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IZINCG - The International Zinc Nutrition Consultative Group

IZINCG was established in 2000 to promote and assist efforts to reduce global zinc
deficiency, with particular emphasis on the most vulnerable populations in developing
countries. The organization pursues its goals through advocacy and education, and by
offering technical assistance to:

@ Governments and non-governmental organizations interested in carrying out
programs to improve the nutritional status of specific populations

® International or bilateral organizations that support projects and/or applied

research to improve the micronutrient status of populations in developing countries

Other organizations that have ongoing micronutrient programs, and want to
incorporate zinc into their existing program.

IZINCG receives administrative support from the United Nations University (UNU) Food
and Nutrition Programme, the International Union of Nutrition Scientists (IUNS), and
the International Nutrition Foundation. IZINCG activities are coordinated through the
secretariat, which is housed within the Program in International Nutrition in the
Department of Nutrition, at the University of California, Davis.

IZINCG is supported by funding from a variety of international organizations with an
interest in public health nutrition, notably the International Zinc Association (IZA),

The Micronutrient Initiative, United Nations Children's Fund (UNICEF), United Nations
University (UNU), and the United States Agency for International Development (USAID).

For further information on IZiINCG visit www.izincg.ucdavis.edu

IZINCG is chaired by

Dr. Kenneth H. Brown,

Professor and Director of the
Program in International Nutrition,
Department of Nutrition, University
of California, Davis, U.S.A.

T - 3 Dr. Brown is an expert in
/? / Ay childhood malnutrition in
k 7 A ‘ B Jow-income countries.




ZINC FOR BETTER HEALTH

During the first half of the 20th century,
researchers discovered that zinc is essential for
the normal growth and survival of plants and
animals. Despite these observations, many
nutritionists doubted that zinc deficiency
occurred in humans because zinc is naturally
present throughout the environment and
obvious clinical signs of deficiency were not
apparent. Today, however, zinc deficiency is
recognized as an important and widespread
risk to human health.

Clear evidence of human zinc deficiency
began to emerge during the 1960s, when

Dr Ananda Prasad first reported cases of
dwarfism and delayed sexual maturity among
Middle Eastern adolescents'™. When zinc
supplements were given to these adolescents,
their height, weight, bone development and
sexual maturation improved significantly.
Since then, many researchers working in
different areas of the world have found that
zinc supplementation increases growth among
stunted children and reduces the prevalence
of common childhood infections, such as
diarrhea and pneumonia.

(1) Prasad A.S., Miale A. Jr, Farid Z, Sandstead
H.H., Schulert A.R. Zinc metabolism in patients
with the syndrome of iron deficiency anemia,
hepatosplenomegaly, dwarfism, and
hypogonadism. 1963. J Lab Clin Med 1990;
116: 737-49.
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International Report Highlights
Zinc Deficiency

A new report from leading zinc and nutrition
experts, working under the auspices of the
International Zinc Nutrition Consultative
Group (IZINCG), provides insight into an
astonishing opportunity to improve the health
of children in many countries at little cost.
The report ? - Assessment of the Risk of Zinc
Deficiency in Populations and Options for its
Control - presents a comprehensive review

of information on zinc metabolism, zinc
requirements, risk factors for zinc deficiency,
methods of assessing zinc status in a
population, and options for intervention
programs to control zinc deficiency. It shows
that zinc deficiency is linked to adverse
outcomes of pregnancy and compromised
neurobehavioural function in children. Since
one-third of preschool children in low-income
countries have stunted growth and much of
this growth failure is likely caused by zinc
deficiency, the report argues strongly for the
need to define in detail the true extent of zinc
deficiency worldwide and to initiate public
health programs to control this problem and
its serious consequences.

Regrettably, there are at present no simple,
quantitative markers of zinc status that can
be used to quickly identify zinc deficiency in
individuals. The absence of such biomarkers
of zinc status has undoubtedly slowed efforts
to quantify the global prevalence of zinc
deficiency, and this lack of information has
hampered the development of programs to
remedy the problem. Nevertheless, experts in

Risk of Zinc Deficiency Based on the
Prevalence of Childhood Growth-
Stunting and Absorbable Zinc
Content of Food Supply

zinc nutrition now believe that zinc deficiency
IS very common in many low-income countries.

(2) International Zinc Nutrition Consultative Group (IZINCG)
Technical Document #1 "Assessment of the Risk of Zinc
Deficiency in Populations and Options for its Control”,
Food and Nutrition Bulletin Vol. 25, N°1 (Supplement 2),
March 2004 - published by the International Nutrition
Foundation for the United Nations University.
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Foods that are particularly rich sources of
zinc are inaccessible to many of the world's
poorer populations. Although zinc is present
in a wide variety of foods, the highest
concentrations are found in meat, fish and
shellfish, and lesser amounts in eggs and
dairy products. Zinc content is also relatively
high in nuts, seeds, legumes and whole grain
cereals and lower in tubers, refined cereals,

Source: IZINCG

fruits, and vegetables. Animal products, such
as shellfish and red meat, however, which
contain substantial amounts of zinc in
readily absorbable form, are not consumed
extensively in many parts of the world
because of their high cost and limited supply.
Whole grain cereals and legumes, which are
more widely available, also contain zinc,

but the zinc in these foods is absorbed less
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efficiently because uptake by the intestine

is inhibited by other components of these
foods, notably fibre and phytate®. Thus, many
people — especially in low-income households
in developing countries — are unlikely to
receive adequate zinc from their diets.

The manifestation and severity of zinc
deficiency varies at different ages. In infants
up to two months of age, for example,
diarrhea is a prominent symptom. Early zinc
deficiency leads to impairment of cognitive
function, behavioral problems, mood changes,
memory impairment, problems with spatial
learning, and neuronal atrophy. Skin problems
become more frequent, and gastrointestinal
problems, anorexia and mood changes less
frequent, as the child grows older. Hair loss,
growth retardation, inflammation of the eye-
lids and conjunctiva and recurrent infections
are common findings in school-aged children.
Chronic non-healing leg ulcers and recurrent
infections occur among the elderly.

Underlying social and economic problems

in low-income populations, such as poverty,
poor quality food supply, lack of nutritional
education and high exposure to pathogens
because of poor sanitation and hygiene,
compound and contribute to the health
problems brought on by zinc deficiency. For
this reason, clear identification of nutritional
zinc deficiency and its causes is becoming a
priority for public health planners.

Studies of zinc supplementation in nine lower-
income countries in Latin America and the
Caribbean, south and southeast Asia, and the
western Pacific, have shown that supplemental
zinc led to an average 25% reduction in the
prevalence of diarrhea. Further studies in

Africa have also demonstrated similar
reductions in the incidence or number of days
with diarrhea, confirming that zinc prevents
diarrheal infection across a wide range of
geographical regions. The benefits of
supplemental zinc are comparable with the
benefits from programs that improve water
quality, water availability, and sanitation.
Studies of lower respiratory infections
conducted in India, Jamaica, Peru and
Vietnam have shown a 41% reduction in

the incidence of pneumonia when children
received zinc supplements. Studies on malaria
have shown that zinc may reduce the severity
of Plasmodium falciparum infections in
children. A study in India on infants born
with low birthweights showed that daily zinc
supplements reduced mortality by 68%.

Population groups most at risk from zinc
deficiency - infants and young children after
the period of exclusive breastfeeding, children
recovering from malnutrition, adolescents,
pregnant and lactating women, and the
elderly - are those with high requirements for
zinc or for whom other factors make it difficult
to obtain adequate zinc from the diet. |
From the large body of evidence on the
positive effects of supplemental zinc, public
health programs need to focus on those
groups with the highest risk of zinc deficiency.

(3) Phytate is a phosphorus storage molecule naturally present
at high levels in seeds, including cereal grains, nuts, and
legumes, and at lower levels in other plant foods, such as
fruits, leaves, and other vegetables. In legumes, phytate is
uniformly distributed and associated with protein, whereas
in cereal grains it is generally concentrated in the bran; in
maize, the majority of phytate exists in the germ. Phytate
is a strong chelator of minerals, including zinc. Because
phytate cannot be digested or absorbed in the human
intestinal tract, minerals bound to phytate also pass
through the intestine unabsorbed.
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Zinc deficiency has serious consequences

for health including: Fight Zinc Deficiency
© impairment of the immune system and
as a result, increased prevalence of Several options are available to fight zinc
childhood infections, such as diarrhea deficiency in populations at risk — zinc
and pneumonia; supplements, fortification of common foods
© impaired growth and development of with zinc, and modifying dietary habits.
infants, children and adolescents; Many forms of zinc are available at low cost
© impaired maternal health and for use as supplements. Researchers suggest
pregnancy outcome. that soluble forms of zinc salts, such as zinc

acetate, zinc sulphate or zinc gluconate,
should be used in supplement formulation,
and that supplements should be taken daily
and preferably between meals. Supplemental
zinc is recommended, for example, as an
adjunct therapy during the treatment of
diarrhea in children, whereby a high daily
dosage is administered for a short period. For
A UC Davis graduate student infants and small children, zinc supplements
measures a child enrolled in a zinc are often given in the form of flavored syrup.
supplementation study in Ecuador Chewable tablets have been used for school
' ' children. Another approach is to use single-
dose sachets of dry micronutrients ("“sprin-
kles"), or crushable tablets that are added to
food at the time of serving. The optimal form
of the supplement depends on the age of the
target group, cultural preferences, and the
need to include additional nutrients in the
supplement. High-fat, micronutrient-fortified
spreads may provide another option for zinc
supplementation. In many situations, zinc can
be included in programs already delivering
daily or weekly nutrient supplements, such
as iron, in which case the additional cost of
adding zinc would range from US$ 0.05-0.14
per person per year.
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Food Fortification

Food fortification - the addition of nutrients
to commonly eaten foods, beverages or
condiments — has played a major role in
eliminating micronutrient deficiencies in
industrialized countries. Infant formulas,
infant cereals and ready-to-eat breakfast
cereals are often fortified with zinc. Mexico is
presently conducting a national, voluntary zinc
fortification program, where zinc and other
micronutrients are added to wheat and corn
flours used for preparing bread and tortilla.
Mexico has also developed a fortified, milk-
based, beverage mix for pregnant and
lactating mothers. Zinc compounds available
for use as fortificants include zinc chloride,
zinc gluconate, zinc oxide, zinc stearate and
zinc sulphate, all of which are listed as GRAS
(Generally Regarded as Safe) by the US Food
and Drug Administration. The choice will
depend on the solubility of the compound,
its effect on the taste of the final food

¥ Offal 52
$% Meat products 25
Poultry 15
&4 Fish 8.0

! Qils &fats 0.5 Milk 3.9

i (ereals 9.9

product, shelf life and cost. The typical level
of fortification of cereal products, for example,
is 30-70 mg zinc per kilogram of flour.

Fortification programs are highly effective

in improving public health, especially for
population groups at risk, and are also
cost-effective. The cost of a wheat flour
fortification program - fortifying 100,000
metric tonnes flour with 66 ppm (parts per
million) of iron in the form of ferrous sulfate
at one mill using a continuous fortification
system - has been estimated at US$ 84,000
per year, with the cost of the iron fortificant
being 68% of the total program cost. The
additional cost of including zinc in this
program would be the cost of adding zinc to
the premix, quality control during production,
and monitoring and evaluation. This
additional cost would be US$ 1.03 per metric
tonne of fortified flour, or US$ 102,000 for
the total production of 100,000 tonnes,
based on an average zinc sulfate cost of

US$ 25.7 per kg.

Bread 9.8 Green vegetables 3.9
Potatoes 33
QOther vegetables 2.4
(anned vegetables 4.2
Fresh fruit 0.85
Fruit products 0.63

Beverages 0.14 |

Meat 52

Eggs 13 Milk products 12
Sugars & preserves 5.5 Nuts 30



Revised Recommended Dietary Allowances (RDAs) for zinc, by life stage and
diet type, as suggested by IZINCG *

Revisions suggested by
IZINCG for RDA for zinc (mg/day)

e Sex Refer_ence Mixed or reﬁned Unrefined,_
body weight (kg) vegetarian diets  cereal-based diets

6-11 months M+F 9 4 5

1-3 years M+F 12 3 8

4-8 years M-+F 21 4 5

9-13 years M+F 38 6 9

14-18 years M 64 10 14

14-18 years F 56 9 11
Pregnancy F 11 15
Lactation F 10 11

>19 years M 65 13 19

>19 years F 55 8 g
Pregnancy F 10 13
Lactation F 9 10

Strategies to modify or diversify diet, in order increased by 78%. Other long-term strategies
to improve access to foods with a high level in this area include genetic modification of
of absorbable zinc, are necessarily long-term. plants to increase their level of absorbable
So-called ‘field-fortification’ techniques include  zinc, and the promotion of small livestock
the use of zinc fertilizers to increase the zinc husbandry and aquaculture that will improve
content (and yield) of cereal grains, and plant  the availability of zinc-rich foods.

breeding to produce zinc-efficient genotypes.

The range of genotypic differences in zinc

(and iron) concentration in maize, for example,

is as high as 50% of the average value.

Plant breeding has also been successful in

developing varieties of corn, barley and rice

with significantly lower levels of phytate .

When adults received a corn-based diet in (4) Although the IZINCG Technical Document #1 is not

intended to replace current reference values for zinc

which the phytate content was reduced by requirements set by international agencies, it examines
) i these values and makes recommendations for their
more than 55%, average zinc absorption reevaluation when appropriate.
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The Fifth Leading Risk Factor
for Disease

The United Nations World Health Organization
(WHO)® has confirmed the importance and
cost-effectiveness of programs to fight zinc
deficiency. In The World Health Report 2002
the WHO measured the amount of disease,
disability and death that can be attributed to
major health risks. Zinc deficiency is shown to
be one of the leading causes of illness and
disease in low-income countries.

In developing countries, zinc deficiency

ranks 5th among the leading 10 risk factors.
Even on a global scale, taking developed and
developing countries together, zinc deficiency
ranks 11th out of the 20 leading risk factors.
WHO attributes 800,000 deaths worldwide
each year to zinc deficiency and over

28 million healthy life years lost”. It is
estimated that zinc deficiency affects one-third
of the world's population, with estimates
ranging from 4 percent to 73 percent
according to region. Worldwide, zinc deficiency
is responsible for approximately 16 percent of
lower respiratory tract infections, 18 percent of
malaria and 10 percent of diarrhoeal disease.

“Severe zinc deficiency causes short stature,
impaired immune function and other disorders
and is a significant cause of respiratory
infections, malaria and diarrhoeal disease”,
says the Report. WHO points out that zinc
deficiency is largely related to inadequate
intake or absorption of zinc from the diet.
“The distinction between intake and
absorption is important: high levels of
inhibitors (such as fibre and phytates) in

the diet may result in low absorption of zinc,
even though intake of zinc may be acceptable.
For this reason, zinc requirements for dietary
intake are adjusted upwards for populations

20 Leading Risk Factors — Global Situation
in Order of Priority

Underweight

Unsafe sex

Blood pressure

Tobacco

Alcohol

Unsafe water, sanitation and hygiene
Cholesterol

Indoor smoke from solid fuels
Iron deficiency

Overweight

Zinc deficiency

Low fruit and vegetable intake
Vitamin A deficiency

Physical inactivity

Risk factors for injury

Lead exposure

[licit drugs

Unsafe health care injections
Lack of contraception
Childhood sexual abuse

Source: The World Health Report 2002

in which animal products — the best sources
of zinc — are limited, and in which plant
sources of zinc are high in phytates.”

WHO has developed a system — named
CHOICE (CHOosing Interventions that are
Cost-Effective) - for identifying and reporting
cost-effective health interventions consistently

(5) http:/ /www.who.int/en/

(6) The World Health Report 2002: Reducing Risks, Promoting
Healthy Life. World Health Organization 2002.
ISBN 92 4 156207 2.

(7) WHO uses a metric — DALY (disability-adjusted life year) -
with one DALY equal to the loss of one healthy life year.
In developing countries, over 28 million DALYs are
attributable to zinc deficiency. Almost half of these healthy
life years are lost in Africa and another 34% in South East
Asia. Even in the developed world, more than 130,000
healthy life years are lost because of zinc deficiency.



Leading 10 Risk Factors in Developing
Countries as Percentage Causes of Disease
Burden, Measured in Disability Adjusted
Life Years (DALY)

Underweight 14.9%
Unsafe sex 10.2%
Unsafe water 5.5%
Indoor smoke 3.7%
Zinc deficiency 3.2%
Iron deficiency 3.1%
Vitamin A deficiency 3.0%
Blood pressure 2.5%
Tobacco 2.0%
Cholesterol 1.9%

Source: The World Health Report 2002

across different regions of the world. CHOICE
options are contained in a new statistical
database, one of the largest research projects
ever undertaken by the World Health
Organization. Zinc supplementation and
fortification are shown to be very cost-
effective public health interventions in all
regions of the world. In relation to combined
(zinc, iron and Vitamin A) interventions to
reduce risks to children under five years of
age, WHO observes that “Zinc fortification is,
perhaps, the surprise, being more cost-
effective than the other options in all regions.
To the extent that the same food vehicles

could be used to fortify zinc and iron, the cost-

effectiveness of the combined intervention
would be even more attractive, making it one
of the most attractive options available of any
type of intervention.” Except in regions where
Vitamin A is not a major risk (Europe), “the
combination of zinc and Vitamin A
fortification (or supplementation) with
treatment of diarrhoea and pneumonia is

the most cost-effective combination of
preventative and curative actions.”

“This report provides a road map for how
societies can tackle a wide range of
preventable conditions that are killing millions
of people prematurely and robbing tens of
millions of healthy life," said WHO Director-
General, Dr Gro Harlem Brundtland, when

she presented the Report in 2002.

Today, zinc is known to be the most ubiquitous
of all trace elements involved in human
metabolism. Zinc participates in all major
biochemical pathways and plays multiple
roles in the perpetuation of genetic material,
including transcription of DNA, translation of
RNA, and ultimately cellular division. More
than 300 enzymes require zinc for their
catalytic function. And for millions of people
around the world, a few extra milligrams of
zinc each day can make the difference
between illness and a healthy and

productive life.

This publication is authored by Michael Martin,
consultant to IZA, and is based on information
contained in the International Zinc Nutrition
Consultative Group (IZINCG) Technical Document
#1 "Assessment of the Risk of Zinc Deficiency in
Populations and Options for its Control”, published
in Food and Nutrition Bulletin Vol. 25, N°1
(Supplement 2), March 2004, by the International
Nutrition Foundation for the United Nations
University; and “The World Health Report 2002:
Reducing Risks, Promoting Healthy Life", published
by the World Health Organization 2002.

Further IZA publications on zinc and health can be
found at www.zinc-health.org:

® Zinc Protects: Zinc and Human Health

® Zinc Protects: The Role of Zinc in Child Health

® Zinc Protects: Zinc and the Immune Function
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www.zinc-health.org
An 1ZA web site dedicated to advancing knowledge about the
importance of zinc to human health. Contains key documents,

conferences and events, links,__ IZA publications and ¢
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International Zinc Association (1ZA), 168 Avenue de Tervueren, B-1150 Brussels - Belgium /
Tel: 32.2.7760070 Fax: 32.2.7760089 Email: info@iza.com Internet: www.zincworld.org
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