avoided or limited.94
•	Parents should also follow healthy eating and physical activity
guidelines, as children’s eating and lifestyle behaviours are
strongly influenced by parenting practices during this period
of life.94
•
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CONCLUSION
Nutrition and lifestyle factors throughout pre-conception,
pregnancy, infancy and early childhood have a profound influence
on a child’s development and long-term health.
The practical, evidence based recommendations contained in this
report are designed to assist parents and healthcare professionals in
their efforts to maximise this critical window of opportunity when
the foundations of future health are created.
As the findings of further research become available, additional
early life nutrition recommendations should be formulated and
made widely available as part of the preventative health policy
agenda in both Australia and New Zealand.
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