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Further details of the approach used in setting ULs are given in the FNB:IOM publication Dietary 
Reference Intakes. A risk assessment model for establishing upper intake levels for nutrients (1998b) and 
in the relevant nutrient chapters of the DRI publications.

The uses of the various NRVs are summarised in the table below that was adapted from the FNB:IOM 
(2000b) publication, Dietary Reference Intakes. Applications in Dietary Assessment. This document also 
provides further details of potential applications. 

Nutrient Reference Value For individuals: For groups:

Estimated Average 
Requirement (EAR)

Use to examine the probability that 
usual intake is inadequate

Use to estimate the prevalence of 
inadequate intakes within a group

Recommended Dietary 
Intake (RDI)

Usual intake at or above this level has a 
low probability of inadequacy

Do not use to assess intakes 
of groups

Adequate Intake (AI) Usual intake at or above this level has 
a low probability of inadequacy. When 
the AI is based on median intakes of 
healthy populations, this assessment is 
made with less confi dence

Mean usual intake at or above this 
level implies a low prevalence of 
inadequate intakes. When the AI is 
based on median intakes of healthy 
populations, this assessment is made 
with less confi dence

Upper Level of Intake (UL) Usual intake above this level may place 
an individual at risk of adverse effects 
from excessive nutrient intake

Use to estimate the percentage 
of the population at potential risk 
of adverse effects from excessive 
nutrient intake

In contrast to the US:Canadian approach, the Working Party agreed to retain the traditional concept 
of adequate physiological or metabolic function and/or avoidance of defi ciency states as the prime 
reference point for establishing the EAR and RDIs and to deal separately with the issue of chronic 
disease prevention. It was felt that assessing nutrient needs for chronic disease prevention in a 
quantitative manner was still problematical. Research fi ndings related to chronic disease prevention 
often relate to nutrient mixes or food intake patterns, rather than the intake of individual nutrients. 

To address the issue of chronic disease prevention, two additional sets of reference values were 
developed for selected nutrients for which suffi cient evidence existed. The set dealing with the 
macronutrients was adapted from the work of the FNB:IOM DRI review of macronutrients (2002) and is 
called the Acceptable Macronutrient Distribution Range (AMDR). The second set of reference values was 
termed Suggested Dietary Targets (SDTs). These related to nutrients for which there was a reasonable 
body of evidence of a potential chronic disease preventive effect at levels substantially higher than the 
EAR and RDI or AI. As the evidence base for chronic disease prevention is mainly derived from studies 
and health outcomes in adults, these AMDRs and SDTs apply only to adults and adolescents of 14 years 
and over.

AMDR:  Acceptable Macronutrient Distribution Range: The AMDR is an estimate of the 
range of intake for each macronutrient for individuals (expressed as per cent contribution 
to energy), which would allow for an adequate intake of all the other nutrients whilst 
maximising general health outcome.

SDT: Suggested Dietary Target: A daily average intake from food and beverages for certain 
nutrients that that may help in prevention of chronic disease.
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THE NUTRIENTS REVIEWED

Having considered emerging evidence on the connections between diet and health and the recent 
recommendations from other countries, the preliminary workshops identifi ed more than 40 nutrients 
for the Working Party to consider. The document Recommended Dietary Intakes for use in Australia 
(NHMRC 1991), which had also been adopted for use in New Zealand, contained recommendations for 
19 nutrients and dietary energy. During this review, dietary energy requirements and requirements for 
the nutrients were considered. Those for which values were set are listed below:

Macronutrients Vitamins Minerals & trace elements

Energy Vitamin A Calcium

Protein Thiamin Chromium

Fat (for infants only) Ribofl avin Copper

n-6 fatty acids (linoleic) Niacin Fluoride

n-3 fatty acids (α-linolenic) Vitamin B6 Iodine

LC n-3 fatty acids (omega-3 Vitamin B12 Iron

  fats, DHA, DPA, EPA) Folate Magnesium

Carbohydrate (for infants only) Pantothenic acid Manganese

Dietary fi bre Biotin Molybdenum

Water Choline Phosphorus

Vitamin C Potassium

Vitamin D Selenium

Vitamin E Sodium

Vitamin K Zinc

In addition to the nutrients listed above, the Working Party also reviewed the literature on total fat (for 
ages and life stages other than infancy), carbohydrate (for ages and life stages other than infancy), 
cholesterol, arsenic, boron, nickel, silicon and vanadium. For these nutrients or age bands and life 
stages, it was agreed that there was little or no evidence for their essentiality in humans. This was 
generally in line with the fi ndings of the US:Canadian DRI review recommendations. However, the DRI 
reviews set upper limits for some of these nutrients (FNB:IOM 1998, 2001) and the reader is referred to 
these for information.

The reviews were based on assessment of the applicability of the recently developed US:Canadian 
Dietary Reference Intakes (FNB:IOM 1997, 1998a,b, 2000a,b, 2001, 2002, 2004) to Australia and New 
Zealand, with reference to recommendations from other countries such as the UK (1991, 2003), 
Germany:Austria:Switzerland (DACH recommendations 2002) and from key organisations such as the 
FAO:WHO (2001).
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REFERENCE BODY WEIGHTS 

In developing the recommendations it was necessary to standardise body weights for the various age/
gender groups. Assessment of the data on measured body weights and heights for relevant age/gender 
categories from the most recent National Nutrition Survey of Australia, 1995 (ABS 1998) and New 
Zealand, 1997 and 2002 (MOH 1999, 2003) showed that the body weights were similar to those used 
in the earlier US:Canadian DRI publications. From the 2002 publication onwards, the US:Canadian DRI 
review panels changed their standard body weights in response to availability of new data showing 
markedly lighter body weights than previously used. As the most recent Australian/New Zealand data 
more closely resembled those in the earlier US:Canadian reports, these were adopted for use throughout 
these recommendations.

The standard body weights for all adults were based on that for 19–30 year olds, although body weight 
in most western populations tends to increase throughout adulthood because of increasing body fat.

Gender Age Reference body weight
(kg)

Both 2–6 months 7

Both 7–11 months 9

Both 1–3 years 13

Both 4–8 years 22

Males 9–13 years 40

14–18 years 64

19+ years 76

Females 9–13 years 40

14–18 years 57

19+ years 61
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EXTRAPOLATION PROCESSES

Experimental data are often only available for a limited age/gender group. The setting of 
recommendations for other groups may require extrapolation of the data. This is sometimes based on 
energy requirements, but more commonly on a metabolic body weight. In extrapolating data from one 
group to another, the processes and formulae used were those developed by the US:Canadian DRI 
panels unless otherwise indicated in the text. 

Extrapolations from adult Estimated Average Requirements (EAR) to children’s requirements were mostly 
done using the formula:

EARchild = EARadult x F

where F = (Weightchild/Weightadult)0.75 x (1 + growth factor).

The growth factors used were 0.3 from 7 months to 3 years of age and 0.15 for 4–13 years of age for 
both genders. For boys aged 14–18 years, the growth factor used was 0.15 but for girls of this age, the 
growth factor was set at zero.

When extrapolating from the Adequate Intake (AI) for younger infants aged 0-6 months, to older infants 
aged 7-12 months, the formula used was:

AI7–12 months = AI0–6 months x F

where F = (Weight7–12 months/Weight0–6 months)0.75

When estimating the Upper Level of Intake for children, the UL was extrapolated down from the adults 
UL using the formula:

ULchild = ULadult x (Weightchild/Weightadult)0.75

This allows both body mass and metabolic differences between adults and children to be incorporated 
as necessary. More details can be found in the methodology sections of the US:Canadian FNB:IOM 
reports.

IMPLICATIONS

The implications for adoption of these revised NRVs include: 

• The need to address ongoing education of both health and food industry professionals in the end 
use of the various reference values and related tools for their use.

• The need to update a number of documents and educational tools based on the previous RDIs, 
including:

− The NHMRC Core Food Groups analysis (NHMRC 1994)

−  The Australian Guide to Healthy Eating and the Dietary Guidelines for Australian Adults, the 
Australian Guidelines for Children and Adolescents in Australia and the Dietary Guidelines for 
Older Australians

− The New Zealand Food and Nutrition Guidelines for the ages and stages of the lifecycle.
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In Australia, the Core Food Groups analysis addressed the translation of the nutrient 
recommendations into amounts of core foods (eg cereals, fruits and vegetables, meats, fi sh, poultry, 
dairy, fats and oils) required to meet these nutrient recommendations in Australia. These in turn 
were used as the basis for the development of the Australian Guide to Healthy Eating and the 
Australian Dietary Guidelines for Adults, the Dietary Guidelines for Children and Adolescents in 
Australia and the Dietary Guidelines for Older Australians.

New Zealand has Food and Nutrition Guidelines covering the ages and stages of the lifecycle. There 
are currently seven in the series including infants and toddlers (0–2 years), children (2–12 years), 
adolescents, pregnant women, breastfeeding women, adults and older people. These publications 
include a background paper for health professionals and an accompanying health education 
pamphlet for the public. 

The interrelationships between these various recommendations and the underpinning evidence are 
shown in Figure 1.

• The need for regular monitoring of dietary intake and nutrient status in the population, including the 
use of fortifi ed foods and supplements, to underpin the ongoing revisions of the NRVs, notably the 
Adequate Intake values which, by defi nition, are often based on population median dietary intakes.

• The need for research funds to enable more accurate assessment of requirements for both 
sustenance and prevention of chronic disease, including studies on issues such as biomarkers for 
nutritional status and nutrient bioavailability, and adverse effects of high intakes.

• The need to update and expand existing food databases for the analysis of national nutrition survey 
data, including information on the levels of fortifi cation in foods.

• The need to change computerised dietary analysis programs that use the existing RDI values as 
reference values.

• The need for the redevelopment of relevant standards for the use of NRVs for food legislative 
purposes, including issues such as food labelling and food fortifi cation.

• The need to consider the implications of changes in the NRVs for the food and dietary 
supplementation industry.
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FIGURE 1.   INTERRELATIONSHIPS BETWEEN THE EVIDENCE BASE, NRVS, CORE FOOD GROUP ANALYSIS, DIETARY 
AND FOOD GUIDELINES AND HEALTHY EATING GUIDES

Dietary intakes from 
national surveys

Chronic/defi ciency disease, 
Epidemiology/intervention

Dietary Guidelines 
for Australians

 & 

New Zealand Food and 
Nutrition Guidelines

(for various ages
and life stages)

Public health advice
about the dietary
practices that can

optimise health and
well-being in the 

community.

Takes into account
existing food cultures, 

cultural diversity, 
sustainability, and cost

Nutrient Reference Values

Amount of nutrients required on an average daily 
basis for adequate physiological function and 

prevention of defi ciency disease (EAR, RDI or AI) 
or chronic disease prevention (AMDR or SDT).

Include a UL

NHMRC Core Food Group Analysis

Food types and amounts required based on NRVs 
– computer simulation using food databases and 

national nutrition survey data

Australian Guide to Healthy Eating

Practical interpretation of Core Food Group analysis 
and graphic display

Observations of 
populations

Extrapolation from other 
populations

Animal and human 
experimentation
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WHAT ARE THE IMPLICATIONS OF CHANGES IN RECOMMENDATIONS 
FOR CERTAIN NUTRIENTS?

Consumption of a diet conforming to the NRVs need not, in itself, be more expensive for the individual 
(Baghurst 2003), however addressing the needs for implementation outlined above will involve ongoing 
costs that are diffi cult to quantify. The fi nancial expense associated with inadequate nutrition in the 
community is likely to far outweigh that of implementing the necessary changes. Crowley et al (1992) 
have estimated the economic cost of diet-related disease in Australia in terms of both direct health care 
(hospitals, medical expenses, allied health professional services, pharmaceutical expenses and nursing 
homes) attributable to diet and indirect costs (due to sick leave and the net present value of forgone 
earnings due to premature death). The estimate of direct costs, excluding consideration of alcohol, was 
$1,432 million and that for indirect, $605 million, giving a total of $2,037 million for 1989–1990.

The RDI for some nutrients has substantially increased from that in the previous edition due to the 
availability of new data or changes in the way needs are assessed. In the past, needs at the individual 
level were often assessed in the practical situation by reference to 70% RDI in the absence of a specifi c 
EAR value. The NHMRC Core Food Group assessment, which is the basis for the Australian Guide 
to Healthy Eating, was also modelled on 70% RDI. In the background papers to the previous RDIs 
(Truswell et al 1990), fi gures called Lower Diagnostic Levels were given for some nutrients, but these 
were not offi cially adopted. They were used to derive the previous RDIs with ‘generous factors’ to 
accommodate variation in absorption and metabolism. They were therefore not used in practice. The 
existence of a specifi c EAR in the current NRVs overcomes the need to extrapolate from the RDI when 
attempting to assess adequacy of individual diets.

The new RDI for iron in young women of 18 mg/day appears to have increased from the previous 
RDI (12–16 mg/day), however the EAR for this group (of 8 mg/day) is actually less than 70% of the 
old RDI of 8.4–11.2 mg/day. This refl ects the very high variability in iron requirements in this group 
because of variability in menstrual loss. Thus if 70% RDI had been used in the past as a benchmark for 
assessing the needs of individuals, the apparent requirement would likely have decreased somewhat. 
For pregnant women, 70% of the old RDI was 15.4–29.0 mg/day whilst the new EAR is 22.0 mg/day. 
For lactation, 70% of the old RDI was 8.4–11.2 mg/day but the new EAR is 6.5 mg/day.

In the case of zinc, another nutrient known to be borderline for adequacy in the community, the 
estimate of average needs for men has risen from 8.4 mg/day (70% old RDI) to 12 mg/day (EAR) but 
that for women has fallen from 8.4 mg/day (70% old RDI) to 6.5 mg/day, partly due to recognition that 
absorptive capacity for zinc varies across the genders and that men have signifi cant losses in semen. 

The EAR is well above 70% of the previous RDI for other nutrients, including the B vitamins thiamin, 
niacin, ribofl avin, vitamin B6 and B12, calcium and magnesium, which are all about 50% higher, and 
folate, which is about 100% higher, than 70% of the respective old RDIs. The increase in the B vitamin 
reference values refl ects the ways they were set in the earlier version. In the 1981–1989 RDIs, the values 
for B vitamins were generally set in relation to energy needs for thiamin, ribofl avin and niacin or protein 
needs for vitamin B6. Energy and protein needs were, in turn, set on fi gures recommended at that time 
by the FAO:WHO. The EARs for B vitamins in the current reference values were set using the results 
of metabolic studies with specifi c biochemical endpoints in blood, tissues or urine related to potential 
defi ciency states, or depletion-repletion studies.

For folate, the higher RDI marks a return to the RDI that was in place in Australia before the 1981–1989 
revision, when it was lowered from 400 µg to 200 µg/day on the basis that the amount of absorbed 
folate required to treat or fully prevent defi ciency disease was 100 µg/day, that the average absorption 
from food was 50% and that average total folate consumption in Britain and North America at that time 
was about 200 µg/day. Other countries such as the US and Germany had an RDI of 400 µg at that time 
(although they later reduced it) as they felt that the availability of folate was between 25% and 50% and 
that 100–200 µg absorbed folate/day were needed. 
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The new Australian/NZ RDI for folate is based on the current recommendations from the US and 
Canada and new data on dietary intake in relation to maintenance of plasma folate, erythrocyte folate 
and homocysteine levels that suggest a need for about 300 µg/day. The folate RDI is expressed in terms 
of dietary folate equivalents in recognition of the difference in bioavailability between food folate and 
folic acid. The latter, which is the form used for supplements and fortifi cation of foods, is twice as well 
absorbed as food folate.

In relation to calcium, the difference between the old and new RDIs relates almost entirely to the 
recognition that losses through sweat of some 60 mg/day were not accounted for in previous estimates. 
The additional intake required to account for the decrease in absorption of calcium with increased 
intake is 320 mg.

In the case of magnesium, the new EARs and RDIs were based on maintenance of whole body 
magnesium over time from balance studies mostly published since the last Australian/New Zealand 
RDIs were set. Recent studies of people on total parenteral nutrition that indicated lower needs than 
earlier balance studies were also considered. In the background paper for the earlier magnesium RDI for 
Australia, Dreosti stated “more, conventional magnesium balance studies are necessary at this stage in 
order to resolve the question of requirements” (Truswell et al 1990).

Thus, the increased requirements for some nutrients since the previous revision are based on data not 
available at the time or on a different approach to assessing needs. This outcome may appear to imply 
that people need to consume more food at a time when obesity is a major public health problem in 
the community. However, achievement of the new RDIs requires the consumption of different types of 
foods, not the consumption of more food. If energy-dense, nutrient-poor foods and drinks are replaced 
with plenty of vegetables, fruits and wholegrain cereals, moderate amounts of lean meats, fi sh, poultry 
and reduced fat dairy foods and small amounts of polyunsaturated or monounsaturated fats and oils as 
well as plain water, then all the nutrients required can be obtained within energy requirements. 
It should be remembered also that increased levels of activity make dietary choices more fl exible and 
have the benefi ts of assisting in the maintenance of acceptable body weight and reducing a range of 
chronic diseases.
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DIETARY ENERGY

BACKGROUND

Energy is not a nutrient but is required in the body for metabolic processes, physiological functions, 
muscular activity, heat production, growth and synthesis of new tissues. It is released from food 
components by oxidation. The main sources of energy are carbohydrates, proteins, fats and, to a lesser 
degree, alcohol. 

The unit of energy is the kilojoule (kJ) or megajoule (1 MJ = 1,000 kJ)
4.18 kilojoules are equal to 1 kilocalorie

Allowing for intestinal absorption and for the nitrogenous parts of protein that cannot be completely 
oxidised, the average amount of energy released ranges from approximately 16.7 kJ/g for carbohydrates 
or protein to 29.3 kJ/g for alcohol and 37.7 kJ/g for fats (FAO:WHO:UNU 2004).

Humans need energy for basal metabolism which comprises a set of functions necessary for life such as 
cell metabolism, synthesis and metabolism of enzymes and hormones, transport of substances around 
the body, maintenance of body temperature and ongoing functioning of muscles including the heart, 
and brain function. The amount of energy needed for this purpose in a defi ned period of time is called 
the basal metabolic rate (BMR). BMR represents about 45–70% of daily energy expenditure, depending 
on age, gender, body size and composition. Physical activity is the most variable determinant of energy 
need and is the second largest user of energy after BMR. Humans perform a number of physical 
activities including the obligatory demands of an individual’s economic, social and cultural environment 
(eg occupational, schoolwork, housework) or discretionary activity (eg energy expended for optional 
exercise or sport, or in additional social or cultural interactions).

Energy is also required to process food into nutrients resulting in increases in heat production and 
oxygen consumption often described by the terms ‘dietary-induced thermogenesis’, ‘specifi c dynamic 
action of food’ or ‘thermic effect of feeding’. The metabolic response to food increases the BMR by 
about 10% over the day in people eating a mixed diet. Growth also requires energy for synthesis of 
tissues. In the fi rst three months of life, growth uses about 35% of total energy needs. This falls to 
5% at 12 months, less than 2% in the second year of life, 1–2% until mid-adolescence and zero by 
20 years of age (FAO:WHO:UNU 2004). Additional energy is also needed in pregnancy and lactation 
to cover the needs of the growing fetus, the placenta and expanding maternal tissues and additional 
maternal effort at rest and in physical activity, as well as the production of breast milk.

The best method of assessing energy needs is the doubly-labelled water technique. When this method 
is applied over a 24-hour period, it includes estimates of dietary-induced thermogenesis and the energy 
cost of tissue synthesis. For adults, this equates to daily energy requirements. The additional needs in 
infancy and childhood, in adolescence, pregnancy and lactation need to be estimated from growth 
velocity or weight gain equations, composition of weight gain and average volume and composition of 
breast milk. When direct data are not available, factorial estimates based on time allocated to habitually 
performed activities and knowledge of the energy cost of these activities may be used.

As energy requirements vary with age, gender, body size and activity, recommendations are needed for 
each age and gender group. 
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Recommendations for energy intake differ from those for nutrient intake in that:

• they are not increased to cover the needs of most members of the group or population, as this level 
of intake would lead to overweight or obesity in most people.

• there are differences between the actual energy requirements needed to maintain current body size 
and level of physical activity and the desirable energy requirements needed to maintain body size 
and levels of physical activity consistent with good health. Desirable energy requirements may be 
lower than actual requirements for people who are overweight or obese. Desirable requirements 
may be higher than actual for inactive people. For people who are both overweight/obese and 
physically inactive, the difference between actual and desirable will depend on the balance between 
degree of overweight and level of inactivity.

• they can be applied cautiously to individuals, using estimates of energy expenditure. However, 
predictive estimates are much less accurate for individuals than for groups, and variations in energy 
expenditure can be large, even between apparently similar individuals. 

• there is wide inter-individual variation in the behavioural, physiologic and metabolic components 
of energy needs. The average energy intake recommended for a defi ned group cannot be applied 
to other groups or individuals who differ from the defi ned group average in gender, age, body size, 
activity level and possibly other factors.

Two separate terms can therefore be used to express and determine Estimated Energy Requirements 
(EER):

• The Estimated Energy Requirement for Maintenance (EERM, or actual energy requirement) is the 
dietary energy intake that is predicted to maintain energy balance (plus extra needs for pregnancy, 
lactation and growth) in healthy individuals or groups of individuals at current levels of body size 
and level of physical activity.

• The Desirable Estimated Energy Requirement (DEER, or energy reference value) is the dietary energy 
intake that is predicted to maintain energy balance (plus extra needs for pregnancy, lactation and 
growth) in healthy individuals or groups of individuals of a defi ned gender, age, weight, height and 
level of physical activity consistent with good health and/or development.

Use of, and distinction between, these two terms is necessary because of the various ways in which 
estimates of energy requirements are used and because of the risk of over-prescription of desirable 
energy intakes in people who do not follow recommendations for increased physical activity. In some 
clinical situations, it may be necessary to estimate actual energy requirements (eg when prescribing a 
diet intended to produce an energy defi cit leading to a 0.25–1.0 kg/week weight loss).  



DIETARY ENERGY

Nutrient Reference Values for Australia and New Zealand      17  

RECOMMENDATIONS BY LIFE STAGE AND GENDER

Infants and children 

TABLE 1 ESTIMATED ENERGY REQUIREMENTS (EER) OF INFANTS AND YOUNG CHILDREN

Age
(months)

Reference weight
(kg)

EER
(kJ/day)

Boys Girls Boys Girls

1 4.4 4.2 2,000 1,800

2 5.3 4.9 2,400 2,100

3 6.0 5.5 2,400 2,200

4 6.7 6.1 2,400 2,200

5 7.3 6.7 2,500 2,300

6 7.9 7.2 2,700 2,500

7 8.4 7.7 2,800 2,500

8 8.9 8.1 3,000 2,700

9 9.3 8.5 3,100 2,800

10 9.7 8.9 3,300 3,000

11 10.0 9.2 3,400 3,100

12 10.3 9.5 3,500 3,200

15 11.1 10.3 3,800 3,500

18 11.7 11.0 4,000 3,800

21 12.2 11.6 4,200 4,000

24 12.7 12.1 4,400 4,200

Adapted from FNB:IOM (2002); Reference weights from Kuczmarski et al (2000).

Rationale: For infants and 1–2 year-olds, the equations used for estimating energy expenditure were 
those produced by the Food and Nutrition Board in developing the US:Canadian DRI values (FNB:IOM 
2002). There are some 14 doubly-labelled water (DLW) studies in infants (Butte 2001), mostly done in 
the UK and the US. This method involves consideration of gender, age, body weight and height/length 
and use of these to derive total energy expenditure (TEE). Physical activity level (PAL) categories are not 
used in calculating the requirements of infants. Requirements for growth (FNB:IOM 2002) are added 
to the TEE estimate (89 x weight of infant in kg –100), assuming an additional need of 730 kJ/day for 
0–3 months, 230 kJ/day for 4–6 months, 90 kJ/day for 7–12 months and 85 kJ/day for 1–2 years using 
the estimates of energy content of tissue deposition from Butte et al (2000) in conjunction with the 
50th centile for weight gain at various ages (Guo et al 1991).

Four studies with breast-fed and formula-fed infants have shown higher TEE in formula-fed infants 
(Butte et al 1990, 2000, Jiang et al 1998, Davies et al 1990), averaging +12% at 3 months, +7% at 
6 months, +6% at 9 months and +3% at 12 months. No differences were seen at 18 and 24 months 
(Butte 2001).
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Children and adolescents

TABLE 2 ESTIMATED ENERGY REQUIREMENTS FOR CHILDREN AND ADOLESCENTS (MJ/DAY)

Age 
guidea,b

(years) 

Reference
weightc

(kg)

Reference 
height
(m)

BMRd

(MJ/day)

PAL

1.2e

PAL

1.4e

PAL

1.6e

PAL

1.8e

PAL

2.0e

PAL

2.2e

Boys

3 14.3 0.95 3.4 4.2 4.9 5.6 6.3 6.9 7.6

4 16.2 1.02 3.6 4.4 5.2 5.9 6.6 7.3 8.1

5 18.4 1.09 3.8 4.7 5.5 6.2 7.0 7.8 8.5

6 20.7 1.15 4.1 5.0 5.8 6.6 7.4 8.2 9.0

7 23.1 1.22 4.3 5.2 6.1 7.0 7.8 8.7 9.5

8 25.6 1.28 4.5 5.5 6.4 7.3 8.2 9.2 10.1

9 28.6 1.34 4.8 5.9 6.8 7.8 8.8 9.7 10.7

10 31.9 1.39 5.1 6.3 7.3 8.3 9.3 10.4 11.4

11 35.9 1.44 5.4 6.6 7.7 8.8 9.9 11.0 12.0

12 40.5 1.49 5.8 7.0 8.2 9.3 10.5 11.6 12.8

13 45.6 1.56 6.2 7.5 8.7 10.0 11.2 12.4 13.6

14 51.0 1.64 6.6 8.0 9.3 10.6 11.9 13.2 14.6

15 56.3 1.70 7.0 8.5 9.9 11.2 12.6 14.0 15.4

16 60.9 1.74 7.3 8.9 10.3 11.8 13.2 14.7 16.2

17 64.6 1.75 7.6 9.2 10.7 12.2 13.7 15.2 16.7

18 67.2 1.76 7.7 9.4 10.9 12.5 14.0 15.6 17.1

Girls

3 13.9 0.94 3.2 3.9 4.5 5.3 5.8 6.4 7.1

4 15.8 1.01 3.4 4.1 4.8 5.5 6.1 6.8 7.5

5 17.9 1.08 3.6 4.4 5.1 5.7 6.5 7.2 7.9

6 20.2 1.15 3.8 4.6 5.4 6.1 6.9 7.6 8.4

7 22.8 1.21 4.0 4.9 5.7 6.5 7.3 8.1 8.9

8 25.6 1.28 4.2 5.2 6.0 6.9 7.7 8.6 9.4

9 29.0 1.33 4.5 5.5 6.4 7.3 8.2 9.1 10.0

10 32.9 1.38 4.7 5.7 6.7 7.6 8.5 9.5 10.4

11 37.2 1.44 4.9 6.0 7.0 8.0 9.0 10.0 11.0

12 41.6 1.51 5.2 6.4 7.4 8.5 9.5 10.6 11.6

13 45.8 1.57 5.5 6.7 7.8 8.9 10.0 11.1 12.2

14 49.4 1.60 5.7 6.9 8.1 9.2 10.3 11.5 12.6

15 52.0 1.62 5.8 7.1 8.2 9.4 10.6 11.7 12.9

16 53.9 1.63 5.9 7.2 8.4 9.5 10.7 11.9 13.1

17 55.1 1.63 5.9 7.2 8.4 9.6 10.8 12.0 13.2

18 56.2 1.63 6.0 7.3 8.5 9.7 10.9 12.1 13.3

a  EERs were calculated using BMR predicted from weight, height and age
b   The height and or weight to age ratio may differ markedly in some ethnic groups. In this case, if BMI is in the acceptable range, it would be 

more relevant to use body weight as the main guide to current energy needs 
c  Reference weights from Kuczmarski et al (2000) (see also FNB:IOM 2002)
d  Estimated using Schofi eld et al (1985) equations for weight, height and age group 3–10, 10–18
e   PALs (physical activity levels) incorporate relevant growth factor for age. They correspond to the following activities: 1.2 – bed rest; 1.4 

– very sedentary; 1.6 – light activity; 1.8 – moderate activity; 2.0 – heavy activity; 2.2 – vigorous activity
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Rationale: For children over 2 years and adolescents, a method was used that estimates energy 
expenditure at any physical activity level (PAL), similar to that used in the previous Australian/New 
Zealand RDI (NHMRC 1991) and by the D.A.CH Reference Values report (German Nutrition Society 
2002). This approach is limited by the choice of equation (Schofi eld et al 1985) used to calculate 
basal metabolic rate, and by lack of easily interpretable activity tables for children. Nevertheless it was 
considered more appropriate than the alternative approach used in the US: Canadian DRI (FNB:IOM 
2002), which limits physical activity categories. 

The method used involves fi rstly determining body weight and height for each age/gender category for 
the group or individual. To determine actual or maintenance energy requirements (EERM), the current 
body weight is used. To determine desirable energy requirements (DEER), the current body weight is 
used if it falls within the healthy weight range for children and adolescents of various ages (Cole et al 
2000). Where the BMI is above the recommended level, the desirable body weight is determined by 
assuming a BMI within the acceptable range for children of that age. 

For some ethnic groups in the Australian and New Zealand population, average body weights for a 
given age for children or adults may vary markedly from the reference values given above. Where 
average body weight does not align with the reference values shown above, body weight rather than 
age should be used for estimating the EERM. For the DEER, body weight in relation to the acceptable 
BMI range should be used as the key determinant. 

The acceptable BMI range may vary across ethnic groups but there are limited data on which to base 
ethnic-specifi c BMI ranges. The fi gures for assessment of overweight in children (Cole et al 2000) were 
established using data from many different groups worldwide. For the elderly, a somewhat higher 
acceptable BMI range of 22–27 may be warranted as somewhat higher than normal BMIs in the elderly 
have been associated with better health outcomes and as such are used in National Screening Initiatives 
for the elderly. 

Next, the basal metabolic rate (BMR) of the group or individual is determined using indirect calorimetry 
or predicting from the Schofi eld equations (Schofi eld et al 1985). To account for activity, the 
approximate physical activity level (PAL) of the group or individual is estimated from the amount of 
time spent in different activities and energy expenditure is determined by multiplying the BMR by the 
PAL expressed as a multiple of BMR. 

For adults, a PAL above 1.75 is considered by some authorities to be compatible with a healthy lifestyle 
(FAO:WHO:UNU 2004, FNB:IOM 2002). This value of 1.75 may also be relevant for adolescence but it is 
not certain whether it applies to childhood, particularly early childhood.  

To this is added an estimate of extra energy requirements for growth of 85 kJ/day for 4–8 years, and 
105 kJ/day for 9–18 years, using the estimates of energy content of tissue deposition from Butte et al 
(2000), in conjunction with the 50th centile for weight gain at various ages (Guo et al 1991). 

The estimate of energy requirement is then corrected for the composition of the Australian/New Zealand 
diet (FAO 2003, ABS 1998, MOH 1999, 2003). Further details are given in the Evidence Appendix.
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Adults 

TABLE 3 ESTIMATED ENERGY REQUIREMENTS OF ADULTS USING PREDICTED BMR X PAL

Age

yr

BMI = 
22.0a

BMR

MJ/d

Physical activity level (PAL)b

Males
MJ/day

BMR

MJ/d

Physical activity level (PAL)b

Females
MJ/day

Ht
(m)

Wt
(kg)

Male 1.2 1.4 1.6 1.8 2.0 2.2 Female 1.2 1.4 1.6 1.8 2.0 2.2

19-
30

1.5 49.5 - - - - - - - 5.2 6.1 7.1 8.2 9.2 10.2 11.2

1.6 56.3 6.4 7.7 9.0 10.3 11.6 12.9 14.2 5.6 6.6 7.7 8.8 9.9 11.1 12.2

1.7 63.6 6.9 8.3 9.7 11.0 12.4 13.8 15.2 6.0 7.2 8.4 9.6 10.8 12.0 13.2

1.8 71.3 7.4 8.9 10.3 11.8 13.3 14.8 16.3 6.5 7.7 9.0 10.3 11.6 12.9 14.2

1.9 79.4 7.9 9.5 11.1 12.6 14.2 15.8 17.4 7.0 8.4 9.7 11.1 12.5 13.9 15.3

2.0 88.0 8.4 10.1 11.8 13.5 15.2 16.9 18.6 - - - - - - -

31-
50

1.5 49.5 - - - - - - - 5.2 6.3 7.3 8.4 9.4 10.4 11.5

1.6 56.3 6.4 7.6 8.9 10.2 11.4 12.7 14.0 5.5 6.5 7.6 8.7 9.8 10.9 12.0

1.7 63.6 6.7 8.0 9.4 10.7 12.1 13.4 14.8 5.7 6.8 8.0 9.1 10.3 11.4 12.5

1.8 71.3 7.1 8.5 9.9 11.3 12.7 14.2 15.6 6.0 7.2 8.3 9.5 10.7 11.9 13.1

1.9 79.4 7.5 9.0 10.4 11.9 13.4 14.9 16.4 6.2 7.5 8.7 10.0 11.2 12.5 13.7

2.0 88.0 7.9 9.5 11.0 12.6 14.2 15.8 17.3 - - - - - - -

51-
70

1.5 49.5 - - - - - - - 4.9 6.0 6.9 7.9 8.9 9.8 10.9

1.6 56.3 5.8 7.0 8.2 9.3 10.4 11.5 12.7 5.2 6.2 7.3 8.3 9.3 10.4 11.4

1.7 63.6 6.1 7.3 8.6 9.8 11.1 12.3 13.6 5.4 6.5 7.6 8.7 9.8 10.7 12.0

1.8 71.3 6.5 7.8 9.1 10.4 11.7 13.1 14.4 5.7 6.9 8.0 9.1 10.3 11.4 12.6

1.9 79.4 6.9 8.3 9.6 11.1 12.4 13.8 15.2 6.0 7.2 8.4 9.6 10.8 12.0 13.2

2.0 88.0 7.3 8.8 10.2 11.7 13.2 14.7 16.1 - - - - - - -

>70 1.5 49.5 - - - - - - - 4.6 5.6 6.5 7.4 8.3 9.3 10.2

1.6 56.3 5.2 6.3 7.3 8.3 9.4 10.4 11.5 4.9 5.9 6.9 7.8 8.8 9.8 10.8

1.7 63.6 5.6 6.7 7.8 8.9 10.0 11.2 12.3 5.2 6.2 7.2 8.3 9.3 10.3 11.4

1.8 71.3 6.0 7.1 8.3 9.5 10.7 11.9 13.1 5.5 6.6 7.7 8.7 9.8 10.9 12.0

1.9 79.4 6.4 7.6 8.9 10.2 11.4 12.7 14.0 5.8 6.9 8.1 9.2 10.4 11.5 12.7

2.0 88.0 6.8 8.1 9.5 10.8 12.2 13.5 14.9 - - - - - - -

a  A BMI of 22.0 is approximately the mid point of the WHO (1998) healthy weight range (BMI 18.5–24.9) 
b   PAL ranges from 1.2 (bed rest) to 2.2 (very active or heavy occupational work). PALs of 1.75 and above are consistent with good health. 

PALs below 1.4 are incompatible with moving around freely or earning a living. PALs above 2.5 are diffi cult to maintain for long periods

Note: The original Schofi eld equations (Schofi eld 1985) from which these tables were derived used 60+ years as the upper age category. For 
people aged 51–70 years, the estimates were derived by averaging those for the younger (19–30 years) and older (>70 years) adults.
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Rationale: The method used to estimate energy needs may be applied to both groups and individuals. 
However, it must be recognised that estimates of food energy requirements obtained by these methods 
are only approximate, especially for individuals in whom variations in energy requirements can be very 
large, even if they have the same age, sex and body size and apparently similar levels of activity. For 
example, spontaneous activity such as fi dgeting can make a substantial contribution to the daily energy 
expenditure of some people, while others expend very little energy in this way. When used to predict 
the energy requirements of individuals, these values should be used cautiously. It is desirable that BMR 
is measured where possible rather than predicted, and that PAL is estimated from actual records of usual 
activity patterns.

The method used here is similar to that used in the D.A.CH report (German Nutrition Society 2002). It 
has the advantage of estimating energy expenditure at any physical activity level, but is limited by there 
being only three age ranges for the equations used to calculate BMR and by the fact that the equations 
probably over-estimate BMR in older people. The method is also limited by uncertainty regarding the 
exact level of PAL to use. However, this method is similar in approach to the method used to derive the 
previous Australian recommendations for energy intake (NHMRC 1991) and to that used in the most 
recent FAO report (FAO:WHO:UNU 2004). 

Firstly, the gender, age, body weight and height of the group or individual are determined. To estimate 
EERM, the current body weight is used. To determine DEER, the current body weight is used if it 
falls within the healthy weight range (ie BMI in the range 18.5–24.9). If the BMI is 25.0 or above, 
the desirable body weight is determined by assuming a BMI of 22.0, or in the range 18.5–24.9, as 
appropriate.

The BMR of the group or individual may be measured using indirect calorimetry or predicted from 
gender, age and weight from the Schofi eld equations (NHMRC 1991, Schofi eld et al 1985). For pregnant 
and lactating women, the pre-pregnant body weight is used in the appropriate equations.

The approximate PAL of the group or individual is assessed from the information in Table 4 or from 
estimates or measures of the amount of time spent in different activities as outlined in the US:Canadian 
DRI report (FNB:IOM 2002) or other appropriate factorial method. To determine actual PAL (for the 
EERM), a description of current activity level is used. To determine desirable PAL (for the DEER), a value 
of 1.75 or higher is assumed (FNB:IOM 2002, FAO:WHO:UNU 2004). 

The energy expenditure is estimated by multiplying the BMR by the PAL expressed as a multiple of 
BMR. This energy expenditure value includes estimates of the amount of dietary-induced thermogenesis 
from typical Western diets.

Finally, the estimate of the energy requirement is corrected for composition of the diet. For typical 
Australian/New Zealand diets, defi ned as containing 10–20% energy from protein, 0–6% energy from 
alcohol, and 1–3% of energy from fi bre (ABS 1998, MOH 1999), no correction is necessary as any error 
will be less than 2.5% (FAO 2003). For diets that are very high in protein and/or fi bre and/or alcohol, 
the estimate of energy requirement may be increased according to the calculations shown in the Energy 
Chapter, Evidence Appendix for NRVs. 

Using this approach for the reference body weight male (76 kg), energy requirements for those 
aged 19–30 years would range from 10.8 MJ for sedentary activity to 13.8 MJ for moderate activity; 
for 31–50 year-olds, requirements for this activity range would be from 11 MJ to 16.1 MJ; for 
51–70 year-olds, from 9.5 MJ to 12.1 MJ and for people older than 70 years, from 7.4 MJ to 13.6 MJ. 
For the reference body weight adult female (61 kg), requirements across these activity levels would 
range from 8.1 MJ for those who are sedentary to 10.5 MJ in moderately active 19–30 year-olds; from 
7.9 to 10.1 MJ at 31–50 year; 7.6 to 9.6 MJ at 51–70 years and 7.1 to 9.1 MJ at ages over 70 years. 
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TABLE 4   ENERGY EXPENDITURE LEVELS FOR DIFFERENT LIFESTYLES AS ASSESSED FROM DOUBLY-LABELLED 
WATER MEASURES 

Description of lifestyle Examples of occupations PAL

1. At rest, exclusively sedentary or lying 
(chair-bound or bed-bound).  

Old, infi rm individuals. Unable to move around 
freely or earn a living

1.2

2. Exclusively sedentary activity/seated work 
with little or no strenuous leisure activitya

Offi ce employees, precision mechanics 1.4–1.5

3. Sedentary activity/seated work with some 
requirement for occasional walking and 
standing but little or no strenuous leisure 
activitya

Laboratory assistants, drivers, students, assembly 
line workers

1.6–1.7

4. Predominantly standing or walking worka Housewives, salespersons, waiters, mechanics, 
traders

1.8–1.9

5. Heavy occupational work or highly active 
leisure 

Construction workers, farmers, forest workers, 
miners, high performance athletes

2.0–2.4

6. Signifi cant amounts of sport or strenuous 
leisure activity in addition to 2, 3 or 4 above

Add extra 
PAL unitsa 

Adapted from Black et al (1996), German Nutrition Society (2002) and FNB:IOM (2002) 

Abbreviations: PAL, physical activity level
a Note: For sports and strenuous leisure activities (30–60 minutes, 4–5 times per week) add 0.3 PAL units per day, or calculate how much extra 
PAL to add from data in Chapter 12 of US:Canadian DRI report (FNB:IOM 2002)

Pregnancy  Estimated Energy Requirement

All ages

 1st trimester No additional requirement

 2nd trimester Additional 1.4 MJ/day

 3rd trimester Additional 1.9 MJ/day

Rationale: After estimating the PAL as above for adult women, extra requirements for pregnancy are 
added using results from DLW studies (Forsum et al 1992, Goldberg et al 1991, 1993, Koop-Hoolihan et 
al 1999) together with the estimated energy content of the gain in both fetal and maternal body mass 
(de Groot et al 1994, Forsum et al 1988, Goldberg et al 1993, Koop-Hoolihan et al 1999, Lederman et 
al 1997, Lindsay et al 1997, Pipe et al 1979, Sohlstrom & Forsom 1997, van Raaij et al 1988). This latter 
estimate is based on the additional body fat (using standard anthropometric techniques) and estimated 
protein deposition. The average extra requirement for pregnancy is nil in the fi rst trimester, 1.4 MJ/day 
in the second trimester and 1.9 MJ/day in the third trimester of pregnancy (FNB:IOM 2002). 

There are large variations in these requirements according to the pre-pregnancy body fat in the 
mother (Goldberg et al 1993), so care should be taken when applying these additional requirements 
to individuals. A report by the European Commission (1993) also refers to studies supporting a need 
for what they defi ne as thin women (BMI <20) to gain more weight overall, especially during the 
second and third trimesters, than women above this level of body fat. Conversely, the report states that 
overweight women do not need to gain as much weight as those with BMI in the normal range and 
thus have less additional energy needs. A UK report (COMA 1991) suggests a possible (unspecifi ed) 
greater requirement for energy in underweight pregnant women than those in the normal weight range, 
but does not address the possibility of a lower requirement in overweight/obese women.
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Lactation Estimated Energy Requirement

 All ages Additional 2.0–2.1 MJ/day 

Rationale: Due to variations in milk production (individual variation, stage of lactation and extent of 
weaning), weight loss during lactation and changes in physical activity level, it is diffi cult to make a 
single recommendation for energy needs during lactation.

However, the average additional requirement in lactation may be taken as an extra 2.0–2.1 MJ/day, 
assuming full breast feeding in the fi rst six months and partial breast feeding thereafter (FAO:WHO:
UNU, 2004). The value of 2 MJ/day assumes milk production of 0.78 L/day, an energy content of milk 
of 2.8 kJ/g, 80% effi ciency and an assumed weight loss equivalent to 720 kJ/day in the mother in the 
fi rst few months of lactation, with no change in physical activity level. In the second six months, milk 
production is assumed to average 0.60 L/day but due to the depletion of maternal fat stores, additional 
energy requirements are almost the same.

UPPER LEVEL OF INTAKE - DIETARY ENERGY

It is not possible to set a UL.

Rationale: Body weight within the range desired for good health (BMI 18.5–25 kg/m2) whilst 
maintaining adequate levels of physical activity is the critical indicator of adequacy of energy intake. 
Since any energy intake above the estimated requirement is likely to result in weight gain and increased 
morbidity, a UL cannot be calculated for dietary energy.
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PROTEIN

BACKGROUND

Protein occurs in all living cells and has both functional and structural properties. Amino acids, 
assembled in long chains, are the building blocks of protein. Of the 20 amino acids found in proteins, 
some can be made by the body while others are essential in the diet. Amino acids are used for the 
synthesis of body proteins and other metabolites and can also be used as a source of dietary energy. 
The proteins of the body are continually being broken down and resynthesised in a process called 
protein turnover.

Protein is the body’s main source of nitrogen which accounts for about 16% the weight of protein. 
Non-protein nitrogenous compounds are usually present in the diet in minimal amounts. Thus, in 
assessing dietary protein sources, the total amount of protein, its digestibility and its content of essential 
amino acids need to be considered. Proteins also contain carbon, oxygen, hydrogen and, to a lesser 
extent, sulphur.

The nine indispensable or essential amino acids, defi ned as those that the body is unable to synthesise 
from simpler molecules, are histidine, isoleucine, leucine, lysine, methionine, phenylalanine, threonine, 
tryptophan and valine. Cysteine and tyrosine can partly replace methionine and phenylalanine, 
respectively. Under certain extreme physiological conditions such as in prematurity or during some 
catabolic illnesses, the non-essential amino acids arginine, cysteine, glutamine, glycine, proline and 
tyrosine may be required in the diet. Under normal conditions, glutamine, glutamate or aspartate can 
supply arginine; methionine and serine can be converted to cysteine; glutaminic acid and ammonia can 
be converted to glutamine; serine or choline can supply glycine; glutamate can provide proline and 
phenylalanine can be converted to tyrosine. These amino acids are sometimes termed conditionally 
indispensable. Alanine, aspartic acid, asparagine, glutamic acid and serine are non-essential. The amino 
acids act as precursors for many coenzymes, hormones, nucleic acids and other molecules. 

Proteins in the diet and the body are associated with a number of other vitamins and minerals and are 
more complex and variable than other energy sources such as fat and carbohydrate. The polypeptide 
chains that make up proteins are folded into three-dimensional structures that include helical regions 
and sheet-like structures due to interaction between the amino acids in the chain. The fi nal shape of 
a mature protein often refl ects its function and also interactions with other molecules. The protein’s 
structure may infl uence its digestibility.

The body of a 76 kg man contains about 12 kg of protein. Nearly half of this protein is present as 
skeletal muscle, while other structural tissues such as blood and skin contain about 15% (Lentner 1981). 
Myosin, actin, collagen and haemoglobin account for almost half of the body’s total protein content. 
Only 1% of the body’s store is labile (Waterlow 1969, Young et al 1968), so its availability as a reserve 
energy store, compared to body fat, is limited. Unlike carbohydrate and fats, the body does not maintain 
an energy storage form of protein.

Proteins are found in both animal and plant foods. The amino acid profi le of animal proteins is closer to 
that of humans but all of the necessary amino acids can be provided in the amounts needed from plant 
sources. The major sources in the Australian and New Zealand diet are meat, poultry and fi sh (about 
33%), cereals and cereal-based foods (about 25%) and dairy foods (about 16%). Vegetables also provide 
about 8%. Certain proteins can cause allergic responses in some individuals notably milk, eggs, peanuts 
and soy in children and fi sh, shellfi sh, peanuts and tree nuts in adults. 
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The effi ciency of dietary protein digestion is high. After ingestion, proteins are denatured by acid in the 
stomach and cleaved to smaller peptides. A number of gut enzymes including trypsin, chymotrypsin, 
elastase and carboxypeptidases, complete the process. The free amino acids and small peptides that 
result are absorbed into the mucosa by specifi c carrier systems. After intracellular hydrolysis of absorbed 
peptides, free amino acids are secreted to the portal blood where some of the amino acids are taken up 
and the remainder pass into systemic circulation for delivery to, and use by, peripheral tissues. 

There is wide variation in dietary protein intake, to which the body is able to adapt over a few days. 
However, severe disease states or fasting can cause substantial body protein losses as energy needs 
take priority. The protein lost is, however, also necessary to the functioning of the body. A serious 
depletion in the body mass protein can be life threatening with muscle loss, including loss of heart 
muscle (Hansen et al 2000). Thus, not only must suffi cient protein be provided for sustenance, but also 
suffi cient non-protein energy so the carbon skeletons of amino acids are spared from providing energy. 
Similarly, unless amino acids are present in the right balance, protein utilisation will be compromised 
(Duffy et al 1981). Protein-energy malnutrition (PEM) is common on a worldwide basis in both children 
and adults (Stephenson et al 2000) causing the death of 6 million children a year (FAO 2000). In 
countries like Australia and New Zealand, PEM is seen most commonly associated with other diseases 
and in the elderly. Protein defi ciency affects all organs including the developing brain (Pollitt 2000), as 
well as the immune system (Bistrian 1990) and gut mucosal function (Reynolds et al 1996).

There are two key methods for assessing protein requirements, factorial methods and nitrogen balance. 
For infants, the amount provided by the milk of healthy mothers is used to estimate the adequate intake.

RECOMMENDATIONS BY LIFE STAGE AND GENDER

Infants AI Protein
 0–6 months 10 g (1.43 g/kg body weight)

 7–12 months 14 g (1.60 g/kg body weight)

Rationale: An AI for protein for 0–6 months was calculated by multiplying together the average intake 
of breast milk (0.78 L/day) and the average concentration of protein in breast milk of 12.7 g/L (Dewey 
et al 1983, 1984, Butte et al 1984, Nommsen et al 1991, Mitoulas et al 2002) and rounding. An AI for 
infants aged 7 to 12 months was calculated by multiplying the concentration of protein in breast milk 
at this stage of lactation of 11 g/L (Dewey et al 1984, Mitoulas et al 2002, Nommsen et al 1991) by the 
volume of breast milk (0.6 L) and adding an allowance for complementary foods of 7.1 g/day from the 
US, NHANES III data (FNB:IOM 2002) to give an AI of 14 g/day (or 1.6 g/kg body weight/day, assuming 
a reference weight of 9 kg). It is important that the digestibility and comparative protein quality of 
formulas is taken into account as these will be different to human milk. 

Children & adolescents EAR RDI  Protein
All

 1–3 yr 12 g/day (0.92 g/kg) 14 g/day (1.08 g/kg)

 4–8 yr 16 g/day (0.73 g/kg) 20 g/day (0.91 g/kg)

Boys

 9–13 yr 31 g/day (0.78 g/kg) 40 g/day (0.94 g/kg)

 14–18 yr 49 g/day (0.76 g/kg) 65 g/day (0.99 g/kg)

Girls

 9–13 yr 24 g/day (0.61 g/kg) 35 g/day (0.87 g/kg)

 14–18 yr 35 g/day (0.62 g/kg) 45 g/day (0.77 g/kg)
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Rationale: There are limited data on which to estimate EARs for children and adolescents. 
Requirements were estimated using the factorial method including estimates of the amount needed for 
growth and maintenance on a fat-free mass basis. An overall CV of 12% for the EAR was used to derive 
the RDI. 

Adults EAR RDI  Protein
Men

 19–30 yr 52 g/day (0.68 g/kg) 64 g/day (0.84 g/kg)

 31–50 yr 52 g/day (0.68 g/kg) 64 g/day (0.84 g/kg)

 51–70 yr 52 g/day (0.68 g/kg) 64 g/day (0.84 g/kg)

 >70 yr 65 g/day (0.86 g/kg) 81g/day (1.07 g/kg)

Women

 19–30 yr 37 g/day (0.60 g/kg) 46 g/day (0.75 g/kg) 

 31–50 yr 37 g/day (0.60 g/kg) 46 g/day (0.75 g/kg)

 51–70 yr 37 g/day (0.60 g/kg) 46 g/day (0.75 g/kg)

 >70 yr 46 g/day (0.75 g/kg) 57 g/day (0.94 g/kg)

Rationale: There are limited data except for younger adult males. Requirements were estimated using 
the factorial method including estimates of the amount needed for growth and maintenance on a fat-free 
mass basis. An overall CV of 12% was used to derive the RDIs. Adults older than 53 years appeared to 
have 25% higher requirements for maintenance than younger adults in an analysis by Rand et al (2003). 
However, there were only 14 subjects and the difference did not reach signifi cance. Other researchers 
from the same institute have also suggested a need for higher intakes in older adults (Campbell & Evans 
1996, Campbell et al 2001). For this reason, the EAR for adults >70 years was increased by 25% over that 
of younger adults, although it should be recognised that the data supporting this increase are limited. 
The RDI is estimated assuming a CV of 12% for the EAR based on the analysis of Rand et al (2003).

Pregnancy EAR RDI  Protein

(2nd and 3rd trimesters)

 14–18 yr 47 g/day (0.82 g/kg) 58 g/day (1.02 g/kg)

 19–30 yr 49 g/day (0.80 g/kg) 60 g/day (1.00 g/kg) 

 31–50 yr  49 g/day (0.80 g/kg) 60 g/day (1.00 g/kg)

Rationale: No additional requirement was set for the fi rst trimester as there is little additional weight 
gain during this time. The recommendations are for the second and third trimesters. One third of the 
pregnancy weight gain occurs in the second trimester and two thirds in the third trimester. The increase 
in body weight requires an additional 0.2 g/kg/day during this phase of pregnancy based on the 
mid-trimester weight gain and effi ciency of utilisation observed in the meta analysis of Rand et al 
(2003), making the EAR at this stage of 0.8 g/kg/day. The RDI is estimated using a CV of 12% for the 
EAR giving an RDI in the second and third trimesters of pregnancy of 1.00–1.02 g/kg/day or 60 g/day 
with rounding.

Lactation EAR RDI  Protein
 14–18 yr 51 g/day (0.90 g/kg) 63 g/day (1.1 g/kg)

 19–30 yr 54 g/day (0.88 g/kg) 67 g/day (1.1 g/kg)

 31–50 yr 54 g/day (0.88 g/kg) 67 g/day (1.1 g/kg)
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Rationale: Using a factorial approach, the additional requirement in pregnancy was estimated as 
21.2 g/day (FNB:IOM 2002), assuming that all nitrogen in human milk is provided by extra protein. 
This was the fi gure used by the US:Canadian Committee. However, about 20–25% of the nitrogen in 
milk is non-protein and can be provided by the unused portion of the maintenance protein intake. 
On this basis, the additional need is about 17 g/day or 0.28 mg/kg body weight. The RDI was set 
assuming a CV of 12% for the EAR.

UPPER LEVEL OF INTAKE - PROTEIN

No UL was set as there are insuffi cient data. However, a UL of 25% protein as energy is 
recommended for which the rationale is provided in the ‘Chronic disease’ section of this 
document.

Rationale: Humans consume widely varying amounts of proteins. Although some adverse effects 
have been reported with moderate to high levels of supplementation, the risk of adverse effects from 
foods consumed as part of everyday diets is very low. This consideration, together with the limited 
data available, makes it impossible to set an upper limit in terms of grams per day. However caution 
is needed. Intakes of individual amino acids that may be consumed as supplements should not exceed 
those normally found in the diet.
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FATS: TOTAL FAT AND FATTY ACIDS

BACKGROUND

Fats are the most concentrated form of energy for the body (37 kJ/g). They also aid in the absorption of 
the fat-soluble vitamins, A, D, E and K and other fat-soluble biologically-active components. Chemically, 
most of the fats in foods are triglycerides, made up of a unit of glycerol combined with three fatty acids 
which may be the same or different. The differences between one triglyceride and another are largely 
due to the fatty acids content. Other dietary fats include phospholipids, phytosterols and cholesterol. 

There are three major types of naturally-occurring fatty acids – saturated, cis-monounsaturated and 
cis-polyunsaturated. A fourth form, the trans fatty acids, are produced by partial hydrogenation of 
polyunsaturated oils in food processing and they also occur naturally in ruminant animal foods. 
Saturated fats are found mainly in animal-based foods and polyunsaturates and monounsaturates 
predominate in plant-based foods. 

Saturated fatty acids contain no double bond; they are fully saturated with hydrogen. They are the 
main type of fatty acids found in milk, cream, butter and cheese, meats from most of the land animals, 
palm oil and coconut oil as well as in products such as pies, biscuits, cakes and pastries. Saturated fatty 
acids have both physiological and structural functions. They can be synthesised by the body so are not 
required in the diet.  

The main monounsaturated fatty acid is oleic acid with one double bond. Olive, canola and peanut oils 
are rich in oleic acid. The monounsaturates are also synthesised by the body and are thus not required 
in the diet. 

Polyunsaturated fatty acids contain two or more double bonds. The most common is linoleic acid 
(LA, 18:2). It is described as ‘n-6’ due to the position of the double bonds and occurs in seed oils, 
eg sunfl ower, saffl ower and corn. Other n-6 fatty acids include γ-linolenic (18:3), dihomo-γ-linolenic 
(20:3), arachidonic acid (20:4) and adrenic acid (22:4). LA is the precursor of arachidonic acid, a 
substrate for eicosanoid production which is also involved in the regulation of gene expression 
(Ou et al 2001). LA is also found as a structural component of cell membranes and is important in 
cell signalling. High intakes of n-6 polyunsaturated fats have been associated with blood lipid profi les 
associated with a lower risk of coronary heart disease (eg lower total and LDL cholesterol, increased 
HDL cholesterol and reduced triacylglycerol) (Arntzenius et al 1985, Becker et al 1983, Sonnenberg 
et al 1996). 

Smaller amounts of polyunsaturated fatty acids with double bonds in the n-3 position also occur in 
the diet. These are sometimes referred to as omega fatty acids. Humans are unable to insert a double 
bond at the n-3 position of a fatty acid and thus require a dietary source. The parent fatty acid of the 
n-3 series is α-linolenic (ALA, 18:3). ALA is found in legumes, canola oils and margarines, linseed oils 
and products, certain nuts such as walnuts, and in small amounts in leafy vegetables. Canola oils and 
margarines and linseed oils are rich sources and legumes contribute some. A second group of n-3 fatty 
acids are the long chain (LC) acids eicosapentaenoic acid (EPA, 20:5), docosahexaenoic acid (DHA, 
22:6) and docosapentaenoic acid (DPA, 22:5) that are found predominantly in oily fi sh such as mackerel, 
herrings, sardines, salmon and tuna and other seafood. Whilst α-linolenic acid predominates in western 
diets, the fi sh oils, DHA, EPA and DPA predominate in other communities consuming their traditional 
diet, such as the Inuit (Holman et al 1982). 

ALA primarily functions as a precursor for the synthesis of EPA which in turn forms DHA but may 
also have an independent role in protection against coronary heart disease via different mechanisms 
(Crawford et al 2000). Conversion of ALA to EPA and DHA is limited and varies according to the intakes 
of other fatty acids (Burdge et al 2003, Emken 2003, Pawlosky et al 2001). Thus, a typical intake of ALA 
may be less able to satisfy the physiological requirements for LC n-3 fatty acids than the smaller and 
often more variable intakes of pre-formed LC n-3 fatty acids. 
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DHA plays an important role as a structural membrane lipids, particularly in nerve tissue and the 
retina, and can also act as a precursor to certain eicosanoids. EPA is the precursor of the 3 series 
of prostaglandins and the 5 series of leukotrienes. In recent years, research has shown both 
cardiovascular and anti-infl ammatory benefi ts of LC n-3 fatty acids (Albert et al 1998, 2002, Burr et al 
1989, Dallongeville et al 2003, Djousse et al 2001, Dolecek 1992, GISSI-Prevenzione Investigators 
1999, Hu et al 1999, Pischon et al 2003, WHO 2003). Early on, because of the nature of the fi sh oils 
used in studies, these benefi ts were attributed to EPA and its impact on eicosanoid production 
(Simopoulos 1991) but recent studies suggest that DHA is the primary mediator of cardiovascular 
benefi ts, infl uencing gene expression of key metabolic regulators, particularly in endothelial cells 
(Mori et al 1999). The potential role of DPA, as a very minor component of fi sh oil, has been largely 
ignored, despite the fact that recent research shows DPA contributes almost 30% of total LC n-3 in 
our diet (Howe et al 2003, 2005).

Until dose-response relationships have been established, the relative effi cacy of EPA, DPA and DHA 
remains uncertain. Moreover, the extent of their interconversion is also uncertain. Hence it is not 
possible to differentiate between intake requirements for EPA, DPA and DHA at this stage.

A lack of dietary n-6 or n-3 polyunsaturated fatty acids is characterised by rough, scaly skin, dermatitis, 
increased transepidermal water loss, reduced growth and a high triene: tetraene ratio (Goodgame et al 
1978, Holman et al 1982, Jeppersen et al 2000, Mascioli et al 1996, O’Neill et al 1977). They cannot be 
formed in the body and is therefore essential in the diet. Studies on patients given fat-free parenteral 
feeding have provided insight into the levels at which essential fatty acid defi ciency occurs but are not 
suffi cient to establish an average requirement (Fleming et al 1976, Goodgame et al 1978, Jeppersen et al 
1998, Riella et al 1975).

There is some evidence that the ratio of n-6 to n-3 fatty acids may be important. Jensen et al (1997) 
reported that infants fed formulas containing an LA:ALA ratio of 4.8:1 had lower arachidonic acid 
concentrations and impaired growth compared to infants fed ratios of 9.7:1 or above. However, more 
recent large trials of ratios of 5:12 and 10:1 found no evidence of reduced growth or other problems 
(Simmer 2002). Various authorities have recommended ratios of LA:ALA or n-6:n-3 ratios ranging from 
5:1 to 10:1 or 5:1 to 15:1 or 6:1 to 16:1 for infant formula (ESPGAN, Committee on Nutrition 1991, 
ISSFAL 1994, LSRO 1998).

A number of studies have looked at the n-6:n-3 ratio in relation to heart disease with inconsistent 
results (Dolecek & Graditis 1991, Ezaki et al 1999, Hu et al 1999, Kromhout et al 1985, Lands et al 1990, 
1992, Nelson et al 1991, Shekelle et al 1985). However, on the basis of these results, the FAO:WHO 
Consultation on Fats and Oils (1994) recommended that the ratio of LA to ALA in the diet should be 
between 5:1 and 10:1 and suggested that individuals with a ratio greater than 10:1 should be encouraged 
to consume more n-3-rich foods. In contrast, an expert workshop in the Netherlands (de Deckere 1998) 
concluded that setting an n-6:n-3 ratio would not be helpful. They also proposed that there should be 
separate recommendations for plant (18:3) and marine (20:5, 22:5, 22:6) n-3 fatty acids.

Based on the concept of essentiality and given the lack of dose-response data to derive EARs for those 
components considered essential, AIs have been set for LA (n-6 in infants), ALA and the combined LC 
n-3 fatty acids, DHA:EPA:DPA. The AIs are based on median population intakes in Australia.

For children, adolescents and adults an EAR, RDI or AI for total fat was not set as it is the type 
of fats consumed that relate to essentiality and to many of the physiological and health outcomes. 
A suggested range of per cent energy as fat in relation to chronic disease prevention is addressed in 
the ‘Chronic disease’ section. In infancy, as fat is the major single source of energy in breast milk, an AI 
recommendation for total fat has been made based on breast milk composition. Recommendations for 
fatty acids in infancy are also based on total n-6 or n-3 derived from the composition of breast milk.
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RECOMMENDATIONS BY LIFE STAGE AND GENDER

Infants AI             Fats
0–6 months Total fat 31 g/day

   n-6 polyunsaturated fats 4.4 g/day

   n-3 polyunsaturated fats 0.5 g/day

7–12 months Total fat 30 g/day

   n-6 polyunsaturated fats 4.6 g/day

   n-3 polyunsaturated fats 0.5 g/day

Rationale: The AI for 0–6 months was set by multiplying together the average intake of breast milk 
(0.78 L/day) and the average concentration of fat, n-6 or n-3 in breast milk (40; 5.6 and 0.63 g/L, 
respectively) from nine studies reviewed by FNB:IOM (2002) and rounding. The AI for 7–12 months was 
set by multiplying together the average intake of breast milk (0.6 L/day) and the average concentration 
of fat, n-6 or n-3 in breast milk (40; 5.6 and 0.63 g/L respectively) from nine studies reviewed by 
FNB:IOM (2002) and adding the median intake from complementary foods (5.7, 1.2 and 0.11 g/day, 
respectively) from the US CSFII data for 1994–96 (FNB:IOM 2002). 

Children, adolescents & adults AI                             Fats
   Linoleic acid α-linolenic acid Total LC n-3
     (DHA+EPA+DPA)

Boys and girls

 1–3 yr 5 g/day 0.5 g/day 40 mg/day 

 4–8 yr 8 g/day  0.8 g/day 55 mg/day 

Boys

 9–13 yr 10 g/day  1.0 g/day 70 mg/day 

 14–18 yr 12 g/day 1.2 g/day 125 mg/day 

Girls

 9–13 yr 8 g/day  0.8 g/day 70 mg/day 

 14–18 yr 8 g/day 0.8 g/day 85 mg/day 

Adults 19+ yr

 Men 13 g/day 1.3 g/day 160 mg/day

 Women 8 g/day  0.8 g/day  90 mg/day

Rationale: The AIs for LA and ALA were based on the highest median intakes of any of the gender-
related age groups taken from an analysis of the National Nutrition Survey of Australia of 1995 (Howe et 
al 2003, 2005). For LC n-3, to overcome a marked gender disparity caused by particularly higher relative 
intakes in younger adult males (19–30 years), the AI was based on the median intake for all adults of 
the relevant gender. As national data were not available for New Zealand, similar values were assumed. 
The AIs do not necessarily refl ect optimal intakes but are the values found in a population with no 
apparent essential fatty acid defi ciency. (The ‘Chronic disease prevention’ section includes a suggested 
dietary target.) 
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Pregnancy  AI                                                           Fats
   Linoleic acid α-linolenic acid Total LC n-3

     (DHA+EPA+DPA)

 14–18 yr 10 g/day 1.0 g/day 110 mg/day

 19–50 yr 10 g/day  1.0 g/day  115 mg/day

Rationale: Demand for n-6 and n-3 fatty acids for placental and fetal tissue must be met from maternal 
stores or by increased dietary intake, but there is a lack of data for assessing additional needs. The AIs 
for pregnancy were therefore based on that of the non-pregnant women, with an additional amount 
based on the increased average body weight in pregnancy (x 1.25).

Lactation  AI                                                           Fats
   Linoleic acid α-linolenic acid Total LC n-3

     (DHA+EPA+DPA)

 14–18 yr 12 g/day 1.2 g/day 140 mg/day

 19–50 yr 12 g/day  1.2 g/day  145 mg/day

Rationale: There is a lack of data about the requirements in pregnancy, so the AIs were based on that 
for non-pregnant, non-lactating women plus that of the infant. As the infant recommendation includes 
only an AI for total n-3 based on milk concentration, this amount was apportioned between ALA and LC 
omega-3 in the same ratio as in the maternal AI when assessing the additional requirement.

UPPER LEVEL OF INTAKE - TOTAL FAT AND FATTY ACIDS

Linoleic acid:    No UL was set because there is no known level at which adverse effects 
may occur.

α-linolenic acid:   No UL was set because there is no known level at which adverse effects 
may occur. The longer chain DHA, EPA and DPA fatty acids derived from 
ALA are more biologically-potent than ALA itself.

LC n-3 fatty acids (DHA, EPA, DPA):

 Infants 0–12 months   Not possible to establish

 Children, adolescents and adults  3,000 mg/day

Rationale: There is some evidence to suggest that high levels of these fatty acids may impair immune 
response and prolong bleeding time. However the immune function tests were performed in vitro and it 
is unclear how the results would translate to the in vivo situation. Prolonged bleeding times have been 
seen in the Inuit, but it is not known if they were caused by high LC n-3 consumption. The US Food 
and Drug Administration (DHHS 1997) has set a ‘Generally Regarded as Safe’ level of 3000 mg/day for 
LC n-3 which has been adopted here as the upper level of intake for children, adolescents and adults. 
(Note that is unlikely that this level of intake would be reached by consumption of seafood alone. If it 
were, then consideration would need to be given to the possible effects of concomitant intakes of other 
potential toxins such as mercury.) It is not possible to estimate an upper level of intake for infants.
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Sardinha 1994). The 2-month value was chosen to ensure adequate intake and multiplied by the daily 
milk volume (0.42 µg/L x 0.78 L/day = 0.33 µg/day) and rounded up to give the AI of 0.4 µg. As there 
are few data for the vitamin B12 content of weaning diets, the AI for 7–12 months was estimated by 
extrapolating up from the 0–6 month AI. This was cross-checked by extrapolating from the adult EAR 
and adjusting for the expected variance to estimate a recommended intake. The former estimate gave a 
value of 0.5 µg/day after rounding up and the latter, 0.6 µg/day. The AI was set at 0.5 µg/day.

Note: To ensure adequate vitamin B12 status in their infants, and prevent severe outcomes including 
cognitive impairment or even coma in the infant, vegan mothers should supplement their diets with 
vitamin B12 at the RDI level throughout pregnancy and lactation on the basis of evidence that stores in 
infants of vegan mothers at birth are low and the milk may supply only very small amounts (Specker et 
al 1990). Soy formula used during weaning needs to be fortifi ed with vitamin B12 to an equivalent level. 
If the mother is not supplemented in pregnancy and lactation and the child is breast fed, then the infant 
will need supplements from birth. 

Children & adolescents EAR RDI Vitamin B12

All

 1–3 yr 0.7 µg/day 0.9 µg/day

 4–8 yr 1.0 µg/day 1.2 µg/day

Boys

 9–13 yr 1.5 µg/day 1.8 µg/day

 14–18 yr 2.0 µg/day 2.4 µg/day

Girls

 9–13 yr 1.5 µg/day 1.8 µg/day

 14–18 yr 2.0 µg/day 2.4 µg/day

Rationale: There are few data on children or adolescents on which to base the EAR so the EAR was 
set by extrapolation from adult data adjusting for body weight and with reference to growth needs, 
and rounding up (FNB:IOM 1998). In the absence of information on the standard deviation of the 
requirement, the RDI was set assuming a CV of 10% for the EAR. Note that vegan children will need 
supplementation.

Adults EAR RDI Vitamin B12

Men

 19-30 yr 2.0 µg/day 2.4 µg/day

 31-50 yr 2.0 µg/day 2.4 µg/day

 51-70 yr 2.0 µg/day 2.4 µg/day

 >70 yr 2.0 µg/day 2.4 µg/day

Women

 19-30 yr 2.0 µg/day 2.4 µg/day

 31-50 yr 2.0 µg/day 2.4 µg/day

 51-70 yr 2.0 µg/day 2.4 µg/day

 >70 yr 2.0 µg/day 2.4 µg/day

Rationale: The EAR for adults was set on the basis of haematological evidence and serum vitamin 
B12 levels (FNB:IOM 1998). Suffi cient data were not available to discern differences in requirements 
for men and women. In the absence of information on the standard deviation of the requirement, the 
RDI was set assuming a CV of 10% for the EAR. Note that strict vegans will need supplementation with 
vitamin B12.
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Note: The natural vitamin B12 in foods may be less bioavailable to the substantial number of older adults 
who have atrophic gastritis with low stomach acid secretion. People with this condition may require 
higher intakes of vitamin B12-rich foods, vitamin B12-fortifi ed foods or supplements. 

Pregnancy EAR RDI Vitamin B12

 14–18 yr 2.2 µg/day 2.6 µg/day

 19–30 yr 2.2 µg/day 2.6 µg/day

 31–50 yr 2.2 µg/day 2.6 µg/day

Rationale: The EAR was set on the basis of the maternal EAR plus an allowance for fetal and placental 
needs. Fetal accumulation averages 0.1–0.2 µg/day (Baker et al 1962, Loria et al 1977, Vaz Pinto et al 
1975) but placental accumulation is only 14 ng/L (Muir & Landon 1985). An additional 0.2 µg/day 
was therefore added to the maternal requirement and the RDI was then derived assuming a CV of 
10% for the EAR. Vegan mothers will need supplementation throughout pregnancy and during lactation 
in suffi cient amounts to ensure adequate supplies for themselves and their child.

Lactation EAR RDI Vitamin B12

 14–18 yr 2.4 µg/day 2.8 µg/day

 19–30 yr 2.4 µg/day 2.8 µg/day

 31–50 yr 2.4 µg/day  2.8 µg/day

Rationale: The EAR for lactation was set by adding the average amount secreted in milk (0.33 µg/day) 
to the maternal EAR, and rounding up. The RDI was set assuming a CV of 10% for the EAR. Vegan 
mothers will need supplementation in lactation in suffi cient amounts to ensure adequate supplies for 
themselves and their child.

UPPER LEVEL OF INTAKE - VITAMIN B12

There are insuffi cient data to allow setting of a UL. 

There is no evidence that the current levels of intake from foods and supplements represent a health 
risk. No adverse effects have been associated with excess vitamin B12 intake from food or supplements 
in healthy individuals. There is weak evidence from animal studies that vitamin B12 may potentiate the 
effects of carcinogenic chemicals (Day et al 1950, Georgadze 1960, Kalnev et al 1977, Ostryanina 1971) 
but other studies contradict this (Rogers 1975). The apparent lack of toxicity could relate to the body’s 
ability to decrease absorption in response to high intakes. As there are no dose-response data, no UL 
can be set.
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FOLATE

BACKGROUND

Folate is the commonly used group name for folic acid (pteroyl glutamic acid, or PGA) and its 
derivatives with similar activity. In foods and in the body folates are usually in the reduced form 
(tetrahydrofolate, or THF) and conjugated with up to seven glutamate residues and one of several types 
of one-carbon groups. PGA is used in supplements and for food fortifi cation as it is more stable than the 
other derivatives. 

Folate functions as a coenzyme in single-carbon transfers in the metabolism of nucleotides and amino 
acids. It is essential for the formation of thymidylate (TMP) for DNA synthesis, so that without folate, 
living cells cannot divide. The need for folate is higher when cell turnover is increased, such as in fetal 
development. It is also involved in purine synthesis, in the generation of formate and in amino acid 
interconversions. Homocysteine is methylated by methyl-THF to produce methionine, which is in turn 
used for the synthesis of S-adenosyl-methionine an important methylating agent in vivo (Wagner 1996).

Food folates are hydrolysed to monoglutamate forms in the gut to allow their absorption across the 
intestine. The monoglutamates enter the portal circulation and are metabolised to polyglutamate 
derivatives in the liver. They are either retained, or released to the blood as reconverted 
monoglutamates or to bile. The liver contains about 50% of the body stores of folate. 

Folate is a substrate and vitamin B12 is a coenzyme for the formation of MTHF that depends on the 
regeneration of THF, the parent compound in the homocysteine-to-methionine conversion. If either 
folate or vitamin B12 is defi cient, megaloblastic changes occur in bone marrow and other replicating cells 
from lack of 5,10-MTHF for DNA synthesis.

The bulk of excretion products are folate cleavage products. Intact urinary folate accounts for only a 
small percentage of dietary folate. Biliary excretion of folate can be as high as 100 µg/day (Herbert & 
Das 1993, Whitehead 1986), however much of this is reabsorbed. 

Folate is diffi cult to measure in foods because it is present in different forms, so food databases can be 
inaccurate. However, the main sources of folate in Australia and New Zealand according to the National 
Nutrition Surveys undertaken in 1995 and 1997, respectively (ABS 1998, MOH 1999), are cereals, cereal 
products and dishes based on cereals (about 27%) and vegetables and legumes (about 29%). Fruit 
provides about 8–10%. Orange juice is contributing a greater amount than in the past due to the recent 
introduction of fortifi cation with folate. 

Folate requirements can be affected by bioavailability, nutrient interactions, smoking, certain drugs and 
genetic variations. Notably, the C667T polymorphism that causes MTHF reductase defi ciency is found in 
2–16% of white populations (van der Put et al 1995). It is likely that individuals who are homozygous 
for this polymorphism may have a higher requirement for folate. 

Bioavailability of folates in food is about 50–60% whereas that of the folic acid used to fortify foods 
or as a supplement is about 85% (Sauberlich et al 1987, Gregory 1989, 1995, 1997, Pfeiffer et al 1997, 
Cuskelly et al 1996). Folic acid as a supplement is almost 100% bioavailable on an empty stomach. 
Picciano et al (2004) have recently demonstrated that the inclusion of cows’ milk in the diet enhances 
the bioavailability of food folate as assessed by changes in erythrocyte folate and plasma total 
homocysteine concentrations, but not when assessed by plasma folate concentrations. Some controlled 
studies to assess requirements have used a defi ned diet containing food folate and supplemented with 
folic acid, so the term dietary folate equivalents (DFE) has been used to accommodate the varying 
bioavailabilities. 
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1 µg dietary folate equivalent (DFE) = 1 µg food folate

 = 0.5 µg folic acid on an empty stomach

 = 0.6 µg folic acid with meals or as fortifi ed foods

Inadequate folate intake leads to decreased serum folate, then decreased erythrocyte folate, a rise in 
homocysteine and megaloblastic changes in bone marrow and other rapidly dividing tissues (Eichner 
& Hillman 1971). As depletion progresses, macrocytic cells are produced and macrocytic anaemia 
develops. Eventually, full-blown anaemia results in weakness, fatigue, irritability and palpitations. Folic 
acid supplementation in pregnancy can reduce both the occurrence and recurrence of neural tube 
defects in the newborn (Bower & Stanley 1989, CDC 1992, Czeizel & Dudas 1992, Kirke et al 1993, 
Laurence et al 1981, Wald et al 1991).

Indicators of folate requirement include erythrocyte, serum or urinary folate, plasma homocysteine and 
haematological status measures as well as clinical endpoints such as neural tube defects or chronic 
degenerative disease. Of these, erythrocyte folate is generally regarded as the primary indicator as it 
refl ects tissue folate stores. For some age groups, erythrocyte folate is used in conjunction with plasma 
homocysteine and plasma or serum folate. 

RECOMMENDATIONS BY LIFE STAGE AND GENDER

Infants AI Folate
 (as dietary folate

equivalents)

 0–6 months 65 µg/day (as folate)

 7–12 months 80 µg/day

Rationale: The AI for 0–6 months was calculated by multiplying together the average intake of breast 
milk (0.78 L/day) and the average concentration of folate in breast milk of 85 µg/L (Asfour et al 1977, 
Ek & Magnus 1982, FNB:IOM 1998, Salmenpera et al 1986, Smith et al 1983, 1985), and rounding.

The AI for 7–12 months was set by the reference body weight ratio, estimating up from young infants 
or down from adults. Both estimates gave an AI of 80 µg/L which is also consistent with data for older, 
fully breast-fed or fully formula-fed infants in the studies of Asfour et al (1977), Ek & Magnus (1982), 
Salmenpera et al (1986) and Smith et al (1983).

Children & adolescents EAR RDI Folate
 (as dietary folate

equivalents)

All

 1–3 yr 120 µg/day 150 µg/day

 4–8 yr 160 µg/day 200 µg/day

Boys

 9–13 yr 250 µg/day 300 µg/day

 14–18 yr 330 µg/day 400 µg/day

Girls

 9–13 yr 250 µg/day 300 µg/day

 14–18 yr 330 µg/day 400 µg/day
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Rationale: As there are no experimental data for children, the EARs were set by extrapolation from 
adult data using metabolic body weight ratios with an allowance for growth as per FNB:IOM (1998). 
In the absence of information on the standard deviation of the requirement, the RDI was set assuming a 
CV of 10% for the EAR.

Adults EAR RDI Folate
 (as dietary folate

equivalents)

Men

 19–30 yr 320 µg/day 400 µg/day

 31–50 yr 320 µg/day 400 µg/day

 51–70 yr 320 µg/day 400 µg/day

 >70 yr 320 µg/day 400 µg/day

Women

 19–30 yr 320 µg/day 400 µg/day

 31–50 yr 320 µg/day 400 µg/day

 51–70 yr 320 µg/day 400 µg/day

 >70 yr 320 µg/day 400 µg/day

Rationale: The EAR for younger adults was set by reference to metabolic balance studies, notably the 
long term maintenance study in women that found no difference in mean fi nal erythrocyte folate at 
400 µg/day compared to 200–300 µg/day but a higher number of subjects with low erythrocyte folate, 
lower mean plasma folate and increased homocysteine levels (O’Keefe et al 1995). Other studies taken 
into account as cited in FNB:IOM (1998) were Herbert (1962a,b), Jacob et al (1994), Krumdieck et al 
(1978), Milne et al (1983), Sauberlich et al (1987), Stites et al (1997), von der Porten (1992) and Zalusky 
& Herbert (1961). For adults over 51 years, the requirements were based on metabolic, observational 
and epidemiological studies (Bates et al 1980, Garry et al 1982, Jagerstad 1977, Jagerstad & Westesson 
1979, Koehler et al 1996, Ortega et al 1993, Rosenburg 1992, Sayoun 1992, Sayoun et al 1988, Selhub et 
al 1993, Tucker et al 1996, 1984).

In the absence of information on the SD of the requirement, the RDI was set assuming a CV of 10% for 
the EAR.

Special note: Evidence about the levels of folic acid needed in women to prevent neural tube defects 
did not form the basis for the adult EARs and RDIs. Women capable of, or planning, pregnancies should 
consume additional folic acid as a supplement or in the form of fortifi ed foods at a level of 400 µg/day 
folic acid for at least one month before and three months after conception, in addition to consuming 
food folate from a varied diet.

Pregnancy EAR RDI Folate
 (as dietary folate

equivalents)

 14–18 yr 520 µg/day 600 µg/day

 19–30 yr 520 µg/day 600 µg/day

 31–50 yr 520 µg/day 600 µg/day

Rationale: Folate requirements increase substantially in pregnancy. This recommendation does not 
include consideration of additional needs to prevent neural tube defects as the neural tube is formed 
before most women know they are pregnant. The data indicate that maximal protection against NTD is 
obtained when the mother is consuming very high levels (5,000 µg) of folic acid as supplements, in the 
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month preceding conception and in the fi rst trimester (Wald et al 2001). Recommendations are based 
on evidence from controlled metabolic studies (Caudill et al 1997) and a series of population studies 
(Chanarin et al 1968, Colman et al 1975, Dawson 1966, Hansen & Rybo 1967, Lowenstein et al 1966, 
Qvist et al 1986, Willoughby 1967, Willoughby & Jewel 1966). The RDI was estimated assuming a CV of 
10% for the EAR.

Lactation EAR RDI Folate
 (as dietary folate

equivalents)

 14–18 yr 450 µg/day 500 µg/day

 19–30 yr 450 µg/day 500 µg/day

 31–50 yr 450 µg/day 500 µg/day

Rationale: To estimate total folate requirement for lactation, the amount needed to provide suffi cient 
breast milk folate (including a 50% bioavailability correction factor) was added to the EAR for adult 
women using the formula 0.78 L (volume) x 85 µg/L (concentration) x 2 (for bioavailability) = 133 µg/
day (+ 320 µg/day). The RDI was estimated assuming a CV of 10% for the EAR.

UPPER LEVEL OF INTAKE - DIETARY FOLATE EQUIVALENTS
Infants

0–12 months Not possible to establish for supplemental folic acid.

    Source of intake should be milk, formula and food only

ULs from fortifi ed foods or supplements

Children and adolescents

 1–3 yr 300 µg/day as folic acid

 4–8 yr 400 µg/day as folic acid

 9–13 yr 600 µg/day as folic acid

 14–18 yr 800 µg/day as folic acid

Adults 19+ yr

 Men 1,000 µg/day as folic acid

 Women 1,000 µg/day as folic acid

Pregnancy

 14–18 yr 800 µg/day as folic acid

 19–50 yr 1,000 µg/day as folic acid

Lactation

 14–18 yr 800 µg/day as folic acid

 19–50 yr 1,000 µg/day as folic acid

Rationale: No adverse effects have been associated with consumption of the amounts of dietary folate 
equivalents normally found in foods or fortifi ed foods (Butterworth & Tamura 1989). High supplemental 
intakes of folic acid have been shown to be related to adverse neurological effects in people with B12 

defi ciency as they can precipitate or exacerbate the B12 defi ciency (Israels & Wilkinson 1949, Schwartz et 
al 1950, Spies et al 1948, Will et al 1959). General toxicity (Hunter et al 1970), increased carcinogenesis 
(Selby et al 1989) and adverse reproductive and developmental effects have also been reported (Czeizel 
& Dudas 1992, Czeizel et al 1994, Holmes-Siedle et al 1992, Kirke et al 1992, Lawrence et al 1981, 
Mukerjee et al 1984, Smithells et al 1981, Vergel et al 1990, Wald et al 1991). 
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In line with the FNB:IOM (1998) fi ndings, setting of the LOAEL was based on the neurological effects 
seen with B12 defi ciency, as this is a fairly common defi ciency in the population and as these data have 
some dose-response characteristics. A LOAEL of 5 mg/day was set on the basis of the studies described 
above, as there were 100 cases of neurological damage above this level but only 8 below. A UF of 
5 was used as the dose-response data were not well controlled, the adverse effects are severe and a 
LOAEL only, rather than a NOAEL, was available. 

The UL was therefore estimated to be 1 mg folic acid (1,000 µg)/day for adults. There are no data to 
suggest increased susceptibility in pregnancy or lactation, so the adult UL was applied to these groups 
as well. There is little direct evidence for other ages, so the UL was set on a relative body weight basis 
for children and adolescents. It was not possible to set a UL for infants. 
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PANTOTHENIC ACID

BACKGROUND

Pantothenic acid is a component of coenzyme A (CoA) and phosphopantetheine, both of which are 
involved in fatty acid metabolism (Tahikliani & Beinlich 1991). It is essential to almost all forms of life 
and is widely distributed in foods. Chicken, beef, potatoes, oat-based cereals, tomato products, liver, 
kidney, egg yolks and whole grains are major sources in western diets (Plesofsky-Vig 1996, Walsh et al 
1981). Little information is available about bioavailability, with estimates ranging from 40 to 61% (Tarr 
et al 1981). Neither is there much information about interactions with other nutrients, although there 
is some information that implies that thiamin, and to a lesser extent ribofl avin, can affect pantothenate 
metabolism and excretion (Koyanagi et al 1969). 

Absorption is by active transport at low concentrations and by passive transport at high concentrations. 
The active system can be saturated, so absorption is less effi cient at higher intakes. Pantothenic acid can 
be synthesised by microbes but the extent to which this happens in man is unknown. 

CoA is synthesised from pantothenate in a reaction catalysed by pantothenate kinase. In the form of 
acetyl CoA and succinyl CoA, CoA plays an important role in the synthesis of fatty acids and membrane 
phospholipids and also of amino acids, steroid hormones, vitamins A and D, porphyrin and corrin rings, 
and neurotransmitters. CoA is also needed for acetylation and acylation of proteins. CoA is hydrolysed 
to pantothenate and the pantothenic acid is excreted intact in urine. Pantothenic acid defi ciency is only 
seen in individuals fed synthetic diets (Fry et al 1976) or in those fed an antagonist (Hodges et al 1958, 
1959), although it was implicated in ‘burning feet’ syndrome in Asia during World War II (Glusman 
1947). The symptoms include irritability, restlessness, fatigue, apathy, malaise, sleep disturbance, nausea, 
vomiting and cramping, numbness and staggering gait, as well as hypoglycaemia and increased insulin 
sensitivity. 

A number of markers have been used to assess adequacy of intake including urinary excretion 
(Eissenstat et al 1986, Fry et al 1976, Tarr et al 1981) and blood levels (Annous & Song 1995, Baker et al 
1969, Cohenour & Calloway 1972, Eissenstat et al 1986, Wittner et al 1989).

RECOMMENDATIONS BY LIFE STAGE AND GENDER

Infants AI Pantothenic acid
 0–6 months 1.7 mg/day

 7–12 months 2.2 mg/day

Rationale: The AI for 0–6 months was calculated by multiplying the average intake of breast milk 
(0.78 L/day) by the average concentration of pantothenate in breast milk of 2.2 mg/L (Picciano 1995), 
and rounding (FNB:IOM 1998). For 7–12 months, the AI was derived by extrapolating up from younger 
infants using metabolic body weight ratios.
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Children & adolescents AI Pantothenic acid
All

 1–3 yr 3.5 mg/day

 4–8 yr 4.0 mg/day

Boys

 9–13 yr 5.0 mg/day

 14–18 yr 6.0 mg/day

Girls

 9–13 yr 4.0 mg/day

 14–18 yr 4.0 mg/day

Rationale: As there are no data to set EARs and thus RDIs, AIs were set for children and adolescents. 
AIs were set on the median intake level from National Dietary Surveys in Australia, 1995 and New 
Zealand, 1991 (Baghurst & Record 2004, LINZ 1992), with cross-referencing to some dietary intake/
urinary excretion data for children (Eissenstat et al 1986, Kathman & Kies 1984, Kerrey et al 1968, Pace 
et al 1961, Wittner et al 1989).

Adults AI Pantothenic acid
Men

 19–30 yr 6 mg/day

 31–50 yr 6 mg/day

 51–70 yr 6 mg/day

 >70 yr 6 mg/day

Women

 19–30 yr 4 mg/day

 31–50 yr 4 mg/day

 51–70 yr 4 mg/day

 >70 yr 4 mg/day

Rationale: As there are limited data to set EARs, AIs were set for adults using the median population 
intake data from Australia and New Zealand men and women (Baghurst & Record 2004, LINZ 1992). As 
dietary intake data often underestimate intakes somewhat, the highest intake for any age category for 
the men or women was applied to the other age groups within that gender. The data for women are 
supported by the only study of the relationship between dietary intake and excretion in adults (Fox & 
Linkswiler 1961) that showed that a pantothenic acid intake of 4 mg/day was adequate. 

Pregnancy AI Pantothenic acid
 14–18 yr 5 mg/day

 19–30 yr 5 mg/day

 31–50 yr 5 mg/day

Rationale: There are limited data about the needs for pantothenic acid in pregnancy. The AI was 
therefore set by reference to the non-pregnant intake data with an allowance for the average additional 
body weight in pregnancy.
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Lactation AI Pantothenic acid
 14–18 yr 6 mg/day

 19–30 yr 6 mg/day

 31–50 yr 6 mg/day

Rationale: Needs in lactation increase as a substantial amount of pantothenate is secreted in human 
milk (1.7 mg/day). An additional 2 mg/day is therefore added to the non-pregnant, non-lactating AI.

UPPER LEVEL OF INTAKE - PANTOTHENIC ACID

A UL cannot be determined at this stage.

There are no reports of adverse effects of oral pantothenic acid in either humans or animals on which 
to base a quantitative estimate. Thus a UL cannot be determined at this stage, but current intakes are 
unlikely to be associated with adverse health effects. 

REFERENCES

Annous KF, Song WO. Pantothenic acid uptake and metabolism by red blood cells of rats. J Nutr 
1995;125:2586–93.

Baghurst KI, Record SJ. Re-analysis of the Australian National Nutrition Survey of 1995/6. Adelaide: 
CSIRO, 2004.

Baker H, Frank O, Thomson AD, Feingold S. Vitamin distribution in red blood cells, plasma and other 
body fl uids. Am J Clin Nutr 1969;36:190–6.

Cohenour SH, Calloway DH. Blood, urine and dietary pantothenic acid levels of pregnant teenagers. 
Am J Clin Nutr 1972;25:512–7.

Eissenstat BR, Wyse BW, Hansen RG. Pantothenic acid status of adolescents. Am J Clin Nutr 
1986;44:931-7. 

Food and Nutrition Board: Institute of Medicine. Dietary Reference Intakes for Thiamin, Ribofl avin, 
Niacin, Vitamin B6, Folate, Vitamin B12, Pantothenic Acid, Biotin, and Choline. Washington DC: 
National Academy Press, 1998.

Fox HM, Linkswiler H. Pantothenic acid excretion on three levels of intake. J Nutr 1961;75:451–4.

Fry PC, Fox HM, Tao HG. Metabolic response to a pantothenic acid defi cient diet in humans. J Nutr Sci 
Vitaminol (Tokyo) 1976;22:339–46.

Glusman, M. The syndrome of “burning feet “(nutritional melagia) as a manifestation of nutritional 
defi ciency. Am J Med 1947;3:211–23.

Hodges RE, Ohlson MA, Bean WB. Pantothenic acid defi ciency in man. J Clin Invest 1958;37:1642–57.

Hodges REM, Bean WB, Ohlson MA, Bleiler R. Human pantothenic acid defi ciency produced by omega-
methyl pantothenic acid. J Clin Invest 1959;38:1421–5.

Kathman JV, Kies C. Pantothenic acid status of free living adolescent and young adults. Nutr Res 
1984;4:245–50.

Kerrey E, Crispin S, Fox HM, Kies C. Nutritional status of preschool children. 1. Dietary and biochemical 
fi ndings. Am J Clin Nutr 1968;21:1274–9.

Koyanagi T, Hareyama S, Kikuchi R, Takanohashi T, Oikawa K, Akazawa N. Effect of administration of 
thiamin, ribofl avin, ascorbic acid and vitamin A to subjects on their pantothenic acid contents in 
serum and urine. Tohoku J Exp Med 1969;98:357–62.



PANTOTHENIC ACID

108      Nutrient Reference Values for Australia and New Zealand

LINZ Activity and Health Research Unit. Twenty four hour diet recall: nutrient analysis based on 1992 
DSIR database. Dunedin, New Zealand: University of Otago, 1992.

Pace JK, Stier LB, Taylor DD, Goodman PS. Metabolic patterns in preadolescent children. 5. Intake and 
urinary excretion of pantothenic acid and of folic acid. J Nutr 1961;74:345–51.

Picciano MF. Vitamins in milk. Water soluble vitamins in human milk. In: Jensen RG, ed. Handbook of 
milk composition. San Diego: Academic Press, 1995.

Plesofsky-Vig N. Pantothenic acid. In: Zeigler EE, Filer LJ Jnr, eds. Present knowledge in nutrition. 
7th edition. Washington, DC: ILSI Press, 1996. Pp 236–44. 

Tahikliani AG, Beinlich CJ. Pantothenic acid in health and disease. Vitam Horm 1991;46:165–228.

Tarr JB, Tamura T, Stokstad EL. Availability of vitamin B6 and pantothenate in an average American diet 
in man. Am J Clin Nutr 1981;34:1328–37.

Walsh JH, Wyse BW, Hansen RG. Pantothenic acid content of 75 processed and cooked foods. J Am Diet 
Assoc 1981;78:140–4.

Wittner CT, Schweitzer C, Pearson J, Song WO, Windham CT, Wyse BW, Hansen RG. Enzymes for 
liberation of pantothenic acid in blood: use of plasma pantothenase. Am J Clin Nutr 1989;50:1072–8.



BIOTIN

Nutrient Reference Values for Australia and New Zealand      109  

BIOTIN

BACKGROUND

Biotin is a cofactor for four carboxylase enzymes found in mammals – pyruvate carboxylase, methyl-
crotonyl-CoA carboxylase, proprionyl-CoA carboxylase and acetyl-CoA carboxylase. The fi rst three of 
these are mitochondrial and the fourth is both mitochondrial and cytosolic. They are involved in a range 
of actions including catabolising acetyl CoA, carboxylation of pyruvate, degradation of leucine and 
carboxylation of proprionyl-CoA. Biotin is found in free and protein-bound forms in food but little is 
known about its bioavailability. It is found in the protein-bound form in meats and cereals, although it 
seems to be less bioavailable in the latter (Mock 1996). 

There are very few data about the biotin content of foods. Liver is known to be a very concentrated 
source, providing 100 µg/100 g compared to only 1 µg/100 g in meats and plant foods. Avidin, a 
protein found in raw egg white, binds biotin in the gut and prevents its absorption (Mock 1996). In 
the intestines, biotin is transported across the brush border membrane by a biotin carrier, against a 
sodium ion gradient. It can also be synthesised by intestinal microfl ora (Bonjour 1991) but it is not clear 
whether this is an additional potential source in humans. About half the biotin undergoes metabolism to 
bisnorbiotin and biotin sulfoxide before excretion. Urinary excretion and serum concentrations of biotin 
and its metabolites increase in similar proportions in response to intravenous or oral administration of 
large doses (Mock & Heird 1997, Zempleni et al 1997). 

Although rare, biotin defi ciency has been seen in people who consume raw egg white over long 
periods (Baugh et al 1968) and in total parenteral nutrition. Symptoms include dermatitis, conjunctivitis, 
alopecia and CNS abnormalities, including developmental delay in infants (Mock 1996). People with 
genetic biotinidase defi ciency will have increased requirements.

The most useful information about requirements comes from assessment of clinical signs in patients 
on biotin-free intravenous nutrition, in those eating raw egg white or from the results of biotin 
bioavailability and pharmacokinetic experiments. The most sensitive end points are decreased biotin 
excretion and/or increased 3-hydroxyisovalerate excretion (Mock et al 1997a, 2002a).

Evidence about biotin requirements is not suffi cient to set an EAR and RDI so AIs were set based on 
extrapolation from data on infants, and on some population intake data from New Zealand for people 
over 15 years of age (LINZ 1992). 

RECOMMENDATIONS BY LIFE STAGE AND GENDER

Infants AI Biotin
 0–6 months 5 µg/day

 7–12 months 6 µg/day 

Rationale: The AI for 0–6 months was set by multiplying together the average intake of breast 
milk (0.78 L/day) and the average concentration of biotin in breast milk (6 µg/L) from the studies of 
Hirano et al (1992), Paul & Southgate (1978) and Salmentera et al (1985). The AI for 7–12 months was 
extrapolated from the AI for younger infants using the reference body weight method.
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Children & adolescents AI  Biotin
All

 1–3 yr 8 µg/day

 4–8 yr 12 µg/day

Boys

 9–13 yr 20 µg/day

 14–18 yr 30 µg/day

Girls

 9–13 yr 20 µg/day

 14–18 yr 25 µg/day

Rationale: In the absence of adequate data, the AIs for children and adolescents were extrapolated 
from those for infants using the relative body weight extrapolation with an allowance for growth, and 
rounding up. Using a food data base developed by DSIR in New Zealand, population intake data 
from New Zealand (LINZ 1992) gave a median intake of 37.9 µg/day for males aged 15–18 years and 
26.7 µg/day for females aged 15–18 years. There are no population intake data for Australia.

Adults AI Biotin
Men

 19–30 yr 30 µg/day

 31–50 yr 30 µg/day

 51–70 yr 30 µg/day

 >70 yr 30 µg/day

Women

 19–30 yr 25 µg/day

 31–50 yr 25 µg/day

 51–70 yr 25 µg/day

 >70 yr 25 µg/day 

Rationale: In the absence of adequate data, the AIs for adults were extrapolated from those for infants 
using relative body weights with an allowance for growth. Use of the DSIR data base, population intake 
data from New Zealand (LINZ 1992) gave an estimated median intake of 33 µg/day for men 19 years 
and over and 27 µg/day for women. There are no population intake data for Australian children.

Pregnancy AI Biotin
 14–18 yr 30 µg/day

 19–30 yr 30 µg/day

 31–50 yr 30 µg/day

Rationale: Studies by Mock & Stadler (1997) and Mock et al (1997b, 2002b) have raised questions about 
the adequacy of biotin status in pregnancy. Some studies have detected low plasma concentrations of 
biotin and its metabolites in pregnancy (Bhagavan 1969, Dostalova 1984) but others have not (Mock 
& Stadler 1997). Emerging evidence suggests that marginal biotin defi ciency is teratogenic (Zempleni 
& Mock 2000). More evidence is needed to assess whether lower plasma concentrations in pregnancy 
are a natural consequence of haemodilution or indicate inadequate intake. The AI for pregnancy was 
increased over that of the non-pregnant mother in line with the additional body size associated with 
placental and fetal tissues. 
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Lactation AI Biotin
 14–18 yr 35 µg/day

 19–30 yr 35 µg/day

 31–50 yr 35 µg/day

Rationale: The AI in lactation was set to cover the additional amount of biotin secreted in milk 
(5 µg/day). 

UPPER LEVEL OF INTAKE - BIOTIN

There is insuffi cient evidence of adverse effects in humans or animals to set a UL for any age. 

Two rat studies showed effects on inhibition of fetal and placental growth and resorption of fetuses 
(Paul & Duttagupta 1975, 1976) but both used very high doses of injected biotin without a control 
group. The data were therefore not useful for setting human ULs. In ex vivo experiments, 600 µg biotin 
produced a signifi cant reduction of 33% or greater in mitogen-induced proliferation and cytokine-
response of lymphocytes (Zempleni et al 2001). These biomarkers are indicative of a weakened immune 
response but are not suffi cient to allow the setting of a UL. It is unlikely that current levels of intake 
would be associated with adverse health effects.
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CHOLINE

BACKGROUND

Choline is a precursor for a number of compounds including the neurotransmitter acetylcholine and 
the membrane constituents phospholipid and sphingomyelin, platelet activating factor and betaine, 
which is required by kidney cells and plays a role in donating methyl groups to homocysteine to form 
methionine. It is also important for lipid and cholesterol transport and metabolism if methyl groups. 

There is some evidence that choline may improve cognitive function and memory at all ages and, 
by extension, choline defi ciency has been implicated in poor performance for groups such as the 
institutionalised elderly (Fioravanti &Yanagi 2004, McDaniel et al 2003). There is also evidence that 
choline may reduce serum and urinary carnitine (Hongu & Sachan 2003).

Choline can be made in the body, but the ability of the body to produce enough depends on the 
methyl-exchange relationships between choline and folate, Vitamin B12 and methionine (Zeisel & 
Blusztajn 1994). The dietary essentiality of choline was demonstrated in a study of healthy men with 
normal folate and vitamin B12 status who developed liver damage with lower plasma choline and 
phosphatidylcholine concentrations when fed a choline-defi cient diet (Zeisel et al 1991). However, 
few countries have included choline in their nutrient intake recommendations.

There is little information about requirements for most age and gender groups. Evidence from animal 
studies suggests that females may have a lower requirement than males. Female rats are less sensitive 
to choline defi ciency than male rats, perhaps because of an enhanced capacity to form choline de 
novo (Tessitore et al 1995). If this is true for women, it is possible that the enhanced capacity may 
decrease after menopause (Lindblad & Schersten 1976) as animal experiments again have shown that 
oestrogens increase hepatic phosphatidyl-ethanolamine-N-methyltransferase activity (Drouva et al 1986, 
Young 1971). 

Choline is widely distributed throughout the food supply, mostly in the form of phosphatidylcholine 
in membranes. Milk, liver, eggs and peanuts are particularly good sources. Vegetarians consuming 
signifi cant quantities of refi ned products have a risk of becoming choline defi cient. Wheat germ and 
dried soybeans are good sources of choline for this group (Zeisel et al 2003). Endogenous biosynthesis 
of choline does not meet physiological requirements and chronic defi ciency leads to hepatic 
dysfunction. 

Choline is absorbed in the small intestine both intact and after bacterial metabolism to betaine. Some 
betaine is also formed by oxidation of choline in liver and kidney (Bianchi & Azzone 1964, Weinhold & 
Sanders 1973). There appear to be no competitors for the choline transporter mechanism in the gut. The 
tissues of the body accumulate choline by diffusion and mediated transport (Zeisel 1981) and a specifi c 
carrier mechanism allows transport across the blood-brain barrier. This carrier has very high capacity in 
the neonate. 

Although choline is essential, there appear to have been no reports of defi ciency in the general 
population. Defi ciencies have been seen in experimental situations and also in total parenteral nutrition 
(Buchman et al 1992, 1993, 1995, Chalwa et al 1989, Shapira et al 1986, Sheard et al 1986). Individuals 
with obesity, insulin resistance or diabetes, and middle-aged women have a propensity to develop 
fatty liver syndrome. This may in part be due to defi ciencies of nutrients such as carnitine, essential 
fatty acids or choline, but there is little evidence. Given the propensity of visceral obesity in western 
countries including Australia and New Zealand, consideration of choline intake, amongst other nutrients, 
needs to be further explored.

Markers of liver dysfunction and plasma concentrations have been used to assess choline requirements, 
but both have limitations. Animal experiments show that hepatic choline and choline metabolites in 
liver decrease in choline defi ciency (Zeisel et al 1989). Phosphocholine concentration in liver correlates 
highly with dietary choline and is also sensitive to modest changes in dietary intake. However, it is not 
easy to measure (Cohen et al 1995). 
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Plasma concentration of choline varies in response to diet (Buchman et al 1993, Burt et al 1980, 
Chalwa et al 1989, Sheard et al 1986, Zeisel et al 1991). The disadvantage of using it as a functional 
marker is that concentrations do not decline to less than 50% of normal, possibly due to hydrolysis of 
membrane phospholipids to maintain plasma levels (Savendahl et al 1997). Plasma phosphatidylcholine 
concentrations also decrease in choline defi ciency, but phosphocholine concentrations are also 
infl uenced by factors that change plasma lipoprotein levels, so it is not a specifi c marker for choline 
defi ciency (Zeisel et al 1991). 

RECOMMENDATIONS BY LIFE STAGE AND GENDER

Infants AI Choline
 0–6 months 125 mg/day

 7–12 months 150 mg/day

Rationale: The AI for 0–6 months was calculated by multiplying the average intake of breast milk 
(0.78 L/day) by the average concentration of choline in breast milk, and rounding. Breast milk 
from well-nourished mothers contains an average of 160 mg/L of choline delivered as choline, 
phosphocholine, glycerophosphocholine, phosphatidylcholine and sphingomyelin (Holmes-McNary et 
al 1996, Zeisel et al 1986). Infant formulas derived from soy or bovine milk contained signifi cantly less 
phosphocholine than human milk (Holmes-McNary et al 1996). The AI was thus set at 125 mg/day 
(160 mg/L x 0.78 L/day and rounded), or 18 mg/kg for the reference weight of 7 kg at this age. 

Although the free choline moiety is adequately provided by infant formulas and bovine milk, 
re-evaluation of the concentration of other choline esters, in particular glycerophosphocholine and 
phosphocholine, may be warranted. As there are no data on the availability of choline from foods for 
this age group, the AI for 7–12 months was set by using the reference body weight ratio methods to 
extrapolate either from the AI for 0–6 months or that for adults. This gave a fi gure of 150 mg/day.

Children & adolescents AI  Choline
All

 1–3 yr 200 mg/day

 4–8 yr 250 mg/day

Boys

 9-13 yr 375 mg/day

 14–18 yr 550 mg/day

Girls

 9–13 yr 375 mg/day

 14–18 yr 400 mg/day

Rationale: As there are no data to set EARs, AIs for children and adolescents were set by extrapolating 
from the adult data on a body weight basis and allowing for growth needs.
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Adults AI Choline
Men

 19–30 yr 550 mg/day

 31–50 yr 550 mg/day

 51–70 yr 550 mg/day

 >70 yr 550 mg/day

Women

 19–30 yr 425 mg/day

 31–50 yr 425 mg/day

 51–70 yr 425 mg/day

 >70 yr 425 mg/day

Rationale: As data are too limited to allow the setting of an EAR, an AI for adults was set using 
data from experimental studies. In one study, an intake level of 500 mg/day (approximately 7 mg/kg 
body weight) prevented alanine aminotransferase abnormalities in healthy men (Zeisel et al 1991). 
This estimate is uncertain, but is within the range of adequacy for patients on total parenteral nutrition 
for whom 2 mg/kg/day (150 mg/day for the standard body weight of men) did not prevent defi ciency 
and 31 mg/kg/day (about 2400 mg/day) did. The AI is therefore set at 550 mg/day for men (7 mg/kg 
body weight x 76 kg and rounding up). Animal data have suggested that women may use choline 
more effi ciently. The female AI was set using the data from men and adjusting for body weight (7 mg/
day x 61 kg), and rounding.

Pregnancy AI Choline
 14–18 yr 415 mg/day

 19–30 yr 440 mg/day 

 31–50 yr 440 mg/day 

Rationale: There are limited data on the needs for choline in pregnancy. The AI is based on the 
fetal and placental accumulation of choline plus turnover in the mother. From the data of Pompfret 
et al (1989), Widdowson (1963) and Welsch (1976), the combined fetal and placental choline content 
has been estimated at 312 mg/kg (FNB:IOM 1998). Assuming there is no additional synthesis in 
pregnancy and no contribution from fetal and placental synthesis, the additional requirement is 
3,000 mg (assuming a 3 kg fetus and 7 kg organs of pregnancy) which equates to 11 mg/day. 
The AI was therefore set by adding 11 mg/day and rounding.

Lactation AI Choline
 14–18 yr 525 mg/day

 19–30 yr 550 mg/day

 31–50 yr 550 mg/day

Rationale: Needs in lactation increase, as a substantial amount of choline is secreted in breast milk. 
For an average volume of 0.78 L/day of breast milk with an average choline content of 160 mg/L, the 
increase is 125 mg/day which was added to the mother’s requirement.
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UPPER LEVEL OF INTAKE - CHOLINE
Infants

0–12 months  Not possible to establish. Source of intake should be breast milk, 
formula and food only

Children and adolescents

 1–3 yr 1,000 mg/day

 4–8 yr 1,000 mg/day

 9–13 yr 1,000 mg/day

 14–18 yr 3,000 mg/day

Adults 19+ yr

 Men 3,500 mg/day

 Women 3,500 mg/day

Pregnancy

 14–18 yr 3,000 mg/day

 19–50 yr 3,500 mg/day

Lactation

 14–18 yr 3,000 mg/day

 19–50 yr 3,500 mg/day

Rationale: The data used to set the UL included a single case report of hypotension and several studies 
involving cholinergic effects and body odour effects after large choline doses. There are no data to 
establish a NOAEL. A LOAEL of 7.5 g/day was derived from the study of Boyd et al (1977) of seven 
dementia patients receiving choline therapy and reports of hypotension, cholinergic responses and 
fi shy body odour in other patients undergoing treatment (Gelenberg et al 1979, Growdon et al 1977a,b, 
Lawrence et al 1980). In these studies, intakes of 4 g/day showed no effect in terms of hypotension, 
nausea, diarrhoea or other cholinergic effects but at 7.5 g/day or over, these effects were reported in 
some patients. A UF of 2 was selected because of limited data, giving a UL of 3.5 g/day (3,500 mg/day) 
after rounding down. There are no data to suggest that during pregnancy or lactation, there is increased 
susceptibility, so the same UL was set.

For infants, there were no data on which to set a UL. The only source should be breast milk, formula 
and food. For older children and adolescents, the UL was set on a body weight basis from the adult 
value, and rounded down.
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VITAMIN C

BACKGROUND

Vitamin C (L-ascorbic acid or ascorbate) is the generic descriptor for compounds having antiscorbutic 
activity. Most animals can synthesise vitamin C from D-glucose but humans and other primates, together 
with guinea pigs, fruit bats, some passeriform birds, some fi sh and some insects, are exceptions. 
Humans and primates lack a key enzyme, L-3 gulonolactone oxidase, necessary for the biosynthesis of 
vitamin C (Nishikimi et al 1994).

Vitamin C is a reducing agent (antioxidant) and it is likely that all of its biochemical and molecular 
functions relate to this property. In humans, vitamin C acts as an electron donor for eight enzymes, 
of which three are involved in collagen hydroxylation (including aspects of norepinephrine, peptide 
hormone and tyrosine metabolism) and two are involved in carnitine biosynthesis (Dunn et al 1984, 
Eipper et al 1993, 1992, Kaufmann 1974, Kirirkko & Myllyla 1985, Levine et al 1991, Procop & Kiviikko 
1995, Peterkovsky 1991, Rebouche 1991). Vitamin C is found in high concentrations in gastric juices 
(Schorah et al 1991) where it may prevent the formation of N-nitroso-compounds, which are potential 
mutagens (Correa 1992).

Vitamin C has been shown to protect lipids in human plasma and low density lipoprotein in ex vivo 
experiments against oxidative damage (Frei 1991). But there is no evidence of in vivo protection. 
Vitamin C also interacts with other nutrients. It aids in the absorption of iron and copper (Hallberg 
1985, Harris & Perceval 1991), the maintenance of glutathione in the reduced form (Henning et al 1991, 
Johnston et al 1993), the regeneration, or sparing, of alpha-tocopherol (Halpner et al 1998) and the 
stabilisation of folate (Stokes et al 1975).

Ascorbate is found widely in fruits and vegetables. Fruits such as blackcurrants, guava, citrus, and 
kiwi fruit and vegetables such as broccoli and sprouts are good sources. The Australian bush food 
terminalia ferdinandiana is the richest source (Brand et al 1982). However, because of their longer 
periods of availability, vegetables often contribute more ascorbate to the diet than fruits. In Australia, 
some 40% of the vitamin C comes from vegetables and 19% from fruits and a further 27% from fruit and 
vegetable juices (ABS 1998). Vitamin C is very labile and its content in foods varies. Vitamin C content 
can be affected by season, transport, shelf life, storage time, cooking practices and chlorination of 
water. Cutting, bruising, heating and exposure to copper, iron or mildly alkaline conditions can destroy 
ascorbate. It can also be leached into water during cooking. 

Intestinal absorption of vitamin C occurs through a sodium-dependent active transport process that is 
saturable and dose dependent (Rumsey & Levine 1998, Tsao 1997). Kallner et al (1979) showed that 
some 70–90% of usual intake is absorbed and that absorption fell to 50% or less with increasing doses 
above 1 g/day. Dose-dependent absorption and renal regulation of ascorbate allow conservation of 
vitamin C in the body during periods of low intake and regulation of plasma levels at high intakes. 

There is a sigmoidal relationship between intake and plasma concentration of vitamin C (Levine et 
al 1996, Newton et al 1983). Newton et al (1983) showed that for intakes up to 30 mg/day, plasma 
concentrations are about 11 µmol/L (or 0.2 mg/dL). Above this intake, plasma concentrations increase 
steeply to 60 µmol/L and plateau at 80 µmol/L, the renal threshold. Levine et al (1996) found that the 
steep portion of the plasma concentration curve occurred with a daily dose of vitamin C of between 
30 and 100 mg and that complete saturation occurred at 1,000 mg daily. Close to steady states, 
plateau concentrations are reached above 200 mg/day. Absorption is also to some extent dependent 
on the dosing regimen of vitamin C. For example, there would be better absorption with 250 mg as 
supplements taken four times daily than 1,000 mg taken once daily.

High levels of vitamin C are found in the pituitary and adrenal lands, leukocytes, eye tissues and fl uids 
and the brain (Horning et al 1975). The biologic half-life of vitamin C is 8–40 days (Kallner et al 1979) 
and catabolic turnover varies widely, averaging 2.9% over a wide range of intakes (Baker et al 1971). 
A body pool of less than 300–400 mg is associated with the symptoms of scurvy (Baker et al 1969). 
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At saturation, the whole body content in males is about 20 mg/kg or 1,500 mg (Baker et al 1969, Kallner 
et al 1979). 

Plasma vitamin C concentrations are reduced by 40% in male smokers. This may be partly due to 
smokers tending to eat less fruits and vegetables, but after correcting for intakes of fruit and vegetables, 
smokers still show lower plasma ascorbate than non-smokers (Lykkesfeldt et al 2000). The metabolic 
turnover of ascorbate is markedly accelerated in smokers (Kallner et al 1981).

Vitamin C defi ciency causes scurvy, symptoms of which include skeletal and vascular lesions with 
gingival changes, pain in the extremities, haemorrhage, oedema, ulcerations and death. In adults, 
clinical signs occur at intakes of 7–8 mg/day or less (Goldsmith 1961, Rajajalakshmi et al 1965, van 
Eekelen 1953). In infantile scurvy, the changes are mainly at the sites of active bone growth and include 
a pseudoparalysis of the limbs (McLaren 1992).

There are several potential indices of vitamin C requirements in humans, including assessment of 
clinical outcomes, vitamin C turnover and biochemical indices of status (eg plasma, urine, leukocyte). 
Some studies have raised the question of whether vitamin C has benefi cial effects on normal human 
subjects at intakes, and tissue levels, considerably greater than those needed to prevent or cure scurvy. 
However, the evidence has been confl icting. There is potential confounding in food intake studies 
related to the issue of concomitant intakes of other protective nutrients in fruits and vegetables, such as 
phytochemicals. In addition, studies generally do not provide the dose-response data on which average 
requirements can be ascertained (COMA 1991, FNB:IOM 2000, FAO:WHO 2002). 

As a result, the estimates of vitamin C requirements in this report are based on prevention of scurvy, 
vitamin C turnover studies and biochemical indices of vitamin C status in man.

RECOMMENDATIONS BY LIFE STAGE AND GENDER

Infants AI Vitamin C
 0–6 months 25 mg/day

 7–12 months 30 mg/day

Rationale: Breast milk concentration varies widely according to maternal intake and does not 
necessarily refl ect infant needs (Irwin & Hutchins 1976, Olson & Hodges 1987, van Zoeren-Grobben et 
al 1987). Human milk generally can vary from 30 mg/L to 80 mg/L or more, depending on the intake of 
the mother (Bates & Prentice 1988, WHO 1998). Clinical scurvy has not been observed in fully breast-
fed infants, even in communities where the vitamin C intakes of the mothers are low. Scurvy is seen 
only at intakes of about 7–8 mg/day or less, generally in non-breast-fed babies. The AI for 0–6 months 
was therefore calculated by multiplying together the average intake of breast milk (0.78 L/day) and a 
breast milk concentration of 30 mg/L, and rounding up. The AI for 7–12 months was calculated on a 
body weight basis from that of younger infants.

Children & adolescents EAR RDI Vitamin C
All

 1–3 yr 25 mg/day 35 mg/day

 4–8 yr 25 mg/day 35 mg/day

Boys

 9–13 yr 28 mg/day 40 mg/day

 14–18 yr 28 mg/day 40 mg/day

Girls

 9–13 yr 28 mg/day 40 mg/day

 14–18 yr 28 mg/day 40 mg/day
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Rationale: In the absence of adequate data for children and following the approach of the FAO:WHO 
(2002), the EARs were interpolated from the adult and infant recommendations, although these fi gures 
are somewhat arbitrary. The RDI was set assuming a CV of 20% for the EAR, as for adults.

Adults EAR RDI Vitamin C
Men

 19–30 yr 30 mg/day 45 mg/day

 31–50 yr 30 mg/day 45 mg/day

 51–70 yr 30 mg/day 45 mg/day

 >70 yr 30 mg/day 45 mg/day

Women

 19–30 yr 30 mg/day 45 mg/day

 31–50 yr 30 mg/day 45 mg/day

 51–70 yr 30 mg/day 45 mg/day

 >70 yr 30 mg/day 45 mg/day

Rationale: The EAR for adult men was set on the assumption that the best indicator of adequacy 
currently available is the intake at which body content is halfway between tissue saturation and the 
point at which clinical signs of scurvy appear. This equates to 900 mg body content. Assuming an 
absorption effi ciency of 85%, a catabolic rate of 2.9%, and rounding, the EAR for adults was set at 
30 mg/day (900 x 2.9/100 x 100/85). This EAR provides enough vitamin C for smokers. There is a 
known CV for catabolism of 21% (2.9%/day, SD = 0.6%) (Baker et al 1971) which, with rounding, 
gives an RDI of 45 mg/day. Plasma concentrations of vitamin C fall more rapidly in women than men 
(Blanchard 1991), so the male recommendation was retained for women although women have lower 
body sizes.

Pregnancy EAR RDI Vitamin C
 14–18 yr 38 mg/day 55 mg/day 

 19–30 yr 40 mg/day 60 mg/day 

 31–50 yr 40 mg/day  60 mg/day 

Rationale: There is a moderate drain on vitamin C during pregnancy, particularly in the last trimester, 
probably due to haemodilution as well as transfer to the fetus. Given that 7 mg/day will prevent scurvy 
in young infants, (Goldsmith 1961, Rajalalakshmi et al 1965, van Eekelen 1953), an extra 10 mg/day 
in pregnancy should enable reserves to accumulate to meet the extra demands of the growing fetus. 
The EAR is therefore set at 40 (or 38) mg/day and the RDI set assuming a CV for the EAR of 20%, and 
rounding up.

Lactation EAR RDI Vitamin C
 14–18 yr 58 mg/day 80 mg/day

 19–30 yr 60 mg/day  85 mg/day

 31–50 yr 60 mg/day 85 mg/day

Rationale: The EARs for lactation are estimated from the EAR for non-lactating women plus needs for 
the infant. The RDI is set assuming a CV for the EAR of 20%.
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UPPER LEVEL OF INTAKE - VITAMIN C

It is not possible to establish a UL for vitamin C, but 1,000 mg/day is a prudent limit.

Rationale: It is not possible to establish with any certainty a UL for supplementary vitamin C, as data 
are too inconclusive. However, expert bodies have suggested that intakes of no more than 1,000 mg/
day for adults would be prudent (UK Expert Group on Vitamins and Minerals 2003, German Nutrition 
Society 2002). 

The UK Expert Group on Vitamins and Minerals (2002) has suggested a guidance level of 1,000 mg 
based on a LOAEL of 3,000–4,000 mg/day from the study of Cameron & Campbell (1974), applying an 
UF of 3 to extrapolate to a NOAEL of 1,000 mg/day. The US Food and Nutrition Board used the same 
data but applied an UF of only 1.5 to give a NOAEL of 2,000 mg which it adopted as the Tolerable 
Upper Intake for adults ranging down to 400 mg in children aged 1–3 years.

Gastrointestinal effects are the most common adverse effects associated with acute, high doses of 
vitamin C given over a short period of time. Other reported effects include metabolic acidosis, changes 
in prothrombin activity and ‘conditioned need’ scurvy (low ingestion in pregnancy conditioning the 
need for higher amounts in the infant). It has also been suggested that vitamin C consumption may 
increase oxalate excretion. However, studies in humans have not revealed a substantial increase in 
urinary oxalate stones with high intakes of vitamin C. Key studies include those of Auer et al (1998), 
Cameron & Campbell (1974), Cook et al (1984), Gokce et al (1999), Levine et al (1996, 1999), Mai et al 
(1990), Morton et al (2001), Urivetsky et al (1992), and Wandilak et al (1994). These studies suggest 
that vitamin C is not associated with signifi cant adverse effects and there are no obvious specifi c key 
toxic endpoints. 

Vitamin C can also enhance non-haem iron absorption and thus may increase iron-induced tissue 
damage in individuals with haemochromatosis (McLaran et al 1982). Haemochromatosis is a condition 
of glucose-6-phosphate dehydrogenase defi ciency that occurs in about 1 in 300 people of northern 
European descent (George & Powell 1997). However, the possibility of such adverse effects in this 
group has not been systematically examined.
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VITAMIN D

BACKGROUND 

The major function of Vitamin D in humans is to maintain appropriate serum calcium concentrations by 
enhancing the ability of the small intestine to absorb calcium from the diet. Vitamin D also plays a role 
in enhancing absorption of phosphorus from the diet, but the blood concentration of phosphorus is not 
well regulated and varies according to supply and the renal excretory threshold. 

Vitamin D maintains the blood calcium at supersaturating levels such that it is deposited in the bone as 
calcium hydroxyapatite. When dietary calcium is inadequate for the body’s needs, 1,25-dihydroxyvitamin 
D [1,25(OH)2D or calcitriol] – the active form of vitamin D – together with parathyroid hormone, 
can mobilise stem cells in bone marrow to become mature osteoclasts which in turn increase the 
mobilisation of calcium stores from bone. However, there is a limited capacity to mobilise suffi cient 
calcium from bone to have a signifi cant effect on blood calcium levels. 

Vitamin D occurs in two forms. One is produced by the action of sunlight on skin (D3 or cholecalciferol) 
and the other is found in a limited range of foods (D2 or ergocalciferol). With current food supplies 
and patterns of eating, it is almost impossible to obtain suffi cient vitamin D from the diet alone (Fuller 
& Casparian 2001). Vitamin D in foods is fat soluble and is biologically less active. Its metabolite, 
1.25-dihydroxyvitamin D (1,25(OH2)D, or calcitriol) is the biologically active hormone responsible for its 
physiological actions. In the circulation, vitamin D appears as 25-hydroxyvitamin D (25(OH)D) which is 
fi ve times more potent than cholecalciferol.

Vitamin D status is generally maintained in the population by exposure to sunlight (Glerup et al 
2000, Holick 1996, Rasmussen et al 2000). If sunlight exposure is adequate, dietary vitamin D can 
be considered unnecessary (Holick 2001). In skin, 7-dehydrocholesterol is converted to pre-vitamin 
D3 by a narrow band of solar ultraviolet radiation (290–320 nm) which undergoes isomerisation in a 
temperature-dependent manner to vitamin D3. 

Thus, vitamin D is not a nutrient in the usual sense, since under normal conditions it is supplied 
mainly by the skin. In addition, its physiological actions are attributable to the active metabolite, 
1,25-dihydroxyvitamin D which, because it is synthesised in the kidneys and acts elsewhere, is often 
called a hormone.

1 µg cholecalciferol is equal to 0.2 µg 25(OH)D.

Vitamin D is also sometimes expressed in International Units where 1 IU equals 0.025 µg 
cholecalciferol or 0.005 µg 25(OH)D.

Seasonal changes have been shown to have a signifi cant effect on the cutaneous production of 
cholecalciferol (Pettifor et al 1996, Webb et al 1990). In the winter months in temperate latitudes, solar 
UV light in the wavelength range of 290–320 nm is absorbed by the atmosphere. People also spend less 
time outdoors and wear more clothing. For this reason, vitamin D defi ciency is more common in the 
winter months (Holick 1995). 

Despite the sunny climate, a seasonal variation in vitamin D levels also occurs in Australia. In the 
Geelong Osteoporosis Study, the mean vitamin D levels for winter were 58 nmol/L compared with 
70 nmol/L in summer (Pasco et al 2001). However, after regular sun exposure, people under the age of 
50 can produce and store approximately 6 months’ worth of vitamin D, so vitamin D stored in the body 
is available during the winter when production is minimal (Holick 1996). However, in older people, the 
effi ciency of cutaneous synthesis of vitamin D is signifi cantly less than that in younger people (Holick et 
al 1989, Need et al 1993). 
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Other environmental factors such as the angle of the sun, distance from the equator, the amount of 
cloud cover and the amount of particulate matter in the atmosphere (Holick 1995, Kimlin et al 2003, 
Madronich et al 1998) can affect the amount of vitamin D produced. Comparative data indicate that 
Northern and Southern latitudes are not equivalent. It has been estimated that ultraviolet levels in 
summer are up to 40% higher in New Zealand than in the equivalent Northern latitudes (Madronich 
et al 1998). 

Defi ciency of Vitamin D results in inadequate mineralisation or demineralisation of the skeleton. 
This can lead to rickets in young children, causing bowed legs and knocked knees. A study in China 
showed that vitamin D given as a supplement over 2 years increased both total body bone mineral 
content and bone mineral density in older children (Du et al 2004). In adults, defi ciency can lead to 
increased bone turnover and osteoporosis and less commonly to osteomalacia for which the associated 
secondary hyperparathyroidism enhances mobilisation of calcium from the skeleton, resulting in porotic 
bone. Vitamin D may also affect fracture rates via mechanisms other than its infl uence on bone mass. 
Bischoff-Ferrari et al (2004) showed that on the basis of fi ve RCTs involving 1,237 participants, vitamin 
D reduced the number of falls by 22% compared with patients receiving calcium or placebo.

Vitamin D is also thought to play a role in maintaining the immune system (Brown et al1999, DeLuca 
1998) and helping maintain healthy skin (DeLuca 1998, Jones et al 1998) and muscle strength (Brown 
et al 1999).

There is increasing recognition that a signifi cant number of Australians and New Zealanders may 
have less than optimal 25(OH)D status, however limited published information of the prevalence of 
vitamin D defi ciency in Australia is available, other than from relatively small subpopulations (Nowson 
& Margerison 2002, Pasco et al 2004). Some information is available currently in unpublished form, 
from the national surveys of 1997 and 2002 in New Zealand (Green et al 2004a,b). Recent analyses of 
blood samples from these surveys showed that 31% of New Zealand children aged 5–14 years whose 
bloods were sampled in 2002 had a serum 25(OH)D concentration indicative of vitamin D insuffi ciency. 
Between 0% (for 5–6 year olds of European background) and 14% (for girls aged 11–14 years of Pacifi c 
Island backgrounds) had vitamin D defi ciency. For adolescents at or above 15 years and adults whose 
bloods were sampled in 1997, the prevalence of defi ciency, defi ned as <17.5 nmol/L, was 2.8%, but 
the prevalence of insuffi ciency, defi ned as <37.5 nmol/L, was 27.6%. Vitamin D concentrations were 
lower in winter than summer and lower in Pacifi c peoples and Mäori than those of European and other 
origins.

The groups thought to be at particular risk in Australia and New Zealand include older persons living 
in the community, those in residential care with limited mobility for whom frank defi ciency may be 
22–67% and mild defi ciency may be 45–84%, dark-skinned peoples and veiled women who have limited 
exposure to sunlight (as many as 80% having mild defi ciency) and breast-fed infants of these groups of 
women. Some of these groups (eg the institutionalised elderly) are often not represented in National 
Surveys.

Adolescents and young children growing rapidly who are on marginal calcium intakes may also have 
increased requirements for vitamin D that may not be met in winter, when reduced exposure to sunlight 
depletes the body’s stores of vitamin D. There is also some evidence that up to 8% of younger women 
(20–39 years) may have a frank vitamin D defi ciency at the end of winter and 33% may have a marginal 
defi ciency. People who wear protective clothing, always use sunscreen and those who have intestinal, 
hepatic, renal or cardiopulmonary disease or are taking anticonvulsants may also be at increased risk 
(Compston 1998, Fitzpatrick et al 2000, Fuller & Casparian 2001, Thomas et al 1998). 

Very few foods contain signifi cant amounts of vitamin D (Holick 2001, Vieth 1999). In Australia, fortifi ed 
margarine appears to be the major dietary source of vitamin D, together with fatty fi sh such as salmon, 
herring and mackerel, and eggs (Baghurst & Record 2002). 

Accurate estimates of dietary intakes of vitamin D in Australia and New Zealand are not yet available 
as local food databases are limited. Some estimates have been made using a mix of local and overseas 
information on food composition with fi gures between 2-3mg/day for adults (Baghurst & Record 2002, 



VITAMIN D

Nutrient Reference Values for Australia and New Zealand      129  

LINZ 1992). Currently in Australia, vitamin D fortifi cation is mandated for edible oil spreads (table 
margarine) and voluntary for modifi ed and skim milks, powdered milk, yoghurts and table confections 
and cheese. In New Zealand, fortifi cation of margarine or milk products with vitamin D is not mandated, 
however since 1996, voluntary fortifi cation of margarine, fat spreads and their reduced fat counterparts 
has been permitted. It is also permitted to add vitamin D to dried milk, dried skim milk and non-fat milk 
solids, skim milk and reduced fat cows’ milk, legume beverages and ‘food’ drinks.

Serum 25(OH)D is the indicator of choice for assessing requirements since it  accounts for both dietary 
and cutaneous sources of the vitamin. However, there is some disagreement in the literature and clinical 
practice over quantifi cation of the optimal range. A 25(OH)D below 27.5 nmol/L is consistent with 
vitamin D defi ciency in infants, neonates and young children (Specker et al 1992) and is thus used as 
the key indicator for determining a vitamin D reference value. Little information is available on the 
levels required to maintain normal calcium metabolism and peak bone mass in children, or young 
and middle-aged adults but in a recent position statement a Working Group of the Australian and 
New Zealand Bone and Mineral Society, the Endocrine Society of Australia and Osteoporosis Australia 
(2005) defi ned mild defi ciency for adults as serum 25-OHD levels between 25 and 50nmol/L; moderate 
defi ciency as between 12.5 and 25nmol/L and severe, below 12.5nmol/L based on various indicators 
such as increases in parathyroid hormone secretion and various bone indicators. There is mounting 
evidence for the elderly to support increased dietary requirements for the maintenance of normal 
metabolism and maximum bone health (Dawson-Hughes et al 1991, Krall et al 1989, Lips et al 1988) 
and some researchers recommend levels of 75–100 nmol/L, especially for the elderly, on the basis of 
optimising bone (Dawson-Hughes 2004, Dawson-Hughes et al 1997, Heaney 1999, 2004, Kinyamu et al 
1998, Sahota 2000, Vieth et al 1999, Vieth 2004).

When 25(OH)D concentrations are in the defi cient range, serum PTH levels are inversely proportional to 
25(OH)D levels, and can therefore also be a valuable indication of inadequate vitamin D status, as can 
skeletal health including bone development and prevention of rickets in infants and children and bone 
mineral content, bone mineral density and fracture risk in adults.

The recommendations herein assume no, or minimal, exposure to sunlight as sunlight exposure factors 
and environmental factors can vary widely between individuals across Australia and New Zealand. 
An assessment of the effect of environmental and personal factors in reducing this requirement is also 
given, although data are limited.

RECOMMENDATIONS BY LIFE STAGE AND GENDER

Infants AI Vitamin D
 0–6 months 5.0µg/day

 7–12 months 5.0µg/day

Rationale: Maternal vitamin D status in pregnancy affects the status of the infant for the fi rst few 
months of life. If maternal vitamin D status is good during the last stages of pregnancy the newborn 
child should have adequate vitamin D status for some time after birth in the absence of signifi cant input 
from the diet. Human milk has very little vitamin D, so infants not exposed to sunlight are unlikely to 
obtain adequate vitamin D from mother’s milk beyond early infancy (Nakao 1988, Specker et al 1985). 
The AI for infants 0–12 months is based on the lowest dietary intake of vitamin D associated with a 
mean serum 25 (OH)D concentration of greater than 27.5 nmol/L (lower limit of normal) assuming little 
or no exposure to sunlight (FNB:IOM 1997). In these circumstances, a minimal intake of 2.5 µg/day 
will likely prevent rickets in babies 0–6 months (Glaser et al 1949, Specker et al 1992). At this intake, 
in the absence of sunlight, many will have 25(OH)D levels within the range sometimes seen in rickets 
(Specker et al 1992). Thus the AI is set at 5 µg/day. Several studies have shown that this level would 
also be adequate for older babies (Greer et al 1982a, Leung et al 1989, Markestad & Elzouki 1991) and 
for formula-fed infants (Koo & Tsang 1995, Markestad & Elzouki 1991). 
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Role of sunlight exposure: Estimates from the Midwest in the US suggest that to get suffi cient vitamin 
D from sunlight alone, infants need to be exposed for 2 hours a week if just their face is exposed or 
30 minutes a week with just a nappy on (Specker et al 1985). With habitual small doses of sunshine, 
breast or formula-fed infants do not require supplemental vitamin D. However, the infants of dark-
skinned and/or veiled women may be at higher risk of developing rickets (Grover & Morley 2001). 
Their mothers often have marginal or frank vitamin D defi ciency resulting in low status at birth. The 
vitamin D status of the infants is further compromised by restricted exposure to sunlight, and reduced 
ability to synthesise 25(OH)D due to skin pigmentation.

Children & adolescents AI Vitamin D
All

 1–3 yr 5.0 µg/day

 4–8 yr 5.0 µg /day

Boys

 9–13 yr 5.0 µg/day

 14–18 yr 5.0 µg/day

Girls

 9–13 yr 5.0 µg/day

 14–18 yr 5.0 µg/day

Rationale: In the absence of data on how much vitamin D is required to prevent defi ciency in 1–8-year 
olds, recommendations were derived from data on slightly older children with limited sunlight exposure 
(Aksnes & Aarskog 1982, Gultekin et al 1987). Most children with a dietary intake of 1.9–2.5 µg/day had 
no evidence of defi ciency as defi ned by blood levels of 25(OH)D below 27.5 nmol/L. Adolescents and 
young children growing rapidly who are on marginal calcium intakes may have increased requirements 
for vitamin D which may not be met in winter, when reduced exposure to sunlight depletes the body 
stores of vitamin D. A requirement of 2.5 µg/day regardless of sunlight was seen as prudent and was 
doubled to cover the needs of all children of this age to give the AI of 5 µg/day (FNB:IOM 1997).

Role of sunlight exposure: With regular sun exposure, there would not be a dietary need for vitamin 
D in children and adolescents (Ala-Houhala et al 1984, Gultekin et al 1987, Pettifor et al 1978, Riancho 
et al 1989, Taylor & Norman 1984). However, children living in far southern latitudes and those with 
dark skins such as indigenous Australians and New Zealanders, and certain migrant groups, or those 
who are covered for cultural reasons, may be unable to synthesise enough vitamin D in their skin in 
store for winter. Jones et al (1999) showed that 10% of children in southern Tasmania assessed in 
mid-winter had plasma 25(OH)D lower than 25 nmol/L, a level considered insuffi cient. There has been 
a reported increase in the presentation of rickets in Victorian children, mainly due to restricted sun 
exposure in mothers who are often dark skinned and veiled. In New Zealand, from national survey 
data, 4% of children aged 5–14 years had levels below 17.5 nmol/L and 1–2% of adolescents aged 
15–18 years (Green et al 2004a,b). 
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Adults AI Vitamin D
Men

 19–30 yr 5.0 µg /day

 31–50 yr 5.0 µg /day 

 51–70 yr 10.0 µg /day

 >70 yr 15.0 µg /day

Women

 19–30 yr 5.0 µg /day

 31–50 yr 5.0 µg /day 

 51–70 yr 10.0 µg /day 

 >70 yr 15.0 µg /day 

Rationale: The AI for younger adults (19–50 years) is based on the amount of vitamin D required to 
maintain serum 25(OH)D at a level of at least 27.5 nmol/L with minimal exposure to sunlight. One study 
of US women of this age (Kinyamu et al 1997) showed that an average intake of 3.3–3.4 µg/day resulted 
in serum 25(OH)D of greater than 30 nmol/L. A study of females in Australia undertaken across both the 
summer and winter months at latitude 38o (Pasco et al 2001), assessed median intakes to be only 
1.3 µg/day (much lower than other estimates for Australia and New Zealand), but had only 7% of 
subjects with serum 25(OH)D below 28 nmol/L in summer and 11% in winter. A vitamin D intake of 
2.5 µg/day was seen as prudent for this age group. There are no data on men on which to set a fi gure 
except from one study of submariners not exposed to sunlight, whose status was assessed with or 
without a 15 µg/day supplement (Holick, 1994). However, the effects of lower doses were not assessed 
in this study. It is therefore assumed that requirements for men will be the same as those for women. 

To cover the needs of all adults in the age range of 19–50 years, regardless of exposure to sunlight and 
in recognition of the fact that the available data were collected in women, a fi gure of 5 µg/day was set 
as the AI for younger adults. The AI was raised to 10 µg/day for adults aged 51–70 years to account 
for the reduced capacity for the skin to produce vitamin D with ageing (Holick et al 1989, Need et al 
1993). Data on bone loss and vitamin D supplementation in women were also taken into consideration 
(Dawson-Hughes et al 1991, 1995). For adults over 70 years, the AI was raised to 15 µg/day. Studies 
of elderly people with intakes of 9.6 µg, 7.1 µg or 5.2 µg vitamin D/day showed that 8, 14 and 45%, 
respectively had low levels of serum 25(OH)D (Gloth et al 1995, Kinyamu et al 1997, O’Dowd et al 
1993). A value of 7.5 µg/day was considered prudent for those with limited sun exposure and was 
doubled to 15 µg/day to cover the needs of all adults of this age, regardless of sun exposure or 
body stores. 

It should be noted that the effect of increasing the dietary intake of vitamin D on 25(OH)D 
concentration in blood varies according to the existing vitamin D status of the individual. The status 
of those with low 25(OH)D levels in plasma will be improved to a more signifi cant degree than of 
those with pre-existing high status (eg plasma levels above about 50 nmol/L) who may benefi t little 
from the additional dietary intake.

Role of sunlight exposure: There is evidence from selected subpopulations that about 4–8% of adults 
in Australia have serum 25(OH)D levels below 28 nmol/L and about 30% have levels below 50 nmol/L 
(Pasco et al 2001, MacGrath et al 2001, Vasikaran et al 2000). National surveys in New Zealand have 
indicated that some 2.8% of adults have levels of less than 17.5 nmol/L and 27.6% have levels below 
37.5 nmol/L. Both sunlight and diet play an essential role in vitamin D status in younger adults. Kimlin 
et al (2003) estimated that for an older woman with fair skin, exposure of 6% of the body surface (face, 
hands, forearm) to sunlight for 15–30 minutes, 2–3 times per week would provide the equivalent of 
15 µg vitamin D/day. Because of reduced cutaneous production, young adults (19–50 years) who live in 
southern latitudes such as Tasmania and the southern island of New Zealand are particularly at risk of 
becoming vitamin D defi cient during the winter months. 
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For dark-skinned peoples such as indigenous Australians and New Zealanders and certain migrant 
groups and veiled women, there is evidence in Australia of high rates of vitamin D defi ciency. Grover 
et al (2001) found that 80% of pregnant dark-skinned, veiled women attending one antenatal clinic in 
a large teaching hospital had vitamin D levels of less than 22 nmol/L. For people with little access to 
sunlight a supplement of 10 µg/day would not be excessive.

Institutionalised elderly: Several studies in Australia and New Zealand have shown high rates of 
defi ciency in very elderly people with restricted access to sunlight, many of whom live in institutions. 
Estimates of defi ciency range from 15–52% in Australia (Bruce et al 1999, Flicker et al 2003, Inderjeeth 
et al 2000, Stein 1996). Ley et al (1999) found that 49% of older New Zealand subjects in winter and 
33% in summer had low serum 25(OH)D while McAuley et al (1997) reported 69% of subjects in 
Dunedin having low levels in winter, but only 26% in summer. Data from the National Nutrition Survey 
of New Zealand (Green et al 2004b) showed that 1.6% of males over 65 years and 5.8% of females had 
blood levels below 17.5 nmol/L for serum 25(OH)D and that 20.5% of men and 39.6% of women had 
levels below 37.5 nmol/L. This survey did not include institutionalised people. The recommendation 
of 15 µg/day for those over 70 years relates to the general population over 70 years. A number of 
recent studies demonstrate protection from falls and fractures with supplemental intakes of vitamin D 
in the elderly. 

For institutionalised or bed-bound elderly who have very restricted exposure to sunlight often 
accompanied by reduced food intake, supplementation with vitamin D in the order of 10–25 µg/
day may be necessary (Brazier et al 1995, Byrne et al 1995, Chapuy et al 1992, Egsmose et al 1987, 
Fardellone et al 1995, Kamel et al 1996, McKenna 1992, Sebert et al 1995, Sorva et al 1991).

Pregnancy AI Vitamin D
 14–18 yr 5.0 µg/day

 19–30 yr 5.0 µg/day

 31–50 yr 5.0 µg/day

Rationale: Although there is placental transfer of vitamin D and its metabolites from mother to fetus, 
the amounts are too small to affect the mother’s vitamin D requirement, particularly as there is a rise 
in serum calcitriol (probably of placental origin) and a  rise in calcium absorption in late pregnancy 
(Paunier et al 1978, Specker 2004). However, maternal defi ciency of vitamin D can affect the fetus 
and needs to be prevented. Pregnant women who receive regular exposure to sunlight do not require 
supplementation. However, at intakes of less than 3.8 µg/day, pregnant women in winter months at 
high latitudes have been shown to have low serum 25(OH)D (Paunier et al 1978). For women who 
have little access to sunlight, a supplement of 10 µg/day prenatally would not be excessive. In the last 
trimester of pregnancy there is quite a large transfer of 25(OH)D across the placenta.

Lactation AI Vitamin D
 14–18 yr 5.0 µg/day

 19–30 yr 5.0 µg/day

 31–50 yr 5.0 µg/day

Rationale: There is no evidence that lactation increases the AI of the mother for vitamin D. Thus, if 
sunlight is inadequate, an AI of 5 µg/day is needed. As noted above, the infants of dark-skinned and/or 
veiled women may be at higher risk of developing rickets partly because of marginal or frank vitamin D 
defi ciency in the mother. For mothers and their babies with limited exposure to sunlight, a supplemental 
intake during lactation of 10 µg/day would not be excessive.
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UPPER LEVEL OF INTAKE - VITAMIN D
Infants

 0–12 months 25 µg /day 

Children and adolescents

 1–3 yr 80 µg/day

 4–8 yr 80 µg/day

 9–13 yr 80 µg/day 

 14–18 yr 80 µg/day

Adults 19+ yr

 Men 80 µg/day

 Women 80 µg/day

Pregnancy

 14–18 yr 80 µg/day

 19–50 yr 80 µg/day 

Lactation

 14–18 yr 80 µg/day

 19–50 yr 80 µg/day

Rationale: The UL for infants was set on the basis of a NOAEL of 45 µg/day (Fomon et al 1966, Jeans 
& Stearns 1938) together with a UF of 1.8 (FNB:IOM 1997) because of the small sample sizes and 
insensitivity of the endpoint used (linear growth). For children and adolescents, there are little available 
data, so the recommendation for adults was adopted. 

The UL for adults was based on studies assessing the effect of vitamin D on serum calcium in humans 
(Honkanen et al 1990, Johnson et al 1980, Narang et al 1984, Vieth et al 2001). Johnson et al (1980) 
and Honkanen et al (1990) conducted studies with supplementation at 50 µg/day or 45 µg/day for 
several months and saw no adverse effects. Narang et al (1984), using dosages of 60 µg and 95 µg/day 
over several months in a non-randomised trial that included 30 normal controls, saw increases above 
2.75 mmol/L in serum calcium levels a level considered as defi ning hypercalcaemia, at 95 µg/day but 
not at 60 µg/day. However, a recent, well-designed, RCT by Vieth et al (2001) saw no adverse effect 
of dosages of 25 µg/day or 100 µg/day over six months in 30 subjects. This fi nding was confi rmed in 
a later randomised study (Vieth et al 2004) of inpatients with subclinical or marginal defi ciency. Vieth 
et al (2001) felt that the earlier data of Narang et al (1984) may have been erroneous in dosage, citing 
concerns about lack of independent confi rmation of the actual amount of vitamin D administered (there 
were no measures of serum 25(OH)D). There is also some animal evidence of oral vitamin D causing 
non-calcifi ed atherosclerosis of large arteries (Taura et al 1979, Toda et al 1985), suggesting that a 
cautious approach should be taken to high dose vitamin D in people other than the elderly. 

Taking all of this into account, the fi gure of 100 µg/day from Vieth’s studies was adopted as the NOAEL 
and a UF of 1.2 was applied because of the inconsistencies in the studies and they were performed on 
relatively small number of subjects with pre-existing marginal vitamin D status. Vieth et al (2001) have 
themselves cautioned about the relatively small numbers in their studies.

The available data for pregnancy and lactation are inadequate to derive a fi gure different from that of 
other adults. There appears to be no increased sensitivity during these physiological states.

It should be noted that the intake of vitamin D via food would add to the vitamin D formed by 
exposure to sunlight.
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VITAMIN E 

BACKGROUND

Vitamin E is the name given to a group of water-insoluble, plant-derived substances. There are eight 
naturally-occurring isomers and a number of semisynthetic or synthetic homologues. The naturally-
occurring d- (or RRR) alpha-tocopherol is the most biologically active form and vitamin E activity is 
traditionally expressed in terms of equivalents of this isomer (mg alpha-tocopherol equivalents or α-TE). 
Other tocopherols such as gamma-tocopherol also have vitamin E activity. There are four tocopherol 
homologues (d-α-, d-β-, d-γ- and d-δ-) and four tocotrienols. Other forms of vitamin E occur in lower 
amounts in foods and are less active in animal bioassay. The usual form in supplements is synthetic dl- 
(or all-rac) α-tocopherol that consists of a mixture of active and inactive stereoisomers, because natural 
vitamin E from wheat germ oil is expensive. The equivalence of the various forms is shown below: 

Form Alternative name mg α-tocopherol 
equivalence

d-α-tocopherol RRR-α-tocopherol 1

d-α-tocopherol acetate RRR-α-tocopherol acetate 0.91

d-α-tocopherol acid succinate RRR-α-tocopherol acid succinate 0.81

dl-α-tocopherol all-rac-α-tocopherol 0.74

dl-α-tocopherol acetate all-rac-α-tocopherol 0.67

d-β-tocopherol RRR-β-tocopherol 0.25–0.40

d-γ-tocopherol RRR-γ-tocopherol 0.10

α-tocotrienol 0.25–0.30

The major role of vitamin E is to protect polyunsaturated fatty acids (PUFA) from oxidation. It acts as 
an anti-oxidant in the lipid phase of cell membranes. Vitamin E requirements have been reported to 
increase when intakes of PUFA are increased (Dam 1962, Horwitt 1962) and a ratio of at least 0.4 mg 
α-tocopherol per gram of PUFA has been recommended (Bieri & Evarts 1973, Horwitt 1974, Witting & 
Lee 1975). Most dietary sources of polyunsaturated fat are also relatively rich in vitamin E. However 
supplements of fi sh oils or other pure n-3 fatty acids may not provide the amount of vitamin E needed. 

The activity vitamin E complements that of selenium-dependent glutathione peroxidase in protecting the 
membrane PUFAs from free radical damage. Although vitamin E is mainly located in cells and organelle 
membranes, its concentration may be very low, suggesting that after its reaction with free radicals it is 
rapidly regenerated, possibly by other antioxidants such as selenium, ubiquinols and vitamin C (Doba et 
al 1985, Niki et al 1982, Stoyanovsky et al 1995).

The main source of vitamin E is fats and oils. It is also found in some vegetables, in the fats of meat, 
poultry and fi sh and, to lesser degrees, in cereals and dairy foods. About half the tocopherol in wheat 
germ, sunfl ower, saffl ower, canola, olive and cottonseed oils is α-tocopherol but soybean and corn 
oils contain about 10 times as much γ-tocopherol as α-tocopherol. Most vitamin E is found in foods 
containing fat. Absorption requires micelle formation and chylomicron secretion in the gut (Muller et al 
1974) together with biliary and pancreatic secretions. Effi ciency of absorption is low, but the precise rate 
is unknown. 

Vitamin E is transported in the blood by the plasma lipoproteins and erythrocytes. Tocopherols 
are carried from the gut to the liver in chylomicrons where they are incorporated as chylomicron 
remnants. Catabolism of chylomicrons takes place in the systemic circulation through the action of 
cellular lipoprotein lipase. Vitamin E can be transferred to high density lipoprotein (HDL) and then 
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to low density liopoprotein (LDL) and very low density lipoprotein (VLDL). Most α-tocopherol enters 
peripheral tissues within the intact lipoprotein through the LDL receptor pathway. 

Although all tocopherol homologues are absorbed similarly, α-tocopherol predominates in blood and 
tissue as the binding proteins take it up preferentially. Plasma vitamin E and tissue concentrations vary 
little over a wide range of dietary intake and the brain is particularly resistant to depletion (Bourne & 
Clement 1991). 

The main oxidation product of α-tocopherol is tocopheryl quinone which is conjugated to glucuronate 
and is excreted in bile or further degraded in the kidneys to α-tocopheronic acid before excretion in 
bile (Drevon 1991). Some may be excreted through the skin (Shiratori 1974).

Overt defi ciency symptoms in normal individuals consuming diets low in vitamin E have never been 
described. It occurs only as a result of genetic abnormalities, fat malabsorption syndrome (Rader & 
Brewer 1993, Sokol 1993) or protein-energy malnutrition (Kalra et al 1998, Laditan & Ette 1982). The 
main symptom is a peripheral neuropathy. Other symptoms include spinocerebellar ataxia, skeletal 
myopathy and pigmented retinopathy (Sokol 1988). 

In epidemiological studies, higher intakes of vitamin E have been related to reduction in cardiovascular 
disease risk (Gey et al 1991, Rimm & Stampfer 1993, Stampfer et al 1993), diabetic complications 
(Baynes 1991, Mullarkey et al 1990, Semenkovich & Heinecke 1997), certain cancers (Comstock et 
al 1997, Eichhlozer et al 1996, Yong et al 1997) and cataracts (Jacques & Chylack 1991, Knekt et al 
1992, Leske et al 1991). Not all studies, however, have confi rmed a relationship and clinical trials with 
supplements in high risk groups, have shown little benefi t. Further discussion of these trials is given in 
the ‘Chronic disease’ section. 

Indicators that have been used to estimate vitamin E requirements include lipid peroxidation markers, 
oxidation products of DNA or proteins, vitamin E metabolite excretion, vitamin E biokinetics, vitamin E 
defi ciency symptoms, plasma α-tocopherol concentration, hydrogen peroxide-induced haemolysis or the 
relationship of vitamin E to chronic disease status. However, erythrocyte fragility studies have been the 
most widely used. 

The US DRI review in 2000 used the data of Horwitt (1960, 1963). These same data had been used 
in setting the earlier US RDIs but were interpreted differently in 2000, leading to considerably 
increased recommendations. In the US DRI review of 2000, the amount of dietary vitamin E required 
to bring plasma α-tocopherol to a level where per cent haemolysis was low was used to estimate 
an EAR (Horwitt 1960, 1963). However, the interpretation of these data is problematic in relation to 
level of plasma α-tocopherol at which adverse effects are seen, as there were no data available for 
plasma α-tocopherol concentrations between 5 and 12 µmol/L. All four subjects below 6 µmol/L 
plasma α-tocopherol (range 2–5 µmol/L) had haemolysis of about 80% or above and all 6 subjects 
with concentrations between 12 and 22 µmol/L, had haemodialysis of 12% or less. There has been 
disagreement as to whether the ‘adequacy’ cut off should be midway between these two clusters or at 
the lowest point showing low haemolysis. The data are dichotomous, not continuous, thus preventing 
an accurate dose-response analysis. Changing the cut-off point makes a large difference to the estimated 
requirement. In addition, the authors of the key paper themselves expressed concern about the validity 
of the technique for assessing vitamin E requirements (Horwitt 1960, 1963, 2001).

Given these uncertainties, an AI rather than an EAR was set for vitamin E based on median population 
intakes in Australia and New Zealand – both healthy populations with no apparent vitamin E defi ciency. 
Recommendations for infants were based on the median concentration in breast milk of healthy 
mothers.
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RECOMMENDATIONS BY LIFE STAGE AND GENDER

Infants AI Vitamin E 
(as α-tocopherol 

equivalents)

 0–6 months 4 mg /day

 7–12 months 5 mg /day

Rationale: The AI for 0–6 months was calculated by multiplying the average intake of breast milk 
(0.78 L/day) by the average concentration of vitamin E in breast milk of 4.9 mg/L (Boersma et al 1991, 
Chappell et al 1985, Jansson et al 1981, Lammi-Keefe et al 1985, 1990) and rounding. Two of these 
studies reported only α-tocopherol data but Boersma et al (1991) showed that the tocopherol content of 
breast milk is almost entirely comprised of α-tocopherol. For 7–12 months, the AI was extrapolated from 
younger infants on a body weight basis and rounded.

Children & adolescents AI  Vitamin E 
(as α-tocopherol 

equivalents)

All

 1–3 yr 5 mg/day

 4–8 yr 6 mg/day

Boys

 9–13 yr 9 mg/day

 14–18 yr 10 mg/day

Girls

 9–13 yr 8 mg/day

 14–18 yr 8 mg/day

Rationale: As there are no specifi c data on which to base an EAR for children and adolescents, an AI 
was set based on the median intakes in Australia and New Zealand from the National Nutrition Surveys 
with rounding up to the nearest milligram (ABS 1998, MOH 1999, 2003).

Adults AI Vitamin E 
(as α-tocopherol 

equivalents)

Men

 19–30 yr 10 mg/day

 31–50 yr 10 mg/day

 51–70 yr 10 mg/day

 >70 yr 10 mg/day

Women

 19–30 yr 7 mg/day 

 31–50 yr 7 mg/day

 51–70 yr 7 mg/day

 >70 yr 7 mg/day
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Rationale: As there are not suffi cient data on which to base an EAR for adults, an AI was set based on 
the median intakes in Australia and New Zealand from the National Nutrition Surveys with rounding up 
to the nearest milligram (ABS 1998, MOH 1999). The values set for men and women were the highest 
median intake for any respective adult age band. 

Pregnancy AI Vitamin E 
(as α-tocopherol 

equivalents)

 14–18 yr 8 mg/day

 19–30 yr 7 mg/day

 31–50 yr 7 mg/day

Rationale: There is no evidence of increased needs for vitamin E in pregnancy, so the AI is set at that 
for the non-pregnant woman.

Lactation AI  Vitamin E 
(as α-tocopherol 

equivalents)

 14–18 yr 12 mg/day

 19–30 yr 11 mg/day

 31–50 yr 11 mg/day

Rationale: The AI for lactation is set at that for the non-lactating woman plus an allowance for the 
vitamin E secreted in milk.

UPPER LEVEL OF INTAKE - VITAMIN E - (as α-tocopherol equivalents)

Infants     

 0–12 months  Not possible to establish. Source of intake should be breast milk, 
formula and food only

Children

 1–3 yr 70 mg/day

 4–8 yr 100 mg/day

Boys

 9–13 yr 180 mg/day

 14–18 yr 250 mg/day

Girls

 9–13 yr 180 mg/day

 14–18 yr 250 mg/day

Adults 19+ yr

 Men 300mg/day

 Women 300mg/day

Pregnancy

 All ages 300 mg/day

Lactation

 All ages 300 mg/day



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


