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Foreword

Interest in micronutrient malnutrition has increased greatly over the last few
years. One of the main reasons for the increased interest is the realization that
micronutrient malnutrition contributes substantially to the global burden of
disease. In 2000, the World Health Report' identified iodine, iron, vitamin A and
zinc deficiencies as being among the world’s most serious health risk factors. In
addition to the more obvious clinical manifestations, micronutrient malnutrition
is responsible for a wide range of non-specific physiological impairments,
leading to reduced resistance to infections, metabolic disorders, and delayed or
impaired physical and psychomotor development. The public health implica-
tions of micronutrient malnutrition are potentially huge, and are especially sig-
nificant when it comes to designing strategies for the prevention and control of
diseases such as HIV/AIDS, malaria and tuberculosis, and diet-related chronic
diseases.

Another reason for the increased attention to the problem of micronutrient
malnutrition is that, contrary to previous thinking, it is not uniquely the concern
of poor countries. While micronutrient deficiencies are certainly more frequent
and severe among disadvantaged populations, they do represent a public health
problem in some industrialized countries. This is particularly true of iodine defi-
ciency in Europe, where it was generally assumed to have been eradicated, and
of iron deficiency, which is currently the most prevalent micronutrient deficiency
in the world. In addition, the increased consumption in industrialized countries
(and increasingly in those in social and economic transition) of highly-processed
energy-dense but micronutrient-poor foods, is likely to adversely affect micronu-
trient intake and status.

Measures to correct micronutrient deficiencies — at least the major ones — are,
however, well known, and moreover relatively cheap and easy to implement.
The control of iodine deficiency disorders through salt iodization, for example,
has been a major accomplishment in public health nutrition over the last
30 years.

' World health report, 2000. Geneva, World Heath Organization, 2000.

Xiv



FOREWORD

The best way of preventing micronutrient malnutrition is to ensure con-
sumption of a balanced diet that is adequate in every nutrient. Unfortunately,
this is far from being achievable everywhere since it requires universal access to
adequate food and appropriate dietary habits. From this standpoint, food forti-
fication has the dual advantage of being able to deliver nutrients to large seg-
ments of the population without requiring radical changes in food consumption
patterns. In fact, fortification has been used for more than 80 years in industri-
alized countries as a means of restoring micronutrients lost by food processing,
in particular, some of the B vitamins, and has been a major contributory factor
in the eradication of diseases associated with deficiencies in these vitamins.
Because of the increased awareness of the widespread prevalence and harmful
effects of micronutrient malnutrition, and in consideration of changes in food
systems (notably an increased reliance on centrally processed foods), and
successful fortification experiences in other regions, increasing numbers of
developing countries are now committed to, or are considering, fortification
programmes.

With so much accumulated experience, the conditions under which food for-
tification can be recommended as a strategic option for controlling micronutri-
ent malnutrition are now better understood. Its limitations are also well known:
food fortification alone cannot correct micronutrient deficiencies when large
numbers of the targeted population, either because of poverty or locality, have
little or no access to the fortified food, when the level of micronutrient deficiency
is too severe, or when the concurrent presence of infections increases the meta-
bolic demand for micronutrients. Various safety, technological and cost consid-
erations can also place constraints on food fortification interventions. Thus,
proper food fortification programme planning not only requires assessment of
its potential impact on the nutritional status of the population but also of its fea-
sibility in a given context.

The success of a fortification programme can be measured through its public
health impact and its sustainability. The latter implies an intersectoral approach
where, in addition to competent national public health authorities, research,
trade, law, education, nongovernmental organizations and the commercial sector
are all involved in the planning and implementation of the programme. It has
taken time to appreciate the role of the private sector, in particular industry, and
the importance of civil society in this process. These are now fully acknowledged
and this recognition should strengthen the capability of interventions to combat
micronutrient malnutrition.

The main purpose of these Guidelines is to assist countries in the design and
implementation of appropriate food fortification programmes. Drawing on
several recent high quality publications on the subject and on programme expe-
rience, information on food fortification has been critically analysed and then
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translated into scientifically sound guidelines for application in the field. More
specifically, the Guidelines provide information relating to the benefits, limita-
tions, design, implementation, monitoring, evaluation, cost—benefit and regula-
tion of food fortification, particularly in developing countries. They are intended
to be a resource for governments and agencies that are currently implementing,
or considering food fortification, and a source of information for scientists, tech-
nologists and the food industry. The Guidelines are written from a nutrition and
public health perspective, to provide practical guidance on how food fortifica-
tion should be implemented, monitored and evaluated within the general context
of the need to control micronutrient deficiencies in a population. They are pri-
marily intended for nutrition-related public health programme managers, but
should also be useful to all those working to control micronutrient malnutrition,
including industry.

The document is organized into four complementary sections. Part I
introduces the concept of food fortification as a potential strategy for the control
of micronutrient malnutrition. Part II summarizes the prevalence, causes
and consequences of micronutrient deficiencies, and the public health benefits
of micronutrient malnutrition control. It lays the groundwork for public
health personnel to assess the magnitude of the problem, and the potential
benefits of fortification, in their particular situation. Part III provides technical
information on the various chemical forms of micronutrients that can be
used to fortify foods, and reviews experience of their use in specific food
vehicles. Part IV describes the key steps involved in designing, imple-
menting and sustaining fortification programmes, starting with the deter-
mination of the amount of nutrients to be added to foods, followed by the
implementation of monitoring and evaluating systems, including quality
control/quality assurance procedures, before moving on to the estimation
of cost-effectiveness and cost-benefit ratios. The importance of, and
strategies for, regulation and international harmonization, communication,
advocacy, consumer marketing and public education are also explained in
some detail.

The production of the Guidelines has been the result of a long process that
started in 2002. Under the aegis of the World Health Organization (WHO), an
expert group was established and charged with the task of developing a set of
guidelines on food fortification practice. A draft version of the guidelines was
reviewed in 2003 by a multidisciplinary panel of experts who collectively rep-
resented the range of knowledge and experience required for developing such
guidelines. The panel members included experts in public health, nutrition sci-
ences and food technology, from both the public and the private sectors. After-
wards, the draft of the guidelines was circulated among field nutritionists and
public health practitioners and also tested in a number of countries. All of the
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FOREWORD

comments received through this process were considered for this finalized
version of the guidelines.

We are all committed to the elimination of micronutrient malnutrition. We
hope that these Guidelines will help countries to meet this goal and therefore
enable their population to achieve its full social and economic potential.

Lindsay Allen
Bruno de Benoist
Omar Dary
Richard Hurrell
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Preface

More than 2 billion people in the world today suffer from micronutrient defi-
ciencies caused largely by a dietary deficiency of vitamins and minerals. The
public health importance of these deficiencies lies upon their magnitude and
their health consequences, especially in pregnant women and young children,
as they affect fetal and child growth, cognitive development and resistance
to infection. Although people in all population groups in all regions of the
world may be affected, the most widespread and severe problems are usually
found amongst resource poor, food insecure and vulnerable households in
developing countries. Poverty, lack of access to a variety of foods, lack of
knowledge of appropriate dietary practices and high incidence of infectious
diseases are key factors. Micronutrient malnutrition is thus a major impediment
to socio-economic development contributing to a vicious circle of under-
development and to the detriment of already underprivileged groups. It has
long-ranging effects on health, learning ability and productivity and has high
social and public costs leading to reduced work capacity due to high rates of
illness and disability.

Overcoming micronutrient malnutrition is therefore a precondition for ensur-
ing rapid and appropriate national development. This was the consensus reached
at the FAO/WHO International Conference on Nutrition (ICN) in December
1992, where 159 countries endorsed the World Declaration on Nutrition, pledg-
ing “to make all efforts to eliminate . . . iodine and vitamin A deficiencies” and
“to reduce substantially . . . other important micronutrient deficiencies, includ-
ing iron.” Since then, FAO and WHO have continued to work to achieve this
goal and in doing so have adopted four main strategies improving dietary intakes
through increased production, preservation and marketing of micronutrient-rich
foods combined with nutrition education; food fortification; supplementation;
and global public health and other disease control measures. Each of these strate-
gies have a place in eliminating micronutrient malnutrition. For maximum
impact, the right balance or mix of these mutually reinforcing strategies need to
be put in place to ensure access to consumption and utilization of an adequate
variety and quantity of safe, good-quality foods for all people of the world.
Underpinning these strategies is the realisation that when there is a dietary defi-
ciency in any one nutrient, there are likely to be other nutrient deficiencies as
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well. Consequently in the long-term, measures for the prevention and control of
micronutrient deficiencies should be based on diet diversification and consumer
education about how to choose foods that provide a balanced diet, including the
necessary vitamins and minerals.

These guidelines are meant to assist countries in the design and implemen-
tation of appropriate food fortification programmes as part of a comprehensive
food-based strategy for combating micronutrient deficiencies. Fortification of
food can make an important contribution to the reduction of micronutrient
malnutrition when and where existing food supplies and limited access fail to
provide adequate levels of certain nutrients in the diet. To ensure that the target
population will benefit from a food fortification programme, an appropriate food
vehicle must be selected that is widely consumed throughout the year by a large
portion of the population at risk of a particular deficiency. In order to reach dif-
ferent segments of the population who may have different dietary habits, select-
ing more than one food vehicle may be necessary. Fortification of a staple food
affects everyone, including the poor, pregnant women, young children and pop-
ulations that can never be completely covered by social services. In addition,
fortification reaches secondary at-risk groups, such as the elderly and those
who have an unbalanced diet. Food fortification is usually socially acceptable,
requires no change in food habits, does not alter the characteristics of the food,
can be introduced quickly, can produce nutritional benefits for the target pop-
ulation quickly, is safe, and can be a cost-effective way of reaching large target
populations that are at risk of micronutrient deficiency.

However, there are limitations on the benefits of fortification and difficulties
in its implementation and effectiveness. There may, for example, be concerns
raised about the possibility of overdose or a reluctance to fortify on human rights
grounds where consumer choice may be an issue. There may be reluctance on
the part of the food industry to fortify out of fear of insufficient market demand
for fortified foods or concern about consumer perceptions that the food product
has been altered. Food fortification also raises production costs through such
expenses as initial equipment purchases, equipment maintenance, increased pro-
duction staff needs and quality control and assurance facilities. Economically
marginalised households may not have access to such foods and other vulnera-
ble population groups, particularly children under five years of age, may not be
able to consume large enough quantities of the fortified food to satisfy an ade-
quate level of their daily requirements. All these issues need to be carefully
assessed and these are discussed in detail.

This publication is a useful guide to assist decision makers in ensuring that
the nutritionally vulnerable and at-risk populations benefit from food fortifica-
tion programmes and FAO and WHO would like to express our thanks to all
who have been involved in this process. We reaffirm our support to achieve the
Millennium Development Goals set by governments for overall nutrition
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improvement and will collaborate with international and national agencies so as
to accelerate the planning and implementation of comprehensive and sustain-
able food fortification programmes as one element of national nutrition improve-
ment policies, plans and programmes.

Kraisid Tontisirin,

Director,

Nutrition and Consumer Protection Division,
Food and Agriculture Organization

Denise C. Coitinho,

Director,

Department of Nutrition for Health and Development,
World Health Organization

XX



List of authors

Lindsay Allen

Center Director

USDA, Agricultural Research Service

Western Human Nutrition Research Center
University of California

Davis, California 95616, United States of America

Bruno de Benoist

Coordinator, Micronutrient Unit

Department of Nutrition for Health and Development
World Health Organization

CH 1201, Geneva 27, Switzerland

Omar Dary

Food fortification specialist

A2Z Outreach/The USAID Micronutrient L.eadership and Support and Child
Blindness Activity

Academy for Educational Development (AED)

Washington D.C. 20009-5721, United States of America

Richard Hurrell

Head, Human Nutrition Laboratory

Food science and Nutrition, Human Nutrition,
ETH (Swiss Federal Institute of Technology)
CH 8092 Zurich, Switzerland

Sue Horton

Professor and Chair Division of Social Sciences
Department of Economics

Munk Center for International Studies
University of Toronto (UTSC)

Toronto, Ontario M5S 3K7, Canada

XX1



GUIDELINES ON FOOD FORTIFICATION WITH MICRONUTRIENTS

Janine Lewis

Principal Nutritionist, Nutrition and Labelling programme
Food Standards Australia New Zealand

PO Box 7186

Canberra BC ACT 2610, Australia

Claudia Parvanta

Chair and Professor

Department of Social Sciences

University of the Sciences in Philadelphia
Philadelphia, Pennsylvania, United States of America

Mohammed Rahmani

Département des sciences alimentaires et nutritionnelles
Institut agronomique et vétérinaire Hassan II

BP 6202-Instituts

10101 Rabat, Morocco

Marie Ruel

Division Director

Food Consumption and Nutrition Division
International Food Policy Research Institute
Washington D.C. 20006, United States of America

Brian Thompson

Senior Officer

Nutrition and Consumer Protection Division
Food and Agriculture Organization

Via delle Terme di Caracalla

00100 Rome, Italy

XXil



Acknowledgements

Special acknowledgement is given to the following experts for their invaluable
contribution to the text and the refinement of the manuscript: Jack Bagriansky,
Rune Blomhoff, Francois Delange, Sean Lynch, Basil Mathioudakis, Suzanne
Murphy.

These guidelines were also improved by the experts who participated in the
Technical Consultation to review and comment on the manuscript convened by
WHO in Geneva in April 2003. Their valuable advice greatly improved the
clarity of the text. Those who participated were Maria Andersson, Douglas
Balentine, Denise Bienz, André Briend, Rolf Carriere, Ian Darnton-Hill,
Jose Chavez, Jose Cordero, Hector Cori, Ines Egli, Dana Faulkner, Olivier
Fontaine, Wilma Freire, Cutberto Garza, Rosalind Gibson, Joyce Greene,
Graeme Clugston, Michael Hambidge, Pieter Jooste, Venkatesh Mannar,
Reynaldo Martorell, Penelope Nestel, Ibrahim Parvanta, Poul Petersen, Peter
Ranum, Beatrice Rogers, Richard Smith, Aristide Sagbohan, Bahi Takkouche,
TessaTan Torres, Robert Tilden, Barbara Underwood, T'ina Van Den Briel, Anna
Verster, Emorn Wasantwisut and Trudy Wijnhoven. We acknowledge with grat-
itude Irwin Rosenberg for chairing the meeting in such a way that the ensuing
debate added much to the content of the guidelines.

We would like to give a special thanks to Sue Hobbs, Erin Mcl.ean, Grace
Rob and Afrah Shakori who dedicated so much of their time and patience to
make the production of the guidelines possible and to Victoria Menezes Miller
for her artistic design of the cover illustration.

We would like also to express our deep appreciation to the Government of
Luxembourg for the generous financial support it has provided for the devel-
opment of these guidelines on food fortification. This contribution has enabled
the step-by-step process that was required to establish appropriate normative
criteria for guiding WHO and FAO Member States in the implementation of
their food fortification programmes. This process included the organization of
several expert meetings to develop the guidelines and a technical consultation
to review and consolidate the guidelines.

Lastly, we wish to thank the Global Alliance for Improved Nutrition for its
support to the publication of the guidelines.

XXiil



Abbreviations

Al
CDC
CHD
DALY
DFE
DRI
DRV
EAR
EDTA
FAO
FFL
FNB
GAIN
GDP
GMP
HACCP
ICCIDD
IDD
1TH
1LO
INACG
IOM
IRLI
IVACG
IZINCG
LmL
LQAS
mFL
MI
MMR
MNM
MTL
MW

Adequate Intake

Centers for Disease Control

Coronary heart disease

Disability-adjusted life year

Dietary folate equivalents

Dietary Recommended Intake

Dietary Reference Value

Estimated Average Requirement
Ethylenediaminetetraacetic acid

Food and Agriculture Organization of the United Nations
Feasible Fortification Level

Food and Nutrition Board

Global Alliance for Improved Nutrition

Gross domestic product

Good manufacturing practice

Hazard analysis critical control point
International Council for Control of Iodine Deficiency Disorders
Todine deficiency disorders

Todine-induced hyperthroidism

International Labour Organization

International Nutritional Anemia Consultative Group
Institute of Medicine

International Resource Laboratory for Iodine
International Vitamin A Consultative Group
International Zinc Nutrition Consultative Group
Legal Minimum Level

Lot quality assurance sampling

Minimum Fortification Level

Micronutrient Initiative

Maternal mortality rate

Micronutrient malnutrition

Maximum Tolerable Level

Molecular weight

XX1V



NGO
NRV
PAHO
PAR

PEM

QA

QC

RBV
RDA

RE

RNI

RR
SUSTAIN

TBT
UNICEF
UL

USI
VAD
WEP
WHO

ABBREVIATIONS

Nongovernmental organization
Nutrient Reference Value

Pan American Health Organization
Population attributable risk
Protein—energy malnutrition
Quality assurance

Quality control

Relative bioavailability
Recommended Dietary Allowance
Retinol equivalents

Recommended Nutrient Intake
Relative risk

Sharing United States Technology to Aid in the Improvement of
Nutrition

(Agreement on) Technical Barriers to Trade
United Nations Children’s Fund
Tolerable Upper Intake Level
Universal salt iodization

Vitamin A deficiency

World Food Programme

World Health Organization

XXV



Glossary

The Average Intake (AI) is a recommended intake value 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.

Cost limit refers to the maximum acceptable increment in price of a food due
to fortification.

A Dietary Recommended Intake (DRI) is a quantitative estimate of a nutri-
ent intake that is used as a reference value for planning and assessing diets
for apparently healthy people. Examples include Als, EARs, RDAs and ULs.

Effectiveness refers to the impact of an intervention in practice. Compared to
efficacy, the effectiveness of a fortification programme will be limited by
factors such as non- or low consumption of the fortified food.

Efficacy refers to the capacity of an intervention such as fortification to achieve
the desired impact under ideal circumstances. This usually refers to experi-
mental, well-supervised intervention trials.

Enrichment is synonymous with fortification and refers to the addition of
micronutrients to a food irrespective of whether the nutrients were originally
in the food before processing or not.

Essential micronutrient refers to any micronutrient, which is needed for
growth and development and the maintenance of healthy life, that is normally
consumed as a constituent of food and cannot be synthesized in adequate
amounts by the body.

The Estimated Average Requirement (EAR) is the average (median) daily
nutrient intake level estimated to meet the needs of half the healthy individ-
uals in a particular age and gender group. The EAR is used to derive the
Recommended Dietary Allowance.

Evaluation refers to the assessment of the effectiveness and impact of the pro-
gramme on the targeted population. The aim of an evaluation is to provide
evidence that the programme is achieving its nutritional goals.

Feasible Fortification Level (FFL) is that which is determined, subject to cost
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and technological constraints, as the level that will provide the greatest
number of at-risk individual with an adequate intake without causing an unac-
ceptable risk of excess intakes in the whole population.

Food commodities are staple foods, condiments and milk.

Fortification is the practice of deliberately increasing the content of an essen-
tial micronutrient, i.e. vitamins and minerals (including trace elements) in a
food, so as to improve the nutritional quality of the food supply and provide
a public health benefit with minimal risk to health.

Legal Minimum level (LmL) is the minimum amount of micronutrient that a
fortified food must contain according to national regulations and standards.
This value is estimated by adding the intrinsic content of a micronutrient in
the food to the selected level of fortification.

Market-driven fortification refers to the situation where the food manufac-
turer takes the initiative to add one or more micronutrients to processed foods,
usually within regulatory limits, in order to increase sales and profitability.

Mass fortification refers to the addition of micronutrients to foods commonly
consumed by the general public, such as cereals, condiments and milk.

Maximum Tolerable Level (MTL) is the maximum micronutrient content that
a fortified food can present as it is established in food law, in order to mini-
mize the risk of excess intake. It should coincide or be lower than the safety
limit.

Minimum Fortification Level (mFL) is the level calculated by reducing the
Feasible Fortification Level by three standards deviations (or coefficients of
variation) of the fortification process, in order that the average coincides or
is lower than the calculated Feasible Fortification Level.

Monitoring refers to the continuous collection and review of information on
programme implementation activities for the purposes of identifying prob-
lems (such as non-compliance) and taking corrective actions so that the pro-
gramme fulfils its stated objectives.

Nutritional equivalence is achieved when an essential nutrient is added to a
product that is designed to resemble a common food in appearance, texture,
flavour and odour in amounts such that the substitute product has a similar
nutritive value, in terms of the amount and bioavailability of the added essen-
tial nutrient.

Nutrient Reference Values (NRVSs) are dietary reference values defined by the
Codex Alimentarius Commission with the aim of harmonizing the labelling
of processed foods. It is a value applicable to all members of the family aged
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3 years and over. These values are constantly reviewed based on advances in
scientific knowledge.

Nutrient requirement refers to the lowest continuing intake level of a nutrient
that will maintain a defined level of nutriture in an individual for a given cri-
terion of nutritional adequacy.

Processed foods are those in which food raw materials have been treated indus-
trially so as to preserve them. Some may be formulated by mixing several dif-
ferent ingredients.

A premix is a mixture of a micronutrient(s) and another ingredient, often
the same food that is to be fortified, that is added to the food vehicle to
improve the distribution of the micronutrient mix within the food matrix and
to reduce the separation (segregation) between the food and micronutrient
particles.

Quality assurance (QA) refers to the implementation of planned and system-
atic activities necessary to ensure that products or services meet quality stan-
dards. The performance of quality assurance can be expressed numerically
as the results of quality control exercises.

Quality control (QC) refers to the techniques and assessments used to docu-
ment compliance of the product with established technical standards, through
the use of objective and measurable indicators.

Relative bioavailability is used to rank the absorbability of a nutrient by com-
paring its absorbability with that of a reference nutrient that is considered as
having the most efficient absorbability.

Restoration is the addition of essential nutrients to foods to restore amounts
originally present in the natural product, but unavoidably lost during pro-
cessing (such as milling), storage or handling.

Recommended Dietary Allowances (RDAs) are defined by the United States
Food and Nutrition Board and are conceptually the same as the Recom-
mended Nutrient Intake (RNI), but may have a slightly different values for
some micronutrients.

The Recommended Nutrient Intake (RNI) is the daily intake that meets the
nutrient requirements of almost all apparently healthy individuals in an age-
and sex-specific population group. It is set at the Estimated Average Require-
ment plus 2 standard deviations.

Safety limit is the greatest amount of a micronutrient that can be safely added
to specific foods. It considers the UL for the nutrient and the 95" percentile
of consumption of a food, and makes allowances for the fact that the
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nutrient is also consumed in unfortified foods, and may be lost during storage
and distribution, and/or cooking.

Targeted fortification refers to the fortification of foods designed for specific
population subgroups, such as complementary weaning foods for infants.

The technological limit is the maximum level of micronutrient addition that
does not change the organoleptic or physical properties of the food.

The Tolerable Upper Intake Level (UL) is to the highest average daily nutri-
ent intake level unlikely to pose risk of adverse health effects to almost all
(97.5%) apparently healthy individuals in an age- and sex-specific population
group.

Universal fortification is equivalent to mass fortification.

Universal salt iodization (USI) refers to the addition of iodine to all salt for
both human and animal consumption.

Usual intake refers to an individual’s average intake over a relatively long period
of time.
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micronutrient malnutrition






Micronutrient malnutrition: a public
health problem

1.1 Global prevalence of micronutrient malnutrition

Micronutrient malnutrition (MNM) is widespread in the industrialized nations,
but even more so in the developing regions of the world. It can affect all age
groups, but young children and women of reproductive age tend to be among
those most at risk of developing micronutrient deficiencies. Micronutrient mal-
nutrition has many adverse effects on human health, not all of which are clini-
cally evident. Even moderate levels of deficiency (which can be detected by
biochemical or clinical measurements) can have serious detrimental effects on
human function. Thus, in addition to the obvious and direct health effects, the
existence of MNM has profound implications for economic development and
productivity, particularly in terms of the potentially huge public health costs and
the loss of human capital formation.

Worldwide, the three most common forms of MNM are iron, vitamin A and
iodine deficiency. Together, these affect at least one third of the world’s popula-
tion, the majority of whom are in developing countries. Of the three, iron defi-
ciency is the most prevalent. It is estimated that just over 2 billion people are
anaemic, just under 2 billion have inadequate iodine nutrition and 254 million
preschool-aged children are vitamin A deficient (Table 1.1).

From a public health viewpoint, MNM is a concern not just because such
large numbers of people are affected, but also because MNM, being a risk factor
for many diseases, can contribute to high rates of morbidity and even mortality.
It has been estimated that micronutrient deficiencies account for about 7.3% of
the global burden of disease, with iron and vitamin A deficiency ranking among
the 15 leading causes of the global disease burden (4).

According to WHO mortality data, around 0.8 million deaths (1.5% of the
total) can be attributed to iron deficiency each year, and a similar number
to vitamin A deficiency. In terms of the loss of healthy life, expressed in
disability-adjusted life years (DALYSs), iron-deficiency anaemia results in
25 million DALYs lost (or 2.4% of the global total), vitamin A deficiency
in 18 million DALYs lost (or 1.8% of the global total) and iodine deficiency
in 2.5 million DALYSs lost (or 0.2% of the global total) (4).

The scale and impact of deficiencies in other micronutrients is much more
difficult to quantify, although it is likely that some forms of MNM, including
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TABLE 1.1
Prevalence of the three major micronutrient deficiencies by WHO region
WHO Anaemia® Insufficient Vitamin A
region (total population) iodine intake® deficiency®
(total (preschool children)
population)
No. % of No. % of No. % of
(millions) total (millions) total (millions) total
Africa 244 46 260 43 53 49
Americas 141 19 75 10 16 20
South-East Asia 779 57 624 40 127 69
Europe 84 10 436 57 No data available
Eastern 184 45 229 54 16 22
Mediterranean
Western Pacific 598 38 365 24 42 27
Total 2030 37 1989 35 254 42

# Based on the proportion of the population with haemoglobin concentrations below estab-

lished cut-off levels.

Based on the proportion of the population with urinary iodine <100ug/I.

¢ Based on the proportion of the population with clinical eye signs and/or serum retinol
<0.70umol/l.

b

Sources: references (1-3).

zinc, folate and vitamin D deficiency, make a substantial contribution to the
global burden of disease. However, there are few data on the prevalence of defi-
ciencies in these micronutrients, and as their adverse effects on health are some-
times non-specific, the public health implications are less well understood.

In the poorer regions of the world, MNM is certain to exist wherever there
is undernutrition due to food shortages and is likely to be common where diets
lack diversity. Generally speaking, whereas wealthier population groups are able
to augment dietary staples with micronutrient-rich foods (such as meat, fish,
poultry, eggs, milk and dairy products) and have greater access to a variety of
fruits and vegetables, poorer people tend to consume only small amounts of such
foods, relying instead on more monotonous diets based on cereals, roots and
tubers. The micronutrient content of cereals (especially after milling), roots and
tubers is low, so these foods typically provide only a small proportion of the daily
requirements for most vitamins and minerals. Fat intake among such groups is
also often very low and given the role of fat in facilitating the absorption of a
range of micronutrients across the gut wall, the low level of dietary fat puts such
populations at further risk of MNM. Consequently, populations that consume
few animal source foods may suffer from a high prevalence of several micro-
nutrient deficiencies simultaneously.

In the wealthier countries, higher incomes, greater access to a wider variety
of micronutrient-rich and fortified foods, and better health services, are all
factors that contribute to the lowering of the risk and prevalence of MNM.
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However, consumption of a diet that contains a high proportion of energy-dense
but micronutrient-poor processed foods can put some population groups at risk
of MNM. Although at present this practice is more common in industrialized
countries, it is rapidly becoming more prevalent among countries undergoing
social and economic transition.

Table 1.2 provides an overview of the prevalence, risk factors, and health con-
sequences of deficiencies in each of the 15 micronutrients covered in thesee
guidelines. For reasons stated above, prevalence estimates are only provided for
iron vitamin A and iodine deficiencies. Further information is available from the
WHO Vitamin and Mineral Nutrition Information System'.

Up until the 1980s, efforts to alleviate undernutrition in developing countries
were focused on protein—energy malnutrition (PEM). While PEM certainly
remains an important concern, we have since come to appreciate the signifi-
cance of micronutrient malnutrition in terms of its effect on human health and
function. As a result, the past two decades have seen an increase in activities that
seek to understand and control specific micronutrient deficiencies (7). Efforts
to control iodine deficiency in developing countries, for example, were given
new impetus in the early 1980s when it was recognized that iodine deficiency
was the most common cause of preventable brain damage and mental retarda-
tion in childhood (8,9). There were also reports of increased risks of stillbirths
and low-birth-weight infants in iodine deficient areas (10,11). Importantly, the
technology to prevent iodine deficiency — salt iodization — already existed and,
moreover, was easy to implement and affordable even by governments with
limited health budgets. It therefore seemed likely that salt iodization could be a
feasible option for preventing iodine deficiency on a global scale.

Similarly, having established that vitamin A status is an important determi-
nant of child survival — in addition to preventing and treating eye disorders, sup-
plementation of vitamin A-deficient children lowers their risk of morbidity
(particularly that related to severe diarrhoea), and reduces mortality from
measles and all-cause mortality (12,13) — measures to control vitamin A defi-
ciency have been initiated in several world regions. Reports that iron supple-
mentation of iron-deficient individuals can improve cognitive function, school
performance and work capacity (14,15), and that severe anaemia increases the
risk of maternal and child mortality (16), have provided a strong rationale for
iron interventions. Intervention trials have also revealed that zinc supplementa-
tion improves the growth of stunted, zinc-deficient children (17), lowers rates
of diarrhoea and pneumonia (the two leading causes of child death), and short-
ens the duration of diarrhoeal episodes (18,19).

In the wake of such accumulated evidence, the international community has
increasingly come to recognize the public health importance of MNM. In 1990,

! See http://www.who.int/nutrition/en
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1. MICRONUTRIENT MALNUTRITION: A PUBLIC HEALTH PROBLEM

the World Health Assembly passed a landmark resolution urging action by
Member States “to prevent and control iodine deficiency disorders” (20). Later
that year, at the World Summit for Children, the world’s leaders endorsed the
“virtual elimination of iodine and vitamin A deficiency and a reduction of the
prevalence of iron-deficiency anaemia in women by one third”. These goals have
been reiterated at a number of subsequent international fora, including the
Montreal conference on Ending Hidden Hunger in 1991, the 1992 FAO/WHO
International Conference on Nutrition held in Rome, the 1993 World Health
Assembly held in Geneva, and the Special Session on Children of the United
Nations General Assembly, which was held in New York in 2002. There has been
remarkable degree of consensus and support for MNM control between gov-
ernments, United Nations agencies, multilateral and bilateral agencies, academic
and research institutions, nongovernmental organizations (NGOs) and donor
foundations. More recently, following recognition of the essential role played by
industry — in particular, the salt, food and drug industries — stronger links with
the private sector have been forged. This is reflected by the implementation of
several public—private coalitions aimed at addressing the main micronutrient
deficiencies, which include the Global Alliance for Improved Nutrition' and The
Global Network for Sustained Elimination of Iodine Deficiency?.

1.2 Strategies for the control of micronutrient malnutrition

The control of vitamin and mineral deficiencies is an essential part of the overall
effort to fight hunger and malnutrition. Countries need to adopt and support a
comprehensive approach that addresses the causes of malnutrition and the often
associated “hidden hunger” which rest intinsic to in poverty and unsustainable
livelihoods. Actions that promote an increase in the supply, access, consump-
tion and utilization of an adequate quantity, quality and variety of foods for all
populations groups should be supported. The aim is for all people to be able to
obtain from their diet all the energy, macro- and micronutrients they need to
enjoy a healthy and productive life.

Policy and programme responses include food-based strategies such as
dietary diversification and food fortification, as well as nutrition education,
public health and food safety measures, and finally supplementation. These
approaches should be regarded as complementary, with their relative importance
depending on local conditions and the specific mix of local needs.

Of the three options that are aimed at increasing the intake of micronutrients,
programmes that deliver micronutrient supplements often provide the fastest
improvement in the micronutrient status of individuals or targeted population

! See http://www.gainhealth.org.
2 See http://www.iodinenetwork.net.
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GUIDELINES ON FOOD FORTIFICATION WITH MICRONUTRIENTS

groups. Food fortification tends to have a less immediate but nevertheless a
much wider and more sustained impact. Although increasing dietary diversity
is generally regarded as the most desirable and sustainable option, it takes the
longest to implement.

1.2.1 Increasing the diversity of foods consumed

Increasing dietary diversity means increasing both the quantity and the range of
micronutrient-rich foods consumed. In practice, this requires the implementa-
tion of programmes that improve the availability and consumption of, and access
to, different types of micronutrient-rich foods (such as animal products, fruits
and vegetables) in adequate quantities, especially among those who at risk for,
or vulnerable to, MNM. In poorer communities, attention also needs to be paid
to ensuring that dietary intakes of oils and fats are adequate for enhancing the
absorption of the limited supplies of micronutrients.

Increasing dietary diversity is the preferred way of improving the nutrition of
a population because it has the potential to improve the intake of many food
constituents — not just micronutrients — simultaneously. Ongoing research sug-
gests that micronutrient-rich foods also provide a range of antioxidants and
probiotic substances that are important for protection against selected non-
communicable diseases and for enhancing immune function. However, as a
strategy for combating MNM, increasing dietary diversity is not without its lim-
itations, the main one being the need for behaviour change and for education
about how certain foods provide essential micronutrients and other nutritive
substances. A lack of resources for producing and purchasing higher quality
foods can sometimes present a barrier to achieving greater dietary diversity,
especially in the case of poorer populations. The importance of animal source
foods for dietary quality is increasingly being recognized, and innovative
approaches to increase their production and consumption in poorer regions of
the world are currently being explored (21). Efforts are also underway to help
poorer communities identify, domesticate and cultivate traditional and wild
micronutrient-rich foods as a simple and affordable means of satisfying
micronutrient needs (22-24).

For infants, ensuring a diet of breast milk is an effective way of preventing
micronutrient deficiencies. In much of the developing world, breast milk is the
main source of micronutrients during the first year of life (with the exception
of iron). Exclusive breastfeeding for the first 6 months of life and continuation
into the second year should thus be promoted. Moreover, all lactating women
should be encouraged to consume a healthful and varied diet so that adequate
levels of micronutrients are secreted in their milk. After the age of 6 months, it
is important that the complementary foods provided to breast-fed infants are as
diverse and as rich in micronutrients as possible.

12



1. MICRONUTRIENT MALNUTRITION: A PUBLIC HEALTH PROBLEM

1.2.2 Food fortification

Food fortification refers to the addition of micronutrients to processed foods.
In many situations, this strategy can lead to relatively rapid improvements
in the micronutrient status of a population, and at a very reasonable cost,
especially if advantage can be taken of existing technology and local distri-
bution networks. Since the benefits are potentially large, food fortification
can be a very cost-effective public health intervention. However, an obvious
requirement is that the fortified food(s) needs to be consumed in adequate
amounts by a large proportion of the target individuals in a population. It is
also necessary to have access to, and to use, fortificants that are well absorbed
yet do not affect the sensory properties of foods. In most cases, it is preferable
to use food vehicles that are centrally processed, and to have the support of the
food industry.

Fortification of food with micronutrients is a valid technology for reducing
micronutrient malnutrition as part of a food-based approach when and where
existing food supplies and limited access fail to provide adequate levels of the
respective nutrients in the diet. In such cases, food fortification reinforces and
supports ongoing nutrition improvement programmes and should be regarded
as part of a broader, integrated approach to prevent MNM, thereby comple-
menting other approaches to improve micronutrient status.

1.2.3 Supplementation

Supplementation is the term used to describe the provision of relatively large
doses of micronutrients, usually in the form of pills, capsules or syrups. It has
the advantage of being capable of supplying an optimal amount of a specific
nutrient or nutrients, in a highly absorbable form, and is often the fastest way
to control deficiency in individuals or population groups that have been identi-
fied as being deficient.

In developing countries, supplementation programmes have been widely used
to provide iron and folic acid to pregnant women, and vitamin A to infants, chil-
dren under 5 years of age and postpartum women. Because a single high-dose
vitamin A supplement improves vitamin A stores for about 4—6 months, sup-
plementation two or three times a year is usually adequate. However, in the case
of the more water-soluble vitamins and minerals, supplements need to be con-
sumed more frequently. Supplementation usually requires the procurement and
purchase of micronutrients in a relatively expensive pre-packaged form, an
effective distribution system and a high degree of consumer compliance (espe-
cially if supplements need to be consumed on a long-term basis). A lack of sup-
plies and poor compliance are consistently reported by many supplementation
programme managers as being the main barriers to success.

13
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1.2.4 Public health measures

In addition to the specific interventions outlined above, public health measures
of a more general nature are often required to help prevent and correct MNM,
because MNM is often associated with poor overall nutritional status and with
a high prevalence of infection. Such measures include infection control (e.g.
immunization, malaria and parasite control), and improvement of water and san-
itation. Other factors, such as the quality of child care and maternal education,
also need to be taken into consideration when developing public health responses
to MNM.

1.3 Food fortification in practice

Food fortification has a long history of use in industrialized countries for the
successful control of deficiencies of vitamins A and D, several B vitamins (thi-
amine, riboflavin and niacin), iodine and iron. Salt iodization was introduced in
the early 1920s in both Switzerland (25) and the United States of America (26)
and has since expanded progressively all over the world to the extent that iodized
salt is now used in most countries. From the early 1940s onwards, the fortifi-
cation of cereal products with thiamine, riboflavin and niacin became common
practice. Margarine was fortified with vitamin A in Denmark and milk with
vitamin D in the United States. Foods for young children were fortified with
iron, a practice which has substantially reduced the risk of iron-deficiency
anaemia in this age group. In more recent years, folic acid fortification of wheat
has become widespread in the Americas, a strategy adopted by Canada and the
United States and about 20 Latin American countries.

In the less industrialized countries, fortification has become an increasingly
attractive option in recent years, so much so that planned programmes have
moved forward to the implementation phase more rapidly than previously
thought possible. Given the success of the relatively long-running programme
to fortify sugar with vitamin A in Central America, where the prevalence of
vitamin A deficiency has been reduced considerably, similar initiatives are being
attempted in other world regions. Currently, the first sugar fortification experi-
ence in sub-Saharan Africa is taking place in Zambia, and if successful will be
emulated elsewhere. Darnton-Hill and Nalubola (27) have identified at least 27
developing countries that could benefit from programmes to fortify one or more
foods.

Despite apparent past successes, to date, very few fortification programmes
have formally evaluated their impact on nutritional status. However, without a
specific evaluation component, once a fortification programme has been initi-
ated, it is difficult to know whether subsequent improvements in the nutritional
status of a population are due to the intervention or to other changes, such as,
improvements in socioeconomic status or in public health provision, that

14



1. MICRONUTRIENT MALNUTRITION: A PUBLIC HEALTH PROBLEM

occurred over the same period of time. Evidence that food fortification pro-
grammes do indeed improve nutritional status has therefore tended to come
from either efficacy trials and/or reports of programme effectiveness. Efficacy
trials, i.e. trials conducted in controlled feeding situations, are relatively numer-
ous and have usefully documented the impact of fortified foods on nutritional
status and other outcomes. Evidence of programme effectiveness, which is
obtained by assessing changes in nutritional status and other outcomes once
a programme has been implemented, is less widely available. Of the few
effectiveness studies that have been conducted, even fewer included a non-
intervention control group, an omission that weakens the evidence that can be
obtained from studies of this type.

1.3.1 Efficacy trials

As indicated above, efficacy trials evaluate the impact of a test intervention under
ideal circumstances. In the case of food fortification, this typically involves all
test subjects consuming a known amount of the fortified food. In the majority
of efficacy trials conducted to date, fortified foods have been shown to improve
micronutrient status. Selected examples, involving a range of micronutrients, are
briefly described below. The general principles of programme impact evalua-
tion, including the design of efficacy trials, are discussed in greater detail in
Chapter 8 of these guidelines.

1.3.1.1 lIron fortification

In Viet Nam, 6-month efficacy trials have established that fortification of fish
sauce with iron can significantly improve iron status and reduce anaemia and
iron deficiency (28). The subjects were non-pregnant anaemic female factory
workers who consumed 10ml per day of a sauce that was fortified with 100 mg
iron (as NaFeEDTA) per 100 ml. Figure 1.1 illustrates the effect of the inter-
vention on iron deficiency and iron-deficiency anaemia; both were significantly
reduced after 6 months in the group receiving the fortified sauce relative to the
placebo control group.

In China, a series of studies have been conducted to assess the efficacy, effec-
tiveness and feasibility of fortifying soy sauce with iron (in the form of
NaFeEDTA). Daily consumption of 5mg or 20mg iron in the fortified sauce
was reported to be very effective in the treatment of iron-deficiency anaemia in
children; positive effects were seen within 3 months of the start of the inter-
vention (J. Chen, cited in (29). In a double-blind placebo-controlled effective-
ness trial of the iron-fortified sauce, involving about 10000 children and women,
a reduction in the prevalence of anaemia was observed within 6 months (see
also section 1.3.2.2).

15
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FIGURE 1.1

Effect of iron fortification of fish sauce on iron status of non-pregnant
anaemic female Vietnamese factory workers
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Prevalence of iron deficiency and iron deficiency anaemia at baseline, and after 3
and 6 months of intervention in the iron intervention group B (10 mg iron/day in
NaFeEDTA-fortified fish sauce (n= 64)) and the control group I (n= 72) in anaemic
Viethamese women.

Source: reproduced from reference (28), with the permission of the publishers.

In an iron-deficient Indian population in South Africa, fortification of curry
powder with NaFeEDTA produced significant improvements in blood haemo-
globin, ferritin levels and iron stores in women, and in ferritin levels in men (30).
During the 2-year study, the prevalence of iron-deficiency anaemia in women
fell from 22% to just 5%.

Regrettably, well-designed trials of the impact of iron fortification of flour are
lacking at the present time.

1.3.1.2 Vitamin A fortification

Trials conducted in the Philippines have revealed that fortification of
monosodium glutamate with vitamin A produces positive effects on child mor-
tality, and improved growth and haemoglobin levels in children (31). Later
studies with preschool-aged children, who consumed 27 g of vitamin A-fortified
margarine per day for a period of 6 months, reported a reduction in the pre-
valence of low serum retinol concentrations from 26% to 10% (32). Wheat
flour fortified with vitamin A and fed as buns to Filipino schoolchildren for 30
weeks had the effect of halving the number that had low liver stores of the
vitamin (33).

1.3.1.3 Multiple fortification

A number of trials have evaluated the efficacy of specially-formulated foods and
beverages as vehicles for multiple fortification. In South Africa, for example, for-

16



1. MICRONUTRIENT MALNUTRITION: A PUBLIC HEALTH PROBLEM

tification of biscuits with iron, B-carotene and iodine improved the status of all
of these nutrients in schoolchildren (34). Vitamin A and iron status deteriorated
during the long school holidays when the biscuits were not fed. Fortification
of a flavoured beverage with 10 micronutrients increased serum retinol and
reduced iron deficiency in Tanzanian schoolchildren, and also improved
their growth rates (35). Similarly, in Botswana, regular consumption of a 12-
micronutrient enriched beverage by school-aged children increased their weight
gain and mid-upper arm circumference, and improved their iron, folate,
riboflavin and zinc status (36).

1.3.2 Effectiveness evaluations

The aim of an effectiveness evaluation is to assess the impact of an intervention
or programme in actual practice, as opposed to under controlled conditions.
Because of factors such as the lack of consumption of the fortified food, the
magnitude of the impact of an intervention is likely to be less than that in an
efficacy trial (see also Chapter 8: Monitoring and evaluation).

1.3.2.1 lodine fortification

Numerous studies, particularly from the developed world, have clearly estab-
lished that salt iodization is an effective means of controlling iodine deficiency.
In the United States, large-scale iodization of salt in Michigan reduced the goitre
rate from about 40% to below 10% (26). In the early 20th century almost all
Swiss schoolchildren had goitre and 0.5% of the population had cretinism. When
salt iodization was introduced in 1922, the prevalence of goitre and deaf mutism
in children dropped dramatically. Since then, a sustained salt iodization pro-
gramme has ensured an adequate iodine status among the whole Swiss popula-
tion (25). Despite such convincing evidence in support of salt iodization, in as
recently as 2003, it was estimated that 54 countries still have inadequate iodine
nutrition (i.e. median urinary iodine < 100ug/1) (2).

1.3.2.2 Iron fortification

The effectiveness of iron fortification has been demonstrated in several world
regions. Iron fortification of infant formulas has been associated with a fall in
the prevalence of anaemia in children aged under 5 years in the United States
(37,38). In Venezuela, wheat and maize flours have been fortified with iron (as
a mixture of ferrous fumarate and elemental iron), vitamin A and various B vita-
mins since 1993. A comparison of the prevalence of iron deficiency and anaemia
pre- and post-intervention showed a significant reduction in the prevalence of
these conditions in children (39). Fortification of milk with iron and vitamin C
(ascorbic acid) in Chile produced a rapid reduction in the prevalence of iron
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deficiency in infants and young children (40,41). The effectiveness of the forti-
fication of soy sauce with iron is currently being evaluated in a population of
10000 Chinese women and children with a high risk of anaemia. Preliminary
results of the 2-year double-blind placebo-controlled study have shown a reduc-
tion in anaemia prevalence rates for all age groups after the first 6 months
(J. Chen, cited in (29).

Unfortunately, very few other iron fortification programmes have been eval-
uated. Information about the efficacy and effectiveness of flour fortification in
particular is urgently needed (42).

1.3.2.3 Combined iron and iodine fortification

A randomized, double-blind effectiveness trial in Moroccan schoolchildren
(n=367) has demonstrated that the dual fortification of salt with iron and iodine
can improve both iron and iodine status (43). Results of the 40-week trial, in
which salt was fortified with iron at a level of 1 mg Fe/g salt (as ferrous sulfate
microencapsulated with partially hydrogenated vegetable oil) are summarized in
Figure 1.2. In addition to improved iron status, by the end of the trial the iron-
fortified group had significantly lower thyroid volumes. Because iron is required
for thyroxine synthesis, iron deficiency reduces the efficacy of iodine prophy-
laxis. Thus, by supplying both iodine and iron, the impact of iodine fortification
is maximized.

FIGURE 1.2

Effect of dual-fortified salt (iron and iodine) on the iron status of Moroccan
schoolchildren
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The probability of iron deficiency anaemia (IDA) and iron deficiency without anaemia
(ID) was significantly less in 6-15 year-old children receiving dual-fortified salt (DFS)
containing both iron and iodine (n = 183) than in those receiving iodized salt (IS) (n
= 184). For both IDA and ID without anaemia, the difference between the IS and DFS
groups increased significantly with time (P < 0.01).

Source: reproduced from reference (44).
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1.3.2.4 Vitamin A fortification

Fortification of sugar with vitamin A is a strategy that has been used extensively
throughout Central America. Starting in Guatemala in 1974, and extending to
other countries in the region in subsequent years, the effect of this programme
has been to reduce the prevalence of low serum retinol values — from 27% in
1965 to 9% in 1977 (45,46). There is also evidence to suggest that sugar forti-
fication substantially increases the concentration of vitamin A in breast milk
(47). When the programme was temporarily discontinued in parts of the region,
the prevalence of low serum retinol again increased. Vitamin A fortification of
sugar is, however, still ongoing in Guatemala.

1.3.2.5 Folic acid fortification

The introduction of the mandatory fortification of wheat flour with folic acid in
the United States in 1998 was accompanied by a significant reduction in the
prevalence of neural tube defects (48) and in plasma levels of homocysteine.
(Elevated plasma homocysteine has been identified as a risk factor for cardio-
vascular disease and other health problems (49). Even though these outcomes
may have been due to other factors, there was certainly an increase in folate
intakes (50) and an improvement in folate status (49) among the population in
the period immediately following the implementation of the new legislation.
Similar improvements in folate status have been seen after the commencement
of folic acid fortification of wheat flour in Canada (51) (see Figure 1.3).

FIGURE 1.3

Effect of flour fortification with folic acid on the folate status of elderly
Canadian women

30

Serum folate (nmol/l)

1996 1997 1998 1999 2000
Year

Serum folate concentrations in a cross-section of 15664 Canadian women aged 65
years and older in relation to the introduction of flour fortification in mid-1997. Data
are presented as mean values (solid line) with 95% confidence limits (dotted lines)

Source: reproduced from reference (53), with the permission of the publishers.
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Likewise, in Chile, a national programme of flour fortification with folic acid
increased serum folate and reduced serum homocysteine in a group of elderly
people (52).

1.3.2.6 Fortification with other B vitamins

Beriberi, riboflavin deficiency, pellagra and anaemia were relatively widespread
public health problems during the 1930s in several countries, including the
United States. In an attempt to reduce the prevalence of these conditions, a
decision was taken to add thiamine, riboflavin, niacin and iron to wheat flour.
With the implementation of fortification programmes for these micronutrients
during the early 1940s in the United States and in some European countries,
these deficiencies largely disappeared (54). While it can be argued that
other factors — such as improved dietary diversity — also played a role, enriched
flour continues to make an important contribution to meeting recommended
nutrient intakes for the B-complex vitamins and iron in these and many other
countries today.

1.3.2.7 Vitamin D fortification

The virtual elimination of childhood rickets in the industrialized countries has
been largely attributed to the addition of vitamin D to milk, a practice that com-
menced in the 1930s in Canada and the United States. However, there are some
signs that rickets is re-emerging as a public health problem in these countries
(55). In a recent study of African American women, a low intake of vitamin D
fortified milk was found to be a significant predictor of a high prevalence of
vitamin D deficiency (56). Vitamin D fortification of milk also reduces the risk
of osteoporosis in the elderly, especially in higher latitude regions where levels
of incident ultraviolet light are lower during the winter months (57,58).

1.4 Advantages and limitations of food fortification as a
strategy to combat MNM

Being a food-based approach, food fortification offers a number of advantages
over other interventions aimed at preventing and controlling MNM. These
include:

e If consumed on a regular and frequent basis, fortified foods will maintain
body stores of nutrients more efficiently and more effectively than will inter-
mittent supplements. Fortified foods are also better at lowering the risk of the
multiple deficiencies that can result from seasonal deficits in the food supply
or a poor quality diet. This is an important advantage to growing children
who need a sustained supply of micronutrients for growth and development,
and to women of fertile age who need to enter periods of pregnancy and
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lactation with adequate nutrient stores. Fortification can be an excellent way
of increasing the content of vitamins in breast milk and thus reducing the
need for supplementation in postpartum women and infants.

Fortification generally aims to supply micronutrients in amounts that appro-
ximate to those provided by a good, well-balanced diet. Consequently,
fortified staple foods will contain “natural” or near natural levels of micronu-
trients, which may not necessarily be the case with supplements.

Fortification of widely distributed and widely consumed foods has the poten-
tial to improve the nutritional status of a large proportion of the population,
both poor and wealthy.

Fortification requires neither changes in existing food patterns — which are
notoriously difficult to achieve, especially in the short-term — nor individual
compliance.

In most settings, the delivery system for fortified foods is already in place,
generally through the private sector. The global tendency towards urbaniza-
tion means that an ever increasing proportion of the population, including
that in developing countries is consuming industry-processed, rather than
locally-produced, foods. This affords many countries the opportunity to
develop effective strategies to combat MNM based on the fortification of
centrally-processed dietary staples that once would have reached only a very
small proportion of the population.

Multiple micronutrient deficiencies often coexist in a population that has a
poor diet. It follows that multiple micronutrient fortification is frequently
desirable. In most cases, it is feasible to fortify foods with several micro-
nutrients simultaneously.

It is usually possible to add one or several micronutrients without adding sub-
stantially to the total cost of the food product at the point of manufacture.

When properly regulated, fortification carries a minimal risk of chronic
toxicity.

Fortification is often more cost-effective than other strategies, especially if the
technology already exists and if an appropriate food distribution system is in
place (59,60).

Although it is generally recognized that food fortification can have an enormous
positive impact on public health, there are, however, some limitations to this
strategy for MNM control:

e While fortified foods contain increased amounts of selected micronutrients,

they are not a substitute for a good quality diet that supplies adequate
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amounts of energy, protein, essential fats and other food constituents required
for optimal health.

* A specific fortified foodstuff might not be consumed by all members of a
target population. Conversely, everyone in the population is exposed to
increased levels of micronutrients in food, irrespective of whether or not they
will benefit from fortification.

e Infants and young children, who consume relatively small amounts of food,
are less likely to be able to obtain their recommended intakes of all micro-
nutrients from universally fortified staples or condiments alone; fortified com-
plementary foods may be appropriate for these age groups. It is also likely
that in many locations fortified foods will not supply adequate amounts
of some micronutrients, such as iron for pregnant women, in which case
supplements will still be needed to satisfy the requirements of selected
population groups.

» Fortified foods often fail to reach the poorest segments of the general popu-
lation who are at the greatest risk of micronutrient deficiency. This is because
such groups often have restricted access to fortified foods due to low pur-
chasing power and an underdeveloped distribution channel. Many under-
nourished population groups often live on the margins of the market
economy, relying on own-grown or locally produced food. Availability, access
and consumption of adequate quantities and a variety of micronutrient-rich
foods, such as animal foods and fruits and vegetables, is limited. Access to
the food distribution system is similarly restricted and these population
groups will purchase only small amounts of processed foods. Rice produc-
tion, in particular, tends to be domestic or local, as does maize production.
In populations who rely on these staples, it may be difficult to find an appro-
priate food to fortify. Fortification of sugar, sauces, seasonings and other
condiments may provide a solution to this problem in some countries, if such
products are consumed in sufficient amounts by target groups.

* Very low-income population groups are known to have coexisting multiple
micronutrient deficiencies, as a result of inadequate intakes of the traditional
diet. Although multiple micronutrient fortification is technically possible, the
reality is that the poor will be unable to obtain recommended intakes of all
micronutrients from fortified foods alone.

» Technological issues relating to food fortification have yet to be fully resolved,
especially with regard to appropriate levels of nutrients, stability of fortifi-
cants, nutrient interactions, physical properties, as well as acceptability by
consumers including cooking properties and taste (see Part III).
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e 'The nature of the food vehicle, and/or the fortificant, may limit the amount
of fortificant that can be successfully added. For example, some iron fortifi-
cants change the colour and flavour of many foods to which they are added,
and can cause the destruction of fortificant vitamin A and iodine. Ways of
solving some of these problems (e.g. microencapsulation of fortificants with
protective coatings) have been developed, but some difficulties remain (see
Part II1).

e While it is generally possible to add a mixture of vitamins and minerals to rel-
atively inert and dry foods, such as cereals, interactions can occur between
fortificant nutrients that adversely affect the organoleptic qualities of the food
or the stability of the nutrients. Knowledge is lacking about the quantitative
impact of interactions among nutrients that are added as a mixture on the
absorption of the individual nutrients. This complicates the estimation of how
much of each nutrient should be added. For example, the presence of large
amounts of calcium can inhibit the absorption of iron from a fortified food;
the presence of vitamin C has the opposite effect and increases iron
absorption.

* Although often more cost-effective than other strategies, there are neverthe-
less significant costs associated with the food fortification process, which
might limit the implementation and effectiveness of food fortification pro-
grammes. These typically include start-up costs, the expense of conducting
trials for micronutrient levels, physical qualities and taste, a realistic analysis
of the purchasing power of the expected beneficiaries, the recurrent costs
involved in creating and maintaining the demand for these products, as well
as the cost of an effective national surveillance system to ensure that fortifi-
cation is both effective and safe (see Chapter 9).

To ensure their success and sustainability, especially in resource-poor countries,
food fortification programmes should be implemented in concert with poverty
reduction programmes and other agricultural, health, education and social inter-
vention programmes that promote the consumption and utilization of adequate
quantities of good quality nutritious foods among the nutritionally vulnerable.
Food fortification should thus be viewed as a complementary strategy for
improving micronutrient status.
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Food fortification: basic principles

Food fortification is usually regarded as the deliberate addition of one or more
micronutrients to particular foods, so as to increase the intake of these micro-
nutrient(s) in order to correct or prevent a demonstrated deficiency and provide
a health benefit. The extent to which a national or regional food supply is for-
tified varies considerably. The concentration of just one micronutrient might be
increased in a single foodstuff (e.g. the iodization of salt), or, at the other end
of the scale, there might be a whole range of food—micronutrient combinations.
The public health impact of food fortification depends on a number of param-
eters, but predominantly the level of fortification, the bioavailability of the for-
tificants, and the amount of fortified food consumed. As a general rule, however,
the more widely and regularly a fortified food is consumed, the greater the pro-
portion of the population likely to benefit from food fortification.

2.1 Terminology
2.1.1 Food fortification

For the purpose of these guidelines, food fortification is defined as the practice
of deliberately increasing the content of essential' micronutrients — that is to say,
vitamins and minerals (including trace elements) — in a food so as to improve
the nutritional quality of the food supply and to provide a public health benefit
with minimal risk to health. The public health benefits of fortification may either
be demonstrable, or indicated as potential or plausible by generally accepted sci-
entific research, and include:

¢ Prevention or minimization of the risk of occurrence of micronutrient defi-
ciency in a population or specific population groups.

* Contribution to the correction of a demonstrated micronutrient deficiency in
a population or specific population groups.

! The word “essential” means any substance that is normally consumed as a constituent of food
which is needed for growth and development and the maintenance of healthy life and which
cannot be synthesized in adequate amounts by the body (61).
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¢ A potential for an improvement in nutritional status and dietary intakes that
may be, or may become, suboptimal as a result of changes in dietary
habits/lifestyles.

e Plausible beneficial effects of micronutrients consistent with maintaining or
improving health (e.g. there is some evidence to suggest that a diet rich in
selected anitoxidants might help to prevent cancer and other diseases).

The Codex General Principles for the Addition of Essential Nutrients to Foods (61)
defines “fortification”, or synonymously “enrichment”, as “the addition of one
or more essential nutrients to a food whether or not it is normally contained in
the food, for the purpose of preventing or correcting a demonstrated deficiency
of one or more nutrients in the population or specific population groups”.
The Codex General Principles go on to state that the first-mentioned condi-
tion for the fulfilment of any fortification programme “should be a demonstrated
need for increasing the intake of an essential nutrient in one or more pop-
ulation groups. This may be in the form of actual clinical or subclinical evidence
of deficiency, estimates indicating low levels of intake of nutrients or possible
deficiencies likely to develop because of changes taking place in food
habits” (61).

The broad definition of fortification used in these guidelines extends the inter-
pretation of public health need prescribed by the Codex General Principles for
the Addition of Essential Nutrients to Foods (61) in that it also incorporates plau-
sible public health benefits that may be derived from increased micronutrient
intakes (as opposed to merely demonstrable benefits), based on new and evolv-
ing scientific knowledge. The broader definition thus encompasses the growing
range of different types of food fortification initiatives that have been imple-
mented in recent years in response to an increasingly diverse set of public health
circumstances.

Clearly, the public health significance of the potential benefits of food
fortification is primarily a function of the extent of the public health problem.
Generally speaking, therefore, when deciding to implement a fortification
programme, priority should be given to controlling those nutrient deficiencies
that are most common in the population and that have the greatest adverse effect
on health and function. In Part II of these guidelines, appropriate criteria that
can be applied to the determination of the significance of the public health
problem are described; these criteria are largely expressed in terms of the preva-
lence and severity of MNM. Ideally this should be determined at the country
or regional level.

2.1.2 Related codex terminology

The following definitions are used in these guidelines as follows:
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* Restoration is the addition of essential nutrients to foods to restore amounts
originally present in the natural product that are unavoidably lost during pro-
cessing (e.g. milling), storage or handling.

e Nutritional equivalence is achieved when an essential nutrient is added to a
product that is designed to resemble a common food in appearance, texture,
flavour and odour in amounts such that the substitute product has a similar
nutritive value, in terms of the amount and bioavailability of the added essen-
tial nutrient. An example is the addition of vitamin A to margarine sold as a
butter substitute, in an amount equal to butter’s natural content.

o Appropriate nutrient composition of a special purpose food describes the addition
of an essential nutrient to a food that is designed to perform a specific func-
tion (such as meal replacement or a complementary food for young children),
or that is processed or formulated to satisfy particular dietary requirements,
in amounts that ensure that the nutrient content of the food is adequate and
appropriate for its purpose.

Whereas restoration and nutritional equivalence are strategies aimed at correct-
ing food supply changes that could otherwise adversely affect public health, the
term “fortification” tends to be reserved for essential nutrient additions that
address specific public health needs. Nevertheless, all the Codex categories of
nutrient additions adopt, albeit to a varying degree, the general aim of provid-
ing a public health benefit.

2.2 Types of fortification

Food fortification can take several forms. It is possible to fortify foods that are
widely consumed by the general population (mass fortification'), to fortify foods
designed for specific population subgroups, such as complementary foods for
young children or rations for displaced populations (targeted fortification)
and/or to allow food manufacturers to voluntarily fortify foods available in the
market place (market-driven fortification?).

Generally speaking, mass fortification is nearly always mandatory, targeted
fortification can be either mandatory or voluntary depending on the public
health significance of the problem it is seeking to address, and market-driven
fortification is always voluntary, but governed by regulatory limits (Figure 2.1).
The choice between mandatory or voluntary food fortification usually depends
on national circumstances. For example, in countries where a large proportion
of maize flour is produced by small mills, enforcement of mandatory fortifica-

! Mass fortification is sometimes called “universal fortification”.
2 Market-driven fortification is sometimes called “industry-driven fortification”, “open-market” or
“free-market” fortification.
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FIGURE 2.1

The interrelationships between the levels of coverage and compliance and the
different types of food fortification
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tion might be impractical. Under such circumstances, one option would be, if
feasible, to allow small mills to fortify their product on a voluntary basis but fol-
lowing specified regulations.

Specific groups

2.2.1 Mass fortification

As indicated above, mass fortification is the term used to describe the addition
of one or more micronutrients to foods commonly consumed by the general
public, such as cereals, condiments and milk. It is usually instigated, mandated
and regulated by the government sector.

Mass fortification is generally the best option when the majority of the pop-
ulation has an unacceptable risk, in terms of public health, of being or becom-
ing deficient in specific micronutrients. In some situations, deficiency may be
demonstrable, as evidenced by unacceptably low intakes and/or biochemical
signs of deficiency. In others, the population may not actually be deficient
according to usual biochemical or dietary criteria, but are likely to benefit from
fortification. The mandatory addition of folic acid to wheat flour with a view to
lowering the risk of birth defects, a practice which has been introduced in
Canada and the United States, and also in many Latin American countries, is
one example of the latter scenario.

2.2.2 Targeted fortification
In targeted food fortification programmes, foods aimed at specific subgroups of

the population are fortified, thereby increasing the intake of that particular group
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TABLE 2.1
Targeted food fortification programmes

Country Food Target population
Guatemala Incaparina

Indonesia Complementary foods Infants

Mexico Progresa

Peru Ali Alimentu Schoolchildren
South Africa Biscuits Schoolchildren

rather than that of the population as a whole. Examples include complementary
foods for infants and young children, foods developed for school feeding pro-
grammes, special biscuits for children and pregnant women, and rations
(blended foods) for emergency feeding and displaced persons (Table 2.1). In
some cases, such foods may be required to provide a substantial proportion of
daily micronutrient requirements of the target group.

The majority of blended foods for feeding refugees and displaced persons are
managed by the World Food Programme (WFP) and guidelines covering their
fortification (including wheat soy blends and corn soy blends) are already avail-
able (62). Although blended foods usually supply all or nearly all of the energy
and protein intake of refugees and displaced individuals, especially in the earlier
stages of dislocation, for historical reasons such foods may not always provide
adequate amounts of all micronutrients. Therefore, other sources of micronu-
trients may need to be provided. In particular, it may be necessary to add iodized
salt to foods, provide iron supplements to pregnant women or supply high-dose
vitamin A supplements to young children and postpartum women. Whenever
possible, fresh fruits and vegetables should be added to the diets of displaced
persons relying on blended foods (see Chapter 4: section 4.5). Fortified foods
for displaced persons are often targeted at children and pregnant or lactating
women.

2.2.3 Market-driven fortification

The term “market-driven fortification” is applied to situations whereby a food
manufacturer takes a business-oriented initiative to add specific amounts of one
or more micronutrients to processed foods. Although voluntary, this type of food
fortification usually takes place within government-set regulatory limits (see
Chapter 11: National food law).

Market-driven fortification can play a positive role in public health by con-
tributing to meeting nutrient requirements and thereby reducing the risk of
micronutrient deficiency. In the European Union, fortified processed foods have
been shown to be a substantial source of micronutrients such as iron, and vita-
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mins A and D (63,64). Market-driven fortification can also improve the supply
of micronutrients that are otherwise difficult to add in sufficient amounts
through the mass fortification of staple foods and condiments because of safety,
technological or cost constraints. Examples include certain minerals (e.g. iron,
calcium) and sometimes selected vitamins (e.g. vitamin C, vitamin B,).

Market-driven fortification is more widespread in industrialized countries,
whereas in most developing countries the public health impact of market-driven
food interventions is still rather limited. However, their importance is likely to
be greater in the future, because of increasing urbanization and wider availabil-
ity of such foods.

The predicted increase in the availability of fortified processed foods in devel-
oping countries has given rise to a number of concerns. Firstly, these fortified
foods — especially those that are attractive to consumers — could divert con-
sumers from their usual dietary pattern and result in, for example, an increased
consumption of sugar, or a lower consumption of fibre. Secondly, because in
most developing countries foods fortified through market-driven fortification
currently receive scant regulatory attention even though such foods are intended
for wide-scale consumption (see section 2.3), there is a potential risk that unnec-
essarily high levels of micronutrients may be delivered to children if the same
serving size of the fortified food (such as breakfast cereals, beverages and nutri-
tion bars) is intended for all members of a household. Regulation is thus nec-
essary to ensure that the consumption of these foods will not result in an
excessive intake of micronutrients. Furthermore, manufacturers of processed
fortified foods should be encouraged to follow the same quality control and
assurance procedures as those that are prescribed for mandatory mass-fortified
products (see Chapter 8: Monitoring and evaluation).

2.2.4 Other types of fortification
2.2.4.1 Household and community fortification

Efforts are under way in a number of countries to develop and test practical
ways of adding micronutrients to foods at the household level, in particular, to
complementary foods for young children. In effect, this approach is a combi-
nation of supplementation and fortification, and has been referred to by some
as “complementary food supplementation” (65).

The efficacy and effectiveness of several different types of products, includ-
ing soluble or crushable tablets, micronutrient-based powder (“sprinkles”) and
micronutrient-rich spreads are currently being evaluated (Table 2.2). Crushable
tablets, and especially micronutrient-based powder, are relatively expensive ways
of increasing micronutrient intakes, certainly more costly than mass fortifica-
tion, but may be especially useful for improving local foods fed to infants and
young children, or where universal fortification is not possible (66). The
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TABLE 2.2
Foods for fortification at the household level

Product Comments
Micronutrient powder B Contain several micronutrients, including iron, encapsulated to
which can be minimize adverse interactions between micronutrients and
sprinkled onto food sensory changes to the food to which they are added;
available in sachets
Soluble micronutrient B Suitable for young children;

tablets which can be m Tested by WHO
dissolved in water
and fed as a drink
Crushable micronutrient B For infants and young children

tablets for adding to B Tested by UNICEF
foods
Fat-based spread B Popular with children
fortified with B Can be produced locally as the technology required is easy
micronutrient to implement

Sources: references (66,67).

micronutrient-dense fortified spreads have been found to be very popular with
children (67).

Fortification of foods at the community level is also still at the experimental
stage. One such approach involves the addition of a commercial micronutrient
premix, available in sachets, to small batches of flour during the milling process
(68). Although feasible in theory, major challenges to local-scale fortification
programmes include the initial cost of the mixing equipment, the price of the
premix (which would need to be imported in most cases), achieving and main-
taining an adequate standard of quality control (e.g. in uniformity of mixing),
and sustaining monitoring and distribution systems.

2.2.4.2 Biofortification of staple foods

The biofortification of staple foods, i.e. the breeding and genetic modification
of plants so as to improve their nutrient content and/or absorption is another
novel approach that is currently being considered. The potential for plant breed-
ing to increase the micronutrient content of various cereals, legumes and tubers
certainly exists; for instance, it is possible to select certain cereals (such as rice)
and legumes for their high iron content, various varieties of carrots and sweet
potatoes for their favourable B-carotene levels, and maizes for their low phytate
content (which improves the absorption of iron and zinc) (69-71). However,
much more work still needs to be done before the efficacy and effectiveness of
these foods are proven, and current concerns about their safety, cost and impact
on the environment are alleviated (72).
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2.3 Legal considerations: mandatory versus
voluntary fortification

The huge diversity in national circumstances and public health goals worldwide
has resulted in the development of many different approaches to the regulation
of food fortification. In most industrialized countries, food fortification param-
eters are established by law or through cooperative arrangements. Elsewhere,
and representing the other end of the spectrum, fortified foods are produced
without any form of governmental guidance or control at all. Since it is the role
of government to protect public health, it is generally recommended that all
forms of food fortification be appropriately regulated in order to ensure the
safety of all consumers and the maximum benefit to target groups.

Within the legal context, fortification can be categorized as either mandatory
or voluntary. These terms refer to the level of obligation required of food pro-
ducers to comply with government intentions expressed in law.

The fundamental distinction between mandatory and voluntary regulation as
it applies to food fortification is the level of certainty over time that a particular
category of food will contain a pre-determined amount of a micronutrient. By
providing a higher level of certainty, mandatory fortification is more likely to
deliver a sustained source of fortified food for consumption by the relevant pop-
ulation group, and, in turn, a public health benefit.

2.3.1 Mandatory fortification
2.3.1.1 Key characteristics

Mandatory fortification occurs when governments legally oblige food produc-
ers to fortify particular foods or categories of foods with specified micro-
nutrients. Mandatory fortification, especially when supported by a properly
resourced enforcement and information dissemination system, delivers a high
level of certainty that the selected food(s) will be appropriately fortified and in
constant supply.

In deciding the precise form of mandatory fortification regulation, govern-
ments are responsible for ensuring that the combination of the food vehicle
and the fortificants will be both efficacious and effective for the target group,
yet safe for target and non-target groups alike. Food vehicles range from basic
commodities, such as various types of flour, sugar and salt which are available
on the retail market for use by consumers as well as ingredients of processed
foods, to processed foods that are fortified at the point of manufacture.
Given their widespread and regular consumption, basic commodities are
more suited to mass fortification (i.e. intended to reach the whole population),
whereas certain processed formulated foods are usually the better vehicle
for targeted fortification initiatives (i.e. those aimed at specific population

groups).
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Globally, mandatory regulations are most often applied to the fortification of
food with micronutrients such as iodine, iron, vitamin A, and increasingly folic
acid. Of these, the iodization of salt is probably the most widely adopted form
of mandatory mass fortification. In the Philippines, for example, the legal stan-
dard for iodized salt, which is appended to the Philippine Act Promoting Salt
Todization Nationwide, requires a minimum level of iodine fortification of all
food-grade salt destined for human consumption (6). This form of mandatory
regulation is used in many other countries. Other examples of mandatory mass
fortification include the addition of vitamin A to sugar and margarine, and the
fortification of flour with iron (usually together with restoration of vitamins B,
B, and niacin), and, more recently, with folic acid and vitamin B,,.

The types of food vehicles that are subjected to mandatory fortification
are usually characterized by either a physical or an intrinsic attribute, or a spe-
cific purpose. A requisite flour, for example, could be described as either
white or wholemeal and/or milled from a particular grain, or destined for
bread making. Alternatively, the prescribed fortification requirements may
apply only to a food that is identified and labelled in a certain way. In the United
States, for instance, only those flours and other grain products identified
and labelled as “enriched” are required by law to contain added folic acid (and
some other essential micronutrients). Similarly, Australia and New Zealand
mandate the addition of iodine only to salt identified and labelled as “iodized
salt”. Although the potential public health impact is more variable, mass forti-
fication can be achieved under these conditions, particularly if the labelled for-
tified foods constitute a major and stable share of the market for that food class
as a whole.

2.3.1.2 Mandatory fortification in relation to public health

Governments tend to institute mandatory fortification in situations where a pro-
portion of the general population — either the majority (mass fortification) or an
identified population group (target fortification) — has a significant public health
need, or is at risk of being, or becoming, deficient in a specific micronutrient(s),
and where such needs or risks can be ameliorated or minimized by a sustained
supply and regular consumption of particular fortified food(s) containing those
micronutrients.

Mandatory fortification is usually prompted by evidence that a given popu-
lation is deficient or inadequately nourished, such as clinical or biochemical signs
of deficiency and/or unacceptably low levels of micronutrient intake. In some
circumstances, a demonstrated public health benefit of an increased consump-
tion of a given micronutrient might be considered sufficient grounds to warrant
mandatory fortification even if the population is not considered to be seriously
at risk according to conventional biochemical or dietary intake criteria. The
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mandatory addition of folic acid to flour to reduce the risk of birth defects is a
case in point.

2.3.2 Voluntary fortification
2.3.2.1 Key characteristics

Fortification is described as voluntary when a food manufacturer freely chooses
to fortify particular foods in response to permission given in food law, or under
special circumstances, is encouraged by government to do so.

The impetus for voluntary fortification usually stems from industry and con-
sumers seeking to obtain possible health benefits through an increase in
micronutrient intakes. Occasionally, however, government provides the driving
force. Given this diversity in the circumstances that drive voluntary fortification,
it is not surprising that the public health impacts range from negligible to sub-
stantial. Indeed, depending on the nutritional quality of their basic diet, those
individuals who regularly consume fortified foods might well gain discernable
benefits.

However, it is important that governments exercise an appropriate degree of
control over voluntary fortification through food laws or other cooperative
arrangements, such as industry codes of practice. The degree of control should
at least be commensurate with the inherent level of risk. Regulatory controls of
this nature should also ensure the safety of fortified foods for all consumers, as
well as provide opportunities for industry to produce fortified foods that offer
consumers nutritional and/or other health benefits. The potential benefits may
be demonstrable, or indicated as potential or plausible by generally accepted
scientific data.

When instituting voluntary fortification arrangements, governments have a
duty to ensure that consumers are not misled or deceived by fortification prac-
tices and may also wish to be satisfied that market promotion of fortified foods
does not conflict with, or compromise, any national food and nutrition policies
on healthy eating. This could be achieved through regulations on the range of
foods eligible for voluntary fortification and on the permitted combinations of
particular micronutrients and foods (see Chapter 11: National food law).

Currently many countries permit voluntary fortification, but the range of
foods that may be fortified varies considerably from country to country. Some
Scandinavian countries allow only a narrow range of foods to be fortified,
whereas the range of products that can be fortified is much greater in the United
States. Similarly, the permitted fortificants range from a select few to almost all
micronutrients that are considered essential.

The level of industry uptake of fortification practice is greatly influenced by
prevailing market conditions. For example, in many industrialized countries, the
vast majority of processed breakfast cereals are moderately fortified with various
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combinations of micronutrients, sometimes differentiated according to the target
market; the remaining few are either highly or extensively fortified (where per-
mitted) and/or unfortified. Other food categories, such as fruit juices or dairy
products, tend to exhibit a greater variability in fortification rates, this being
influenced by market differentiation and brand identity. For some permitted cat-
egories there may be no industry interest in fortification.

2.3.2.2 Voluntary fortification in relation to public health

Voluntary fortification tends to be used when there are lower order risks to public
health, i.e. when the risks to public health are not as serious or demonstrable so
as to warrant mass fortification. Inadequate micronutrient intakes that arise
because of changes in lifestyles that tend to follow changing social and economic
circumstances are more likely to be associated with lower order public health
risks than inadequate intakes that arise because of significantly modified eating
habits and dietary behaviour. In addition, for certain nutrients, dietary require-
ments have been reappraised in light of evolving scientific knowledge about their
physiological role and the beneficial effects on certain physiological processes
and health conditions.

Because of uncertainty about the level of industry uptake of fortification
within each food product category, and the fact that regular consumers of a
given fortified food may vary over time and thus do not constitute a readily iden-
tifiable group, voluntary fortification is less likely than mandatory fortification
to deliver a guaranteed favourable outcome in terms of increased intakes of
micronutrients across a target population. Apart from the extent to which a given
food category is fortified, the public health impact of voluntary fortification
depends on the contribution of that food category to the diet of the population
as whole, and also whether or not those individuals who would benefit most from
fortification regularly consume and have access to that food category.

Despite these inherent difficulties, a consistent supply of appropriately
regulated, voluntarily-fortified foods, produced under free-market conditions
and widely and regularly consumed by a given population group, can have a
beneficial impact on public health by positively contributing to micronutrient
balance and thereby reducing the risk of deficiency. For example, in the
European Union where fortification of margarine is voluntary, it is estimated
that the addition of vitamins A and D to margarine and spreadable fats con-
tributes about 20% of the reference nutrient intake for vitamin A and 30% of
that for vitamin D (63). It has also been reported that by the 1990s fortified
breakfast cereals had become the principal source of iron for young children in
the United Kingdom (64).
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2.3.3 Special voluntary fortification

Some voluntary fortification programmes are capable of achieving similar out-
comes to mandatory fortification, thus avoiding the need for complex manda-
tory legal requirements. A notable example is the Swiss programme of salt
iodization. Circumstances that contribute to the success of voluntary fortifica-
tion in Switzerland and elsewhere include the existence of an industry that com-
prises only a few producers or manufacturers and a strong government interest
in industry practice (e.g. one that provides subsidies and ensures sustainable for-
tification practices). Voluntary fortification initiatives are also more likely to
succeed when supported by public education activities that increase public
awareness of the importance of consuming the fortified food (see Chapter 10:
Communication, social marketing and advocacy).

2.3.4 Criteria governing the selection of mandatory or voluntary fortification

For any given population group, which may be either the entire population or
a specific subgroup(s), there are five key factors that together determine whether
mandatory or voluntary fortification is likely to be the most appropriate option
for the prevailing conditions. In brief, they are: the significance of the public
health need; the size and scale of the food industry sector; the level of aware-
ness among the population about nutritional needs; the political environment;
and food consumption patterns. These five factors are described in more detail
below, and in each case, an indication given of the circumstances that favour one
or the other of the two main regulatory mechanisms.

1. The significance of the public health need or risk of deficiency, as determined by
the severity of the problem and its prevalence within a population group. The sig-
nificance of the public health problem is of primary importance and should
be determined at the country or regional level, ideally with reference to set
criteria that describe the severity of the public health problem. The public
health need or risk can be assessed according to evidence of clinical or
subclinical deficiency, inadequate nutrient intake, or potential health benefit
(see Part II: Evaluating the public health significance of micronutrient
malnutrition).

B Mandatory fortification is more suited to cases of serious public health need
or risk, and voluntary fortification to cases of lower order public health need
or risk, or where the potential exists for some individuals to benefit from, or
to exercise, consumer choice.

B Under certain conditions, voluntary fortification can achieve similar public
health impacts as mandatory fortification.
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2. The features of the food industry sector that will responsible for the production of
the proposed food vehicle. The aspects of the food industry sector that are espe-
cially relevant in this context are the number, capacity and geographical dis-
tribution of the producers, the presence of any government support or
control, and the prevailing commercial environment.

M In developing countries in particular, mandatory fortification is more likely to
succeed when the industry sector in question is either relatively centralized
(i.e confined to a handful of major producers) and/or well organized. If it con-
sists of numerous small, widely dispersed producers, mandatory fortification
will be more difficult to achieve, unless these small units have some form of
collective arrangement in place, such as an established industry associa-
tion. It is also the better option in settings where governments seeking high
rates of industry participation do not have any alternative legal or adminis-
trative arrangements that could potentially be used to institute voluntary
cooperative arrangements within the industry.

B Voluntary fortification does not need to take account of industry arrange-
ments but where there is a monopoly or a government-sponsored industry,
the impact of voluntary arrangements can match those achieved by manda-
tory fortification.

3. The relevant population’s present level of knowledge about the importance of con-
suming fortified foods or their interest in consuming fortified foods. The level of
resources available for implementing and sustaining specific nutrition edu-
cation programmes is also an important factor to consider when choosing
the most suitable regulatory environment for a food fortification programme.

B Mandatory fortification is likely to be the more effective option when consumer
knowledge is poor or demand for voluntarily-fortified products is low, and
there are few opportunities for community nutrition education.

M Voluntary fortification generally relies on consumer interest and/or demand
for fortified foods. Although consumer behaviour is influenced by many
factors, it could be engendered by commercial promotion or specific nutri-
tion education programmes.

4. The political environment. In terms of the political environment, the accept-
able level of government intervention and the value placed on informed con-
sumer choice are probably the most significant factors that affecting
regulatory decisions.
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B In environments where consumer choice is highly valued, both voluntary and
mandatory fortification could be appropriate. In such settings, mandatory for-
tification tends to be limited to a subset of products within one or more pro-
posed food categories, in order to maintain some degree of consumer
choice.

M Voluntary fortification usually confers a higher level of consumer choice;
however, this is not the main issue in many developing countries, where
poverty remains the limiting factor to access to processed foods for the
majority of the population.

. Food consumption patterns. Clearly, food consumption patterns, especially in
terms of the relative contributions of certain foods to the diet of the target
population, will have a bearing on the choice of mandatory or voluntary for-
tification. Linked to this factor is the issue of the technical suitability of the
candidate food as a vehicle for fortification.

B Foods considered for mandatory fortification should be widely and regularly
consumed by the population group that the fortification is intended to benefit.
In addition, the fortification itself should be technically feasible.

B The likelihood of all at-risk consumers increasing their usual micronutrient
intake through voluntary fortification is lower than with mandatory fortifica-
tion. However, the likelihood rises as the particular micronutrient is added to
a wider range of voluntarily-fortified foods, assuming they are accessible to
consumers.
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Introduction

The chapters in Part II of these guidelines provide more detailed background
information on the prevalence, causes and health consequences of various
micronutrient deficiencies, and review the available evidence regarding the ben-
efits of their control. They are intended to assist planners not only in their eval-
uation of the micronutrient deficiency situation in their own country, but also
to assess the need for, and potential benefits of, food fortification with specific
micronutrients.

Chapter 3 looks at iron, vitamin A and iodine deficiencies, which, owing to
their widespread occurrence globally, have received the most attention to date.
A large amount of information is now available regarding the prevalence, the
causes and the control of deficiencies in these three micronutrients. Various
studies on the efficacy and effectiveness of interventions to control deficiencies
in iron, vitamin A and iodine, are briefly described here (and in the opening
chapter of this document; see section 1.3), but are reviewed in greater depth
elsewhere (73). Chapter 4 focuses on a range of other micronutrients, which, in
comparison, have hitherto been somewhat neglected. Deficiencies in at least
some of these “neglected” micronutrients (i.e. in zinc, vitamins B, and By,,
niacin, vitamin D and calcium) are likely to be common throughout much of
the developing world and among the poorest populations in the industrialized
nations. Fortification provides a means of lowering the prevalence of deficien-
cies in all of these micronutrients, and their inclusion in mass fortification pro-
grammes, in particular, could produce significant public health benefits. Since
there is less information about these micronutrient deficiencies in the literature,
a concerted effort has been made to summarize what is known about them in
these guidelines.

In both chapters, micronutrients are discussed in order of their perceived
public health significance, and in each case the recommended or the most com-
monly used biochemical status indicators are critically reviewed. For some
micronutrients, however, biochemical data reflecting nutritional status will be
inadequate for assessing the prevalence of deficiencies. Suggestions for dealing
with this situation, for example, by using food intake data to estimate the preva-
lence of inadequate intakes, are provided in Part IV of these guidelines (see
section 7.3.2).
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Other than a low dietary intake, important causes of MNM include poor

bioavailability from foods (especially for minerals), frequent infection with par-
asites, diarrhoea, and various malabsorption disorders. The presence of any of
these risk factors can lead to an underestimation of the prevalence of deficiency
in a population if this is calculated on the basis of micronutrient intakes alone.

Risk factors for micronutrient malnutrition

Monotonous diet resulting in low micronutrient intake, and poor bioavailability, espe-
cially of minerals.

Low intake of animal source foods.

Low prevalence of breastfeeding.

Low micronutrient density of complementary foods.

Increased physiological demands for growth during pregnancy and lactation.

Increased demand due to acute infection (especially if infection episodes are fre-
quent), chronic infection (e.g. tuberculosis, malaria and HIV/AIDS) and disease (e.g.
cancer).

Poor general nutritional status, in particular, protein—energy malnutrition.

Malabsorption due to diarrhoea or the presence of intestinal parasites (e.g. Giardia
lamblia, hookworms).

Increased excretion (e.g. due to schistosomiasis).
Seasonal variations in food availability, food shortages.
Social deprivation, illiteracy, low education.

Poor economic status and poverty.
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CHAPTER 3

Iron, vitamin A and iodine

3.1 Iron deficiency and anaemia

Most of the iron in the human body is present in the erythrocytes as haemo-
globin, where its main function is to carry oxygen from the lungs to the tissues.
Iron is also an important component of various enzyme systems, such as the
cytochromes, which are involved in oxidative metabolism. It is stored in the liver
as ferritin and as haemosiderin.

Iron deficiency is the most common and widespread nutritional disorder
in the world, and is a public health problem in both industrialized and non-
industrialized countries. Iron deficiency is the result of a long-term negative iron
balance; in its more severe stages, iron deficiency causes anaemia. Anaemia is
defined as a low blood haemoglobin concentration. Haemoglobin cut-off values
that indicate anaemia vary with physiological status (e.g. age, sex) and have been
defined for various population groups by WHO (7).

3.1.1 Prevalence of deficiency

The terms, “iron deficiency” and “iron-deficiency anaemia” are often used syn-
onymously although they are in fact not the same conditions. About 40% of the
world’s population (i.e. more than 2 billion individuals) is thought to suffer from
anaemia, i.e. low blood haemoglobin (see Table 1.1). The mean prevalences
among specific population groups are estimated to be:

— pregnant women, infants and children aged 1-2 years, 50%;
— preschool-aged children, 25%;

— schoolchildren, 40%;

— adolescents, 30-55%;

— non-pregnant women, 35%.

These average figures obscure the fact that iron deficiency and iron-deficiency
anaemia are even more prevalent in some parts of the world, especially in the
Indian subcontinent and in sub-Saharan Africa, where, for example, up to 90%
of women become anaemic during pregnancy.
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The prevalence of anaemia caused by iron deficiency, usually referred to as
iron-deficiency anaemia, is less certain because the specific indicators of iron
status, such as serum ferritin, transferrin saturation, zinc protoporphyrin and
serum transferrin receptors, are measured less often than blood haemoglobin
(Table 3.1). Most indicators of iron status — with the possible exception of serum
transferrin receptors — are also affected by the presence of infection and can
therefore be misleading (74). Indeed, every indicator listed in Table 3.1 has its
own set of limitations, and so iron status is best assessed by a combination of
indicators (74).

It is generally assumed that, on average, around 50% of the cases of anaemia
are due to iron deficiency, as opposed to malaria (which causes anaemia because
the malaria parasite destroys erythrocytes), the presence of infection or other
nutrient deficiencies. However, the proportion is probably higher in infants and
preschool-aged children than in older children or women (75), and is likely to
vary by location. Although anaemia usually occurs when iron stores are depleted,
the prevalence of iron deficiency will often be substantially higher than the
prevalence of iron-deficiency anaemia. However, in iron-deficient populations
with endemic malaria, the prevalence of anaemia will be greater than, or similar
to, the prevalence of iron deficiency (75). Furthermore, the use of serum fer-
ritin as an indicator of iron status may well overestimate the prevalence of iron
deficiency in malaria endemic areas; this is because serum ferritin levels are ele-
vated by the presence of infections such as malaria (Table 3.1), and also the
reason why, traditionally, the cut-off level that defined iron deficiency in indi-
viduals with malaria was higher (<30ug/l) than that used for individuals free
from infection (<15ug/l).

Anaemia is considered to be a public health problem when the prevalence of
low haemoglobin concentrations exceeds 5% in the population (I). The sever-
ity of the public health problem of anaemia is classified as mild, moderate or
severe according to the prevalence of anaemia (Table 3.2).

3.1.2 Risk factors for deficiency

The main risk factors for iron deficiency have been summarized in Table 1.2.
They include:

e alow intake of haem iron (which is present in meat, poultry and fish);

e an inadequate intake of vitamin C (ascorbic acid) from fruit and vegetables
(the presence of vitamin C enhances the absorption of iron from the
diet);

e poor absorption of iron from diets high in phytate (including legumes and
cereals) or phenolic compounds (present in coffee, tea, sorghum and millet);
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TABLE 3.2

Criteria for assessing the public health severity of
anaemia

Severity of the public health Prevalence of anaemia®
problem (% of the population)
None <49

Mild 5.0-19.9
Moderate 20.0-39.9
Severe >40

® Anaemia is defined on the basis of blood haemoglobin
concentrations (see Table 3.1)

Source: reference (7).

TABLE 3.3
Classification of usual diets according to their iron bioavailability
Category Iron bioavailability Dietary characteristics
(%)
Low 1-9 Simple, monotonous diet based on cereals, roots or

tubers, with negligible amounts of meat, fish, poultry
or ascorbic acid-rich foods. Diet high in foods that
inhibit iron absorption such as maize, beans, whole
wheat flour and sorghum.

Intermediate 10-15 Diet of cereals, roots or tubers, with some foods of
animal origin (meat, fish or poultry) and/or containing
some ascorbic acid (from fruits and vegetables).

High >15 Diversified diet containing greater amounts of meat,
fish, poultry and/or foods high in ascorbic acid.

Sources: adapted from references (78,79).

e periods of life when iron requirements are especially high (i.e. growth and

pregnancy);

e heavy blood losses as a result of menstruation, or parasite infections such as
hookworm, ascaris and schistosomiasis.

As mentioned above, acute or chronic infections, including malaria, can also
lower haemoglobin concentrations (76). The presence of other micronutrient
deficiencies, especially of vitamins A and B,,, folate and riboflavin, also increases
the risk of anaemia (77).

The dietary habits of a population group strongly affect the bioavailability of
both dietary iron and added fortificant iron. Estimates of the average bioavail-
ability of iron from different types of diets are provided in Table 3.3. Although
the efficiency of iron absorption increases substantially as iron stores become
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depleted, the amount absorbed from foods, especially where diets are low in
meat, fish, fruit and vegetables, is not enough to prevent iron deficiency in many
women and children, especially in the developing world.

3.1.3 Health consequences of deficiency and benefits of intervention

The main consequences of iron deficiency are anaemia, impaired cognitive and
physical performance, and increased maternal and child mortality (see Table
1.2). Iron deficiency has been shown to reduce physical endurance, even in the
absence of anaemia (80), and severe anaemia has been associated with an
increased risk of both maternal and child mortality (81,82). As indicated previ-
ously (see section 1.1), there is now substantial evidence to suggest that iron
supplementation can reverse the adverse effects of iron deficiency on work
capacity and productivity, and on pregnancy outcome and child development
(14-16). In a study in the United States, for example, iron supplementation
during pregnancy reduced the number of preterm deliveries and low-
birth-weight infants (83).

Improving iron status may have other, but as yet poorly appreciated, benefits
for health, most noticeably with respect to the utilization of vitamin A and iodine.
That vitamin A (retinol) is mobilized from the liver by an iron-dependent
enzyme is well-established fact, but more recently, experimental studies have
suggested that in cases of iron deficiency the vitamin is trapped in the liver
and thus may be less accessible to other tissues and organs (84). Furthermore,
iron supplementation of iron-deficient individuals increased plasma retinol
in some studies through mechanisms that are as yet incompletely understood
(85). Similarly, iron is required by the enzymes that synthesize thyroxine, and
thus a low iron status may have implications for iodine metabolism. Studies in
Cote d’Ivoire have demonstrated that recovery from goitre after iodine treatment
is slower in iron-deficient individuals (86). In a population of children with a
high prevalence of anaemia and goitre, iron supplementation improved the
response to iodized oil or iodized salt (87) (see also section 1.3.2.3). On
the basis of the above findings, it is reasonable to assume that improvements
in the iron status of a population may well have benefits for vitamin A and iodine
metabolism.

3.2 Vitamin A

Vitamin A is an essential nutrient that is required in small amounts by humans
for the normal functioning of the visual system, the maintenance of cell func-
tion for growth, epithelial cellular integrity, immune function and reproduction.
Dietary requirements for vitamin A are normally provided as a mixture of pre-
formed vitamin A (retinol), which is present in animal source foods, and provi-
tamin A carotenoids, which are derived from foods of vegetable origin and which
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have to be converted into retinol by tissues such as the intestinal mucosa and
the liver in order to be utilized by cells.

Aside from the clinical ocular signs, i.e. night blindness and xerophthalmia,
symptoms of vitamin A deficiency (VAD) are largely non-specific. Neverthe-
less, accumulated evidence suggests that VAD is an important determinant of
child survival and safe motherhood (see section 3.2.3). The non-specificity
of symptoms, however, means that, in the absence of biochemical measures of
vitamin A status, it is difficult to attribute non-ocular symptoms to VAD and it
also complicates the definition of VAD. With these considerations in mind, WHO
has defined VAD as tissue concentrations of vitamin A low enough to have
adverse health consequences, even if there is no evidence of clinical xeroph-
thalmia (5). In more recent years, the term “vitamin A deficiency disorders” has
been coined to reflect the diversity of adverse outcomes caused by vitamin A
deficiency (88).

3.2.1 Prevalence of deficiency

As vitamin A deficiency affects visual function, indicators of vitamin A status
have traditionally relied on changes in the eye, specifically night blindness and
xerophthalmia (5) (Table 3.4). Worldwide, about 3 million preschool-aged chil-
dren present ocular signs of VAD (3). Vitamin A deficiency is, however, more
commonly assessed using serum or plasma retinol levels. WHO estimates that
254 million preschool-aged children throughout the world have low serum
retinol levels and can therefore be considered to be clinically or subclinically
vitamin A deficient (3). In the developing world, prevalence rates in this age
group range from 15% up to as high as 60%, with Latin America, the Eastern
Mediterranean and the Western Pacific being at the low end of this range, and
Africa and South-East Asia occupying the high end (3,89) (see also Table 1.1).
The prevalence of night blindness is also high among pregnant women in many
poor regions of the world, with rates varying between 8% and 24% (89). Night
blindness tends to be accompanied by a high prevalence of low concentrations
of retinol in breast milk (<1.05umol/l or 30 ug/dl) (89,90).

According to WHO criteria (5), a greater than 1% prevalence of night blind-
ness in children aged 24-71 months, or the presence of serum retinol concen-
trations of less than 0.70umol/l in 10% or more of children aged 6—71 months
indicates a public health problem (Table 3.5). It has been suggested recently
that a prevalence of night blindness of more than 5% in pregnant women should
be added to the list of criteria that signify a public health problem (88).

3.2.2 Risk factors for deficiency
Usually vitamin A deficiency develops in an environment of ecological, social

and economical deprivation, in which the key risk factors for vitamin A
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3. IRON, VITAMIN A AND IODINE

TABLE 3.5
Criteria for assessing the public health severity of vitamin A deficiency
Indicator Population group Prevalence indicating a public health
problem (% of the population)
Night blindness Pregnant women >5
Night blindness Children 24-71 months >1
Bitot’s spots Children 24-71 months >0.5
Serum retinol <0.7 pumol/I Children 6-71 months 210
(<20ug/dl)

Sources: references (5,88).

deficiency are a diet low in sources of vitamin A (i.e. dairy products, eggs, fruits
and vegetables), poor nutritional status, and a high rate of infections, in partic-
ular, measles and diarrhoeal diseases (see Table 1.2).

The best sources of vitamin A are animal source foods, in particular, liver,
eggs and dairy products, which contain vitamin A in the form of retinol, i.e in
a form that can be readily used by the body. It is not surprising then that the
risk of vitamin A deficiency is strongly inversely related to intakes of vitamin A
from animal source foods. In fact, it is difficult for children to meet their require-
ments for vitamin A if their diet is low in animal source foods (92), especially
if their diet is also low in fat. Fruits and vegetables contain vitamin A in the form
of carotenoids, the most important of which is B-carotene. In a mixed diet, the
conversion rate of B-carotene to retinol is approximately 12:1 (higher, i.e. less
efficient than previously believed). The conversion of the other provitamin-A
carotenoids to retinol is less efficient, the corresponding conversion rate being
of the order of 24:1 (91,93). Various food preparation techniques, such as
cooking, grinding and the addition of oil, can improve the absorption of food
carotenoids (94-96). Synthetic B-carotene in oil, which is widely used in vitamin
A supplements, has a conversion rate to retinol of 2:1, and the synthetic forms
of B-carotene that are commonly used to fortify foods, a conversion rate of
6:1 (93).

3.2.3 Health consequences of deficiency and benefits of intervention

Vitamin A deficiency is the leading cause of preventable severe visual impair-
ment and blindness in children, and significantly increases their risk of severe
illness and death. An estimated 250000-500000 vitamin A-deficient children
become blind every year, approximately half of which die within a year of
becoming blind. Subclinical vitamin A deficiency is also associated with an
increased risk of child mortality, especially from diarrhoea and measles. A meta-
analysis demonstrated that high dose vitamin A supplementation can reduce
mortality from measles by as much as 50%. Another analysis found that
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GUIDELINES ON FOOD FORTIFICATION WITH MICRONUTRIENTS

improvement of vitamin A status, whether by supplementation or fortification,
decreased all-cause mortality in children aged between 6 months and 5 years by
23% (12).

In addition to causing night blindness, vitamin A deficiency is probably an
important contributor to maternal mortality and other poor outcomes in preg-
nancy and lactation. According to the results of one study, in which vitamin A-
deficient pregnant women received vitamin A or P-carotene supplements at
doses equivalent to their weekly requirement for the vitamin, maternal mortal-
ity was reduced by 40% and 49%, respectively, relative to a control group (97).
Other studies have shown night blindness to be a risk factor for maternal mor-
tality and morbidity: in Nepal, for example, the death rate from infections was
about five times higher among unsupplemented pregnant women who reported
night blindness compared with those who did not (98). Vitamin A deficiency
also increases vulnerability to other disorders, such as iron deficiency (see section
3.1.3). Providing an iron supplement with vitamin A to pregnant women in
Indonesia increased haemoglobin concentrations by approximately 10g/l more
than did supplementation with iron alone (99).

3.3 lodine

Todine is present in the body in minute amounts, mainly in the thyroid gland.
Its only confirmed role is in the synthesis of thyroid hormones. Iodine deficiency
is a major public health problem for populations throughout the world, but par-
ticularly for young children and pregnant women, and in some settings repre-
sents a significant threat to national social and economic development. The most
devastating outcome of iodine deficiency is mental retardation: it is currently
one of the world’s main causes of preventable cognitive impairment. This is the
primary motivation behind the current worldwide drive to eliminate iodine defi-
ciency disorders (IDD).

3.3.1 Prevalence of deficiency

The recommended indicators for assessing the extent of iodine deficiency within
a population are median urinary iodine and total goitre prevalence (Table 3.6).
According to generally accepted criteria, iodine deficiency is a public health
problem in populations where the median urinary iodine concentration is below
100 ug/l, or in areas where goitre is endemic, that is to say, where more than 5%
of children aged 6—12 years have goitre (Table 3.7).

As the median urinary iodine concentration reflects current iodine intake and
responds relatively rapidly to the correction of iodine deficiency, it is usually the
preferred indicator for monitoring the impact of interventions for IDD control.
An expanded set of indicators for assessing national progress towards the goal
of the sustainable elimination of IDDs is given in Annex A. This indicator set,
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GUIDELINES ON FOOD FORTIFICATION WITH MICRONUTRIENTS

TABLE 3.7
Criteria for assessing the public health severity of iodine deficiency

Severity of public Indicator
health problem

Median urinary iodine (ung/l) Total goitre prevalence (%)
Mild 50-99 5.0-19.9
Moderate 20-49 20-29.9
Severe <20 >30

Source: reference (6).

which has been recommended by WHO, relates not just to the population’s
iodine status (as measured by urinary concentrations) but includes various pro-
grammatic indicators which measure the sustainability of the salt iodization pro-
gramme itself.

According to recent WHO estimates, some 1989 million people have inade-
quate iodine nutrition (2). The WHO regions, ranked by the absolute number
of people affected are, in decreasing order of magnitude, South-East Asia,
Europe, the Western Pacific, Africa, the Eastern Mediterranean and the
Americas (see Table 1.1). In some parts of the world, for example, in parts of
eastern and western Europe, iodine deficiency, in its subclinical form, is re-
emerging, having previously been eliminated. This underscores the need to
sustain efforts to control iodine deficiency on a global scale.

3.3.2 Risk factors for deficiency

The main factor responsible for the development of iodine deficiency is a
low dietary supply of iodine (100). This tends to occur in populations living
in areas where the soil has been deprived of iodine as the result of past glacia-
tion, and subsequently, because of the leaching effects of snow, water and heavy
rainfall.

Todine deficiency is exacerbated by a high consumption of natural goitrogens
that are present in some staple foods such as cassava. The antithyroid action of
goitrogens is related to the presence of thiocyanate which inhibits thyroid iodide
transport and, at higher doses, competes with iodide in the synthesis of thyroid
hormones (101). Goitrogenicity is determined by the balance between the
dietary supply of iodine and thiocyanate: goitre develops when the urinary iodine
(ug): thiocyanate (mg) ratio falls below 3.

3.3.3 Health consequences of deficiency and benefits of intervention
Todine deficiency is associated with a large range of abnormalities, grouped

under the heading of “iodine deficiency disorders”, that reflect thyroid
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3. IRON, VITAMIN A AND IODINE

TABLE 3.8
The spectrum of iodine deficiency disorders

Fetus Abortions

Stillbirths

Congenital abnormalities
Neonate Increased infant mortality

Cognitive impairment and neurological disorders, including endemic
cretinism and endemic mental retardation

Hypothyroidism
Increased susceptibility of the thyroid gland to nuclear radiation
Child, adolescent Hypothyroidism
and adult Goitre

Retarded physical development in child and adolescent
Impaired mental function

Decreased fertility

lodine-induced hyperthyroidism in adults

Increased susceptibility of the thyroid gland to nuclear radiation
Spontaneous hyperthyroidism in the elderly

Goitre with its complications

Source: adapted from reference (9).

dysfunction (9). Goitre and cretinism are the most visible manifestations of
iodine deficiency; others include hypothyroidism, decreased fertility rate,
increased perinatal death and infant mortality (Table 3.8).

When iodine intake is abnormally low, an adequate production of thyroid hor-
mones may still be achieved by increased secretion of thyroid stimulating
hormone (TSH). However, a prolonged stimulation of the thyroid gland by TSH
will result in goitre. This condition is indicative of thyroid hyperplasia, which
occurs because of the thyroid’s inability to synthesize sufficient thyroid
hormones.

Irreversible mental retardation is the most serious disorder induced by iodine
deficiency (9,102,103). A deficit in iodine resulting in thyroid failure during
the critical period of brain development, that is, from fetal life up to the third
month after birth, will result in irreversible alterations in brain function
(104,105). In areas of severe endemic iodine deficiency, cretinism may affect up
to 5-15% of the population. Some individuals living in regions of mild or mod-
erate iodine deficiency exhibit neurological and intellectual deficits that are
similar to, but less marked, than those found in overt cretins. A meta-analysis of
19 studies conducted in regions of severe deficiency showed that iodine defi-
ciency is responsible for a mean IQ loss of 13.5 points among affected popula-
tions (104).

55



GUIDELINES ON FOOD FORTIFICATION WITH MICRONUTRIENTS

Correction of iodine deficiency, when carried out at the right time, reduces
or eliminates all consequences of iodine deficiency. The validity of this statement
is borne out by the sharp reduction in the incidence of IDD that is consistently
observed when iodine is added to the diet (see section 1.3), and the recurrence
of IDD when an effective IDD control programme is interrupted in a previ-
ously iodine-deficient population (106).
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CHAPTER 4

Zinc, folate, vitamin B4, and other B
vitamins, vitamin C, vitamin D, calcium,
selenium and fluoride

4.1 Zinc

Zinc is an essential component of a large number of enzymes, and plays a central
role in cellular growth and differentiation in tissues that have a rapid differenti-
ation and turnover, including those of the immune system and those in the gas-
trointestinal tract. The positive impact of zinc supplementation on the growth
of some stunted children, and on the prevalence of selected childhood diseases
such as diarrhoea, suggests that zinc deficiency is likely to be a significant public
health problem, especially in developing countries. However, the extent of zinc
deficiency worldwide is not well documented. All population age groups are at
risk of zinc deficiency, but infants and young children are probably the most
vulnerable. Pregnant and lactating women are also likely to be very susceptible
to zinc deficiency, and there is an urgent need for more information on the impli-
cations of low zinc status in these particular population groups (107,108).

4.1.1 Prevalence of deficiency

The lack of reliable and widely accepted indicators of zinc status of adequate
sensitivity means that the global prevalence of zinc deficiency is uncertain. Those
indicators that are available, such as zinc concentration in plasma and hair (see
Table 4.1), detect changes in zinc status only in cases of severe deficiency, and
may fail to detect marginal deficiency.

As suggested above, there are, however, several good reasons to suspect that
zinc deficiency is common, especially in infants and children. Firstly, a high
prevalence of low plasma zinc, which is a reasonable indicator of relatively severe
depletion, has been observed in some population groups. Secondly, several ran-
domized control trials have demonstrated that stunted children, and/or those
with low plasma zinc, respond positively to zinc supplementation, a finding
that suggests that zinc deficiency was a limiting factor in their growth. Growth
stunting affects about a third of children in less wealthy regions of the world
and is very common in settings where diets are of poor quality. This is not
too say that zinc deficiency affects up to one third of children in the developing
world since zinc deficiency is only but one of several possible causes of growth
stunting.
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TABLE 4.1
Indicators for assessing zinc status at the population level

Indicator Sample Population group Cut-off to define Comments
deficiency
Zinc Serum or Applies to all <70ug/dl No universally agreed
plasma population cut-offs.
groups Plasma zinc is

homeostatically
regulated and
therefore may not
detect marginal
deficiency.

Values change
diurnally.

Plasma zinc is
decreased by
pregnancy,
hypoalbuminemia
(PEM) and infection.

Zinc Erythrocytes Applies to all No universally May be used as a
(RBC) population agreed cut-offs secondary
groups at this time supportive indicator.
Zinc Hair Applies to all No universally Needs further research
population agreed cut-offs before this can be
groups at this time used as a

supportive indicator.
Not widely used as an

indicator in

population surveys.

PEM, protein energy malnutrition; RBC, red blood cell.

Sources: references (91,93).

Using estimates of zinc intake and bioavailability derived from FAQO’s food
balance data, it has been calculated that about 20% of the world’s population
could be at risk of zinc deficiency. The geographical regions most affected are
believed to be, in descending order of severity, south Asia (in particular,
Bangladesh and India), Africa and the western Pacific (109). It is probable that
the occurrence of zinc deficiency is strongly associated with that of iron defi-
ciency, because both iron and zinc are found in the same foods (i.e. meat, poultry
and fish) and, in both cases, their absorption from foods is inhibited by the pres-
ence of phytates. The minerals differ in that zinc is not as affected by blood loss
as is iron.
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4.1.2 Risk factors for deficiency

The central role of zinc in cell division, protein synthesis and growth means that
an adequate supply is especially important for infants, and pregnant and lactat-
ing women. Principal risk factors for zinc deficiency include diets low in zinc or
high in phytates, malabsorption disorders (including the presence of intestinal
parasites and diarrhoea), impaired utilization of zinc and genetic diseases (e.g.
acrodermatitis enteropathica, sickle-cell anaemia) (Table 1.2).

The bioavailability of zinc is dependent on dietary composition, in particu-
lar, on the proportion of high-phytate foods in the diet (i.e. selected cereals and
legumes). The molar ratio of phytate:zinc in meals or diets provides a useful
measure of zinc bioavailability. At high ratios (i.e. above 15:1), zinc absorption
from food is low, that is to say, less than 15% (110,111). The inclusion of animal
proteins can improve the total zinc intake and the efficiency of zinc absorption
from a phytate-containing diet (112). For instance, the addition of animal source
foods to a diet based on rice and wheat approximately doubled the amount of
zinc that was absorbed by young Chinese women (713). Using data obtained
from experimental zinc absorption studies, various criteria have been developed
to differentiate between diets likely to have high, moderate and low zinc bioavail-
ability; these are summarized in Table 4.2.

The extent to which the presence of phytates inhibits the absorption of zinc
is not precisely known at the present time. It is interesting to note that several
studies have shown that zinc absorption from some legume-based diets is com-
parable to that from a diet based on animal products, despite the relatively high
phytate content of the former (112,114), and that in adult women, approxi-
mately 30% of dietary zinc is absorbed across a wide range of different diets
(93). In a controlled experiment, infants absorbed nearly 45% of the zinc from
