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PREFACE

The Australian and New Zealand Governments have been providing nutrition advice to the public for
more than 75 years. This advice has included information on ‘Recommended Dietary Intakes’ (RDIs)
or ‘Allowances’, which are the amounts of specific nutrients required on average on a daily basis for
sustenance or avoidance of deficiency states. Advice has also been provided in the form of ‘Dietary
Guidelines’, and culturally-relevant food and dietary patterns that will not only achieve sustenance,
but also reduce the risk of chronic disease. The last revision of Recommended Dietary Intakes for

use in Australia began in 1980 and was published in 1991 (NHMRC 1991). The reviews used as the
source of information were published collectively in a book (Truswell et al 1990). The Australian
recommendations were also later formally adopted by the New Zealand Ministry of Health for use in
New Zealand.

In July 1997, a workshop of invited experts, including representatives from New Zealand, was held in
Sydney to discuss the need for a revision of the 1991 NHMRC Recommended Dietary Intakes for use

in Australia. Under the auspices of the Strategic Inter-governmental Nutrition Alliance (SIGNAL), a
second workshop was held in July 1999 to scope the July 1997 recommendations and define the project
parameters for the review. Amongst other considerations, it was agreed that:

e a joint Australia New Zealand RDI review should proceed as soon as possible;

e a set of reference values for each nutrient was required and the term 'Nutrient Reference Values'
(NRVs) would be used to describe the set;

e the review should build primarily upon concurrent work being undertaken in the United States and
Canada, while also taking into consideration recommendations from the United Kingdom, Germany
and the European Union, recent dietary survey data collected in Australia and New Zealand,
scientific data and unique Australasian conditions.

At the time of the 1999 workshop, the joint US and Canadian revision had begun to release its
recommendations as a series of Dietary Reference Intakes. The revision of most of the major minerals
and vitamins was completed by 2001 and this round of revisions was completed by 2004.

Bearing in mind the progress with the joint US:Canada revisions and the high cost and time lines
associated with de novo revisions of this kind, in 2001, the Commonwealth Department of Health and
Ageing asked the National Health and Medical Research Council (NHMRC) to undertake a scoping study
in relation to a potential revision of the Australian/New Zealand RDIs. The New Zealand Ministry of
Health funded some initial work for the review process that provided expert input into the revision of
the two key nutrients, iodine and selenium. The NHMRC was then commissioned in 2002 to manage
the joint Australian/New Zealand revision process. An expert Working Party was appointed to oversee
the process with representation from both Australia and New Zealand, including end users from the
clinical and public health nutrition research sector, the food industry, the dietetics profession, the

food legislative sector and the Australian and New Zealand governments. The current publication, its
recommendations and its associated Appendix, are the result of that review process. The understanding
of many aspects of good nutrition is by no means complete. Where expert judgement had to be applied,
public health and safety were the priorities.

Consumption of food not only provides for the physiological needs of human life, but also contributes
to our social and emotional needs. Consequently, it is possible to prescribe a diet that would meet the
physiological needs of a group yet fail to meet the social or emotional needs of a significant percentage
of that group. Whilst physiological needs are the primary determinant of NRVs, they are developed with
consideration given to the other aspects of food intake.

Research has shown that a healthy diet containing adequate amounts of the various nutrients need
not be a costly diet. This is discussed in more detail in the NHMRC’s Dietary Guidelines for Australian
Adults which, together with the Dietary Guidelines for Children and Adolescents in Australia, the
Dietary Guidelines for Older Australians and the New Zealand Food and Nutrition Guidelines for the
ages and stages of the lifecycle, are companion documents to this publication on NRVs. Together with
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the Australian Guides to Healthy Eating, the Dietary Guidelines translate the nutrient recommendations
addressed in the current document into food and lifestyle patterns for the community. Revision of all of
these documents is an ongoing process as the various sets of recommendations are closely interrelated.

These recommendations are for healthy people and may not meet the specific nutritional requirements
of individuals with various diseases or conditions, pre-term infants, or people with specific genetic
profiles. They are designed to assist nutrition and health professionals assess the dietary requirements
of individuals and groups. They may also be used by public health nutritionists, food legislators and the
food industry for dietary modelling and/or food labelling and food formulation.

This document is one of a series of three which also includes the evidence base for the NRVs and a
summary or reference document containing the tabulated and annotated NRVs for everyday use by
practitioners developed as a result of submissions and comments received at the workshops. The NRVs
will also be available in electronic format on the NHMRC website.

Katrine Baghurst, June 2005
Chair of the Working Party
Editor
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INTRODUCTION

INTRODUCTION

WHAT ARE NUTRIENT REFERENCE VALUES?

In the 1991 Recommended Dietary Intakes (RDI) for use in Australia (NHMRC 1991) an RDI value,
sometimes presented as a range, was developed for each nutrient. The RDI was defined as: “the levels
of intake of essential nutrients considered, in the judgement of the NHMRC, on the basis of available
scientific knowledge, to be adequate to meet the known nutritional needs of practically all bealthy
people...they incorporate generous factors to accommodate variations in absorption and metabolism.
They therefore apply to group needs. RDIs exceed the actual nutrient requirements of practically all
bealthy persons and are not synonymous with requirements.”

Despite the emphasis on the population basis of the RDI, the RDIs were often misused in assessing
dietary adequacy of individuals, or even foods, not only in Australia and New Zealand but also in many
other countries. To overcome this misuse, many countries have moved to a system of reference values
that retains the concept of the RDI while attempting to identify the average requirements needed by
individuals. In 1991, the UK (Dept Health 1991) became the first country to develop a set of values for
each nutrient. More recently, the Food and Nutrition Board: Institute of Medicine (FNB:IOM 1997, 1998a,
2000a, 2001, 2002, 2004) adopted a similar approach on behalf of the US and Canadian Governments.

After due consideration, the Working Party decided to adopt the approach of the US:Canadian Dietary
Reference Intakes (DRIs) but vary some of the terminology, notably to retain the term ‘Recommended
Dietary Intake’.

Definitions adapted from the FNB:IOM DRI process
EAR Estimated Average Requirement

A daily nutrient level estimated to meet the requirements of half the healthy individuals in
a particular life stage and gender group.

RDI Recommended Dietary Intake

The average daily dietary intake level that is sufficient to meet the nutrient requirements of
nearly all (97-98 per cent) healthy individuals in a particular life stage and gender group.

Al Adequate Intake (used when an RDI cannot be determined)

The average daily nutrient intake level based on observed or experimentally-determined
approximations or estimates of nutrient intake by a group (or groups) of apparently
healthy people that are assumed to be adequate.

EER Estimated Energy Requirement

The average dietary energy intake that is predicted to maintain energy balance in a
healthy adult of defined age, gender, weight, height and level of physical activity,
consistent with good health. In children and pregnant and lactating women, the EER is
taken to include the needs associated with the deposition of tissues or the secretion of
milk at rates consistent with good health.

UL Upper Level of Intake

The highest average daily nutrient intake level likely to pose no adverse health effects
to almost all individuals in the general population. As intake increases above the UL, the
potential risk of adverse effects increases.

Nutrient Reference Values for Australia and New Zealand |



INTRODUCTION

For each nutrient, an Estimated Average Requirement (EAR) was set from which an RDI could be
derived. (Note that the US: Canadian terminology is ‘Recommended Dietary Allowance’, or ‘RDA’).
Whilst the various NRVs are expressed on a per day basis, they should apply to intakes assessed over a
period of about 3 to 4 days. If the standard deviation (SD) of the EAR is available and the requirement
for the nutrient is symmetrically distributed, the RDI is set at 2SD above the EAR. Such that

RDI = FAR +2SDyp.

If data about variability in requirements are insufficient to calculate an SD (which is usually the case), a
coefficient of variation (CV) is used. A CV of 10% for the EAR is assumed for nutrients unless available
data indicate that greater variation is probable. The 10% is based on extensive data on variation in basal
metabolic rate and protein requirements (FAO:WHO:UNA 1985, Garby & Lammert 1984, Elia 1992).

If 10% is assumed to be the CV, then twice that amount added to the EAR is defined as equal to the RDI.
Thus for a CV of 10%, the RDI would be 1.2 x EAR; for a CV of 15% it would be 1.3 x EAR and for a CV
of 20% it would be 1.4 x EAR.

Where evidence was insufficient or too conflicting to establish an EAR (and thus an RDI) an Adequate
Intake (AD) was set, either on experimental evidence or by adopting the most recently available
population median intake and assuming that the Australian/New Zealand populations were not deficient
for that particular nutrient. Both the RDI and AI can be used as a goal for individual intake, but there is
less certainty about the Al value as it depends to a greater degree on judgement. An Al might deviate
significantly from and be numerically higher than an RDI if the RDI could be determined. Thus Als
should be interpreted with greater caution.

Where Als were based on median population intakes, these were derived from a re-analysis of
the complete databases of the National Nutrition Surveys of Australia, 1995 (Australian Bureau of
Statistics 1998) and New Zealand 1991, 1997, 2002 (LINZ Activity and Health Research Unit 1992,
Ministry of Health 1999, 2003) using the appropriate age bands. The two-day adjusted data were
used for the estimates.

For infants of 0 to 6 months, all recommendations are in the form of Adequate Intakes based on the
composition of breast milk from healthy mothers, using a standard milk volume. The bioavailability of
nutrients in formulas may vary from that in breast milk, so formula-fed babies may need higher nutrient
intakes. As formulas can vary in the chemical form and source of the nutrients, it is not possible to
develop a single reference value for all formula-fed infants.

For energy, an Estimated Energy Requirement (EER) was set for a range of activity levels for individuals
of a specified age, gender and body size.

For each nutrient, an Upper Level of Intake (UL) was set, which, unless otherwise stated, includes
intake from all sources including foods, nutrients added to foods, pills, capsules or medicines. The UL
is the highest average daily nutrient intake level likely to pose no adverse health effects to almost all
individuals in the general population. In setting the UL, any adverse health effect were considered,
including those on chronic disease status. The UL is not a recommended level of intake. It is based on a
risk assessment of nutrients that involves establishment of a No Observed Adverse Effect Level (NOAEL)
and/or a Lowest Observed Adverse Effect Level (LOAEL) and application of an Uncertainty Factor

(UF) related to the evidence base and severity of potential adverse effects. Members of the general
population should be advised not to routinely exceed the UL. Intakes above the UL may be appropriate
for some nutrients for investigation in well-controlled clinical trials as long as signed informed consent
is given and as long as the trials employ appropriate safety monitoring of trial subjects. Readers are
referred to the relevant FNB:IOM documents and the report of the UK Expert Group on Vitamins and
Minerals (2003) for more details about the potential toxicological effects of high intakes of nutrients.

In Australia, vitamin and mineral supplements are regulated under the Therapeutic Goods Act (1989)
that also sets some standards for these products. In New Zealand, dietary supplements are generally
regulated under the New Zealand Dietary Supplements Regulations (New Zealand Government 1985),
but supplements with nutrients at higher/pharmacological doses than the specified maximum daily
doses need to meet the requirements of the Medicines Regulations (1984).
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INTRODUCTION

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)

Recommended Dietary
Intake (RDI)

Adequate Intake (Al)

Use to examine the probability that
usual intake is inadequate

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

Usual intake at or above this level has
a low probability of inadequacy.When
the Al is based on median intakes of

healthy populations, this assessment is

Use to estimate the prevalence of
inadequate intakes within a group

Do not use to assess intakes
of groups

Mean usual intake at or above this
level implies a low prevalence of
inadequate intakes. When the Al is
based on median intakes of healthy

made with less confidence populations, this assessment is made

with less confidence

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 deficiency 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 findings 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 sufficient 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 Al. 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.

Nutrient Reference Values for Australia and New Zealand
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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 identified 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) Riboflavin Copper

n-6 fatty acids (linoleic) Niacin Fluoride

n-3 fatty acids (a-linolenic) Vitamin By lodine

LC n-3 fatty acids (omega-3 Vitamin B, Iron

fats, DHA, DPA, EPA) Folate Magnesium

Carbohydrate (for infants only) Pantothenic acid Manganese

Dietary fibre 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 findings 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 [=3 years 13
Both 4-8 years 22
Males 9—13 years 40
|4—18 years 64

9+ years 76

Females 9—13 years 40
|4—18 years 57

9+ years 61

Nutrient Reference Values for Australia and New Zealand 5



INTRODUCTION

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:

EAR,,, = FEAR

adult

x F

where F = (Weight;/Weight,,,)%"> 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 (AD for younger infants aged 0-6 months, to older infants
aged 7-12 months, the formula used was:

AI7—12 months = AIO—é months X F

Wher e F <Weight7—12 m()nths/ Welght0—6 rnonths>075

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/ V(/eightadult)o75

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:

e 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.

e 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 Adulls, 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.

6 Nutrient Reference Values for Australia and New Zealand



INTRODUCTION

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, fish, 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 fortified foods and supplements, to underpin the ongoing revisions of the NRVs, notably the
Adequate Intake values which, by definition, 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 fortification 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 fortification.

The need to consider the implications of changes in the NRVs for the food and dietary
supplementation industry.

Nutrient Reference Values for Australia and New Zealand 7
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Dietary intakes from Observations of Animal and human
national surveys populations experimentation
Extrapolation from other Chronic/deficiency disease,
populations Epidemiology/intervention
\/ i \J l

Nutrient Reference Values

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

Y

prevention of deficiency disease (EAR, RDI or AD Dietary Guidelines
or chronic disease prevention (AMDR or SDT). for Australians
Include a UL &
i New Zealand Food and
Nutrition Guidelines
(for various ages
NHMRC Core Food Group Analysis and life stages)
Food types and amounts required based on NRVs > Public health advice
— computer simulation using food databases and about the dietary
national nutrition survey data practices that can
optimise health and
i well-being in the
community.

Takes into account
existing food cultures,
cultural diversity,

Australian Guide to Healthy Eating tainabilit d cost
sustainability, and cos

\]

Practical interpretation of Core Food Group analysis
and graphic display

FIGURE |. INTERRELATIONSHIPS BETWEEN THE EVIDENCE BASE, NRVS, CORE FOOD GROUP ANALYSIS, DIETARY
AND FOOD GUIDELINES AND HEALTHY EATING GUIDES
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INTRODUCTION

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 difficult to quantify. The financial 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 specific
EAR value. The NHMRC Core Food Group assessment, which is the basis for the Australian Guide

lo Healthy Eating, was also modelled on 70% RDI. In the background papers to the previous RDIs
(Truswell et al 1990), figures called Lower Diagnostic Levels were given for some nutrients, but these
were not officially 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 specific 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 reflects 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 RDD to 12 mg/day (EAR) but
that for women has fallen from 8.4 mg/day (70% old RDID) to 6.5 mg/day, partly due to recognition that
absorptive capacity for zinc varies across the genders and that men have significant losses in semen.

The EAR is well above 70% of the previous RDI for other nutrients, including the B vitamins thiamin,
niacin, riboflavin, vitamin B, and B,,, 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 reflects 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, riboflavin and niacin or protein
needs for vitamin B,. Energy and protein needs were, in turn, set on figures 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 specific biochemical endpoints in blood, tissues or urine related to potential
deficiency 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 pg to 200 pg/day on the basis that the amount of absorbed
folate required to treat or fully prevent deficiency disease was 100 pg/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 pg/day. Other countries such as the US and Germany had an RDI of 400 pg 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 pg 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 pg/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 fortification 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, fish, 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 flexible and
have the benefits 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 k])
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 KkJ/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 defined 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’, ‘specific 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 first 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 defined group cannot be applied
to other groups or individuals who differ from the defined 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 defined 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 deficit leading to a 0.25-1.0 kg/week weight loss).

16
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RECOMMENDATIONS BY LIFE STAGE AND GENDER

Infants and children

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

Age Reference weight EER
(months) (kg) (kJ/day)
Boys Girls Boys Girls

[ 44 4.2 2,000 1,800
2 53 ) 2,400 2,100
3 6.0 55 2,400 2,200
4 6.7 6.1 2,400 2,200
5 7.3 6.7 2,500 2,300
6 79 7.2 2,700 2,500
7 84 7.7 2,800 2,500
8 8.9 8.1 3,000 2,700
9 9.3 85 3,100 2,800
10 9.7 8.9 3,300 3,000
Il 10.0 92 3,400 3,100
12 10.3 9.5 3,500 3,200
15 11 10.3 3,800 3,500
18 1.7 1.0 4,000 3,800
21 12.2 1.6 4,200 4,000
24 12.7 [2.1 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 (M])/DAY)

Age Reference Reference BMRd PAL PAL PAL PAL PAL PAL

guide®b weight height

(vears) (kg) (m) (MJ/day) l.2¢ |.4¢ l.62 1.8 2.0¢ 2.2¢

Boys
3 14.3 0.95 34 4.2 49 5.6 6.3 69 7.6
4 16.2 1.02 36 4.4 52 59 6.6 7.3 8.1
5 184 1.09 38 4.7 55 6.2 7.0 7.8 85
6 20.7 I.15 4.1 50 5.8 6.6 74 82 9.0
7 23.1 1.22 43 52 6.1 7.0 7.8 8.7 9.5
8 25.6 1.28 4.5 55 64 7.3 82 9.2 10.1
9 28.6 1.34 4.8 59 6.8 7.8 8.8 9.7 10.7
10 319 1.39 5.1 6.3 7.3 8.3 9.3 10.4 I'1.4
Il 359 |.44 54 6.6 7.7 8.8 99 1.0 12.0
12 40.5 1.49 58 7.0 82 9.3 10.5 1.6 12.8
I3 45.6 1.56 62 7.5 8.7 10.0 1.2 12.4 13.6
14 51.0 |.64 6.6 8.0 9.3 10.6 1.9 132 14.6
I5 56.3 1.70 7.0 85 9.9 1.2 12.6 14.0 15.4
16 60.9 1.74 7.3 89 10.3 1.8 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 32 39 4.5 53 5.8 64 7.1
4 15.8 1.0l 34 4.1 4.8 55 6.1 6.8 7.5
5 17.9 1.08 36 4.4 5.1 5.7 6.5 7.2 79
6 20.2 I.15 38 4.6 54 6.1 69 7.6 84
7 22.8 [.21 4.0 49 5.7 6.5 7.3 8.1 89
8 25.6 1.28 4.2 52 6.0 69 7.7 8.6 9.4
9 29.0 1.33 45 55 64 7.3 82 9.1 10.0
10 329 1.38 4.7 5.7 6.7 7.6 85 9.5 10.4
Il 372 |.44 49 6.0 7.0 8.0 9.0 10.0 1.0
12 41.6 I.51 52 64 74 85 9.5 10.6 1.6
I3 45.8 [.57 55 6.7 7.8 89 10.0 [ 12.2
14 49.4 1.60 57 69 8.1 9.2 10.3 1.5 12.6
I5 520 .62 58 7.1 82 9.4 10.6 I'1.7 12.9
16 539 1.63 59 7.2 84 9.5 10.7 1.9 3.1
17 55.1 1.63 59 7.2 84 9.6 10.8 12.0 13.2
18 56.2 1.63 6.0 7.3 85 9.7 10.9 12.1 133

2 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

¢ Reference weights from Kuczmarski et al (2000) (see also FNB:IOM 2002)
4 Estimated using Schofield et al (1985) equations for weight, height and age group 310, 10-18

¢ 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 (Schofield 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 firstly 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-specific BMI ranges. The figures 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 Schofield equations (Schofield 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 BMI = BMR Physical activity level (PAL) BMR Physical activity level (PAL)
yr 20 Mjid Males Mjid Females
Mj/day Mj/day
Ht Wt Mde | 12 14 16 18 20 22 |Femde | 12 14 16 18 20 22
(m)  (kg)
19- | 15 495 | - - - - - - - 52 |61 701 82 92 102 112
30

16 563 | 64 | 77 90 103 116 129 142 | 56 | 66 77 88 99 LI 122
17 636 | 69 | 83 97 110 124 138 52| 60 | 72 84 96 108 120 132
18 713 | 74 | 89 103 118 133 148 163 | 65 | 77 90 103 116 129 142
19 794 | 79 | 95 ILI 126 142 158 174 | 70 | 84 97 Il 125 139 153
20 880 | 84 [ 101 118 135 152 169 186 - - - - - - -

3- | 15 495 | - - - - - - - 52 | 63 73 84 94 104 II5

50
16 563 | 64 | 76 89 102 114 127 140| 55 | 65 76 87 98 109 120
17 636 | 67 | 80 94 107 121 134 148 | 57 | 68 80 91 103 114 125
18 713 71 | 85 99 113 127 142 I56| 60 | 72 83 95 107 119 I3l
19 794 | 75 | 90 104 119 134 149 164 | 62 | 75 87 100 112 125 137
20 880 | 79 | 95 110 126 142 158 173 - - - - - - -

50- | 15 495 | - - - - - - - 49 | 60 69 79 89 98 109

70
6 563 | 58 | 70 82 93 104 15 127| 52 |62 73 83 93 104 |14
17 636 | 61 | 73 86 98 ILI 123 136| 54 | 65 76 87 98 107 120
18 713 | 65 | 78 91 104 117 131 144 | 57 |69 80 91 103 114 126
19 794 | 69 | 83 96 IlI 124 138 52| 60 | 72 84 96 108 120 132
20 880 | 73 | 88 102 117 132 147 16l - - - - - - -

>70 | 15 495 | - - - - - - - 46 | 56 65 74 83 93 102
16 563 | 52 | 63 73 83 94 104 15| 49 |59 69 78 88 98 108
17 636 | 56 | 67 78 89 100 112 123| 52 |62 72 83 93 103 Il4
18 713 | 60 | 71 83 95 107 119 31| 55 | 66 77 87 98 109 120
19 794 | 64 | 76 89 102 14 127 140 | 58 | 69 81 92 104 115 127
20 880 | 68 | 81 95 108 122 135 149 - - - - - - -

2 ABMIof 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 |.4 are incompatible with moving around freely or earning a living. PALs above 2.5 are difficult to maintain for long periods

Note: The original Schofield equations (Schofield 1985) from which these tables were derived used 60+ years as the upper age category. For

people aged 5170 years, the estimates were derived by averaging those for the adults (31-50 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 fidgeting 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 Schofield equations (NHMRC 1991, Schofield 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, defined as containing 10-20% energy from protein, 0-6% energy from
alcohol, and 1-3% of energy from fibre (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 fibre 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 M]J 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 M]J 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

I. At rest, exclusively sedentary or lying Old, infirm individuals. Unable to move around 1.2
(chair-bound or bed-bound). freely or earn a living

2. Exclusively sedentary activity/seated work Office employees, precision mechanics l.4-1.5

with little or no strenuous leisure activity?

3. Sedentary activity/seated work with some Laboratory assistants, drivers, students, assembly l.6—1.7
requirement for occasional walking and line workers
standing but little or no strenuous leisure
activity?

4. Predominantly standing or walking work? Housewives, salespersons, waiters, mechanics, [.8-1.9

traders

5. Heavy occupational work or highly active Construction workers, farmers, forest workers, 2.0-24
leisure miners, high performance athletes

6. Significant amounts of sport or strenuous Add extra
leisure activity in addition to 2, 3 or 4 above PAL units?

Adapted from Black et al (1996), German Nutrition Society (2002) and FNB:IOM (2002)
Abbreviations: PAL, physical activity level

2 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 |2 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 first 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 define 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 (unspecified)
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 difficult 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 first 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% efficiency and an assumed weight loss equivalent to 720 kJ/day in the mother in the
first 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/m?) 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

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, defined 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 final shape of
a mature protein often reflects its function and also interactions with other molecules. The protein’s
structure may influence 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 profile 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 fish (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 fish, shellfish, peanuts and tree nuts in adults.
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The efficiency 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 specific 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 sufficient protein be provided for sustenance, but also
sufficient 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 deficiency 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 Al 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 Al 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 Al 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 1II data (FNB:IOM 2002) to give an Al 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)
4-8yr 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)

30 Nutrient Reference Values for Australia and New Zealand



PROTEIN

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

Men
19-30 yr
31-50 yr
51-70 yr
>70 yr

Women
19-30 yr
31-50 yr
51-70 yr
>70 yr

EAR

52 g/day (0.68 g/kg)
52 g/day (0.68 g/kg)
52 g/day (0.68 g/kg)
65 g/day (0.86 g/kg)

37 g/day (0.60 g/kg)
37 g/day (0.60 g/kg)
37 g/day (0.60 g/kg)
46 g/day (0.75 g/kg)

RDI

64 g/day (0.84 g/kg)
64 g/day (0.84 g/kg)
64 g/day (0.84 g/kg)
81g/day (1.07 g/kg)

46 g/day (0.75 g/kg)
46 g/day (0.75 g/kg)
46 g/day (0.75 g/kg)
57 g/day (0.94 g/kg)

Protein

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 significance. 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

(2nd and 3rd trimesters)

14-18 yr
19-30 yr
31-50 yr

EAR

47 g/day (0.82 g/kg)
49 g/day (0.80 g/kg)
49 g/day (0.80 g/kg)

RDI

58 g/day (1.02 g/kg)
60 g/day (1.00 g/kg)
60 g/day (1.00 g/kg)

Protein

Rationale: No additional requirement was set for the first 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 efficiency 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
14-18 yr
19-30 yr
3150 yr

EAR
51 g/day (0.90 g/kg)
54 g/day (0.88 g/kg)
54 g/day (0.88 g/kg)

RDI
63 g/day (1.1 g/kg)
67 g/day (1.1 g/kg)
67 g/day (1.1 g/kg)

Protein
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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 figure 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 insufficient 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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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, cissmonounsaturated 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 sunflower, safflower and corn. Other n-6 fatty acids include y-linolenic (18:3), dihomo-y-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 profiles
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 a-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 fish such as mackerel,
herrings, sardines, salmon and tuna and other seafood. Whilst a-linolenic acid predominates in western
diets, the fish 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-inflammatory benefits 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 fish oils
used in studies, these benefits were attributed to EPA and its impact on eicosanoid production
(Simopoulos 1991) but recent studies suggest that DHA is the primary mediator of cardiovascular
benefits, influencing 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 fish 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 efficacy 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 deficiency occurs but are not
sufficient 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, Als have been set for LA (n-6 in infants), ALA and the combined LC
n-3 fatty acids, DHA:EPA:DPA. The Als are based on median population intakes in Australia.

For children, adolescents and adults an EAR, RDI or Al 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 Al
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 Al 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 Al 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 Al 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).

Cbhildren, adolescents & adults Al Fats
Linoleic acid a-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
4-8yr 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 Als 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 Al 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 Als do not necessarily reflect optimal intakes but are the values found in a population with no
apparent essential fatty acid deficiency. (The ‘Chronic disease prevention’ section includes a suggested
dietary target.)
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Pregnancy Al Fats
Linoleic acid a-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 Als
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 Al Fats
Linoleic acid a-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 Als were based on that
for non-pregnant, non-lactating women plus that of the infant. As the infant recommendation includes
only an Al 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 Al 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.

a-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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BACKGROUND

The primary role of dietary carbohydrate is the provision of energy to cells, particularly the brain that
requires glucose for its metabolism. Other nutrients (eg fat , protein and alcohol) can provide energy
but there are good reasons to limit the proportion of energy provided by these nutrients as discussed in
the ‘Chronic disease’ section. Carbohydrate is also necessary to avoid ketoacidosis. However, as limited
data exist on which to base an estimate of requirements, it was not possible to set an EAR, RDI or Al for
carbohydrates (either collectively or individually) for most age/gender groups.

The lack of an RDI or Al for total carbohydrates in no way reflects a lack of value as a key component
of the diet. The type of carbohydrate consumed is paramount in terms of health outcome (see ‘Chronic
disease’ section and FNB:IOM 2002).

It was deemed inappropriate to set an upper level of intake for carbohydrates, however, evidence of the
role of various carbohydrates in relation to chronic diseases is discussed in the ‘Chronic disease’ section
where an acceptable range of intake is given.

Some exceptions have been made as detailed below.

RECOMMENDATIONS BY LIFE STAGE AND GENDER

Infants Al Carbohydrate
0-6 months 60 g/day
7-12 months 95 g/day

Rationale: In infancy, the brain is large relative to body size and uses 60% of the infant’s total
energy intake (Gibbons 1998). Animal experiments indicate that the infant brain can use keto acids as
fuel (Edmond et al 1985, Sokoloff 1973). It is also known that the gluconeogenic pathway is highly
developed, even in premature infants (Sunehag et al 1999).

However, it is not known whether gluconeogenesis can provide all of the glucose requirements of
infants, so an Al has been set based on the average carbohydrate (mostly lactose) content of breast
milk (74 g/L) and an average daily milk volume of 0.78 L in the first 6 months, giving 60 g/day (with
rounding). For ages 7-12 months, an estimate was made based on an average volume of 0.60 L/day
milk at 74 g/L (44 g/day) plus an amount from complementary foods of 51 g/day (from NHANES III as
detailed in FNB:IOM 2002).

Pregnancy and lactation

Although no specific EAR, RDI or Al recommendations are made for pregnancy and lactation, these
physiological states require additional fuel to support the development, growth and metabolism of
maternal and fetal tissues, or for milk production, respectively. Glucose is the optimal fuel, particularly
for the maintenance of maternal and fetal brain function, although keto acids can meet some needs
(Patel et al 1975).
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BACKGROUND

Adequate dietary fibre is essential for proper functioning of the gut and has also been related to risk
reduction for a number of chronic diseases including heart disease, certain cancers and diabetes (see
‘Chronic disease’ section for further discussion).

There is no single definition of dietary fibre, which is a component of all plant materials. What can be
said with certainty is that most of the components of dietary fibre are carbohydrate in nature, lignin
being an exception. Hipsley first used the term ‘dietary fibre’ in 1953 to describe plant cell walls in the
diet, which were thought to protect against toxaemia of pregnancy. This term, later taken up by Trowell
(1972), encompassed only components of the plant cell wall that resisted digestion by secretions of the
human alimentary tract, namely cellulose, hemicelluloses, pectin and lignin.

Trowell described dietary fibre as either ‘the skeletal remains of cell walls’ or as ‘remnants of the

plant cell wall’ (Trowell 1972, 1975). As it is difficult to determine whether indigestible materials from
plants came from the cell wall or other parts, the definition was expanded to include all indigestible
components of plant origin (Trowell et al 1976). In 1987, the Life Sciences Research Office of the
Federation of American Societies for Experimental Biology (1987) adopted a definition of dietary fibre as
‘the endogenous components of plant materials in the diet which are resistant to digestion by enzymes
produced by humans’. This definition can be considered to include some components of what is now
known as resistant starch (RS). As pointed out by Southgate (1991), this definition is virtually identical to
that for ‘unavailable carbohydrates’ as originally defined in McCance & Lawrence (1929).

One difficulty with the word endogenous in this definition is that it excludes, for example, those forms
of RS that arise as a consequence of cooking and processing techniques. It also excludes substances
which are intimately associated with the major components of dietary fibre and which are capable

of having important nutritional and/or physiologic effects such as phytates, lectins, saponins, non-
polymeric polyphenols, and inorganic constituents. Recent data have indicated that while non-starch
polysaccharides (NSP) are important for human health, RS may be as significant if not more so for many
health conditions (Topping & Clifton, 2001).

Food Standards Australia New Zealand (FSANZ) defines Dietary Fibre as follows:

‘Dietary fibre means that fraction of the edible parts of plants or their extracts, or synthetic
analogues, that are resistant to the digestion and absorption in the small intestine, usually with
complete or partial fermentation in the large intestine. Dietary fibre includes polysaccharides,
oligosaccharides (degree of polymerisation >2) and lignins, and promotes one or more of the
following beneficial physiological effects:

(i) laxation
(ii) reduction in blood cholesterol
(i) modulation of blood glucose’.

This definition was gazetted in Standard 1.2.8 of the ANZ Food Standards Code in August 2001. The
code also prescribes a number of acceptable Association of Official Analytical Chemists (AOAC)
methods of analysis for total dietary fibre or its components that led to the inclusion of inulin, fructo-
oligosaccharides and polydextrose in the category of dietary fibre. At the time of publication of the
current document, FSANZ has not assessed a method for assaying RS.

In Australia, the National Nutrition Survey of 1995 indicated that 45% of dietary fibre comes from breads
and other cereal foods, 10% from fruit and 30% from vegetables (NNS 1998). The distribution is similar
in New Zealand, with 44% from breads and cereals, 13% from fruit and 28% from vegetables (MOH
1999). However, it is worth noting that the food data bases for dietary fibre used for these surveys do
not equate precisely to the FSANZ definition as the analytical methods used (AOAC in Australia and
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Englyst in New Zealand) measure a different set of components. Nevertheless, the differences have been
assumed to be relatively small.

Resistant starch comes within the FSANZ definition but is only partially assessed using currently
approved methods that account for only about 40% of RS. Baghurst et al (1996) estimated intakes of
RS in Australia and New Zealand based on national nutrition surveys in the mid 1980s for Australia and
early 1990s for New Zealand. This analysis showed an average figure of 4.0 g RS/100 g starch for men,
4.7 g RS/100 g starch for women and 4.5 g RS/100 g starch for children.

It has been postulated that diets high in fibre have a lower energy density and may therefore help in
moderating obesity. The exact mechanisms by which these apparent health benefits may arise have not
been determined. In almost every instance, there exists the possibility that the observed associations are
indirect as a consequence of chemoprotective effects of non-nutrients closely associated with the fibre
components of fruits, vegetables and cereal foods. Further discussion of the potential role of fibre in
relation to chronic disease is given in the ‘Chronic disease’ section.

Only in the case of laxation is there evidence of both protective (Sanjoaquin et al 2004) and therapeutic
actions (Topping & Clifton 2001). This laxative effect accounts for the role of dietary fibre in conditions
such as hiatus hernia, diverticular disease and haemorrhoids. These latter conditions may also be
affected by adequacy of fluid ingestion. Regional differences in the occurrence of these diseases
generated the original hypothesis of Burkitt & Trowell (1975). However, there are few studies that

have looked at the role of dietary fibre in the aetiology, rather than treatment, of these diseases.
Dietary fibre is the most effective treatment for all forms of constipation due to its influence on faecal
bulk and consistency.

Assessment of dietary fibre needs is complex as the endpoints are ill defined. There is no biochemical
marker that can be used to determine dietary fibre needs, so appearance or disappearance of clinical
endpoints needs to be considered. In keeping with the concept of setting EARs and RDIs or Als for
prevention of deficiency states, the endpoints chosen in the estimation of requirements were adequate
gastrointestinal function and adequate laxation rather than reduction of risk for chronic disease.

From a meta analysis of about 100 studies of changes in stool weight with various forms of fibre, the
increase in faecal weight due to ingestion of fibre has been estimated (Cummings 1993). An increase of
1 g in faecal bulk can be achieved with an additional 3 g of isolated cellulose, 5.4 g of wheat bran,

1.3 g of isolated pectin and 4.9 g of fruit and vegetables (Hillman 1983). Resistant starch has very limited
effect (Behall & Howe 1996, Cummings et al 1996, Heijnen et al 1998, Jenkins et al 1998). However,
increased faecal weight does not necessarily equate to enhanced laxation as other factors such as water
can affect laxation directly or be a necessary adjunct to increased fibre intakes (Anti et al 1998).

Assessing the stool weight that will promote laxation and prevent constipation is very difficult. For these
reasons, it is not possible to establish an EAR. Instead, an Al has been derived based on median intakes
in populations like Australia and New Zealand where laxation problems are not common.

The potential benefits of higher than Al intakes on chronic disease aetiology are discussed in the
‘Chronic disease’ section.

RECOMMENDATIONS BY LIFE STAGE AND GENDER

Infants Al Dietary Fibre
0-6 months No AI has been set
7—12 months No AI has been set

Rationale: There are no functional criteria for dietary fibre in infants. Human milk contains no dietary
fibre and as such no Al is set.
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Children & adolescents Al Dietary Fibre
All
1-3yr 14 g/day
4-8yr 18 g/day
Boys
9-13 yr 24 g/day
14-18 yr 28 g/day
Girls
9-13 yr 20 g/day
14-18 yr 22 g/day

Rationale: The Al is set at the median for dietary fibre intake in Australia and New Zealand for children
of these ages based on the National Dietary Surveys of Australia undertaken in 1995 and New Zealand
undertaken in 2002 (ABS 1998, MOH 2003) plus an allowance ranging from 2—4 g/day for the different
age/gender groups for a component of RS not included in the food data base used for these surveys,
and rounding.

Adults Al Dietary Fibre
Men
19-30 yr 30 g/day
31-50 yr 30 g/day
51-70 yr 30 g/day
>70 yr 30 g/day
Women
19-30 yr 25 g/day
31-50 yr 25 g/day
51-70 yr 25 g/day
>70 yr 25 g/day

Rationale: The Al is set at the median for dietary fibre intake in Australia and New Zealand based on
the 1995 National Nutrition Survey of Australia (ABS 1998) and the 1997 National Nutrition Survey of
New Zealand (MOH 1999). The value within each gender was set for all ages at the highest median of
any of the age groups plus an allowance of slightly more than 4 g/day for men and slightly less than
3 g/day for women for the component of RS not included in the food data base for dietary fibre used
for these surveys, and rounding.

Pregnancy Al Dietary Fibre
14-18 yr 25 g/day
19-30 yr 28 g/day
31-50 yr 28 g/day

Rationale: There is no evidence for increased metabolic needs in pregnancy. To allow for additional
body weight, the Al is increased in relation to increased energy needs of about 12%, with rounding.
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Lactation Al Dietary Fibre
14-18 yr 27 g/day
19-30 yr 30 g/day
31-50 yr 30 g/day

Rationale: There is no evidence for increased metabolic needs in lactation. The Al is increased in
relation to additional energy needs of about 20%, with rounding.

UPPER LEVEL OF INTAKE - DIETARY FIBRE

There is no UL set for dietary fibre.

Rationale: A number of potential adverse effects have been identified for high intakes of dietary
fibre. Potential adverse effects on mineral and vitamin bioavailability were first identified in McCance
& Widdowson (1942). However, Gordon et al (1995) stated in a review of the literature: “We are of
the strong conviction and can find no convincing scientific evidence that any dietary fibre, even when
consumed in large amounts (ie 50 g total dietary fibre per day), has or should have any adverse effect
on mineral absorption or nutrition in humans.’

There are three other potential adverse effects of diets high in dietary fibre. The first relates to the
potential increase in the incidental intake of pesticides and other agricultural chemicals, heavy metals,
nitrates and antinutrients such as lectins, haemagglutinins and solanine (National Research Council
1989) associated particularly with consumption of the bran layer or skins of plants. The second is

the possibility of the development of food intolerances due to alteration of gut microflora (British
Nutrition Foundation, 1990). Thirdly, diets with a high content of leafy vegetables may cause problems
with benzoar formation in people with upper gastrointestinal dysfunction (Vinik & Jenkins 1988).
However, in practice, these potential adverse effects are not likely to cause problems at the levels of
recommended intake if dietary fibre is derived from a variety of sources.

Dietary fibre is variable in composition, so it is difficult to link a specific fibre with a particular adverse
outcome, especially if phytate is present. A high intake of dietary fibre will not produce substantial
deleterious effects when part of a healthy diet, so no upper level of intake is set.
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BACKGROUND

Water is defined as an essential nutrient because it is required in amounts that exceed the body’s ability
to produce it. All biochemical reactions occur in water. It fills the spaces in and between cells and helps
form structures of large molecules such as protein and glycogen. Water is also required for digestion,
absorption, transportation, dissolving nutrients, elimination of waste products and thermoregulation
(Kleiner 1999).

Water accounts for 50-80% of body weight, depending on lean body mass. On average, men have a
higher lean body mass than women and higher percentage of body mass as water than in women.

The relative mass of water decreases in both men and women with age. Human requirements for water
are related to metabolic needs and are highly variable. They depend to some extent on individual
metabolism.

Solid foods contribute approximately 20% of total water intake or about 700-800 mL (NNS 1995).

The remainder of the dietary intake comes from free water and/or other fluids (NHMRC 2003).

An additional 250 mL or so of water is also made available to the body from metabolism (water of
oxidation). The body must retain a minimal amount to maintain a tolerable solute load for the kidneys.
Excluding perspiration, the normal turnover of water is approximately 4% of total body weight in adults.
In a 70 kg adult, this is equivalent to 2,500-3,000 mL/day.

Water losses from lungs and skin (insensible losses) are responsible for 50% of the total water turnover.
They are sensitive to environmental conditions and can be increased at high temperatures, high altitude
and low humidity. During summer, when heat stress may be high, water depletion can lead to heat
exhaustion, loss of consciousness and heat stroke (Cheung et al 1998, Hubbard & Armstrong 1988).
Unfit, overweight, older people may be especially at risk, particularly if they are subjected to strenuous
exercise. Infants and dependent children may also be at risk if not offered sufficient fluids. The
remainder of the losses are from urine and stools.

Dehydration of as little as 2% loss of body weight results in impaired physiological responses and
performance. The reported health effects of chronic mild dehydration and poor fluid intake include
increased risk of kidney stones (Borghi et al 1996, Hughes & Norman 1992, Iguchi et al 1990, Embon
et al 1990), urinary tract cancers (Bitterman et al 1991, Wilkens et al 1996, Michaud et al1999), colon
cancer (Shannon et al 1996) and mitral valve prolapse (Lax et al 1992) as well as diminished physical
and mental performance (Armstrong et al 1985, Brooks & Fahey 1984, Brouns et al 1992, Cheung et al
1998, Kristel-Boneh et al 1988, Torranin et al 1979, Sawka & Pandolf 1990).

Oral health may also be affected by fluid consumption. Apart from the beneficial effects of fluoride
added to tap water in many communities in Australia and New Zealand, fluid intake can affect saliva
production. Saliva, which is primarily water, is essential for maintenance of oral health. Decreased
body water has been associated with salivary dysfunction, especially in older adults. However, one
investigation (Ship & Fischer 1997) found that decreased salivary gland function was associated with
dehydration, independent of age.

Several factors increase the possibility of chronic, mild dehydration, including a poor thirst mechanism

(Sagawa et al 1992, Sansevero 1997), dissatisfaction with the taste of water (Meyer et al 1994, Weissman
1997), consumption of common diuretics such as caffeine (Meyer et al 1994) and alcohol, participation

in exercise (Convertino et al 1996) and environmental conditions (Sagawa et al 1992).

Kidney function can decline as part of the normal ageing process with decrease in kidney mass,
declines in renal blood flow and glomerular filtration rate, distal renal tubular diluting capacity, renal
concentrating capacity, sodium conservation and renal response to vasopressin. This decline in kidney
function together with hormonal changes and factors such as decreased thirst perception, medication,
cognitive changes, limited mobility and increased use of diuretics and laxatives make older adults a
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group of particular concern (NHMRC 1999). Numerous studies have shown diminished thirst sensations

in the elderly. Despite the fact that these changes may be normal adaptations of the ageing process, the
outcomes of dehydration in the elderly are serious and range from constipation to cognitive impairment,
functional decline, falls or stroke.

Hydration status, assessed by plasma or serum osmolality is the indicator of choice to assess water
requirements. However, the body’s needs vary widely according to environmental conditions, physical
activity and individual metabolism. The body can also compensate in the short term for over or under-
hydration, so it is difficult to establish an EAR experimentally. There is no single level of water intake
that would ensure adequate hydration and optimal health for half of all the apparently healthy people
in the population, in all environmental conditions. Thus an Al has been established based on median
population intakes in Australia.

RECOMMENDATIONS BY LIFE STAGE AND GENDER

Infants Al Water
0-6 months 0.7 L/day (from breast milk or formula)
7—12 months 0.8 L/day (from breast milk, formula,

food, plain water and other beverages,
including 0.6 L as fluids)

Rationale: Infants exclusively fed breast milk do not require supplemental water. Breast milk is

87% water. The Al for 0-6 months was calculated by multiplying the average intake of breast milk
(0.78 L/day) by the average amount of water in breast milk (0.87 L/L), and rounding. For infants

of 7-12 months, the breast milk intake is assumed to be 600 mL/day. This would supply 0.52 L water/
day. An amount of 0.32 L/day is added for water from complementary foods as estimated from the
US CSFII data (FNB:IOM 2004) to give a total of 0.84 L/day rounded to 0.8 L/day.

Children & adolescents Al Water
Total water Fluids
(Food and fluids) (Including plain
water, milk and
other drinks)
All
1-3 yr 1.4 L/day 1.0 L/day (about 4 cups)
4-8yr 1.6 L/day 1.2 L/day (about 5 cups)
Boys
9-13 yr 2.2 L/day 1.6 L/day (about 6 cups)
14-18 yr 2.7 L/day 1.9 L/day (about 7—8 cups)
Girls
9-13 yr 1.9 L/day 1.4 L/day (about 5-6 cups)
14-18 yr 2.2 L/day 1.6 L/day (about 6 cups)

Rationale: The National Nutrition Survey of Australia, 1995 (ABS 1998) showed that for children
and adolescents, some 70% of water intake came from beverages and milk, leaving 30% from foods.
Children living in extremely hot climates may require higher than Al amounts to remain hydrated,
especially if they are highly active.
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Adults Al Water
Total water Fluids
(Food and fluids) (Including plain
water, milk and
other drinks)
Men
19-30 yr 3.4 L/day 2.6 L/day (about 10 cups)
31-50 yr 3.4 L/day 2.6 L/day (about 10 cups)
51-70 yr 3.4 L/day 2.6 L/day (about 10 cups)
>70 yr 3.4 L/day 2.6 L/day (about 10 cups)
Women
19-30 yr 2.8 L/day 2.1 L/day (about 8 cups)
31-50 yr 2.8 L/day 2.1 L/day (about 8 cups)
51-70 yr 2.8 L/day 2.1 L/day (about 8 cups)
>70 yr 2.8 L/day 2.1 L/day (about 8 cups)

Rationale: Intakes for adults were based on the median intake from the National Nutrition Survey

of Australia, 1995 (ABS 1998). The NNS showed that for adults, some 75% of water intake came from
beverages (alcoholic and non-alcoholic) and milk, leaving 25% from foods. The Als for men and women
were set at the level of the highest median intake from any of the four age categories for each gender.
Adults living and or working in extremely hot climates may require higher than Al amounts to remain
hydrated, especially if they are very active.

Pregnancy Al Water
Total water Fluids
(Food and fluids) (Including plain
water, milk and
other drinks)

14-18 yr 2.4 L/day 1.8 L/day (about 7 cups)
19-30 yr 3.1 L/day 2.3 L/day (about 9 cups)
31-50 yr 3.1 L/day 2.3 L/day (about 9 cups)

Rationale: A pregnant woman has slightly increased water requirements because of expanding
extracellular fluid space, the needs of the fetus and the amniotic fluid. While there are differences in
plasma osmolality in pregnancy (Davison et al 1981, 1984, Lindheimer & Davison 1995) the differences
are short-term and do not seem to relate to poor hydration. Thus, an Al was set based on median
intakes in pregnancy. As there are few data for water intake in pregnancy in Australia and New Zealand,
data were sourced from US surveys (FNB:IOM 2004) that showed an increase of approximately 10% in
total water consumption. Women living and/or working in extremely hot climates may require higher
than AT amounts to remain hydrated, especially if they are very active.
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Lactation Al Water
Total water Fluids
(Food and fluids) (Including plain
water, milk and
other drinks)

14-18 yr 2.9 L/day 2.3 L/day (about 7 cups)
19-30 yr 3.5 L/day 2.6 L/day (about 9 cups)
3150 yr 3.5 L/day 2.6 L/day (about 9 cups)

Rationale: There is no evidence that renal function and hydration are different in lactation. However,

a lactating woman must replace fluid lost in breast milk. Water accounts for 87% of milk and the
average milk production in the first six months of lactation is 0.78 L/day (equivalent to 0.70 L water).
The increased total water need is therefore some 0.70 L/day above basic needs. Women living and/or
working in extremely hot climates may require higher than AT amounts to remain hydrated, especially if
they are very active.

UPPER LEVEL OF INTAKE - WATER

No upper level of intake has been set.

Rationale: Excess water intake can cause hyponatremia, but this is a rare occurrence in the general
population. There are no data on habitual consumption resulting in specified hazards in apparently
healthy people. In addition, there is a significant self-regulation of excess water consumption in healthy
people in temperate climates. Thus no UL for water has been set.
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VITAMIN A

BACKGROUND

Vitamin A is a fat-soluble vitamin which helps maintain normal reproduction, vision and immune
function. It comes in a number of forms (as retinol, retinal, retinoic acid or retinyl ester).

The term vitamin A is used in the context of dietary requirements to include provitamin A carotenoids
that are dietary precursors of retinol. Of the many carotenoids in nature, several have provitamin A
activity but food composition data are only readily available for a-carotene, f-carotene and
B-cryptoxanthin. Preformed vitamin A is found only in animal-derived foods, whereas dietary
carotenoids are found primarily in oils, fruits and vegetables.

Vitamin A intakes or requirements are generally expressed in terms of retinol equivalents (RE). One

RE is defined as the biological activity associated with 1 pg of all-trans retinol. Although there is some
ongoing discussion in the literature about the conversion rates for carotenes, 6 ug all-trans p-carotene
and 12 pg of a-carotene, B-cryptoxanthin and other provitamin A carotenoids have been retained as the
conversion figures as being equivalent to 1 RE. These traditional conversion rates align more with the
sources of carotenes in the Australian and New Zealand diets. They are also in line with the most recent
decision of the FAO, (FAO:WHO 2001) who concluded that the literature to date was insufficient to
justify a change in conversion rates.

1 pg Retinol Equivalent 1 pg of all-trans retinol
= 6 pg all-trans pB-carotene

= 12 pg of a-carotene, B-cryptoxanthin and other
provitamin A carotenoids

1 International Unit
(IU) retinol

0.3 pg Retinol Equivalents

Retinol is required for the integrity of epithelial cells throughout the body (Gudas et al 1994). Retinoic
acid regulates the expression of various genes that encode structural proteins, enzymes, extracellular
matrix proteins and retinol binding proteins and receptors. Retinoic acid plays an important role in
embryonic development, particularly in the development of the spinal cord and vertebrae, limbs, heart,
eye and ears (Morris-Kay & Sokolova 1996). It is also required to maintain differentiation of the cornea
and conjunctiva, preventing xerophthalmia, as well as for photoreceptor rod and cone cells in the
retina (Sommer & West 1996). The retinal form of vitamin A is also required by the eye to change light
to neural signals for vision (Saari 1994). Retinol and its metabolites are necessary for maintenance of
immune function (Katz et al 1987, Trechsel et al 1985, Zhao & Ross 1995).

An adequate supply of vitamin A also plays a role in preventing morbidity and mortality from infectious
disease, particularly in children (Glasziou & Mackerras 1993). Infection and infestation can cause
malabsorption of vitamin A (Mahalanabis et al 1979, Sivakumar & Reddy 1972, 1975). The matrix of
foods eaten can affect the release of carotenoids from foods, however, processing of food (cutting up,
cooking etc) greatly improves availability and thus absorption of carotenoids from foods (Micozzi et

al 1992, Tang et al 2000, Torronen et al 1996). Some studies show improved absorption of carotenoids
with increased fat intake (Jalal et al 1998, Reddy & Srikantia 1966, Roels et al 1963) but the data are not
consistent (Borel et al 1997, Figuera et al 1969).

Positive interactions between iron or zinc status and vitamin A status have been reported in animal
studies (Amine et al 1970, Rosales et al 1999) or within human population groups in developing
countries (Bloem et al 1989) but the relevance to the Australia and New Zealand population is unclear.
Deficiency can result in abnormal dark adaptation, followed by xerophthalmia but is uncommon in
Australia and New Zealand. The New Zealand Children’s Survey, 2002 (MOH 2003) did, however, state
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that a significant proportion of Pacific children and Maori males might be at risk of inadequate intakes.
Chronically high levels of alcohol ingestion can negatively affect vitamin A status through an effect on
the liver (Wang 1999).

Vitamin A status has been assessed using a variety of indicators including a dark adaptation test
(Carney & Russell 1980), a pupillary response test (Stewart & Young 1989), plasma retinol concentration
(Underwood 1984), total liver reserves by isotope dilution (Bausch & Rietz 1977, Furr et al 1989),
relative dose response methods (Amedee-Manesme et al 1984, 1987, Loerch et al 1979, Mobarhan et al
1981) and/or immune function assessment (Butera & Krakowka 1986, Carman et al 1989, 1992, Cohen
& Elin 1974, Friedman & Sklan 1989, Smith et al 1987). However, these methods have limitations in the
context of setting EARs for the population. They are too specific (ie only related to visual outcomes),
accurate only across a limited intake range or susceptible to confounding (FNB:IOM 2001).

The method used to set the EARs in the current document was thus based on an estimate of the amount
of dietary vitamin A required to maintain a given body-pool size in well-nourished subjects (Olson 1987,
FNB:IOM 2001). The modifications to this approach that were needed to determine requirements for
specific age groups or for pregnancy and lactation are noted below.

RECOMMENDATIONS BY LIFE STAGE AND GENDER

Infants Al Vitamin A
0-6 months 250 pg/day of retinol (as retinyl esters)
7-12 months 430 pg/day of retinol equivalents (REs)

Rationale: The Al for 0-6 months of 250 ng retinol as retinyl esters is calculated from multiplying the
average intake of breast milk (0.78 L/day) by the average concentration of retinol present as retinyl
esters in human milk, 310 pg/L, (Canfield et al 2003) to give 242 pg retinol, and rounding up. It assumes
no contribution from carotenes in breast milk. For 7-12 months, the equivalent calculation is average
intake of breast milk (0.6 L/day) x concentration of retinol (310 pg/L) plus a contribution of 244 pg from
complementary foods that includes some contribution from carotenes, giving an Al of 430 RE.

Children & adolescents EAR RDI Vitamin A
(as retinol
equivalents)
All
1-3yr 210 pg/day 300 pg/day
4-8yr 275 pg/day 400 pg/day
Boys
9-13 yr 445 pg/day 600 pg/day
14-18 yr 630 pg/day 900 pg/day
Girls
9-13 yr 420 pg/day 600 pg/day
14-18 yr 485 pg/day 700 pg/day

Rationale: No data are available to estimate average requirement of children and adolescents. The
computational method used by the US:Canadian DRI committee (FNB:IOM 2001) was adopted for
setting the EAR. The RDI was set by using a CV for the EAR of 20% based on calculated half-life values

for liver vitamin A and rounded to the nearest 100 ng.
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Adults

Men
19-30 yr
31-50 yr
51-70 yr
>70 yr

Women
19-30 yr
31-50 yr
51-70 yr
>70 yr

EAR

625 pg/day
625 pg/day
625 pg/day
625 pg/day

500 pg/day
500 pg/day
500 pg/day
500 pg/day

RDI Vitamin A

(as retinol
equivalents)

900 pg/day
900 pg/day
900 ng/day
900 ng/day

700 pg/day
700 png/day
700 pg/day
700 pg/day

Rationale: The computational approach of the US:Canadian DRI committee (FNB:IOM 2001) was
adopted. This is based on the amount of dietary vitamin A required to maintain a given body-pool size
in well-nourished subjects.

The formula used was: Average requirement = A x B x C x D x E x F where:

A =% body vitamin A stores lost per day when ingesting a vitamin A-free diet, B = minimum acceptable
liver vitamin A reserve, C = liver weight:body weight ratio, D = reference weight for a specific age group
and gender, E = ratio of total body:liver vitamin A reserves and F = efficiency of storage of ingested
vitamin A. The RDI was set using a CV of 20% for the EAR, with rounding to the nearest 100 pg.

Pregnancy EAR RDI Vitamin A

(as retinol

equivalents)
14-18 yr 530 pg/day 700 png/day
19-30 yr 550 pg/day 800 pg/day
3150 yr 550 pg/day 800 pg/day

Rationale: Direct studies are lacking. The model used to set the EAR is the US:Canadian DRI approach
based on the accumulation of vitamin A in the liver of the fetus during gestation and an assumption that
liver contains approximately 50% of the body’s vitamin A when liver stores are low, as for newborns.
The RDI was set on the basis of a CV of 20% for the EAR with rounding to the nearest 100 pg.

Lactation EAR RDI Vitamin A

(as retinol

equivalents)
14-18 yr 780 ng/day 1,100 pg/day
19-30 yr 800 pg/day 1,100 pg/day
31-50 yr 800 pg/day 1,100 pg/day

Rationale: An average of 250 pg/day retinol (Al for infants 0-6 months) is added to the EAR for
non-pregnant adolescent girls and women. The RDI was set assuming a CV of 20% for the EAR, with
rounding to the nearest 100 npg.
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UPPER LEVEL OF INTAKE -VITAMIN A AS RETINOL

Infants
0-12 months 600 pg/day
Children and adolescents
1-3yr 600 pg/day
4-8yr 900 ng/day
9-13 yr 1,700 pg/day
14-18 yr 2,800 pg/day
Adults 19+ yr
Men 3,000 pg/day
Women 3,000 pg/day
Pregnancy
14-18 yr 2,800 pg/day
19-50 yr 3,000 pg/day
Lactation
14-18 yr 2,800 pg/day
19-50 yr 3,000 pg/day

Rationale: The UL is set based on causality, quality and completeness of available data. The

critical adverse event used for women of childbearing age was teratogenicity and for other adults it
was liver abnormalities, notably abnormal liver pathology (FNB:IOM 2001). For infants, reports of
hypervitaminosis A were used to derive the UL. There was a paucity of evidence for children and
adolescents, so the UL was determined by extrapolation from adult data on the basis of relative body
weight.

Those with high alcohol intake, pre-existing liver disease, hyperlipidaemia or severe protein malnutrition
may be particularly susceptible to excess intake of preformed vitamin A and may not be protected by
the UL for the general population.

UPPER LEVEL OF INTAKE - BETA-CAROTENE

The UL for p-carotene cannot be established for supplemental use and does not need to be
established for food use.

Rationale: Although B-carotene is a precursor of vitamin A, excess intake has not been associated
with vitamin A toxicity in humans as the metabolic conversion of f-carotene is regulated by vitamin
A status. Beta-carotene is of low toxicity in both animals and humans. Until recently, f-carotene

was thought to be without adverse effect other than a yellowing of the skin that occurred after
sustained high intake. However, human studies in the 1990s have indicated that excess intake through
supplements (20 mg/day or more) by smokers and subjects previously exposed to asbestos has been
associated with an increased risk of lung cancer (ATBC trial 1994, Omenn et al 1996). However, there
is insufficient scientific basis to set a precise figure for an UL for B-carotene, as no dose-response
relationship for the observed effects is available either from the intervention trials in humans or from
appropriate animal models (FNB:IOM 2000, European Commission 2000).

In conclusion, there is insufficient evidence to establish a UL for B-carotene for supplemental use, but
high intakes can cause yellowing of the skin and may be harmful to smokers. A UL for f-carotene from
food does not need to be established, based on an absence of adverse effects.
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THIAMIN

BACKGROUND

Thiamin is a water-soluble substance that occurs in free or phosphorylated forms in most plant and
animal tissue. It plays an essential role in the supply of energy to the tissue, in carbohydrate metabolism
and in the metabolic links between carbohydrate, protein and fat metabolism. Following ingestion,
absorption of thiamin occurs mainly in the jejunum, actively at low concentrations and passively at high
concentrations. It is transported in blood in both plasma and red blood cells. If intake is high, only a
small amount of the thiamin is absorbed and elevated serum values result in active urinary excretion
(Davis et al 1984). The total body content of the vitamin is about 30 mg.

Although there is a lack of direct evidence, it is thought that a relationship exists between thiamin
requirement, energy supply and energy expenditure. This arises from the role of thiamin as thiamin
pyrophosphate in the metabolism of carbohydrate. Thus a small adjustment (about 10%) to estimated
requirements is often made to reflect differing body size and energy requirements between genders and
in physiological states such as pregnancy and lactation.

Thiamin is found predominantly in cereal foods. There is mandatory thiamin enrichment of baking flour
in Australia but not in New Zealand. There is little information about the bioavailability of thiamin. Tt
has been shown that absorption does not differ from supplements given with breakfast or on an empty
stomach (Levy & Hewitt 1971).

Low levels of thiamin intake may be associated with biochemical and possibly clinical evidence of
thiamin depletion. The early stages of deficiency, however, may be overlooked (Lonsdale & Shamberger
1980) as signs are non-specific. The two distinct major diseases from deficiency of thiamin are beri beri
and Wernicke-Korsakoff syndrome. They do not usually occur together.

Beri beri is now rare in countries where it was originally described — Japan, Indonesia and Malaysia

— in those living on polished rice. In Western countries, occasional cases are seen in alcoholics. In acute
beri beri there is a high output cardiac failure, warm extremities, bounding pulse, oedema and cardiac
enlargement. These features appear to be the result of intense vasodilation from the accumulation

of pyruvate and lactate in blood and tissues. There are few ECG abnormalities. Response to thiamin
treatment is prompt, with diuresis and usually a full recovery. Chronic beri beri affects the peripheral
nerves rather than the cardiovascular system. There is inability to lift the foot up (foot drop), loss of
sensation in the feet and absent ankle reflexes.

Wernicke’s encephalopathy is usually seen in people who have been drinking alcohol heavily and
eating very little. Alcohol requires thiamin for its metabolism and alcoholic beverages do not contain
it. Occasional cases are seen in people on a prolonged fast (such as hunger strikers) or with persistent
vomiting (as in severe vomiting of pregnancy). Clinically, there is a state of quiet confusion, a lowered
level of consciousness and ataxia. The characteristic feature is paralysis of one or more of the external
movements of the eyes (ophthalmoplegia). This, and the lowered consciousness, respond to injection
of thiamin within two days, but if treatment is delayed the memory may never recover. This memory
disorder, with inability to retain new memories and sometimes confabulation, is called Korsakoff’s
psychosis after the Russian psychiatrist who first described it. Wernicke-Korsakoff syndrome (WKS)
was apparently more common in Australia than other countries that fortified bread with thiamin. Since
mandatory fortification of Australian bread with thiamin in 1991, WKS has become very uncommon
(Truswell 2000).

It is not clear why one deficient person develops beri beri and another develops WKS or why the two
deficiency diseases seldom occur together. Possibly acute beri beri occurs in people who use their
muscles for heavy work and so accumulate large amounts of pyruvate, producing vasodilation and
increased cardiac work, while encephalopathy is the first manifestation in inactive people.
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There are several indicators for estimating requirements of thiamin (Brin 1970, Schrijver 1991, Wood

et al 1980) including low urinary excretion; low erythrocyte transketolase activity; low erythrocyte
thiamin or elevated thiamin pyrophosphate effect. Urinary thiamin is the most widely used indicator,
but erythrocyte transketolase activity is regarded as the best functional test of thiamin status (McCormick
& Greene 1994). However, erythrocyte transketolase activity has some limitations when setting an

EAR, as it can be affected by factors other than diet. Erythrocyte thiamin is more stable in frozen
erythrocytes, easier to standardise and less susceptible to other factors influencing enzyme activity
(Baines & Davies 1988).

RECOMMENDATIONS BY LIFE STAGE AND GENDER

Infants Al Thiamin
0—6 months 0.2 mg/day
7-12 months 0.3 mg/day

Rationale: The Al for 0-6 months of 0.2 mg thiamin is calculated by multiplying the average intake

of breast milk (0.78 L/day) by the average concentration of thiamin in human milk of 0.21 mg/L
(Committee on Nutrition 1985), and rounding up. The FNB:IOM found that the Al estimate using intake
data for thiamine for 7-12 months was unreasonably high when compared to extrapolation data from
either younger infants or adults. Thus the Al for 7-12 months was extrapolated using a reference body
weight method for younger infants (0.2 mg) or adults (0.3 mg) together with consideration of variance
in the measures for adults. The greater of the two estimates was adopted.

Children & adolescents EAR RDI Thiamin
All
1-3 yr 0.4 mg/day 0.5 mg/day
4 8yr 0.5 mg/day 0.6 mg/day
Boys
9-13 yr 0.7 mg/day 0.9 mg/day
14-18 yr 1.0 mg/day 1.2 mg/day
Girls
9-13 yr 0.7 mg/day 0.9 mg/day
14-18 yr 0.9 mg/day 1.1 mg/day

Rationale: There is little direct evidence of requirements in children and adolescents so the EARs for
these age groups were extrapolated from adult recommendations on a metabolic body weight basis
including growth considerations (FNB:IOM 1998). The RDI was set assuming a CV of 10% for the EAR.
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Adults EAR RDI Thiamin
Men
19-30 yr 1.0 mg/day 1.2 mg/day
31-50 yr 1.0 mg/day 1.2 mg/day
51-70 yr 1.0 mg/day 1.2 mg/day
>70 yr 1.0 mg/day 1.2 mg/day
Women
19-30 yr 0.9 mg/day 1.1 mg/day
31-50 yr 0.9 mg/day 1.1 mg/day
51-70 yr 0.9 mg/day 1.1 mg/day
>70 yr 0.9 mg/day 1.1 mg/day

Rationale: The EARs for adults were set on the basis of a number of metabolic studies using various
endpoints (Anderson et al 1986, Bamji 1970, Brin 1962, Elsom et al 1942, FNB:IOM 1998Folz et al
1944, Henshaw et al 1970, Hoorn et al 1975, Horwitt et al 1948, Kraut et al 1966, Oldham 1962, Reuter
et al 1967, Sauberlich et al 1979, Wood et al 1980, Ziporin et al 1965). Consideration of these studies
indicated a requirement of at least 0.8 mg/day of thiamin with intakes of 1.0 mg/day being marginally
adequate for normal transketolase activity and generally adequate for urinary thiamin excretion (FNB:
IOM 1998). The EAR was thus set at 1.0 mg/day for men and 0.9 mg/day for women based on body
size and energy needs. The RDI was set assuming a CV for the EAR of 10%. Despite reduced activity at
older ages, maintenance of the same EARs and RDIs at this age is recommended as needs are higher.
There may be increased needs for healthy people if they are engaged in strenuous occupations or in
competitive athletics that demands continuous daily activity with high energy expenditure.

Pregnancy EAR RDI Thiamin
14-18 yr 1.2 mg/day 1.4 mg/day
19-30 yr 1.2 mg/day 1.4 mg/day
31-50 yr 1.2 mg/day 1.4 mg/day

Rationale: In pregnancy, requirement is increased by about 30% based on maternal and fetal growth
20% and a 10% increase in energy use (Chong & Ho 1970, Daum et al 1948, Hathaway & Strom 1946,
Heller et al 1974, Lockhart et al 1943, Oldham et al 1946, 1950, Slobody et al 1949, Tripathy 1968). This
results in an increased requirement after rounding of 0.3 mg/day. The RDI was set assuming a CV for
the EAR of 10%.

Lactation EAR RDI Thiamin
14-18 yr 1.2 mg/day 1.4 mg/day
19-30 yr 1.2 mg/day 1.4 mg/day
31-50 yr 1.2 mg/day 1.4 mg/day

Rationale: Assuming an average milk production of 0.78 L/day, about 0.16 mg thiamin per day is
transferred to breast milk (see infant recommendations). An additional 0.1 mg/day is also needed to
cover the energy cost of milk production, giving an increased overall requirement of 0.26 mg/day
compared to non-pregnant, non-lactating women (FNB:IOM 1998). With rounding this gives an EAR in
lactation of 1.2 mg/day. The RDI was set assuming a CV of 10% for the EAR.
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UPPER LEVEL OF INTAKE - THIAMIN

The upper level of intake of thiamin cannot be estimated.

There are no reports of adverse effects from consumption of excess thiamin by ingestion of food but
there were reports from the 1940s of sensitivity to continuous high doses of oral thiamin in fortified
foods or supplements (Laws 1941, Leitner 1943, Stein & Morgenstern 1944, Stiles 1941). There have

also been reports of anaphylaxis and death after inappropriate parenteral administration (Reingold &
Webb 1946, Schiff 1941, Stephen et al 1992) and of allergic sensitivity and pruritis with intramuscular
administration (Royer-Morrot et al 1992, Wrenn et al 1989). However, there are insufficient data to
estimate a UL. Existing evidence available from clinical studies as well as the long history of therapeutic
use indicate that current levels of intake from thiamin from all sources do not represent a health risk for
the general population.
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RIBOFLAVIN

BACKGROUND

Riboflavin is a water-soluble vitamin. The bioactive forms of riboflavin are the oxidised and reduced
forms of flavin adenine dinucleotide (FAD and FADH,, respectively) and flavin mononucleotide (FMN
and FMNH,, respectively) (FNB:IOM 1998, McCormick 2000, Thurnham 2000). They function as co-
enzymes for key reactions in the catabolism of fuel molecules (eg p-oxidation of fatty acids, Krebs
cycle), and in certain biosynthetic pathways (eg fatty acid synthesis). Riboflavin and its derivatives are
important for the body’s handling of some other nutrients including conversion of vitamin B-6 to its
bioactive form, pyridoxal phosphate; conversion of tryptophan to niacin and conversion of methylenetet
rahydrofolate (MTHF) to methylTHF by the enzyme methyleneTHF reductase (MTHFR).

As methylTHF is essential for the conversion of homocysteine to methionine, riboflavin deficiency can
result in raised plasma levels of homocysteine that are associated with increased cardiovascular risk. A
cross-sectional study (McNulty et al 2002) suggested that this association is much more likely to occur in
individuals with the TT genetic variant of MTHFR (ie homozygous for the C677T polymorphism), which
is found in about 12% of humans, than those with the CT or CC variants. Powers (2003) also noted that
riboflavin deficiency is often associated with anaemia, which may result from problems in the body’s
handling of iron.

The metabolism of riboflavin is tightly controlled and depends on the riboflavin status of the individual
(Lee & McCormick 1983). Riboflavin is converted to coenzymes mostly in the small intestine, liver,

heart and kidney (Brown 1990, Darby 1981). Surplus riboflavin is excreted in urine, either as riboflavin
itself (about two-thirds of total excretion) or as a range of metabolites. In deficiency, only small amounts
are excreted.

Most of the riboflavin in our foods occurs as the nucleotides FAD/FADH, and FMN/FMNH, in a complex
of food protein (Merrill et al 1981, Nicholalds 1981). This is released as free riboflavin by digestive
enzymes in the small intestine and absorbed into the bloodstream. The major sources are milk and milk
products and fortified breads and cereals. The bioavailability of riboflavin is high, probably about 95%
(Zempleni et al 1996), but our capacity to absorb riboflavin from the small intestine is only moderate.

The classic disease of riboflavin deficiency is ariboflavinosis, which manifests in growth disturbances,
seborrhaeic dermatitis, inflammation of the oral mucosa and tongue, cracks at the corner of the mouth
and normocytic anaemia (Wilson 1983).

A range of indicators has been used to assess riboflavin status. These include clinical assessment of the
classic physical symptoms of deficiency indicating severe deficiency, urinary excretion of riboflavin,
erythrocyte flavin levels and determination of the erythrocyte glutathione reductase activity coefficient
(EGRAC) in which erythrocyte glutathione reductase is assayed in the presence and absence of added
FAD to establish an in vitro activity coefficient. This value provides an indirect indicator of cellular

FAD levels and, by extrapolation, an indicator of whole body riboflavin status. Unfortunately, different
studies have used different reference ranges for EGRAC. All of these methods are reasonably satisfactory
indicators (Hustad et al 2002), however erythrocyte flavin has not been widely used.
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RECOMMENDATIONS BY LIFE STAGE AND GENDER

Infants

0—6 months
7-12 months

Al
0.3 mg/day
0.4 mg/day

Riboflavin

Rationale: The Al for 0-6 months was calculated by multiplying together the average intake of breast
milk (0.78 L/day) and the average concentration of riboflavin in breast milk (0.35 mg/L) from the

studies of Roughead & McCormick (1990) and WHO (1965), and rounding (FNB:IOM 1998). The FNM:
IOM found that the AT estimate using intake data for thiamine for 7-12 months were unreasonably high
when compared to extrapolation data from either younger infants or adults. The AI for 7-12 months was
derived from estimating requirements on a body weight basis from the value for younger infants of

0.35 mg/day and from adults, using a metabolic weight ratio, including consideration for growth

(0.35 mg/day) and rounding.

Children & adolescents

All
1-3 yr
4-8yr
Boys
9-13 yr
14-18 yr
Girls
9-13 yr
14-18 yr

EAR

0.4 mg/day
0.5 mg/day

0.8 mg/day
1.1 mg/day

0.8 mg/day
0.9 mg/day

RDI

0.5 mg/day
0.6 mg/day

0.9 mg/day
1.3 mg/day

0.9 mg/day
1.1 mg/day

Riboflavin

Rationale: As there are limited data specific to these age groups, EARs were derived from the adult
recommendations using a metabolic body weight ratio estimate including an allowance for growth.

The RDI was set assuming a CV of 10% for the EAR.

Adults

Men
19-30 yr
31-50 yr
51-70 yr
>70 yr

Women
19-30 yr
31-50 yr
51-70 yr
>70 yr

EAR

1.1 mg/day
1.1 mg/day
1.1 mg/day
1.3 mg/day

0.9 mg/day
0.9 mg/day
0.9 mg/day
1.1 mg/day

RDI

1.3 mg/day
1.3 mg/day
1.3 mg/day
1.6 mg/day

1.1 mg/day
1.1 mg/day
1.1 mg/day
1.3 mg/day

Riboflavin

Rationale: The EARs for adults from 19-70 years were based on a series of studies addressing clinical
deficiency signs and biochemical markers, including EGRAC, in relation to measured dietary intake
(Belko et al 1983, Bessey et al 1956, Boisvert et al 1993, Brewer et al 1946, Davis et al 1946, Horwitt et
al 1949, 1950, Keys et al 1944, Kuizon et al 1992, Roe et al 1982, Sebrell et al 1941, Williams et al 1943).
The RDI was derived assuming a CV of 10% for the EAR (FNB:IOM 1998).
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As energy expenditure decreases with age, it would be expected that the EAR for older people may
also decrease. However two studies question this assumption. Boisvert et al (1993) showed that for
elderly Guatemalans, normalisation of EGRAC was achieved with 1.3 mg/day riboflavin and that a sharp
increase in urinary riboflavin occurred at intakes above 1.0-1.1 mg/day, suggesting that needs were
similar to those of younger adults.

A well-controlled UK study of free-living (ie not in residential care) elderly people over 65 years
(Madigan et al 1998) showed that in a population where nearly all subjects had intakes above 1.3 mg/
day for men and 1.1 mg/day for women, 12% were deficient (>1.4 EGRAC) and a further 33% had low
riboflavin status. Thus the EAR for the elderly was set at 1.3 mg/day for men and 1.1 mg/day for elderly
women. The RDI was set assuming a CV of 10% for the EAR.

Pregnancy EAR RDI Riboflavin
14-18 yr 1.2 mg/day 1.4 mg/day
19-30 yr 1.2 mg/day 1.4 mg/day
31-50 yr 1.2 mg/day 1.4 mg/day

Rationale: In pregnancy, an additional requirement of 0.3 mg/day is estimated based on increased
growth in maternal and fetal tissues and an increase in energy expenditure (FNB:IOM 1998). This added
to the requirement for non-pregnant women to give an EAR of 1.2 mg/day. The RDI was set assuming a
CV of 10% for the EAR.

Lactation EAR RDI Riboflavin
14-18 yr 1.3 mg/day 1.6 mg/day
19-30 yr 1.3 mg/day 1.6 mg/day
31-50 yr 1.3 mg/day 1.6 mg/day

Rationale: In lactation it is assumed that 0.3 mg/day of riboflavin is transferred into milk. Use of
riboflavin for milk production is estimated as 70% (WHO 1965) meaning that 0.4 mg/day is required.
This amount is added to the EAR recommended for non-pregnant, non-lactating women and the RDI is
set by assuming a CV of 10% for the EAR.

UPPER LEVEL OF INTAKE - RIBOFLAVIN

The upper level of intake cannot be estimated.

No adverse events have been associated with riboflavin consumption as food or supplements so no
upper level of intake can be set. Studies using large doses of riboflavin have been undertaken, but they
were not designed to assess adverse effects systematically (Schoenen et al 1998, Stripp 1965, Zempleni
et al 1996). The only evidence of adverse effects comes from in vitro studies indicating a potential
increase in photosensitivity to ultraviolet radiation (Ali et al 1991, Floersheim 1994, Spector et al 1995).
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NIACIN

BACKGROUND

Niacin is a generic descriptor for the closely related compounds, nicotinic acid and its amide
nicotinamide, which act similarly as nutrients. The amino acid tryptophan is converted to
nicotinamide with an average conversion efficiency of 60:1 and can thus contribute to requirements
(Horwitt et al 1981) although this can vary depending on a number of dietary and metabolic factors
(McCormick 1988).

Niacin intakes and requirements are often expressed as niacin equivalents where 1 mg
niacin equivalent is equal to 1 mg niacin or 60 mg tryptophan.

Niacin functions as a component of the reduced and oxidised forms of the coenzyme nicotinamide
adenine dinucleotide (NADH, and NAD, respectively), both of which are involved in energy metabolism,
and nicotinamide adenine dinucleotide phosphate (NADPH, and NADP, respectively). These coenzymes
function in dehydrogenase-reductase systems involving the transfer of a hydride ion (McCormick 1988,
1997). NAD is also needed for non-redox adenosine diphosphate-ribose transfer reactions involved in
DNA repair and calcium mobilisation. It functions as part of the intracellular respiration system and with
enzymes involved in oxidation of fuel substrates. Because of their role in energy metabolism, niacin
requirements are, to some extent, related to energy requirements

Niacin is found in a wide range of foods. Important sources of preformed niacin include beef, pork,
wholegrain cereals, eggs and cow’s milk. Human milk contains a higher concentration of niacin than
cows’ milk. In unprepared foods, niacin is present mainly as cellular NAD and NADP. Enzymatic
hydrolysis of the coenzymes can occur during the course of food preparation. In mature grains, most
of the niacin is bound and is thus only 30% available, although alkali treatment of grain increases
availability (Carpenter & Lewin 1985, Carter & Carpenter 1982). The niacin in meats is in the form of
NAD and NADP and is more bioavailable. Some foods, such as beans and liver, contain niacin in the
free form that is highly available.

The requirement for preformed niacin depends to some extent on the availability of tryptophan.
Inadequate iron, riboflavin or vitamin By status decreases the conversion of tryptophan to niacin
(McCormick 1989).

Deficiency of niacin causes the disease pellagra which is associated with inflammation of the skin on
exposure to sunlight, resembling severe sunburn except that the affected skin is sharply demarcated
(McCormick 1988, 1997). These skin lesions progress to pigmentation, cracking and peeling. Often the
skin of the neck is involved. Pellagra is the disease of ‘three Ds’, namely dermatitis, diarrhoea and (in
severe cases) delirium or dementia. There is also likely to be an inflamed tongue (glossitis). In mild
chronic cases, mental symptoms are not prominent. Pellagra was a major problem in the Southern states
of the US in poor Blacks and Whites whose diet consisted of maize (American corn) and little else.
Unlike other cereals maize is low in bioavailable niacin and tryptophan is the first limiting amino acid.
Pellagra only disappeared after niacin was discovered and mandatory fortification of maize meal was
introduced in 1941.

Indicators that have been used to assess niacin requirements include urinary excretion, plasma
concentrations, erythrocyte pyridine nucleotides, transfer of adenosine diphosphate ribose and
appearance of pellagra. Biochemical changes appear well before overt signs of deficiency. The most
reliable and sensitive measures are urinary excretion of N1-methyl nicotinamide and its derivative,
N1-methyl-2-pyridone-5-carboxyamide.
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RECOMMENDATIONS BY LIFE STAGE AND GENDER

Infants Al Niacin
0—6 months 2 mg/day of preformed niacin
7-12 months 4 mg/day of niacin equivalents

Rationale: The Al for 0-6 months was calculated by multiplying the average intake of breast milk

(0.78 L/day) by the average concentration of niacin in breast milk, and rounding (FNB:IOM 1998).

The figure for breast milk concentration of preformed niacin used was 1.8 mg/L based on the studies

of Ford et al (1983). The tryptophan content of breast milk is 210 mg/L (Committee on Nutrition, 1985).
The standard conversion rate is likely to overestimate tryptophan conversion from milk because of the
high protein turnover and the net positive nitrogen retention in infancy. The Al was therefore set on the
preformed niacin figure and rounded up. Because of limited data, the Al for 7-12 months was derived
from the recommended intake for adults on a body weight basis accounting for growth needs and as
such is expressed on a niacin equivalence base.

Children & adolescents EAR RDI Niacin
(as niacin
equivalents)
All
1-3 yr 5 mg/day 6 mg/day
4-8yr 6 mg/day 8 mg/day
Boys
9-13 yr 9 mg/day 12 mg/day
14-18 yr 12 mg/day 16 mg/day
Girls
9-13 yr 9 mg/day 12 mg/day
14-18 yr 11 mg/day 14 mg/day

Rationale: As there are limited data to set an EAR for these ages, the children’s and adolescents” EARs
were set by extrapolation from the adult data on a body weight basis accounting for growth needs
(FNB:IOM 1998). The RDI was set using a CV of 15% for the EAR.

Adults EAR RDI Niacin
(as niacin
equivalents)
Men
19-30 yr 12 mg/day 16 mg/day
31-50 yr 12 mg/day 16 mg/day
51-70 yr 12 mg/day 16 mg/day
>70 yr 12 mg/day 16 mg/day
Women
19-30 yr 11 mg/day 14 mg/day
31-50 yr 11 mg/day 14 mg/day
51-70 yr 11 mg/day 14 mg/day
>70 yr 11 mg/day 14 mg/day
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Rationale: The EAR for adults was set on a number of studies of niacin intake and urine
N,-methylnicotinamide (Goldsmith et al 1952, 1955, Horwitt et al 1956, Jacob et al 1989) with a
10% decrease for energy in women (FNB:IOM 1998). The RDI was set using a CV of 15% for the
EAR derived from these studies.

Pregnancy EAR RDI Niacin

(as niacin

equivalents)
14-18 yr 14 mg/day 18 mg/day
19-30 yr 14 mg/day 18 mg/day
31-50 yr 14 mg/day 18 mg/day

Rationale: There is no direct evidence to suggest a change in requirements in pregnancy, but an
additional 3 mg/day would be needed to cover increased energy utilisation and growth (FNB:IOM
1998). This was added to the unrounded EAR for non pregnant women and the RDI was derived

assuming a CV of 15% for the EAR.

Lactation EAR RDI Niacin

(as niacin

equivalents)
14-18 yr 13 mg/day 17 mg/day
19-30 yr 13 mg/day 17 mg/day
31-50 yr 13 mg/day 17 mg/day

Rationale: An extra 1.4 mg of preformed niacin is secreted daily during lactation. This, together with
the additional amount of 1 mg to cover additional energy needs, gives an additional 2.4 mg/day of
niacin equivalents for women (FNB:IOM 1998). This was added to the unrounded EAR for non lactating
women and the RDI was derived assuming a CV of 15% for the EAR.

UPPER LEVEL OF INTAKE - NIACIN AS NICOTINIC ACID

For intake from fortified foods or supplements
Infants

0-12 months Not possible to establish; source of intake should be breast
milk, formula or food only

Children and adolescents

1-3 yr 10 mg/day

4-8yr 15 mg/day

9-13 yr 20 mg/day

14-18 yr 30 mg/day
Adults 19+ yr

Men 35 mg/day

Women 35 mg/day
Pregnancy

14-18 yr 30 mg/day

19-50 yr 35 mg/day
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Lactation
14-18 yr 30 mg/day
19-50 yr 35 mg/day

Rationale: There are no data to set a NOAEL. The data used to set an LOAEL for nicotinic acid were
based on flushing reactions (FNB:IOM 1998). A LOAEL of 50 mg/day was set based on the study of
Sebrell & Butler (1938) supported by data from Spies et al (1938). An uncertainty factor of 1.5 was
selected as the flushing is transient. After rounding, a UL of 35 mg/day was therefore set for adults.
The only reports of flushing associated with the ingestion of nicotinic acid with food have occurred
following the addition of free nicotinic acid to the food prior to consumption. For infants, a UL could
not be set as there were few data. No data were found to show that other age groups or physiological
states had increased sensitivity, so the limits for pregnancy and lactation were set at those for other
adults and the limits for children and adolescents were set on a body weight basis.

UPPER LEVEL OF INTAKE - NIACIN AS NICOTINAMIDE

For total intake from all sources
Infants

0—12 months Not possible to establish; source of intake should be breast milk,
formula or food only

Children and adolescents

1-3 yrs 150 mg/day
4-8 yrs 250 mg/day
9-13 yrs 500 mg/day
14-18 yrs 750 mg/day
Adults 19+ yrs
Men 900 mg/day
Women 900 mg/day
Pregnancy
14-18 yrs Not possible to establish, source of intake should be from food
only
19-50 yrs Not possible to establish, source of intake should be from food
only
Lactation
14-18 yrs Not possible to establish, source of intake should be from food
only
19-50 yrs Not possible to establish, source of intake should be from food
only

Rationale: Nicotinamide is not a vasodilator (so does not cause the flushing that occurs with nicotinic
acid) and has potential therapeutic value (Knopp 2000). For nicotinamide taken in supplemental

form, a UL of 900 mg/day for men and non-pregnant, adult women is suggested. This is in line with
recommendations from the European Commission (2002).

Large doses of nicotinamide (up to 3,000 mg/day for periods of up to 3 years) appear to be well
tolerated, as reported in trials on the possible benefits of nicotinamide in patients with, or at risk

of developing, diabetes. The NOAEL from these studies is approximately 1,800 mg/day. This value
represents the lowest reported d