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This position statement on choline intake was developed by the Australian Nutrition Advisory Council
for Eggs (ANACE) to address recent research showing that 90% of Australians are consuming less
than the NHMRC adequate intake (AI) amounts for this essential nutrient.1,2

BACKGROUND
Following the publication of new Australian research that choline intakes are lower than the NHMRC
adequate intake (AI) amounts2, and heightened international focus on this essential nutrient, an
expert roundtable was convened on 19 July 2019. The participants discussed Australia’s current
recommendations for choline intake, whether changes are needed, and the value of elevating
awareness of this essential nutrient amongst health care practitioners and consumers. Current
dietary intakes, choline status of the Australian population, and the health-related benefits of this
essential nutrient were all considered by the panel. The wide-ranging biological functions of choline
and the need for additional research were also discussed. The aim was to establish a position
statement for choline dietary requirements to provide health care practitioners (HCPs) with
evidence-based guidance around this nutrient.

WHY IS CHOLINE IMPORTANT?
Choline is an essential nutrient involved in many aspects of health and development. As with folate,
it is a key methyl group donor important at all life stages. In addition to playing an important role in
development overall, during pregnancy choline is critical for appropriate brain and spinal cord
development, with some data suggesting that adequate intakes may help to reduce the incidence of
birth (neural tube) defects.3 Emerging research suggests that choline intake during pregnancy may
impact cognitive development in childhood (visual memory and processing speed) but further
research is urgently needed.4,5
Choline is found in high quantities in foods such as eggs, meat, fish and milk (see Figure).6 Eggs, even
when cooked, are the richest food source of choline.
Choline, along with other nutrients (such as DHA, EPA, folate, vitamins B6, B12, C, E and selenium), is
important for the structure and function of all cells in the body. Consuming adequate quantities is
critical for all cell membrane formation and is necessary to ensure the junctions between nerves
work properly (synaptic function) and to regulate nerve messages (neurotransmission); choline also
appears to play a role in protecting against neurodegeneration as we age.7
Around 10-15% of the population have gene variants (called single nucleotide polymorphisms or
SNPs) that reduce the activity of key enzymes in choline metabolism and these individuals may have
even higher dietary choline requirements.8,9 There is no routine test available at present for these
genetic variations.
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CURRENT LOCAL RECOMMENDATIONS
Although some choline can be synthesised in the body, the quantities are insufficient to meet all
requirements. As such, sufficient dietary intake is important to maintain appropriate choline levels.
The NHMRC published Australian daily nutrient reference values in 2006 (see Table).1 The values
presented are adequate intake (AI) values.

Table: Australian NHMRC recommended daily nutrient reference values
for choline and percentage of Australian population meeting AI.1,2
Age Group
Adequate Intake (AI) Percent consuming AI
Children
7-12 months infants
150 mg
No data
1-2 years
200 mg
No data
2-3 years
200 mg
67%
4-8 years
250 mg
20%
Male
9-13 years
375 mg
7.1%
14-18 years
550 mg
2.0%
19-64 years
550 mg
3.7%
65-85 years
550 mg
1.2%
Female
9-13 years
375 mg
4.3%
14-18 years
400 mg
1.9%
19-64 years
425 mg
3.3%
65-85 years
425 mg
3.0%
Pregnancy (14-18 years)
415 mg
No data
Pregnancy (19+ years)
440 mg
<1%
Lactation (19+ years)
550 mg
<1%
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INTERNATIONAL RECOMMENDATIONS
In 1998 the US Institute of Medicine (now the National Academy of Medicine) established an
adequate intake value for choline as an essential nutrient that must be mostly acquired from the
diet.
In 2016 the European Food Safety Authority published Dietary Reference Values for choline,
recommending consumption of 400mg per day for adults and 520mg per day for lactating mothers.10
They state that a cause and effect relationship has been established between the consumption of
choline and normal lipid metabolism, maintenance of healthy liver functioning and reduction in
homocysteine levels.11
At the 2017 American Medical Association Annual Meeting delegates voted in support of a
resolution that ‘evidence-based amounts of choline should be included in all prenatal vitamins’.
The American Academy of Pediatrics included choline in their list of recommended nutrients for
pregnancy stating that ‘choline is an important nutrient during the first 1000 days of life to support
neurodevelopment and lifelong brain health’.5

CHOLINE INTAKE IN AUSTRALIA
New research from the University of Wollongong, NSW, Australia, reported that fewer than 10% of
Australians across all age and gender groups were consuming the adequate intake for choline based
on NHMRC values (see Table).2 The authors also found that for most Australians eggs (and foods
containing eggs) were the most common choline food source.2 The study estimated that the average
daily amount of choline consumed by Australians was 265.18  1.3mg (see Table). As a reference,
half a fillet of salmon contains approximately 94mg of choline and one large cooked egg contains
147mg of choline.
As choline was not included in Australian food composition tables, a choline database for Australia
was developed by expanding the AUSNUT 2011–13 food composition database. This was then used
to analyse the Australian National Nutrition and Physical Activity Survey 2011–12 to determine
choline consumption. The research has highlighted that few Australians meet the AI values for
choline consumption; for example only 1.2% of elderly men (65-85 years) are meeting the AI and
<1% of pregnant and lactating women (see Table).

KEY EVIDENCE-BASED PRACTICE POINTS
► It is unequivocal that adequate choline levels are essential for a range of cellular functions
throughout life.
► Most Australians are consuming amounts of choline that are well under the adequate intake
levels.2
► There is evidence from a small study that in addition to folic acid supplementation, adequate
choline intake during pregnancy may further reduce the risk of neural tube defects.3
► One small observational study and one small randomised controlled trial (RCT) linked choline
supplementation during pregnancy with improved cognitive outcomes in childhood (visual
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memory and processing speed) but further research is needed before conclusions can be
drawn.4,5
► Animal studies suggest that adequate choline intake may play a role in preventing dementia
and cognitive decline but further research in humans is required.
► Most prenatal supplements in Australia do not contain choline.
► Further research into choline is required to fully understand the benefits of optimal choline
intake and the implications of consuming less than the AI.

KEY MESSAGING FOR AUSTRALIAN HEALTH CARE PRACTITIONERS
Conception & pregnancy
New research suggests that in pregnant women who have sufficient folic acid, increased intake of
vitamins B6 and B12, choline, methionine and betaine may offer additional risk reduction for neural
tube defects.3 Australian HCPs should be aware that the two most commonly used prenatal
supplement brands in Australia do not contain choline; the supplements that do contain choline only
contain very small quantities. Choline is a large molecule and it is difficult to add sufficient quantities
to existing one-a-day prenatal tablets. Although choline is available as a separate supplement,
purchasing and consuming an additional supplement during pregnancy may be prohibitive for some.
As choline is readily available in inexpensive whole-foods such as eggs, meat and fish, this is the
simplest and most affordable way for most people to increase their choline levels.
Lactation
Choline is found naturally in breast milk and breastfed babies get an average of around 107mg of
choline per day.12 There is evidence that inadequate intake of choline in the diet leads to lower
levels of choline in breast milk, emphasising the importance of a choline-rich diet for lactating
mothers. The Australia New Zealand Food Standards Code legislates that choline is an essential
ingredient in infant formula which must contain a minimum of 1.7 mg and maximum of 7.1 mg per
100kJ.
Infants
There is emerging evidence that adequate dietary choline may play an important role in
neurodevelopment and cognitive outcomes from early life.4,5 It is advisable that choline-rich foods
should be included as part of a balanced whole-food diet for all Australians, particularly infants and
children. As infants make the transition from breast or formula milk, both of which are rich sources
of choline, to solid foods parents and carers should have an awareness of choline-rich food choices
as an important part of the diet. Eggs are an inexpensive source of choline that can be easily
incorporated into the diet at the appropriate age; milk, fish and meat are other good sources of
choline.
Elderly
Choline may play a role in preventing Alzheimer’s disease and cognitive decline, although more
research is needed. Choline (400mg) is a key active ingredient in a nutritional supplement which is
currently undergoing clinical trials in people with Alzheimer’s with promising early findings.13 It has
been reported that Alzheimer’s patients have lower levels of choline in their brain and spinal fluid.14
Choline metabolism gene polymorphisms have also been associated with Alzheimer’s disease. Eggs,
as a component of a healthy diet, have been associated with improved cognitive function in the
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elderly.15 There is also evidence that a choline-rich diet builds stronger bones16 and favourable body
composition (such as lower BMI and lower waist circumference).17
Vegetarians & vegans
Choline is mainly found in animal-derived foods and therefore people who follow a vegetarian or
vegan diet may be at increased risk of not meeting AI levels.18,19 Eggs and milk are good choline
sources for lacto-ovo vegetarians. Plant-based sources of choline include green vegetables, lentils,
tofu, nuts, seeds and grains.

ACTION PLAN FOR FURTHER RESEARCH
► Raise awareness among HCPs that most Australians are consuming choline at well below the
AI.
► Include information on choline in continuing medical education programs on optimal
nutrition at key life stages.
► Encourage further research to assess the benefits of adequate choline intake and, in
particular, to review its importance for a healthy start to life and healthy ageing.
► Conduct further research to fully ascertain the implications of a low choline diet.
Recommendations include: i) systematic literature review and meta-analysis of the existing
body of choline research; ii) identification of gaps in the knowledge base; iii) development of
protocols for interventions and RCTs; and iv) seeking Australian and International
collaborations, and funding, for choline-specific research.
► Focus on research that improves outcomes for vulnerable life-periods including the first
1000 days of life (covering conception, pregnancy, lactation, and infancy) and explores links
between choline deficiency and cognitive decline in the elderly.
► Recommend that the NHMRC nutrient reference value report is updated to include the most
recent choline research.
► Develop Estimated Average Requirements (EARs) for choline when the research evidence
becomes available to establish optimal levels.
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