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Foreword
Among the public at large, few people are aware that the work of IAEA extends
beyond the realms of nuclear power and safeguarding against the misuse of radioac
tive materials. Indeed, for many years now, IAEA has been applying isotopic and
other techniques in a vast array of global scientific challenges—from controlling ma
rine pollution and understanding climate change to boosting livestock production.
One of the potentially most fruitful areas for new health-related applications of iso
tope techniques is in the field of human nutrition. IAEA activities in Human Health,
as well as in Technical Co-operation, include a new emphasis on isotope techniques
as tools to evaluate human nutritional status and the nutritional quality of foods
within the context of national development programmes. These techniques are now
considered the best methods for measuring the uptake and bioavailability of many
important vitamins and minerals. They are thus well suited for determining the suc
cess of food supplementation programmes and other interventions aimed at combat
ting the many forms of malnutrition.
This booklet provides a brief description of pioneering IAEA-supported work
to evaluate vitamin A and iron deficiencies, bone disease, undemutrition and obesity
and the special nutritional requirements of pregnant and lactating women and their
children. And while it shows that the role of the Agency remains highly specialized
—to develop and transfer nuclear-based evaluation tools—each of these areas of ap
plied research aims at improving the scientific foundations for broader national food
and nutrition-related development policies and programmes.
Considerable progress toward this objective has been achieved in several Mem
ber States. But many targets of opportunity remain to be explored. Member States
with an interest in collaborating with the IAEA in this area need to:
• identify potential centres of excellence within their countries for application of
isotope techniques in human nutrition evaluations
• investigate uses of isotope techniques that would improve the cost-effective
ness of national food and nutrition programmes
• request assistance of the IAEA's Departments of Research and Isotopes and
Technical Co-operation in applying isotope techniques that can improve diets,
prevent disease and promote better health through isotope-based nutritional
evaluation.
In addition to promoting further collaboration at the governmental level, this
booklet is also intended to bring these exciting scientific developments to the atten
tion of nutrition and health communities, aid donors, the news media, and the pub
lics that support the IAEA. For while it is true that we live in an increasingly
technologically advanced world, it is useful for all of us to be reminded that for hun
dreds of millions of people around the world, the bare necessities of life —sufficient
food, safe water and decent shelter—remain beyond reach. Applying specialized
techniques and the limited resources at its disposal, and working in partnership with
many other development support organizations, the IAEA is intensifying efforts to
identify sustainable solutions to these most pressing of human needs.

Hans Blix,
Director General

The Global Nutrition Challenge
Good nutrition is essential if peo
ple are to achieve their full potential for
growth and performance. Yet over 800
million people around the world are
chronically malnourished, and more
than a billion are sick or disabled be
cause of nutrient deficiencies.
• Iron deficiency anaemia affects
over 2 billion people, particularly
women of reproductive age and
pre-schoolchildren.
• Nearly 200 million children are
moderately to severely under
weight, while almost 70 million
are severely malnourished.
• Over 1 billion people are at risk of
iodine deficiency, and at least 50
million iron deficient children suf
fer from impaired development,
including mental retardation and
stunted growth.
• More than 40 million children
worldwide are afflicted with Vita
min A deficiency—at least one mil
lion die as a result and an addi
tional half-million go blind.

The global economic and social
costs of malnutrition are enormous.
Each year, chronic malnutrition is a
key factor in the deaths of at least
13 million children under five
years of age in the developing
world. Each year, developing coun
tries lose millions of days in labour
due to nutrionally related illnesses.
And while the economies of Africa,
Asia and Latin America are the
most adversely affected, those who
pay the greatest individual price
are women and children living in
poverty.

Malnutrition most seriously
affects:
• the survival and growth of chil
dren;
• the health of pregnant and lactating women;
• people's overall resistance to
diseases; and
• performance in school and at
work.

The world produces enough food for everyone, yet I billion people suffer from malnutrition
(Camemark/World Bank)
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Malnutrition: a moving target

Shaping nutrition interventions

Addressing the nutrition challenge
requires more than boosting economic
growth or producing greater harvests in
developing countries. Nor is it simply a
matter of increasing shipments of food
aid. Because many people in developing
countries do not have access to a diverse
food supply, an increase in calorie con
sumption alone cannot solve the problem
of micronutrient deficiencies. These nutri
ents are not present in many foods, and
people do not have a natural hunger for
them.

Sustainable solutions to nutrition
problems can evolve out of targeted assis
tance programmes aimed at enhancing
food security and dietary quality at the
community and household levels. Diver
sifying, supplementing and fortifying di
ets are among the key interventions for
improving nutrition. But many other eco
nomical and social development initia
tives have measureable nutritional
impacts.

Many developing countries, more
over, are industrializing rapidly. Vast
numbers of people are migrating to cities,
and the face of rural areas is being trans
formed as agriculture is modernized. Af
fluence is expanding alongside
burgeoning slums and shantytowns.
Such dramatic changes in the social and
economic landscape have profound nu
tritional and public health consequences
across the developing world.

To provide effective support to
such efforts, multilateral, bilateral and
private assistance must be carefully for
mulated to address local needs and cir
cumstances, and to complement local
resources, and cultural and behavioural
patterns. Moreover, to maximize the
benefits from investments by national
govemmehts and aid donors, the most
advanced tools must be applied to de
signing and monitoring such pro
grammes and evaluating their
nutritional impacts.

Almost 50% of Peru's schoolchildren are stunted due to malnutrition
(Fjeld/IAEA)'

Isotopic-based tech
niques are uniquely well
suited to targeting and track
ing progress in food and nu
trition and many other
development programmes.
They are tools for evaluat
ing people's nutritional
status and food quality irre
spective of the intervention.
The information they pro
duce can:
• verify the nature of the
nutrition problem and
the efficacy of specific
interventions;
• help implement nutri
tion intervention pro
grammes by monitor
ing effectiveness and
reducing programme
costs;
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• guide in the processing
of local foods for opti
mal nutritional value;
and
• serve as early indica
tors of important long
term health improve
ments.
Isotope techniques
have been used extensively
in industrialized countries to
analyze human energy re
quirements, body composi
tion, and the metabolism of
important nutrients such as
protein, fat, vitamins and
minerals. The information
acquired has led directly to
many improvements in nu
trition and health. These
techniques have only begun
to be applied in developing
countries, where they can
not only benefit millions
through improved nutrition,
but serve as specific indica
tors of broader social and
economic advances.

Even where local food supplies are abundant, people's nutritional
needs may not be met (Fjeld/IAEA j

IAEA's role in promoting better
nutrition
Founded in 1957, the International
Atomic Energy Agency (IAEA) is an in
tergovernmental organization that pro
motes the peaceful applications of
atomic energy for humanity's benefit
while simultaneously guarding against
their destructive use.
Over the decades, Agency pro
grammes and activities have broadened
as nuclear techniques gained wider ap
plicability in addressing economic, so
cial and environmental problems. The
IAEA is currently involved in such di
verse areas as nuclear power, non-prolif
eration, nuclear medicine, marine
sciences, food and agriculture, industry,
water resources management, human
health and environmental protection.

Together with governments and
aid donor partners, the Agency is devel
oping and transferring tools, based on
nuclear science and technology, that can
be used to evaluate nutritional status
and nutrients in foods around the
world. This expanding Agency involve
ment comes in response to a growing
commitment by many Member States to
improve the nutritional well-being of
their populations. To date, the IAEA has
been a partner in addressing food and
nutrition problems in more than 50
countries.
The IAEA's activities in nutritional
evaluations were initiated to apply iso
tope techniques for assessments of hu
man body composition, nutrient intake,
and vitamin and mineral bioavailability
(the proportion of a nutrient that is ab
sorbed and utilized) in developing coun
tries. The majority of the work was done
through the Department of Research
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and Isotopes through Co-ordinated Re
search Programmes.

• to help developing countries rec
ognize the value of isotope tech
niques and to define priority areas
of nutrition research;

Recently, the scope of the Agency's
activities has expanded. There is a new
emphasis in the Department of Techni
cal Co-operation on isotopic techniques
in human nutritional evaluations within
the context of national development pro
grammes (see Table below). Some of
these are being carried out in collabora
tion with other UN and donor organiza
tions. Working in partnership with the
IAEA, several Member States have al
ready increased the awareness and utili
zation of isotope techniques to design
and monitor programmes and evaluate
their nutritional impact.

• to apply isotope techniques as key
tools in planning and evaluating
national food and nutrition pro
grammes; and
• to improve the cost-effectiveness
of nutrition intervention pro
grammes together with Member
States and aid donor partners.

Current IAEA scientific
initiatives:
• develop vitamin A status measure
ments essential to improved nutri
tion;

Goals of IAEA's nutrition
activities:

• evaluate bioavailability (the pro
portion of a nutrient that is ab
sorbed and utilized) of iron and
zinc in human diets;

• to work with Member States and
development support organiza
tions in utilizing science and tech
nology as the foundation for de
velopment policies and strategies;

• investigate possible causal link
ages between osteoporosis and
diet;

Technical Co-operation partnerships in nutritional evaluations
Country

Vit.A

Iron

Energy
expenditure

Breastmilk
intake

Ethiopia

★

★

Ghana

★

★

Peru
(Model
project)

★

★

★

Major collaborators

Norwich Food Research Institute (UK),

★

Chile
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Body
composition

★

Cameroon

Sri Lanka

Zinc

★

★

Dunn Clinical Nutrition Centre (UK),

★

★

Wageningen Univ. (NL), National Institute of
Nutrition (I), Norwich Food Research Institute
(UK),
Norwich Food Research Institute (UK), Univ. of
California Berkeley (USA), Pennsylvania State
Univ. (USA), World Health Organization,

★

★

★

★

Univ. California Davis (USA), Johns Hopkins
Univ. (USA), Univ. of Colorado (USA), US
Department of Agriculture, Pennsylvania State
Univ. (USA), World Health Organization,
Opportunities for Micronutrient Interventions
(USA), US Agency for International
Development

• formulate strategies to evaluate
the nutritional status of mothers
and children, particularly during
pregnancy and lactation;
• develop methods to analyze the ef
fects of infection on growth of chil
dren;
• evaluate ongoing national food
and nutrition programmes in se
lected Member States; and
• develop standardized field proce
dures for using isotopic tools in
nutritional evaluations.

Alongside its targeted research pro
jects, the IAEA:
Provides training and fellowships
to personnel from developing Member
States in the application of isotope tech
niques.
Publishes and disseminates techni
cal papers and other documentation
from scientific meetings and pro
grammes (many of which are free of
charge).

A nutritionally adequate diet in early life will help children achieve their genetic potential
(Camemark/World Bank)
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Vitamin A Deficiency: Identifying Sustainable Solutions
Why is the IAEA concerned with
vitamin A related measurements?
• Vitamin A deficiency is a major
public health problem in more
than 90 countries. About 3 million
children worldwide are afflicted
with severe vitamin A deficiency;
an additional 230 million suffer
less severe deficiency.
• Vitamin A deficiency can cause ir
reversible blindness, impaired im
mune function, increased risk of
infectious diseases, night blind
ness and transmission of the AIDS
virus from HIV infected mothers
to newborn infants.
• International organizations, in
cluding the U S. Agency for Inter
national Development (USAID)
and the World Health Organization

(WHO), are urging increased re
search and development on iso
tope techniques to evaluate vita
min A nutrition.

Dietary causes of vitamin A
deficiency
Consuming sufficient amounts of
vitamin A from animal sources such as
butter, liver, or egg yolks can prevent or
reverse deficiency. Other sources such
as leafy green and yellow vegetables
and dark yellow fruits should, in princi
ple, also be able to provide the provi
tamin A carotenoids from which
vitamin A is synthesized.
But many factors affect the
bioavailability (the proportion of a nu
trient that is absorbed and utilized) of

Determining vitamin A status by Isotope dilution assay

Oral administration
of isotopically-labelied
vitamin A

Blood samples

Calculate total body
vitamin A stores

Determine amount of
labelled vitamin A in
total vitamin A fraction

• isotopically-labelied non-radioactive vitamin A is orally administered to subject
• Blood samples are taken after a period of days, weeks or months
• the dilution of the label in blood, relative to the amount administered, measures vitamin A in the body
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food-based provitamin A carotenoids in
cluding plant structure, diet composi
tion, nutritional status and other
physiological factors. Effective interven
tions for populations that rely on plantbased sources depend on better
information about the efficacy of provi
tamin A-rich foods.

demonstrated the scientific validity of
isotopic tracers to measure vitamin A
stores. Several new, more accurate iso
topic tracer methods are now being de
veloped for assessing human vitamin A
status and assessing the bioavailability
of provitamin A carotenoids. IAEA is
also helping to pioneer these methods.

Assessing vitamin A status:
conventional indicators and
isotope techniques

Provitamin A Carotenoid
Bioavailability

Approximately 90% of the body's
vitamin A is stored in the liver. Because
direct measurements of liver vitamin A
content would require liver biopsies,
more practical indicators including die
tary, physiological, biochemical, histo
logical and clinical procedures have
been adopted.

*

*

Grow provitamin A carotenoid rich
foods in isotopically ritfi environment
(enriched air supply or ZH enriched
water source)
During growth the isotopic label is in
corporated into the plant

* Once the labeled food is eaten, the la
bel will 'trace' the conversion of ca
rotenoids to vitamin A

While such conventional indicators
can help to identify individuals with
critical vitamin A deficiency, they are
not reliable measures of the size of the
total vitamin A in the body—measures
that are critically needed in global ef
forts to enhance nutrition.

IAEA initiatives for eliminating
vitamin A deficiency
Vitamin A deficiency has many
causes; preventing or reversing it re
quires the integration of a variety of nu
tritional and public health interventions.
The flow chart illustrates which inter
ventions have comparative advantages

Pioneering work begun nearly 20
years ago using radiotracers in animals

Public health importance of isotope evaluations of vitamin A status

Problem

• Irreversible blindness
• Increased infections
■ Exacerbates other forms of
malnutrition
• Increased death of children

Monitor impact and
improve interventions

Non
nutritional
cause

Isotope evaluations

Cause

Isotopic measurement of
carotenoid bioavailability and
vitamin A status

Low quantity of vitamin A
rich foods and/or low
bioavailability of carotenoids

Isotopic measurement of
vitamin A status

Other public
health
intervention

Improved vitamin A status
Intervention

Dietary
improvement

Supplementation

Fortification

Effect

Elimination of blindness, improved
health and improved efficacy of
additional nutrition interventions
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and the roles to which isotopic tech
niques are uniquely well-suited.
An IAEA programme was
launched in 1995 to develop and modify
isotopic techniques for measuring
whole body vitamin A under conditions
of supplementation (Ghana, Peru), food
fortification (Peru, Israel) and dietary
improvement (China, Thailand, Philip
pines, India). The projects all address
problems of vitamin A nutrition in chil
dren and pregnant or lactating women.
In Peru and Ghana, the IAEA is col
laborating with WHO in evaluating the
efficacy of WHO vitamin A supplemen
tation trials. In South Africa, the mater
nal to infant transmission of HTV is
being evaluated with regard to maternal
vitamin A status.
In addition, the IAEA is helping
with the production of isotopically la
belled foods. Once consumed, the isotopi
cally labeled foods provide information
about the bioavailability of carotenoids,
which can lead to better strategies for im
proving vitamin A nutrition.

Vitamin A investigations in
Ghana and Peru
WHO and other expert groups have
long been concerned that methods are
not adequate to measure biologically
relevant changes in vitamin A status.
But now the IAEA is collaborating in a
major WHO project to evaluate a vita
min A supplementation trial in some
5,500 mother-infant pairs in two Member
States, Ghana and Peru.
WHO is seeking to determine
whether a particular supplementation
scheme is more efficient in protecting the
vitamin A status of infants who are oth
erwise at risk of deficiency and the asso
ciated risks of increased morbidity and
mortality. The IAEA is providing iso
topes, experts in isotopic techniques, and
isotopic analysis for measurement vita
min A status in infants. The inter
agency collaboration is leading to
improved isotopic methods for evaluat
ing vitamin A nutrition in Member
States that desperately need better tools
for monitoring and controlling pro
gramme impact.

Childhood micronutrient deficiencies impinge on growth, school performance, and productivity later in life
(Jorge Lembcke, I1N, Lima,Peru)
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Iron Deficiency Anaemia: Finding Effective Interventions
Why is IAEA evaluating iron
absorption from local foods in
developing countries?

plant based diets tends to be poorly util
ized by the body.

Improving iron status

• Iron deficiency is the world's most
common nutrient deficiency. Two
billion people suffer from iron de
ficiency anaemia of which about
50% is dietary in origin. Women
of childbearing age, infants, chil
dren and teenagers are especially
affected.

Strategies for eliminating iron
deficiency (depending on its source
and severity) include:
• iron fortification (adding iron
to foods during the produc
tion process);

• Iron deficiency diminishes the abil
ity to fight infections; increases
risks of premature delivery, mater
nal and foetal illness or death; and
impairs learning and growth po
tential in children.

• diversification of the diet to
increase iron absorption;
• iron supplementation (provid
ing medicinal iron); and
• control of intestinal parasites
(especially worms).

• In countries where output is based
on physical labour, reduced work
capacity due to poor iron status
undermines economic growth.

The flow chart depicts isotopic
evaluations of iron bioavailability
(absorption of iron from typical di
ets and fortified foods, and the in
fluence of absorption
enhancers/inhibitors) and iron
status. It illustrates the important
factors in deciding which interven
tion is most likely to alleviate iron
deficiency.

Causes of iron deficiency
Iron deficiency results from blood
loss (eg. parasitism, menstruation) or
from insufficient dietary intake or ab
sorption. Some of the best sources of
iron are not affordable to the poor. How
ever, iron from the more affordable

Public health importance of isotope evaluations of iron nutrition

Problem

• Anemia
• Reduced work performance
and productivity
• Reproductive failure
• Increased infections

Isotope evaluations of iron
bioavailability & iron status

Monitor impact and
improve intervention

Non
nutritional
cause

Isotope evaluations

Isotope evaluations of iron
bioavailability & iron status
Cause

Insufficient intake and/or
bioavailability of dietary iron

Other public
health
intervention
Improved iron status

Intervention

Fortification

Supplementation

Dietary
improvements
Effect

Improved health, worker
productivity, reproductive outcome
and disease resistance
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Measuring iron absorption:
conventional indicators and
isotope techniques
The conventional indicator of min
eral absorption is the chemical balance
technique which measures the differ
ence between the amount of a mineral
eaten and the amount in the faeces. This
method is insensitive, imprecise and
time and labour consuming.
By contrast, isotope techniques:
• directly and accurately measure
iron and other mineral bioavail
ability from single foods and total
diets;
• facilitate reliable evaluations of
the numerous factors that influ
ence mineral absorption;
• make it more cost-effective to sys
tematically study the numerous

factors influencing mineral absorp
tion; and
• help identify those food- or fortificant- based interventions most
likely to succeed in target popula
tions.

IAEA collaborates to reduce iron
deficiency
Isotopic techniques have opened
the door to understanding iron absorp
tion. The next challenge is to improve in
tervention programmes in relation to
local foods, eating habits and hygienic
conditions in developing countries.
Since the early 1990s, the IAEA has
worked with donor partners, govern
ment laboratories and participating com
munities in improving knowledge
about iron bioavailability in local meals
and foodstuffs consumed in 10 Member
States: Chile, Ecuador, India, Myanmar,
(right) Isotopic tools measure breastmilk intake
without interferring with mothers’ everyday activities
(below) Providing women with adequate iron benefits
infants, families, communities and national economies
(photos Fjeld/IAEA)

Pakistan, Peru, Philippines, Poland,
Sri Lanka, Venezuela. This informa
tion is of vital importance for:
• improving the selection and
preparation of food products
with high nutritional value;
• developing national nutrition
strategies promoting dietary di
versification and modification,
food fortification and micronu
trient supplementation; and
• evaluating the effectiveness of
nutrition improvement pro
grammes.
Already as a result, the Govern
ment of Venezuela began a national
iron fortification programme by en
riching precooked maize flour and
wheat flour.
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Contributing to Safe Motherhood
Why is IAEA working in support
of safe motherhood?
• Maternal malnutrition impairs
pregnancy outcome, increases ma
ternal mortality and retards early
childhood development.
• 18 million low-birth weight babies
are bom to undernourished moth
ers each year. This is a prime
cause of infant mortality in devel
oping countries.
• Lactation increases maternal nutri
ent needs. Chronic nutrient defi
ciencies place mothers at in
creased risk for cancer and degen
erative diseases later in life.
• Improving women's health and
nutrition significantly benefits
families, communities and the na
tional economy.

Nutritional challenges during
pregnancy and lactation
Dietary energy requirements in
crease markedly during pregnancy and
lactation. Normally, a pregnant woman or
nursing mother either increases food energy

intake or reduces physical activity, or
both. But when resources are limited and
the demands on women's labour are great,
unmet energy needs result in low birth
weight infants and reduced maternal work
capacity and fat stores, which limits the
success of breastfeeding.
Providing pregnant women with suffi
cient dietary energy can prevent these so
cially costly outcomes. But what is "sufficient"
in a developing country setting has yet to be
carefully defined. The International Dietary
Energy Consultancy Group (IDECG) —a
prestigious panel of experts from interna
tional organizations and universities —has
advised that recommendations for energy
intake during pregnancy be based on meas
urements of actual energy expenditure.
Pregnancy and lactation also increase
maternal needs for vitamins, minerals and
proteins. Some nutrients which are crucial
to the health of a newborn are maintained
at the expense of the mother's health. For
others, the infant suffers more severe
dietary deficiency than the mother.

Public health importance of isotope evaluations of maternal nutrition during pregnancy

Problem

Increased maternal and foetal
morbidity and mortality
Low birth weight infants
Micronutrient deficiency
disorders in children

Isotope evaluations of maternal
nutrient status, nutrient bioavailability,
food intake & energy expenditure

Monitor impact and improve
interventions
Isotope evaluations of
maternal nutrient intake and status,
food intake & energy expenditure

Cause

Isotope evaluations of maternal
nutrient status, nutrient bioavailability,
food intake & energy expenditure

Maternal malnutrition
(before/during pregnancy)
Improve maternal health and health
of newborn infants

Intervention
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Nutrition, public health and
economic development interventions
to improve maternal nutritional status

Effect

Healthy babies and mothers and
reduced demands on
health care system

The health and development of young children is directly linked to mothers' nutritional status during pregnancy
(Carnemark/World Bank)

For malnourished breast-feeding
mothers, chronic reductions in dietary
intake of some nutrients may lead to be
low normal concentrations of nutrients
in the milk and/or depletion of mater
nal stores of key nutrients such as cal
cium, magnesium, zinc, folic acid,
vitamin A and possibly proteins. Such
reductions can have adverse physical ef
fects and increase the mother's risk of
degenerative diseases such as
osteoporosis.
In recognition of the importance of
adequate maternal nutritional stores to
guarantee a healthy pregnancy outcome
and safe motherhood, the United Na
tions Population Fund (UNFPA) recom
mended (1995) a variety of actions
including:
• interventions to reduce the inci
dence of low birth weight and
other nutritional deficiencies, such
as anaemia, should include the
promotion of maternal nutrition
through information, education
and counselling and the promo
tion of longer intervals between
births;

• all countries should give priority
to efforts to reduce the major child
hood diseases.... and to prevent
malnutrition among children, es
pecially the girl child; and
• all countries should design and
implement special programmes to
address the nutritional needs of
women of childbearing age, espe
cially those who are pregnant or
breast-feeding, and should give
particular attention to the preven
tion and management of nutri
tional anaemia and iodine-defi
ciency disorders. Priority should
be accorded to improving the nu
tritional and health status of
young women through education
and training as part of maternal
health and safe motherhood pro
grammes.

Maternal diets and nutritional
status: conventional indicators
and isotope techniques
Until the advent of isotopic meth
ods, it was impossible to accurately as
sess energy needs and nutrient stores
in pregnant or lactating women. The
2H2180 doubly-labeled water method
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is the only technique that can accurately
determine energy needs of people in
their own environments. The method is
non-intrusive and non-invasive and em
ploys stable isotopes that pose no risk to
the woman or the unborn baby.
As shown in the flow chart isotopic
tools are used to:
• measure maternal nutrient stores
before /during pregnancy and lacta
tion;
• characterize bioavailability of nutri
ents (the proportion of a nutrient
that is absorbed and utilized) in
foods consumed by the mother;
and
• determine the relationship between
breastmilk nutrient concentrations
and maternal nutritional status.

Pregnancy and lactation increase mothers' needs for
vitamins, minerals, proteins <Fjeld/IAEA)

IAEA's support of safe
motherhood
The IAEA has already helped in
two important ways to improve the
global information-base on maternal en
ergy requirements. First, a report on the
theoretical and practical aspects of the
2H2180 method for measuring energy
expenditure was published in collabora
tion with the IDECG. This report has
been distributed to researchers in more
than 40 countries and has served widely
as a central reference for studies utiliz
ing the 2H2180 method.
"Second, the IAEA has supported
several multi-centre analyses of energy
expenditure during pregnancy and lac
tation. Results have been used in a new
evaluation of dietary energy require
ments which is being conducted by the
Food and Agricultural Organization
(FAO), the World Health Organization
(WHO), the United Nations University
(UNU) and IDECG.
Future applications of isotopic tech
niques which would be appropriate for
and beneficial to Member States include
measurements of:
• maternal energy intakes and en
ergy requirements;
• maternal micronutrient stores;
• the effect of breastfeeding on the
cumulative depletion of maternal
nutrient stores;
• protein needs in lactating mothers;
and
• nutrient content of breast milk as a
step toward improving rapid and
non-invasive assessment tools of
maternal nutritional status.

The information obtained will im
prove the basis for protecting nutrition
ally vulnerable women through
appropriate nutrition intervention pro
grammes including supplementation,
fortification, dietary diversity and edu
cation.
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Safeguarding Infants' Health During Breastfeeding
Why is IAEA measuring breast
milk intake?
• Breast-feeding is always impor
tant but particularly so in develop
ing countries where food supplies
are limited, infections are com
mon, and commercially prepared
infant formulas are unaffordable.
• In addition to breast milk, nutri
tionally adequate complementary
foods are needed in the weaning
period.
• Nutritionally inadequate comple
mentary foods are a cause of child
hood malnutrition. Improvement
of these foods requires harmoniz
ing of many factors including cul
tural practices, seasonality of
foods, economic constraints,
preparation time, food hygiene
and nutritional quality.

Poor complementary foods
contribute to childhood malnutrition
The causes of childhood malnutri
tion are multiple. An important cause is
the nutritional inadequacy of some com
plementary (weaning) foods. These foods
are often prepared in unhygienic condi
tions, given to the child in dirty bottles,
and may be nutritionally inadequate. To
prevent or solve this problem, communi
ties around the world are endeavouring
to prepare nutritionally adequate comple
mentary foods from locally available in
gredients.
The conventional method for evalu
ating the nutritional quality of comple
mentary foods is weight gain. Weight
gain occurs when total nutrient intake
from breastmilk plus complementary
foods meets all needs, including those for
growth. Inadequate growth results when
the complementary food is nutritionally
inferior, when complementary food dis
places breastmilk intake, or both. To accu
rately judge the quality of the

Isotopic tools measure breastmilk intake
{Fjeld/IAEA)

complementary food it is important to
measure the amount of breastmilk in
take.

Measuring breastmilk intake: con
ventional indicators and
isotope techniques
The conventional method for meas
uring breast milk intake entails weigh
ing the baby before and after each
feeding. This is time-consuming, inaccu
rate and it interferes with the mother's
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Advantages of Hi Labe tied
Water Method

Using 2IhO to Measure
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normal activities. It can also not be
used when the baby sleeps with the
mother and is fed on demand many
times during the night. A more practical
and accurate method is to measure milk
intake by isotope dilution using deute
rium labelled water (2H20).

IAEA initiatives to improve
infant nutrition
Until recently, 2H sample analysis
was limited to technically advanced
laboratories. In a project just finished at
the Gadhjah Mada University, Indone
sia, done in collaboration between the

* improve at curat y
* is pi4dte.il fo$ mea«-urymvnK at
home

IAEA, the USAID, US Department of
Agriculture and Johns Hopkins Uni
versity, a method for sample analysis
was validated which is practical in de
veloping countries as well as accurate
(infrared spectroscopy). This method
is much more cost-effective; equip
ment and analysis amount to only 10%
of the former costs.
The infrared spectroscopy equipment
is currently in use in a field project in Peru
to measure breastmilk intake in the context
of designing and evaluating nutritionally
adequate complementary foods.
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Reducing the Costs of Bone Disease
Why is the IAEA collecting
global data on osteoporosis?
• Osteoporosis is a disorder that re
duces both the amount and
strength of bone tissue making
bones more susceptible to frac
ture. It is one of the most common
age afflictions and presents a ma
jor public health problem. As
many as 200 million people may
be affected.
• It severely limits quality of life
and, as in the case of hip fractures,
produces substantial disability.
• It is imposing a growing financial
burden on the health-care systems
in both developed and developing
countries.

Causes of osteoporosis
Bone mineral mass in an individual
is the result of a variety of factors includ

ing genetic factors, physical exer
cise, hormonal factors, but there is lit
tle doubt that nutrition plays a key
role. Important dietary components in
clude essential nutrients (calcium,
phosphorus, vitamin D, vitamin C,
magnesium, potassium, copper, man
ganese, fluorine and zinc). The most
obvious deficiency in an osteoporotic
patient is the calcium - the most impor
tant mineral constituent of the bone
and the principal component of bone
strength.
Sufficient dietary intake and ab
sorption of calcium is important in the
prevention and treatment of
osteoporosis. But, calcium is not the
only essential element. Recent evi
dence suggests that dietary supple
mentation with magnesium, copper,
manganese, and zinc may also have a
favourable impact on bone density.

A.s many as 200,000,000 people worldwide are affected by osteoporosis
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There is a great need to understand
more about:
• risk factors and prevention;
• global variations in incidence and
severity between population
groups; and
• diagnosis and prevention.

Risk factors of osteoporosis:
conventional indicators and
isotope techniques
Isotopic techniques are gaining
prominence in studies of osteoporosis
and related issues of bone metabolism.
Bone mass measurements

Measuring bone mass is essential
to diagnosing and managing
osteoporosis and potential bone frac
tures. In recent years, a number of noninvasive techniques have been
introduced to quantify bone mass with
high accuracy and precision, although
standardization remains difficult. To ob
tain internationally comparative data
the preferred technique for bone density
measurements in the IAEA programme

What is measured
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is DEXA (dual energy X-ray absorp
tiometry), a technique developed using
a radioisotope source but now usually
applied with an X-ray generator.
Study of elements in bone and diets

In addition, neutron activation
analysis (in the laboratory) are suitable
techniques for determining minerals
and trace elements in foods, diets and
human tissues including bone. This has
already been demonstrated successfully
in a number of IAEA research pro
grammes. Other possibilities for apply
ing isotopic and nuclear-related
techniques in studies of osteoporosis
and related issues of bone metabolism
are shown in table below.

IAEA's role in preventing
osteoporosis
Internationally comparative stud
ies are shedding new light on the causes
of this disease and will contribute to de
veloping effective preventive strategies.
IAEA is undertaking such studies of the
incidence and severity of osteoporosis
in predominately urban population

Isotopic Method

Bone density

DEXA (Dual Energy X-ray Absorptiometry)

Calcium metabolism
(uptake and turnover)

Stable/radioactive isotopes

Whole- or partial body calcium

In vivo neutron activation analysis

Trace elements in bone and diet

In vitro neutron activation analysis

Energy expanditure, protein turnover

Stable isotope applications (doubly labelled water
and 13C or 1SN-tracer)

Hormones related to bone metabolism,
biochemical markers of bone formation

Radioimmunoassays (RIA)

IAEA is supporting studies of the incidence and severity of osteoporosis in cities around the world
< Caniemark/World Bank)

groups in Canada, Brazil, Chile, Russia,
China, the Philippines, Singapore, Hun
gary, Croatia, and Turkey. Using DEXA,
the goal is to measure bone density for
the purpose of:
• determining age of peak bone
mass in each study group;
• investigating how bone mineral
density varies with age, sex, eth
nicity and geographical origin of
the subjects; and
• assessing the role of trace ele
ments in relation to bone metabo
lism, composition structure and
development of bone disease.
Factors such as hormones, physical
exercise, and protein metabolism which
are related to development of

osteoporosis and measurable by iso
topic techniques are also being incorpo
rated. In addition, dietary
supplementation studies with minerals,
trace elements and vitamins will be con
ducted over a 2-year period in each of
the participating countries. The bone
mineral density will be measured to de
tect any sequential changes.
The acquired data will be valuable
in planning and developing preventive
strategies for osteoporosis and reducing
current health care cost. This is of impor
tance as the disease is more readily pre
vented than treated, and early
intervention with effective therapy
would be expected to significantly re
duce the impact of fracture among the
aging population.
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Body Composition: Predictor of Morbidity and Mortality
Why is IAEA helping to evaluate
body composition?
• Body composition (the amount
of bone, muscle, water, organs,
and fat) maintains characteristic
proportions among population
groups and is thus a reliable tool
for measuring nutritional status.
• Many diseases (eg., cardiovascu
lar, AIDS, protein-energy malnu
trition, various genetic diseases,
diabetes, and obesity) are accom
panied by abnormalities in body
composition. Assessments of
body composition help target in
terventions and reduce financial
burdens to the health care sys
tem.
• Body composition is potentially
useful for evaluating household
food security, monitoring the ef
fects of rural to urban migration,
and in improving public health
policy.

Body composition as a health
indicator
Meaning of 'body composition'

For most public health purposes, as
well as for many clinical applications, to
tal body weight is divided conceptually
into two compartments, the fat-free
mass and the fat mass. The fat-free mass
as a percent of body weight in healthy
people ranges from 65 to 85%. Some of
the variation in healthy people is due to
gender, age and ethnicity. The fat-free
mass is made of protein, water (about
73%) and minerals. These data form the
basis of most methods for assessing
body composition.
Body composition and aging

Aging is associated with
changes in body composition which
increase the risks of disease and acci
dents and limit participation in ac
tivities they once considered
normal. Some changes in body

Weight serves as a basic indicator of a child's nutritional status, but isotopic techniques provide vital quantitative
measurements (Carnemark/World Bank)
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composition can be prevented or re
versed by exercise and diet, but planning
and evaluating interventions to prevent
or reverse body compositional change
during aging relies on good assessment
tools. Body composition measurements
are ideal for this.
The health status of elderly people
will be a rapidly growing concern, espe
cially for developing countries. In 1950
there were approximately 200 million
people in the world aged 60 years and
over. By 2025, there will be 1.2 billion
elderly people in the world, 60% of
whom will reside in developing coun
tries.
Undernutrition and body composition
Primary undemutrition alters body
composition, as does secondary malnu
trition (ie., malnutrition which occurs
because of an underlying disease). Se
verely malnourished underweight chil
dren are not just scaled-down versions
of normal children but differ markedly
in body composition. Body composition
is useful in estimating children's nutri
tional needs and in evaluating the suc
cess of child feeding programmes.

and energy expenditure data are major
tools in this endeavour.
Energy used + energy stored = energy
eaten
According to basic principles of
thermodynamics, all dietary energy
(calories eaten) is either utilized (ex
pended) or is stored. The more fat one
stores, the more energy one has stored.
In people who are gaining or losing
weight, energy stores are either in
creased (weight gain) or used as an en
ergy source (weight loss). The difference
between dietary energy and energy ex
pended is equal to the total amount of
energy stored. Thus, measurements of
energy expenditure are very useful for
determining how much energy has been
stored and are indispensable to strate
gies for reducing the morbidity and
mortality associated with undesirable
changes in body composition. Addition
ally energy expenditure measurements
are useful for measuring food intake
and energy needs under conditions of
pregnancy, lactation, growth and aging.
Energy expenditure data can be
used to:

Overnutrition and body composition
Obesity is spiralling as a global
public health problem. Obesity is not
limited to technologically advanced
countries but in fact is now prevalent in
formerly malnourished populations in
developing countries.
Obesity in children, adolescents,
and adults has major impacts on health.
It is a risk-factor in the development of
diabetes, vision and kidney disorders,
circulatory problems, and early death.
Obesity can limit activity, productivity,
and increase absenteeism from the work
place.
Experts are vigilantly looking for
ways to prevent obesity and its unto
ward consequences. Body composition

• monitor the effectiveness of nutri
tion education and behavioural
modification programmes;
• improve interpretation of body
composition data; and
• strengthen the base for public
health policy.

Measuring body composition and
energy expenditure (EE):
conventional indicators and
isotopic techniques
Body composition
There are many techniques for
measuring body composition (skinfold
thicknesses, neutron activation, densi
tometry, infrared interactance, electrical
conductance, 2H or lsO dilution, com
puter tomography). Selection of a
method depends on one's objectives,
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cost limitations, precision and accuracy
required and on the convenience and
health of the subject.
The method which is often pre
ferred is isotope dilution (2H or 180) be
cause it is inexpensive to perform,
accurate, practical, can be applied under
field conditions and poses no risk or dis
comfort to the person measured.
To measure body composition,
body water is measured by giving a
dose of water labelled with either deute
rium (2H) or 180. Isotope enrichment,
measured in urine samples, is a function
of the amount of body water. Body com
position is calculated from measured
body water and the hydration coeffi
cient of the fat-free mass. Fat is calcu
lated as the difference between total
body weight and fat-free mass.

of undernourished children, and helped
identify local foods and diets which can
provide the specific nutrients children
need for growth.
There is a growing consensus
among global nutrition experts that
evaluating body composition in chil
dren and adults will improve national
health profiles —an important step in
targeting health and nutrition interven
tions. Moreover, isotopic tools increase
the reliability of reference growth charts
used in monitoring children in develop
ing countries. This is important because
current standards are based on observa
tions of healthy children in industrial
ized countries, and can be misleading
for children in developing countries.
Several Member States have already in
dicated their interest in such activities.

Energy Expenditure

There are no alternatives to the iso
topic methods for measuring EE in eve
ryday living conditions. The
doubly-labelled water (DEW) method
(2H2lSO) is the only technique that can
accurately determine the energy needs
of people in their own environments
and is one of the most reliable methods
for determining food energy intake.
The DLW method:
• is non-intrusive and non-invasive;
• can be used to measure energy ex
penditure over 7-20 days;
• is safe in pregnant, ill, young, eld
erly or very active people; and
• is practical for field use.

IAEA'S role in investigating body
composition
The IAEA has helped develop and
apply methods for measuring body com
position. For example, measurements of
body composition helped define nutri
tional treatments which sped recovery
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This malnourished child was successfully
rehabilitated at the Instituto de Investigacion
Nutricional, Lima, Peru

Recovering from malnutrition: lessons
from Peru

Almost half of all schoolchildren in
Peru are stunted as a result of chronic
nutrient deficiencies and frequent bouts
of diarrhoeal diseases. As youngsters,
they were likely to suffer in many ways:
from underweight, lower disease resis
tance, lethargy, and learning handicaps.
Only by addressing this early and thor
oughly through specially formulated di
ets could such a costly outcome be
avoided.
Healthy infants gain 1 to 2 grams
per kg per day. Rapid weight gain of as
much as 160 grams per day in an 8 kg
child is biologically possible and can
substantially reduce the time needed for
recovery. During the rapid catch-up
weight gain period, children have enor
mous appetites; once their weight is re
stored to that which is typical for their
age, appetite declines.
The challenges are to know how
much of each essential nutrient to pro
vide to enable children to achieve their
potentials for growth, cognitive develop
ment, and physical activity. Body com
position is an indicator of the kind of
nutritional deficiencies which need resti
tution, and can be used to assess the pro
gress of recovery. Body composition
assessment is therefore a tool which
helps define nutrient needs under these
special conditions.
Conventional methods cannot be
relied upon to quantify actual changes
in body composition. But using isotopic
methods to evaluate dietary energy utili
zation and body composition changes,
the Agency, in collaboration with the In
stitute de Investigacion Nutricional
(IIN) in Lima, Peru, were able to demon
strate that diets amply fortified with mi
cronutrients during the catch-up phase
result in the use of dietary energy to ade
quately meet all needs, including those

The zH2 180 doubly-labelled-water
method for measuring total body
water, body composition and
Energy Expenditure
• Person drinks a dose of water
containing non-radioactive iso
topes of both hydrogen and
oxygen (2H2180).
• Isotopes of both H and O mix
with the normal H and O in
the body water within a few
hours.
• The ratio of 2H:1H is measured
in urine or saliva to calculated
body water volume.
• TBW is used to quantify fatfree mass. Fat mass is calcu
lated as the arithmetic differ
ence between body weight and
fat-free mass.
• As energy is expended in the
body carbon dioxide (CO2) and
water (H2O) are produced.
• CO2 is lost from the body via
the breath and H2O is lost
through breath, skin and urine.
• As lsO is contained in both
CO2 and H2O it will be lost
from the body faster than 2H.
• The rate of loss of the isotopes
is determined by measuring
the decline in the concentration
of the isotopes in any body
fluid (usually urine) over the
next 7-21 days.
• The difference between the rate
of loss of the two isotopes is
used to calculate CO2 produc
tion of the subject which in
turn is used to calculate energy
expenditure.

for rapid weight gain with a typical ra
tio of muscle to fat. The results of the
work meant that children following the
prescribed dietary treatment could be
fully recovered to normal weight in
about 50% of the time which was
needed previously.

Investigating Trace Elements
Why is IAEA measuring dietary intakes of trace elements?
• Essential trace elements such as iron, iodine, selenium and zinc are involved
in numerous biochemical functions, and deficiencies of these elements are
associated with serious diseases, particularly in developing countries; in
takes of these elements are entirely through the diet.
• Human exposure to toxic elements such as mercury, cadmium, lead and ar
senic is mainly through the diet; developing countries are especially at risk.
• Desirable levels of dietary intake have been defined by WHO, FAO and
IAEA expert groups; comparison of actual intake with these guidelines re
veals whether populations are at risk of deficiency or toxicity.
The IAEA's role in dietary intake studies
The IAEA has been encouraging some nuclear laboratories in developing
countries to establish collaborative research programmes with their national insti
tutes of nutrition on projects that can take advantage of the high specificity and
sensitivity of nuclear analytical techniques. Studies of trace elements in foods and
diets have turned out to be among the most useful of these applications.
Nuclear and related analytical techniques (such as neutron activation analy
sis, ICP-MS and XRF) provide high sensitivity and specificity for the determina
tion of many of these elements infoodstuffs and diets. Examples of the IAEA's
support for research on dietary intakes of trace elements include:
• studies of dietary intakes of 23 minor and trace elements recently completed
in 16 countries (Australia, Belarus, Canada, China, Finland, Iran, Italy, Ja
pan, Portugal, Russia, Spain, Sudan, Thailand, Turkey, Ukraine, USA);
• additional on-going studies in 10 Asian countries (Bangladesh, China, India,
Indonesia, Japan, Korea, Malaysia, Pakistan, Philippines and Vietnam);
• studies of toxic elements in foods and diets in 12 countries (Argentina, Aus
tralia, Bangladesh, Brazil, China, India, Indonesia, Jamaica, Japan, Malaysia,
Pakistan and Thailand);
• studies of dietary exposure to mercury and methyl mercury in 9 countries
(Brazil, Chile, China, Czech Republic, India, Italy, Malaysia, Slovenia and Vi
etnam) using human hair as a biomonitor;
e evaluation of dietary intake data for a WHO/FAO/IAEA Expert Committee
which has developed new guidelines on desirable levels of dietary intake of
essential trace elements;
• development of several new analytical reference materials for use in connec
tion with the determination of trace elements in foods and diets; and
• creation of the world's most extensive database on certified analytical refer
ence materials for trace elements, radionuclides and microcontaminants
(used in food analysis laboratories for checking accuracy).

How Governments and Concerned Organizations Can Participate
The IAEA's support for programmes includes:
Co-ordinated Research Programmes
• IAEA-initiated; developed around a specific nutrition topic in consult
ation with expert groups.
• International in scope.
• Research contracts, agreements, and technical contracts awarded on the
basis of project proposal.
• Typically includes twinned relationships (developing country laborato
ries teamed with experienced counterpart) and development of 'stand
ardized protocols'.
• Application through Division of Human Health, Section of Nutritional
and Health-Related Environmental Studies (NAHRES).

Technical Co-operation Projects
• Support developing countries' efforts to achieve national objective.
• Are usually national in scope (may be regional).
• Channel assistance through several recipient institutions according to
project proposal.
• Includes expert technical advice, fellowships, training courses, equip
ment and supplies.
• Technical support provided by NAHRES.

Training (individual)
• Fellowships for training in research techniques and in operation and
maintenance of equipment.
• 3-12 months duration.
• Application for Fellowship and Scientific Visit through national IAEA
counterparts.

Training courses
• IAEA-initiated to improve knowledge and skills needed to expand iso
tope applications.
• Usually regional in scope (may be national or inter-regional)
• 2-3 weeks duration.
• Course details through NAHRES; applications through national IAEA
counterparts.
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• Information sheet available from Analytical Quality Control Services (AQCS),
Seibersdorf Laboratories of the IAEA.
• Global reference materials list available from the Section Head, NAHRES.

Other forms of participation
The IAEA and its national counterparts can use their technical expertise for preproject assessments or to help implement programmes financed by the UN System
Organizations, such as the World Bank, United Nations Children Fund (UNICEF),
United Nations Development Programme (UNDP), World Food Programme (WFP)
or United Nations Population Fund (UNFPA), and donor governments.
• The IAEA has an extrabudgetary programme which is administered by the
Technical Co-operation Department.
• The IAEA's scientific and technical co-operation programmes are often carried
out in partnership with bilateral, multilateral and non-governmental organiza
tions. Information on these programmes are available through the Section of
NAHRES.
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In the public at large, few people are aware that the work of the International Atomic Energy Agency extends
beyond the realms of nuclear power and safeguarding against the misuse of radioactive materials. Indeed, for
many years now IAEA has been applying isotopic and other techniques in a vast array of global scientific
challenges - from controlling marine pollution and understanding climate change to boosting livestock
production. One of the potentially most fruitful areas for new health-related applications of isotope techniques
is in the field of human nutrition. Agency activities in Human Health, as well as in Technical Co-Operation,
include a new emphasis on isotope techniques as tools to evaluate human nutritional status and the nutritional
quality of foods within the context of national development programmes. These techniques are now considered
the best methods for measuring the uptake and bioavailability of many important vitamins and minerals. They
are thus well suited for determining the success of food supplementation programmes and other interventions
aimed at combatting many forms of malnutrition.
This booklet provides a brief description of pioneering Agency-supported work to evaluate vitamin A and iron
deficiencies, bone disease, undernutrition and obesity and the special nutritional requirements of pregnant and
lactating women and their children.
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