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Guest Editorial

Guest Editorial
Chairman’s message
I am writing this guest editorial at a time when the
world is more aware than ever of the fragility of our
existence on this planet. The cyclone that hit Burma
and the earthquake that devastated areas of China in
the late spring of this year have claimed tens of thousands of lives and destroyed the livelihoods of millions
more. Like the tsunami that shattered huge swathes of
the Bangladeshi coastal region in 2007, or Hurricane
Katrina, which caused the flooding of New Orleans in
2005, they give our age a new measure of the concept
of natural disaster.
At the same time as the world is struggling to respond
to these cataclysmic events, another disaster is happening all around us. I refer to the global disaster of maternal and child malnutrition, which is currently the underlying cause of 3.5 million deaths a year, 35% of the disease burden in children younger than five years. It is a
quiet disaster – one that occurs day in, day out, around
the globe and causes suffering on a scale that cannot be
imagined. Hidden Hunger – the lack of essential micronutrients in a presumably adequate diet – is increasingly prevalent in the developing world, and is very likely
associated with a range of crippling conditions, including diabetes and heart disease. Clearly, the relationship
between food and well-being is out of balance on a
massive scale in most parts of the world.
SIGHT AND LIFE has a clear agenda for addressing
that imbalance. That agenda is global, pragmatic and
inclusive. It benefits from the latest findings in nutritional science and the long-term commitment of workers in the field. It draws on our traditional expertise in
dietary supplementation with vitamin A and reaches
out into the wider field of food fortification in the
home. And it is underpinned by a continuous effort of
knowledge creation and dissemination – finding out
what can make a difference to the lives of millions of
malnourished individuals worldwide and communicating that knowledge as broadly as possible. SIGHT
AND LIFE does this in the hope that many people
around the world will engage with the key nutritional
issues and do their part to bring about change for the
better.
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As a global leader in nutritional products, DSM
has a responsibility to
wholeheartedly support
this agenda. Our support
for SIGHT AND LIFE is
part of a wider effort that
includes our partnership
with the United Nations
World Food Programme (WFP) and our own Nutrition
Improvement Programme (NIP).
Following the previous issue of SIGHT AND LIFE
Magazine, I have assumed the chairmanship of the
SIGHT AND LIFE Steering Committee from Feike
Sijbesma. As CEO of DSM, Feike’s responsibilities
continue to include an ongoing deep interest in all of
DSM’s humanitarian initiatives. In May of this year,
he visited areas of Bangladesh that had been devastated in 2007’s Cyclone Sidr and personally participated
in the distribution of food and micronutrient MixMe™
sachets to populations entirely dependent on this support for their existence. Feike’s experiences and
impressions were shared with DSM’s employees in a
blog from Bangladesh and subsequent video message,
which brought home to us all the scale of the need that
we are striving to address.
As the member of DSM’s Managing Board with responsibility for DSM’s Nutrition cluster of businesses,
and the Chairman of the joint DSM-WFP Steering
Committee, it is a pleasure and a privilege to take over
the role as Chairman of the SIGHT AND LIFE
Steering Committee and to take a more active interest
than ever in the work of SIGHT AND LIFE.
Since joining DSM in March 2007, I have learned a
great deal about SIGHT AND LIFE – its history, its
ongoing evolution, and its plans in the face of the global crisis of malnutrition. I have been impressed by the
leadership that this humanitarian initiative has recently recorded, including the publication of the first comprehensive guidebook and handbook on Nutritional
Anemia, and the hosting of a roundtable on the socioeconomics of hidden hunger, which brought together
the world’s greatest experts on this subject.
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I look forward to learning yet more from the many
passionate experts around the world who translate the
vision of SIGHT AND LIFE into meaningful research,
effective advocacy and – most important of all – practical support in the field, where it is most needed. I
also look forward to working hard to further SIGHT
AND LIFE’s objectives. As my predecessor, Feike
Sijbesma, said when speaking at BioVision in 2007:
“There is no escape – business cannot survive in a
society that fails.”

As a businessperson and a citizen of this planet, I am
committed to helping ensure that our society does not
fail – and that SIGHT AND LIFE does not fail those
who most need its support.
Stephan B. Tanda
Chairman
SIGHT AND LIFE Steering Committee

PLEASE VISIT OUR NEWLY DESIGNED WEBSITE

www.sightandlife.org
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Nutrition in the Perfect Storm:
Why Micronutrient Malnutrition will be a
Widespread Health Consequence of High Food Prices
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Introduction
For the first time in the post-greenrevolution era, the world is experiencing a dramatic and protracted
surge in food prices, attributable to
a complex combination of shortterm cyclical and long-term structural factors that include lower
agricultural production, weather
shocks, greater demand for grainfed livestock among a growing global middle class, biofuel development from grain crops, food stock
hoarding, and globalized trade in
food commodities. The increased
prices and dwindling grain stockpiles have caused civil strife and
political instability in more than 40
countries, particularly in poor,
urban locations.
While recent media coverage and a
high profile World Food Summit
attended by many heads of state
have discussed ways to quell the
violent protests and cap the spiraling staple prices as well as debated
the ethics of biofuel development,
the potential deleterious impact that
the food crisis will have on the
health status of vulnerable groups
6

has received less attention. In particular, the overt focus on high cereal
prices has overshadowed the consideration of micronutrient malnutrition.
This is a serious underestimation. Several studies show that during times
of economic crisis, households forego relatively expensive micronutrientrich foods in order to maintain staple food consumption for as long as possible. In attempting to accurately predict the nutritional consequences of
the current global food crisis, it is critical to scale up existing nationallevel research that substantiates the relationship between economic crises
and poor nutrition outcomes. Drawing from several examples of nationallevel nutritional surveillance, this article examines how the current food
crisis will force adjustments in the choices people make about food intake,
reduce dietary quality, and, in turn, negatively impact population health.
It also describes which nutrition indicators are most ‘crisis-sensitive’ and
makes the case for using these in tracking the potential impacts of high
food costs.
Costly cereals
Compared to other food-related humanitarian crises, like famines, the current situation is uniquely characterized by the existence of food on the
markets that is simply unaffordable for hundreds of millions of people.1
Particularly in countries with low staple food reserves, the market prices
of these items have doubled or tripled in price over the past year.2 After a
modest but steady increase of 43 percent over the six-year period between
2000 and 2006, the price of a ton of wheat has more than doubled in the
past two years and is up 55 percent from last year alone (Figure 1). Maize
has increased in price by 70 percent in the past year and rice, which is the
staple food of two-thirds of the world population, has tripled in price over
the same time period, up from US$325 in May 2007 to US$963 in May
2008.3 These price increases cannot be dismissed as a temporary issue;
although cereal prices are expected to peak in 2008, forecasts do not predict significant decreases for at least the next decade.4, 5 Figure 2 provides

Food Prices and Malnutrition

Magazine Issue 2/2008

hold budget on food. Such consumers will reach a point at which
they cannot increase the amount
they spend on food and must
instead sacrifice the quantity and
quality of their diet.
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Figure 1: World cereal prices, 2000–2008 (in US$)
Data sources:
U.N. Food and agriculture organization food price index

a forecast of cereal price development. Escalated prices impact all
socioeconomic strata but particu-

larly spell nutritional catastrophe
for certain vulnerable groups already spending most of their house-

Key messages
• Dramatically increased staple food prices around the world are
forcing households to reduce their consumption of micronutrientrich foods, which will have a range of health consequences, depending on the pre-existing nutritional status of a population.
• Among households with a diet of sufficient nutritional quality, an
increase in staple food prices is likely to cause an increase in micronutrient deficiencies before weight loss as households forego relatively expensive, micronutrient-rich foods to maintain the consumption of consistent quantities of staple foods for as long as possible.
• For households among the third of the world’s population already
suffering from micronutrient deficiencies, the added stress of higher
staple food prices will exacerbate pre-existing deficiencies; however, the already-high prevalence levels mean any increase will be
limited.
• It is important to track data on prices, food expenditure, dietary
diversity and nutritional status to assess the consequences among
different population groups.
• The negative consequences of some micronutrient deficiencies are
irreversible. Even temporary exposure to malnutrition induced by
high food prices could produce severe long-term impacts, especially on children.
• While working towards long-term solutions to the food price crisis,
governments and agencies should support micronutrient supplementation, fortification and food-based strategies to address micronutrient malnutrition among vulnerable population groups in the short
and medium term.

Even before the food price crisis,
830 million people in the world
faced acute food shortages, a figure
that is certain to increase as staple
food prices remain high.6 In developing countries, where poor families spend 50–70 percent of income
on food,7 a 20-percent increase in
food prices would push 100 million
people below the dollar-per-day
threshold of absolute poverty,
which could slow progress toward
the Millennium Development
Goals (MDGs) by seven years and
negate all the poverty reduction
achievements made during the past
decade of growth.8
While increased staple prices affect
all consumers to some extent, the
urban poor face grimmer prospects
for maintaining good nutritional
status during periods of reduced
purchasing power compared to
their rural counterparts for several
reasons, particularly as the former
are less likely to grow their own
food. Many rural households grow
at least some crops, demonstrate
coping strategies to fall back upon
during times of economic hardship,
and can access government safetynet programs that are often focused
on rural areas. For example, the
Asian economic crises of 1997 disproportionately affected urban as
compared to rural households in
Indonesia, due to their reliance on
cash income and market purchases
to meet their nutrition needs.9 The
ability to access affordable food
and earn a cash income are integral
to the achievement of food security
in urban areas. So, when staple
7
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food prices double or even triple,
the urban poor – who are literally
further from the food chain – lack
any coping mechanism for alternative methods of food acquisition.10
Food shocks that become severe
enough threaten not only the poor
in urban areas, however; a study in
urban Zambia before and after
maize price increases during the
southern African drought of
2001–2 showed impacts among the
middle class.11
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determinants of nutritional status, and world bank (2000 = 100)
both of which can be affected by an
Data sources: Adapted from World Food Programme High Food Prices Briefing
economic crisis. Household coping Booklet, 12 June 2008
strategies depend on the setting and
available resources. To free up a
greater proportion of available income for food, poor (Table 1). The first coping strategy may be to
households may forego health care or withdraw their replace relatively more expensive micronutrient-dense
children from school, which have negative implica- products in their diet with cheaper, calorie-rich staple
tions for nutritional status. People with low education- foods, which can cause micronutrient deficiency disoral status are less likely to possess knowledge about ders. If this coping strategy does not produce sufficient
proper nutritional habits. In terms of food access, ‘savings,’ households may resort to reducing their
households with reduced purchasing power – due to expenditure on basic foods, such as sugar, oil and salt,
reduced disposable income or higher food prices – in addition to staple foods.10 A study in Bangladesh
may reduce the amount of money they allocate for over an eight year period marked by significant rice
foods purchased in the market. Rural families may pro- price fluctuations (1992–2000) showed that, when
duce more foods in the homestead, while urban fami- rice was cheaper, more money was spent on addilies may stretch their limited funds by buying cheaper tional food items; conversely, when rice was more
foods. All of these factors contribute to reduced access expensive, less was spent on non-rice products.12
Throughout these price fluctuations, rice consumption
to food of sufficient nutritional quality.9
(in kilograms) was unchanged; thus, expenditure
Difficult trade-offs: Maintaining staple food
changes were purely a function of the rice price.
intake at the expense of other food groups
Dietary consequences of increased food prices
Cereals constitute the bulk or entirety of the dietary depend on pre-existing nutritional status
energy for most of the world population, including the
roughly one billion people living in absolute poverty. Among households consuming adequate diets or diets
These people consume the great majority of their calo- of sufficient nutritional quality, an increase in staple
ries in the form of staple foods instead of micronutri- food prices is likely to cause an increase in micronuent-rich – and relatively more expensive – foods like trient deficiencies before weight loss as these houseeggs, fish, chicken, meat, dairy products, fruits and holds sacrifice dietary diversity to maintain a consisvegetables. During episodes of income shortages or tent level of staple food consumption (Figure 3). A
high food prices, poor households are forced to read- study to investigate the effects of currency devaluation
just their food expenditure, which limits their choices on dietary changes and the nutritional vulnerability of
8
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Table 1: Relative food choices of economic status groups
Economic status
Not poor
Less poor
Moderately poor
Very poor

Food choices
Rice + Vegetables + Eggs + Meat
Rice + Vegetables + Eggs
Rice + Vegetables + Meat
Rice + Vegetables
Rice + Eggs
Rice

poor households in two African
capital cities revealed that consumers frequently depleted the fat
and vegetable content of meals,
and eliminated desserts during
periods of currency devaluation.14
Only during especially severe
episodes of economic hardship,
did households begin to reduce the
quantity of staple food consumed,
sometimes down to a single staplebased meal per day, after eliminating all ‘luxury’ foods like fruits,
meat, and processed foods.
Similarly, during the Indonesian
economic crisis of 1997, when
prices of food and other commodities considerably increased and
large segments of the society
experienced a decline in real
income, the first effect was
reduced dietary intake of animal
products to maintain staple food

consumption. Across all socioeconomic strata, household rice
consumption – as measured in
kilograms – did not change, even
though it required an increase in
absolute as well as relative expenditure on rice to maintain a consistent intake.9 To offset the greater
rice expenditure, households decreased expenditure on non-staple
foods (measured in this case by
egg consumption to be generally
representative of foods with high
micronutrient quality). The relationship between expenditure (as a
proxy for consumption) on nonstaple foods and child nutritional
status was also shown in
Bangladesh; when non-rice food
expenditure increased as a
consequence of a lower expenditure on rice, the prevalence of
child underweight decreased.12

Food is transported far distances today.

Approximately a third of the world
population suffers from micronutrient deficiencies. In particular, poor
people in the developing world
who do not have access to fortified
foods and cannot afford vitaminand mineral-rich animal products
face a high risk of micronutrient
deficiencies. For those households
already suffering from micronutrient deficiencies, the added stress of
higher staple food prices will
increase the severity of pre-existing
deficiencies, though the increase in
prevalence will be limited due to
the already-high rates. Heavily or
exclusively staple-food-based diets
generally cannot provide the range
of nutrients required for good
health.9 Even when consumed in
sufficient quantities to provide adequate quantities of macronutrients,
staple foods lack essential micronutrients, such as iron, zinc, iodine,
vitamins A, C, E and the B vitamins. Population groups most
affected by the decreased dietary
quality are those with the highest
requirements, including young
children, pregnant and lactating
women, and the chronically ill.7
While the presence of one micronutrient deficiency indicates the likely presence of multiple deficiencies, some deficiencies – such as
anemia and vitamin A deficiency –
are easier to diagnose and are often
tracked because of their particular
public health significance. Anemia
can be identified by low hemoglobin levels and vitamin A deficiency
by low serum retinol concentrations. Children aged 6–24 months
are at particular risk of iron defi9
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ciency anemia because the iron supplied by breast milk
is not sufficient to meet the needs of rapid growth and
development; those from families unable to access
iron-rich complementary foods will invariably be
affected.9 Similarly, vitamin A deficiency prevails
among populations whose diets are lacking in animal
products.14
Reduced economic potential of a malnourished
population
Micronutrient deficiencies are both a cause and a consequence of poverty because they negatively and irreversibly impact the neuro-intellectual and physical
development of an entire generation in the form of
premature death, poor health and cognitive abilities,
and low work capacity.15, 16 A vicious cycle arises
when poor people cannot afford to access important

food sources of vitamins and minerals, such as relatively more expensive animal products. Reduced
access leads to micronutrient malnutrition that
adversely affects cognitive performance and work
capacity.17,18 These deficiencies perpetuate poverty at
both individual and population level because the economic gains of less-developed countries heavily rest
on the health and output of their human resources.
Labor-intensive industries, such as agriculture, manufacturing and construction, fuel the economies of
many developing countries, so micronutrient deficiency disorders among workers reduce the productivity
of these industries and the country’s economy.9 The
median value of annual physical productivity losses
due to iron deficiency in developing countries is an
estimated 0.57 percent of GDP. Median combined
physical and cognitive losses total just over 4 percent
of GDP.17

Health outcome

Food related

Livelihood

Deterioration of household food security
Diversification/ change
in livelihood
activities

Reduced
expenditure
on nonessential or
luxury items
Beginning
to sell non
productive/
disposable
assets

Change to
cheaper,
lower
quality, and
less
preferred
foods

Reduce
diversity of
food – poor
nutrient
intake
Favor
certain HH
members
over others
for consumption

Depletion of body
micronutrient stores
and lowered
immunity

Children
drop out of
school

Increased
use of child
labor

Out
migration
(rural to
urban
moves)

Begin to
borrow/
purchase
on credit,
become
indebted

Reduce size/
number of
meals

Consume
wild foods/
immature
crops/seed
stocks

Selling of
productive
assets

Selling of
all assets

Reduce
expenditures
on essential
items(food,
water, etc.)

Begging
for food

Skip entire
days
without
eating

Eat items
not done so
in the past/
not part of
normal diet
(i.e. plants
and
insects)

Send
household
members
elsewhere
to eat (i.e.
neighbors)

Appearance of clinical
symptoms of micronutrient
deficiencies, such as night
blindness (vitamin A), anemia and
increased morbidity (within
2-3 months)

Underweight
Wasting
Maternal weight

Engage in
illegal/
health
threatening
activities as
last resort
coping

Early childhood mortality

Increased overall mortality

Figure 3: Health and nutrition consequences of stages of household food security
Data sources: Adapted from D. Maxwell, R. Caldwell. The Coping Strategies Index: Field Methods Manual, Nairobi:
CARE Eastern and Central Africa Regional Management and World Food Programme, 2nd ed, Jan 2008.
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Tracking the crisis with appropriate nutritional
surveillance
Because nutrition indicators reflect very specific
aspects of a person’s nutritional status, they can be
strategically utilized to reveal which food consumption
trade-offs people are making during food crises and
how it is affecting their nutritional status, including
micronutrient status.19, 20 Pre-crisis food consumption
and nutrition situation is the single most important
determinant in deciding which indicators are most
appropriate to monitor. Among those populations
moving from micronutrient adequacy to deficiency as
a result of high food prices, indicators of micronutrient
status are best for detecting dietary changes. For those
populations already suffering from micronutrient
deficiencies, increased food prices will increase
the severity of the deficiencies, but the limited
capacity to detect prevalence changes points to the
utility of monitoring anthropometry. Additionally, dietary diversity indicators show great promise for helping to understand the potential for the emergence of
deficiencies. Dietary diversity has been validated
against various indicators of micronutrient status, and

A woman affected by Cyclone Sidr in Bangladesh
sprinkles a sachet with micronutrients (MixMe™)
on her food.
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dietary changes – as the causal factor for many
micronutrient deficiencies – may be detected before
changes of micronutrient status.21
Child hemoglobin level and maternal vitamin A status
(night blindness and serum retinol concentration) have
been demonstrated as the most responsive micronutrient status indicators for monitoring the impact of
economic shocks. Among an Indonesian population
that had just previously achieved improved micronutrient status, the economic crisis sparked high rates of
child anemia and maternal vitamin A deficiency.8
Child anemia is a good proxy for a decrease in the
intake of micronutrient-rich foods, because it is less
likely than maternal anemia to be affected by other
factors, such as the performance of health care
services, including supplementation with iron/folic
acid for pregnant women, other feeding or caring
practices, varying biological factors, or environmental
hygiene.9 Although anemia in young children is a very
sensitive indicator of changes in dietary quality, child
vitamin A status is not, because successful distribution
of vitamin A capsule distribution in much of the world
is relatively unaffected even during periods of crisis.
And this vitamin A distribution will mask most of the
reductions of vitamin A status due to lowered intake.
Mothers, however, are not targeted with vitamin A
capsule distribution, except for the immediate postpartum period when coverage is generally low, so maternal night blindness is a useful indicator of the micronutrient quality of the diet.11
Anthropometric indicators like child underweight and
maternal body mass index are more responsive among
populations that were already suffering from poor
micronutrient status prior to higher staple food prices.
As family caretakers, mothers are more likely to
reduce their own food intake before that of their children or husbands during periods of hardship, which
will result in maternal thinness; this was seen as a consequence of the Indonesian and Congolese economic
crises.22, 23 Even though the quality of a child’s diet is
likely to be affected sooner than the quantity, as other
household members sacrifice their own food intake to
maintain that of the children, anthropometric measurements provide valuable indications of nutritional status
during particularly severe crises, when other coping
strategies have been exhausted, or in situations of
increased illness, which affects child weight.9 Underweight among children under five was a very good
indicator of change in rice prices in Bangladesh.12 Table 2 summarizes nutritional indicators that
are useful to detect changes in dietary quality among
vulnerable population groups.
11
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Table 2: Nutritional indicators useful for showing changes in dietary quality and food security among
vulnerable groups
Micronutrients quantity
Body mass
Underweight,
index
wasting, stunting

Mother
Child

Micronutrients quality
Hemoglobin level
Vitamin A status
(night blindness and
serum retinol
concentration)

X

X
X

Responding to the specific types of malnutrition
that are likely to arise in each setting
In addition to government imposed economic strategies to avert high food prices and provide additional
funds to aid agencies, which are beyond the scope of
this article, nutritional surveillance should comprise an
integral part of the response to the high cost of food.
Appropriate indicators – appealing due to their ease of
collection in large study populations – can inform policy makers about targeted, resource-effective nutrition
responses across varying time frames. Those heading
surveillance efforts should understand how to interpret
the different indicators, and whether they reflect
undernutrition or micronutrient status. Furthermore,
once a change in indicators is seen, assistance and nutritional rehabilitation needs to be strategically directed. Efforts to support dietary diversity, delivery of
multiple micronutrients through supplements or homefortification products, national fortification of staples,
and provision of fortified blended foods constitute several appropriate responses to improve population nutritional status, particularly micronutrient status.9

X
vitamin A status, thinness and child anthropometry is
the most efficient way of detecting nutritional distress,
increased morbidity, and impaired development due to
high food prices. These indicators can be used to target
short-term interventions, like the distribution of
micronutrient powders and fortified blended foods.
Failing to act now to protect the health of the world’s
most vulnerable people is likely to result in an even
starker contrast between the economic aspirations and
reality of poor nations than we have in the present.
Acronyms
EIU
(The) Economist Intelligence Unit
FAO
Food and Agriculture Organization of the
United Nations
FAPRI Food and Agriculture Policy Research
Institute
IFPRI
International Food Policy Research Institute
OECD Organisation for Economic Co-operation
and Development
USDA United States Department of Agriculture
UN
United Nations
UNICEF United Nations Children’s Fund
WFP
United Nations World Food Programme

Conclusion
As perhaps the world’s first truly ‘globalized’ humanitarian disaster, the current food-price crisis underscores
the interconnectedness of many causal factors. The
manifestation of high food prices will be observed in
terms of micronutrient-deficiency-induced morbidity
and mortality, a potential ‘lost generation’ of unhealthy
children, and irreversible economic loss. Until longterm solutions are worked out (i.e. adjustments to international agricultural policy and the realization of a second green revolution), it is important not to let vulnerable groups slip through the cracks. Apart from the examples mentioned in this article, the impact of economic
shocks on food security and the nutritional status of the
poor is not well documented, making it imperative to set
up surveillance programs as the current situation
unfolds. Tracking child hemoglobin levels, maternal
12
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First of all, I would like to thank Elizabeth Johnson,
Chairperson, CARIG Symposium Committee, and the
CARIG Steering Committee members for their kind
invitation to deliver the 2008 James Allen Olson
Memorial Lecture. It is a great privilege and honor to
be asked to present this lecture. When Liz asked me if
I would accept the invitation, I replied, “How can I
refuse an invitation to speak in memory of James
Olson, whom I was associated with for over twenty
years?” Indeed, it was James Allen Olson who brought
me to this country from India in 1980. During these
twenty years, I learned a lot from this great scholar, an
authority on retinoids and carotenoids. What
impressed me most was his vast knowledge and
incredible memory. I miss him very much.
The title of my talk is ‘The Hidden Beauty of
Carotenoids: From Brilliant Colors to Human Health.’
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You will understand why the beauty of carotenoids is
often hidden as I go through my talk.
It is well known that carrot leaves are green. But hidden underneath the soil is the beautiful bright orange
color of the carrot roots. In 1831, Wackenroder
extracted the color from the roots and obtained a
homogenous compound that he named ‘Karotin’
(‘Carotin’).1 Tswett invented the technique of chromatography in 1906. Using chromatography, it was
shown that the homogenous compound was actually a
mixture of isomers, β-carotene being most predominant. In carrot extract, β-carotene crystallizes first
leaving the β-isomer in the mother liquor. The vivid
yellow or orange color of carotenoids in many fruits
and vegetables is often hidden under the green color of
chlorophyll. Just peel a green but ripe papaya, mango,
watermelon, squash or grapefruit, and you see the
beautiful yellow to orange color of carotenoids within the pulp inside. It is difficult to believe that no
green plants can survive without
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Table 1: Carotenoids identified in human plasma
(excluding cis isomers)7
From diet

α-Carotene
β-Carotene
γ-Carotene

Presumably metabolites
3’-Hydroxy-ε-ε-caroten-3-one
3’-Hydroxy-ε-ε-caroten-3’-one
3’-Hydroxy-β-ε-caroten-3’-one

Lycopene

ε-ε-Caroten-3,3’-dione

Neurosporene

3-Hydroxy-3’,4’-didehydro-β-γ-carotene

ζ-Carotene

3’-Hydroxy-2’,3’-didehydro-β-ε-carotene

Phytofluene

3’-Epilutein

Phytoene

2,6-Cyclolycopene-1,5-diol

α-Cryptoxanthin
β-Cryptoxanthin

excess energy as heat.2 The primary function of β-carotene is likely the quenching of singlet oxygen,
produced after charge recombination, to the triplet state of chlorophyll.3

Anhydrolutein

Lutein
Zeaxanthin
carotenoids. But where are the carotenoids in green leaves? In autumn, when the days are short and
there is not enough sunlight, the
chlorophylls say “goodbye” to the
carotenoids and disappear from the
leaves. Carotenoids are left
exposed. They were hidden under
the chlorophylls. The beauty of
autumn leaves is spectacular, but
short-lived. The leaves fall and
with them the carotenoids. It seems
there is an intimate relationship
between carotenoids and chlorophylls.
Functions of carotenoids
In non-photosynthetic tissues, carotenoids determine or contribute to
the color of flowers and fruits. The
color of carotenoids in fruits
attracts birds and animals, and as
the fruits are eaten their seeds get
dispersed. The scales of certain fish
turn brightly colored during spawning time. The brilliant colors of
carotenoids in flowers attract
insects and bees. As these creatures
fly from flower to flower, pollination occurs. Bird feathers are often
brightly colored with carotenoids to
attract birds of the opposite sex.

Chlorophylls and carotenoids are
integral components of the Light
Harvesting Complex (LHC I and
II) in photosystems. LHC II serves
as the principal solar energy collector in photosynthesis. The structures of LHC I and II, in pea and
spinach, have been determined by
x-ray crystallography, and the
binding sites of β-carotene, lutein,
neoxanthin, violaxanthin and zeaxanthin have been identified.2-5
Carotenoids play an important role
by absorbing blue-green light in
this light harvesting process. In
photosynthetic tissues, when there
is excess light, photoprotection
against harmful oxygen species is
another important function of
carotenoids. One mechanism for
photoprotection by carotenoids is
the quenching of chlorophyll triplets that would otherwise lead to
the generation of oxygen singlets.
These oxygen singlets can react
with lipids, proteins, and other
macromolecules, causing irreparable damage, even death, to the
green plant. Another special mechanism, referred to as NonPhotochemical Quenching (NPQ),
has evolved in plants to dissipate

Carotenoids and human skin
When blood is analyzed for carotenoids, a number of dietary carotenoids, viz., α- and β-carotenes,
lycopene, α- and β-cryptoxanthins,
lutein and zeaxanthin, are seen.6
There are a few other carotenoids
such as anhydrolutein and ketoderivatives of lutein in the blood,
however it is likely that these are
metabolites of dietary carotenoids
(Table 1).7 The presence of
carotenoids in our circulating blood
points towards some specific functions of the carotenoids in our
body. Let us focus on four of the
major carotenoids seen in our
blood: β-carotene, lutein, zeaxanthin and lycopene. The color of our

Sunburn
skin is primarily due to melanin.
The hemoglobin in red blood cells
also affects the color of people with
lighter skin. There may be a minor
contribution determining skin color
by fats that are present under the
epidermis. Dietary carotenoids,
such as β-carotene, lycopene and
lutein, can contribute to normal
human skin color but as in the case
of green leaves, the carotenoids are
often masked by hemoglobin and
melanin. As in green plants, these
carotenoids can participate in photoprotection.8, 9 Too much exposure to sunlight may lead to sun15
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burn (erythema) and other skin disorders, such as premature aging,
photoallergic and phototoxic reactions, and skin cancer.
In plants, another role of carotenoids, besides photoprotection, is
to protect against photosensitization
by the plant’s own chlorophyll. This
same principle has been applied to
the treatment of the human photosensitivity disease, Erythropoietic
Protoporphyria (EPP), which has
been studied extensively by
Mathews-Roth.10 EPP is an inborn
error of heme biosynthesis resulting
in high levels of protoporphyrin
within red blood cells. Leakage of
protoporphyrin from blood cells
leads to a cascade of reactions
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been known for about two centuries. This yellow color in the
macula has been found to be due
to the presence of the carotenoids, lutein and zeaxanthin.
These carotenoids must have a
role in ocular health, and indeed,
several studies have shown that
these carotenoids are important
contributors for maintaining good
vision.11
Specifically, lutein and zeaxanthin have been associated with
cataracts and age-related macular
degeneration (AMD), which is
regarded as the leading cause of
vision loss, in the western world,
for persons 55 years and older. In
the USA, 200,000 new cases of

Goldfish
resulting in itching, burning, and
ulceration of skin upon exposure to
sunlight. Successful use of βcarotene (30–180 mg/day) for the
treatment of EPP has been well documented. Canthaxanthin has also
been used, but its application has
been curtailed as long-term treatment results in deposits of crystalline canthaxanthin in the retina.
Carotenoids and the eye
The existence of a yellow spot in
the macula of the human eye has
16

AMD are diagnosed each year.
Multiple health claims touting the
benefits of lutein and zeaxanthin
supplementation for maintaining
good eye health have been made.
In a report from November 2006,
the Food and Drug Administration (FDA) concluded that, on
the basis of evidence-based
review, no credible evidence
existed for a health claim about
the intake of lutein and/or zeaxanthin and the risk of age-related
macular degeneration or cataract.12

Photoaging
More recently, results from four
large studies have been published
showing that there may indeed be a
positive association between lutein
and zeaxanthin and cataracts
and AMD. In one study involving
35,551 women, aged 45 years or
older, who consumed diets higher
in lutein/zeaxanthin or total vitamin E had lower risk of developing
cataracts. The study did not claim
that lutein/zeaxanthin could prevent cataracts, but reported that it
might delay their formation.13 A
second study, known as AgeRelated Eye Disease Study
(AREDS), included 4,519 subjects
aged 60–80 years. It was reported
that higher dietary intake of
lutein/zeaxanthin was independently associated with decreased likelihood of having neovascular agerelated macular disease (AMD),
geographic atrophy, and large or
extensive intermediate drusen.14
A third study in Australia, involving 2,454 people, showed that
whereas lutein and zeaxanthin
reduced the risk of long-term incidence of AMD, β-carotene intake
was associated with increased risk
of AMD in both smokers and nonsmokers.15 A report from March
2008 found in 1,802 women, 50–79
years of age, that diets rich in lutein
and zeaxanthin were moderately
associated with decreased prevalence of nuclear cataracts. However, the report stated that other
protective aspects of such diets
might in part explain these relationships.16
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Lycopene and human health

Bioavailability of carotenoids

Lycopene is another carotenoid that
has been of significant interest to
carotenoid researchers and the
tomato industry. Lycopene is a
potent antioxidant and has been
shown to be protective against several forms of cancers – prostate cancer in particular.17 A recent lycopene forum discussed the health
benefits of the consumption of
lycopene through tomato-based
products. According to Giovannucci, a moderate inverse association was observed between tomato
products and prostate cancer in
most prospective and plasma-based
studies of lycopene.18 Relative to
other cancers, the association was
suggestive but not always consistent.

What happens to the carotenoids
ingested in food? Some but not all
dietary carotenoids are absorbed.
Information about the bioavailability of carotenoids is important
from a nutritional viewpoint.
Knowledge about the SLAMENGHI factors was learnt
from the late Clive West.22
SLAMENGHI is a mnemonic used to describe
the factors that can affect
the bioavailability of
β-carotene and other
carotenoids. It stands for
Species of carotenoids,
molecular Linkage,
Amount of carotenoids
consumed in a meal,
Matrix in which the
carotenoid is incorporated,
Effectors of absorption and
bioconversion, Nutrient status of
the host, Genetic factors, Hostrelated factors, and Interactions.22
However, there is still more to
be learned about these factors
that control the absorption of
carotenoids.

Health claims had also been made
of the benefits of lycopene. The
FDA reviewed the health claims of
lycopene and stated in 2007: “On
the basis of evidence-based review
of claims, the FDA found no credible evidence to support an association between lycopene intake and a
reduced risk of prostate, lung, colorectal, gastric, breast, ovarian,
endometrial, or pancreatic cancer.
The FDA also found no credible
evidence for an association between tomato consumption and a
reduced risk of lung, colorectal,
breast, cervical, or endometrial
cancer. The FDA found very limited evidence to support an association between tomato consumption
and reduced risks of prostate, ovarian, gastric, and pancreatic cancers.”19
Recently, the excentric cleavage
products of lycopene, the lycopenoids, have gained interest.20, 21
We look forward to learning more
about the health benefits of
lycopene and its cleavage products
and tomato products in the near
future.

A considerable section of the world
population is vegetarian, and carotenoids play a vital nutritional role
in this group of people. These vegetarians depend on provitamin A
carotenoids as their only source of
vitamin A. In the United States,
about 26% of vitamin A consumed
by men and 34% of vitamin A consumed by women is in the form of
provitamin A carotenoids.23
Nora O’Brien’s laboratory, in
Cork, Ireland, is involved in a project on the bioavailability of carotenoids. Her study on human intestinal Caco-2 cells showed that the
xanthophyll carotenoids were more
bioavailable than hydrocarbon
carotenoids.24 These results may
have a relation with a finding that
will be discussed later in this paper.

Conversion of carotenoids to
vitamin A
After β-carotene is absorbed in the
mucosal cells of the small intestine,
it is cleaved to vitamin A aldehyde
(retinaldehyde, retinal). There are
two pathways for the conversion of
β-carotene to vitamin A: the central
cleavage by cleavage of the 15,15’double bond to give rise to two
molecules of vitamin A, and the
excentric cleavage by cleavage of a
terminal double bond to give rise to
only one molecule of vitamin A.
James Olson became well known to
carotenoid and retinoid investigators when he, in association with
Hayaishi, described an enzyme,
15,15’-β-carotene dioxygenase,
that they were able to isolate from
rat liver and intestine and characterize.25 The enzyme cleaved
β-carotene molecule to two molecules of vitamin A supporting the
central cleavage mechanism. This
same enzyme was also reported
independently and simultaneously
by Goodman and Huang.26 During
17
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the 2007 Olson Memorial Lecture,
von Lintig gave an update on
cloning and expression of the
enzymes, CMO1 and CMO2.
These enzymes are capable of
cleaving the carotenoid molecule at
15,15’-double bond and at 9’,10’double bond to give rise to retinal
by central cleavage and to apocarotenal by excentric cleavage,
respectively.27–31 Further support
for excentric cleavage was pub-

Hidden Beauty of Carotenoids

An update on absorption and transport of vitamin A has been published by Wongsiriroj and Blaner.34
Vitamin A deficiency
Why are carotenoids so vital to
people, especially vegetarians?
The fact that β-carotene and a
number of related provitamin A
carotenoids are converted to vitamin A in our body is well known.

Flamingo colored by canthaxanthin
lished by Andrew Clifford’s group,
describing the identification of apoβ-8’-carotenal as a metabolite of
β-carotene in the plasma of a
human volunteer three days after an
oral dose.32 Assuredly, more about
cleavage of other carotenoids by
these enzymes will be reported in
the near future.
Once retinaldehyde is formed, a
series of other enzymatic reactions
occur in the small intestine to give
rise to retinol, retinoic acid, glucuronides and retinyl esters. A
number of enzymes belonging to
the reductase, hydrolase and
esterase groups are involved in this
process. James Olson described the
possible pathways of the conversion of β-carotene to retinoids.33
18

Vitamin A is required for growth,
reproduction, cell division and differentiation, and vision. Vitamin A
aldehyde, retinal or retinaldehyde
binds with the protein opsin to
form rhodopsin, which plays an
important role in vision. Lack of
vitamin A affects rhodopsin formation in the eye, consequently
resulting in a visual defect. The
serum/plasma retinol concentration in a healthy person should be
above 0.7 µmol/L. A retinol concentration of 0.35–0.7 µmol/L is
regarded marginal, and levels
below 0.35 µmol/l are regarded as
deficient.35 The first sign of deficiency of vitamin A is night
blindness. Xerophthalmia is a disease of the eye resulting from
vitamin A deficiency.

Vitamin A deficiency is regarded
as a public health problem in more
than half of all countries in this
world. It is estimated that 250 million preschool children are vitamin A deficient. It is also estimated
that 250,000–500,000 of those children will become blind every year,
with half of them dying within
12 months of losing their sight.36, 37
It is well known that vitamin A
deficiency can lead to blindness,
but this is a preventable disease.
However, people are often unaware
that even before blindness occurs,
vitamin A deficient children face
a 23% greater risk of dying from
ailments such as measles, diarrhea
or malaria.36, 37
Moreover, it is also likely that in
vitamin A-deficient regions a substantial proportion of pregnant
women are deficient in vitamin A.
Occurrence of night blindness is
common in such mothers. A baby
born to a vitamin A-deficient mother is almost certain to be vitamin A
deficient as the breast milk will be
lacking vitamin A. If the vitamin A
supply of the pregnant woman is
inadequate, the supply to the fetus
will also be diminished, as well as
later in her milk. Usually, such
mothers depend on carotenoids as
the source of vitamin A and a low
dietary intake of provitamin A
carotenoids would result in vitamin A deficiency. Hence, vitamin A deficiency is not only a
problem for children, but also for
pregnant and lactating women.
Retinoyl glucuronide hydrolysis
test
There are several methods of determining vitamin A deficiency. Analysis of serum retinol is a very
good biochemical method to assess
vitamin A status. However, it has
some drawbacks. The blood level
of vitamin A is homeostatically
controlled. Only when stored vita-
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min A in the liver is almost exhausted, is there a fall in the level
of serum vitamin A. During infection and diarrhea, serum levels of
retinol fall, making serum retinol
reading an unreliable indicator of
vitamin A status. Researchers have
developed various other methods to
determine the status of vitamin A,
including the Relative Dose Response (RDR)38 and Modified RDR
(MRDR)39 methods.
In this James Olson Memorial lecture, it would be appropriate to
mention some of Olson’s own
work. Jim Olson was the first to
report, in the 1960s, the existence
of water-soluble metabolites of
retinol and retinoic acid, known as
retinyl glucuronide (ROG) and
retinoyl glucuronide (RAG).40, 41
After the successful chemical synthesis of the retinoid glucuronides
in the mid-1980s, the biological
properties of these metabolites
have been determined. RAG is biologically active, less toxic and less
teratogenic than retinoic acid
(RA).42 In vitamin A-adequate
mice, RAG administered by injection was only partially hydrolyzed
to RA.43 RA was not detected in
the serum of orally administered
RAG in vitamin A adequate rats,
although a small quantity of intact
RAG could be detected in the liver.
On the other hand, in vitamin Adeficient rats, RAG was converted
to RA that appeared in serum as
well as in the liver.44, 45 Following
an oral dose of RAG to healthy
American adults, neither RAG nor
RA could be detected in serum.45
The conclusion was that, when the
vitamin A status was normal, orally-dosed RAG was not converted
significantly to RA.
Olson was planning to carry out a
study to prove this theory in a developing country where VAD
existed. Unfortunately, before such
a study could be done, James Olson
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passed away suddenly in September 2000. After his demise, I
became aware about the deaths of
thirty children and sickness involving thousands of children following
supplementation of vitamin A
under the WHO-UNICEF Global
Vitamin A program in Assam,
India in 2001. There were protests
against the supplementation program alleging that VAD did not
exist in that region. There was conflicting support and criticism
regarding the supplementation program.46-49
I developed a keen personal interest
in determining if VAD existed in
Assam, since it is where I spent my
college and university life. In collaboration with Gauhati University
and Sri Sankardeva Nethralaya (a
prominent eye institute) in
Guwahati, Assam, the retinoyl glucuronide hydrolysis test was performed on Assamese children.50 A
total of 61 children were included
in the study. An oral dose of
25–75 mg of RAG was given to
42 children. Blood was collected
from all 61 children 4 hours after
the oral dose was given to the
group of children receiving the
RAG dose. The serum of all 61
children was analyzed simultaneously for retinol, RA and carotenoids. It was found that the
majority of the children were vitamin A-deficient or marginally deficient (serum retinol <0.7 µmol/L).
The children with serum retinol
concentration below 0.85 µmol/L
showed RA in their serum resulting

from hydrolysis of RAG, whereas
children with serum retinol concentration >0.85 µmol/L did not show
any RA. The conclusion was that
detection of RA following an oral
dose of retinoyl glucuronide was an
indicator of marginal or deficient
level of serum vitamin A. In this
study, we were able to identify
marginal deficiency in children
without any clinical or sub-clinical
signs of VAD simply from hydrolysis of RAG to RA.
The concentrations of lutein and
β-carotene were also determined in
these children. Most of the children
showed low but satisfactory levels
of lutein in serum, but the level of
β-carotene was surprisingly very
low in all the children. The reason
for such low level of β-carotene
was not determined. As mentioned
before, the University of Cork
study showed that lutein was
more efficiently absorbed than
β-carotene. Olson showed that
lutein affected the absorption of
β-carotene when present together.51 Perhaps these are the reasons
for the observed difference of
lutein and β-carotene levels in the
children in our study. It is possible
that these children, being deficient
in vitamin A, had an increased
demand for vitamin A and any
dietary β-carotene available in food
was converted to vitamin A resulting in less storage of β-carotene.
Future direction
There are more than 600 naturally
occurring carotenoids. Besides the
commonly identified serum carotenoids, other dietary carotenoids
such as astaxanthin (from shrimp,
lobster and salmon),52 bixin (from
annatto seeds),53 crocetin and
crocin (from saffron or crocus
flower)54 have been shown to
appear in human and mouse
blood. We also know of the presence of phytofluene, phytoene, and
19
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metabolites like anhydrolutein and
keto-carotenoids, in circulation in
our blood. Although some limited
information about astaxanthin,
bixin and crocetin is available,
there is still much to be discovered
about the role of these carotenoids
in our health.
Conclusion
Only a few carotenoids, out of hundreds, are absorbed and found circulating in human blood. These
carotenoids, such as α- and β-carotenes, lycopene, α- and β-cryptoxanthins, lutein and zeaxanthin, must
have an important and necessary
role in our bodies. The role of provitamin A carotenoids in humans as
the source of vitamin A has been
known for a century. There is no
doubt that, without provitamin A
carotenoids in the diet, a large section of the human population would
be blind and the mortality rate significantly increased. The photoprotective action of carotenoids against
sunburn and other skin conditions,
such as photoaging, is likely similar
to photoprotection of chlorophylls
by carotenoids in green plants. Why
are only lutein and zeaxanthin found
in the macula of the eye? There
is likely an association of
lutein/zeaxanthin with cataracts and
AMD, but the exact role is yet to be
discovered. Similarly, there is probably an association of lycopene
with cancer but its exact role in
fighting cancer is still unknown and
this area of research remains promising. The exact role of other
carotenoids, such as phytoene,
phytofluene, astaxanthin, bixin, and
crocetin, is still unknown but we are
on the verge of discovery. The
important and necessary roles that
these carotenoids play in normal
bodily function, fighting diseases,
and maintaining health remain a
hidden beauty waiting to be
unveiled through our continued
research.
20
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Introduction
The recommendation that vitamin A
supplementation to newborn infants
be included as a strategy for reducing
early infant mortality in Asian populations in the recent “What Works?”
article in the Lancet series on maternal and child undernutrition has generated significant controversy
regarding the strength of evidence to
support this approach.1 Both sides
of this controversy have been
voiced in letters to the editor,
including one by an author of the
Lancet paper, and editorials in
leading journals accompanying the
most recent results from trials.2–7
The World Health Organization is
currently conducting a meta-analysis of the effects of vitamin A supplementation in the first six months
of life, but these results have yet to
be published in the peer-reviewed
literature and are inaccessible to
the scientific and program communities.2 Here, we provide a context
for these discussions in the scientific literature and a summary of
the available, peer-reviewed evidence.
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Context for newborn vitamin A
supplementation
It is well accepted that vitamin A
supplementation to children 6–59
months of age in settings with both
endemic vitamin A deficiency and
high mortality can improve child
survival.1, 8 Conversely, the available evidence shows that vitamin A supplementation to infants
1–5 months of age in similar
settings has no effect on mortality9, 10 nor does supplementation of
women during pregnancy with vitamin A have an overall impact on
mortality in their infants11, 12. In
addition to these already acknowledged differences in the effect of
vitamin A by age, it is reasonable to
assume that there is unlikely to be a
mortality benefit in any population
without endemic vitamin A deficiency or where child mortality
rates are low. This is because infectious causes of death that are most
likely to be reduced by vitamin A
will already be low in such populations.
It appears that infants are born with
low body stores of vitamin A irre-

spective of where they are born,
especially among those born prematurely or with low birthweight.13, 14
For this reason, the risk of significant vitamin A deficiency in a population of newborns may best be
determined by assessing the status
of their mothers. Vitamin A deficiency in mothers likely affects the
amount of retinol transferred from
the mother to fetus in late pregnancy and the concentration in her
breast milk.15–17
The current evidence
In the early 1990s, our group at
Johns Hopkins was exploring
opportunities for the distribution of
vitamin A within other communitybased programs and wanted to
ensure that supplementation was
safe for even the youngest infants.
This led to a safety trial of vitamin A supplementation around the
time of birth at a hospital in Bandung, Indonesia, that demonstrated
the safety of this approach.18
Infants of mothers who chose to
deliver in this hospital setting were
enrolled. To our surprise, follow-up
of the infants in that trial demon-
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strated a large and statistically significant 64% reduction in infant mortality in the vitamin A group compared with placebo (Table 1).19 Given this unexpected
finding and the relatively small size of the Indonesian
trial, a larger and representative, community-based,
randomized trial of vitamin A supplementation at birth
was conducted in south India, an area with endemic
vitamin A deficiency. This trial also demonstrated a
significant 22% reduction in early infant mortality
(Table 1).20, 21
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impacts on adverse outcomes in those with and without a complicating co-morbidity. Therefore, prior to
moving to a meta-analytic approach to summarize the
available evidence on newborn vitamin A supplementation, it is critical to determine if the characteristics of the study populations are similar and, as a
result, whether one should expect to see a common
‘average’ effect on mortality.

We have already framed one aspect of this assessment
with the expectation that vitamin A supplementation
Concurrently, a factorial trial of both maternal post- is likely to have an impact only in populations with
partum and newborn vitamin A supplementation was significant vitamin A deficiency and high mortality.
conducted in urban Harare, Zimbabwe, that demon- Which of the study populations in trials reported in
strated no impact of either intervention on early infant the peer-reviewed literature meet these criteria? Based
mortality among infants
on data in Table 1, only
of HIV-negative moththe community-based trials
ers (Table 1).22 Results
in south India and
among infants whose
Bangladesh show both
mothers were HIV-posithese characteristics. Both
tive were also negative
of these trials were conoverall, but there was
ducted in populations with
significant effect modihigh infant mortality and
fication by the timing of
had rates of maternal night
infant HIV infection.23
blindness in pregnancy that
met the criteria for defining
Most recently, two trials
vitamin A deficiency as a
have been reported, one
problem of public health
from Guinea-Bissau and Newborn vitamin A dosing
importance. However, both
one from Bangladesh;
African studies were conboth trials supplemented infants at birth or within the ducted in populations with little vitamin A deficiency
first few days of life.24, 25 The Guinea-Bissau trial show- and mortality rates that were very low (Zimbabwe), or
ed no impact on early infant mortality but the Bangla- where the highest risk infants were excluded (low
desh trial showed a significant 15% reduction in early birthweight infants) and free care and drugs were proinfant mortality (Table 1).
vided to sick children (Guinea-Bissau). One would
then expect vitamin A supplementation in these two
For some, especially those looking to make global African study populations to have little to no effect on
policy statements, the answer to the variation in the mortality, an expectation consistent with their results.
results from these trials would be to conduct a Therefore, combining these four trials in a metapooled, or meta-analyses in order to estimate an aver- analysis would violate the principle assumptions of
age effect of vitamin A supplementation across all this analytic strategy and be inappropriate. The
studies. This technique combines the results of stud- ‘weighted average’ effect of combining all these trials
ies together using a variation of a weighted-averaging in a meta-analysis would have no relevance to any real
approach. Critical, however, to the effective and population.
appropriate use of meta-analysis is to be sure you are
pooling studies with similar designs and characteris- The study that is most inconsistent with expectation
tics. This is true in both pooling of results from trials among the randomized trials conducted to date is the
of treatments for specific illness and in community- one from Indonesia. This study was the first and
based prevention trials. For example, it would be smallest of the trials, conducted in a hospital-based
inappropriate to pool results of trials evaluating lipid- setting, showed little evidence of vitamin A deficienlowering drugs on cardiovascular outcomes in cy among the participating mothers, and the baseline
patients with and without diabetes. One would expect infant mortality was low. Despite these characterisa priori the results of trials of an effective drug for tics, there was a large and statistically significant
treatment of hyperlipidemia to show different reduction in early infant mortality. There are two
23
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Table 1: Summary of randomized trials of newborn vitamin A supplementation and child survival in
primarily HIV-negative populations
Study

Vitamin A status

Indonesia19

Maternal serum retinol:
Vitamin A: Mean = 1.79 µmol/L
Control: Mean = 1.75 µmol/L
Interpretation: Distribution of serum retinol suggests little vitamin A deficiency.

India20–21

Maternal night blindness during pregnancy index = 5.2%.
Interpretation: Meets the criteria to define vitamin A deficiency as a public health problem.

Zimbabwe22
HIV Negative
Mothers

Guinea-Bissau24

Bangladesh25

Baseline serum retinol:
- Total: 37.1% <1.05 µmol/L 6 weeks post-partum serum retinol:
- Control: 6.0% <1.05 µmol/L
Interpretation: 6 week post-partum serum retinol distribution suggests little vitamin A
deficiency. Baseline values subject to significant hemodilution due to late pregnancy plasma
volume expansion.
Maternal retinol binding protein 0.3% <1.11 µmol/L*
*equivalent to serum retinol <1.05 µmol/L.
Interpretation: Distribution of retinol binding protein suggests little vitamin A deficiency.

Maternal night blindness in last pregnancy = 9.7%
Interpretation: Meets the criteria to define vitamin A deficiency as a public health problem.

potential explanations for this inconsistency. It is well
known that vitamin A deficiency is highly prevalent in
both women and children in much of Indonesia.15
Given the tight homeostatic control of serum retinol
levels, liver reserves may have been low in these
women despite their serum retinol levels seeming adequate. Another explanation is that the findings were
due to chance.
In summary, except for one of the five randomized
trials that have been done, the data are consistent with
a beneficial impact of newborn vitamin A supplementation on early infant mortality in populations
with both endemic vitamin A deficiency and high
mortality. In populations without these two attributes,
there was no observed survival benefit to newborn
supplementation.
24
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Study population

Sample size
for analysis

- Infants born at single hospital.
- Exclusions:
• BW<1500 g
• Life threatening illness
- Followed through 12 months

Vitamin A: 7 (7.2/1000 person-years)
Vitamin A: 1034 Control: 19 (19.8/1000 person-years)
Control: 1033 RR=0.36 (95% CI: 0.16, 0.87)
Interpretation: Control group mortality rates low

Primary results # deaths/rate

- Population-based in two rural districts in Tamil Nadu
- Exclusions:
• Born >20 km outside study area
• Infant died prior to first post-delivery visit
- Followed through 6 months

Vitamin A: 146 (53.8/1000 person-years)
Vitamin A: 5786 Control: 188 (69.1/1000 person-years)
Control: 5833 RR=0.78 (95% CI: 0.63, 0.96)
Interpretation: Control group mortality rates high

- Hospital and maternity clinic in urban Harare.
- Exclusions:
• Life threatening illness
• Multiple birth
• BW <1500 g
• HIV + mother
Followed through 12 months

Vitamin A: 88 (21.0/1000 person-years)
Vitamin A: 4592 Control: 82 (19.3/1000 person-years)
Control: 4601 RR=1.08 (95% CI: 0.80, 1.46)
Interpretation: Control group mortality rates low

Vitamin A: 88 (49.0/1000 person-years)
- Followed through 24 months; results shown here only Vitamin A: 2106 Control: 86 (45.6/1000 person-years)
through 12 months for consistency with other studies. Control: 2169 RR=1.07 (95% CI: 0.79, 1.44)
Interpretation: Control group mortality rates high
- Population-based in two rural districts of northwest
Bangladesh
- Exclusions:
• Born outside study area
• Died prior to first post-delivery visit
- Followed through 6 months

Vitamin A: 306 (38.5/1000 live births)
Vitamin A: 7956 Control: 360 (45.1/1000 live births)
Control: 7992 RR=0.85 (95% CI: 0.73, 1.00)
Interpretation: Control group mortality rates high

Mechanisms for age-specific effects of vitamin A
supplementation
The reasons for the differences in observed effect of
vitamin A supplementation by age are unclear but
some combination of the following mechanisms are
likely to play a role:
• It is clear that the benefits of vitamin A supplementation on survival are mediated in newborns and for
children aged 6 –72 months through an effect on case
fatality, not on the incidence of infection.21 It may
be that the mechanism by which this occurs is different in these two age groups. For newborns, this benefit may be mediated through an accelerated maturation of gut and respiratory tissue similar to that seen
with corticosteroid treatment of pregnant women

who are expected to deliver prematurely, to accelerate lung maturation in the infant; or through an
effect on innate immune system function. For older
children, the mechanism is thought to be related to
maintenance of epithelial barriers and improvements
in antigen-specific immune response.26
• The lack of beneficial impact in the 1–5 months age
range has been attributed to the protective effects
of nearly exclusive breast feeding in the first half
of infancy whereas poor quality complementary
foods may reduce vitamin A intake in older infants
whose breast milk vitamin A intake is decreased and
who experience more frequent episodes of gastroenteritis.
While these hypothetical mechanisms have been proposed, there is little strong evidence with which to
25
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understand these age-specific effects of vitamin A
supplementation on child survival.
Conclusion
While mechanistic explanations remain theoretical,
there is compelling evidence that newborn vitamin A
supplementation can reduce the risk of infant death in
Southern Asia by about 20%.1 At current levels of
infant mortality, high coverage of supplementation
could reduce the numbers of infants dying each year
by some 200,000 in Asia. This represents a worthwhile
pursuit toward achieving the Millennium Development
Goals while research continues to reveal mechanisms
to strengthen biological plausibility. Further, there
appears to be a strong indication for field intervention
trials that can provide decisive evidence of public
health impact of newborn vitamin A delivery in
African populations with vitamin A deficiency and
high infant mortality.
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Introduction
Zinc is an essential element for living organisms,
forming part of many enzymes needed to sustain all
forms of life. Imbalances and deficiencies in agricultural soils affect yields and may also cause problems
throughout the food chain.1, 2 Zinc deficiency, which
weakens the immune system,3 is common in SubSaharan Africa and about 70% of the population has
too low an intake of zinc;4 inadequate zinc intake is
considered to be the cause of 20% of global child mortality, in parity with the mortality caused by vitamin A
deficiency and malaria.5

Malian children

o Niafunké
Office
Niger o

Figure 1: Map of Mali and investigation sites in
the Niger Inland Delta
Zinc is also important for the transportation of vitamin A via biologic membranes6 and the interdependence of the two nutrients has been observed in field
investigations. Reasons for a low zinc intake include
low zinc content in food, low zinc availability in food
and the food intake pattern. Increasing the availability
of zinc in food is considered to be one of 13 measures
– specifically, one of three food-related measures –
needed to achieve Millennium Development Goal 4 to
decrease child mortality by two-thirds in the poorest
countries by 2015.7 The other two food-related measures are increasing vitamin A intake and complementary feeding. In another recent review of measures to
promote the survival of children, increasing zinc
availability in food is rated highly as one of seven
core interventions.8 The best dietary sources of zinc
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Table 1: Zinc, iron and phytate in certain food items
Plant

Zn
mg/kg

Fe
mg/kg

Phytate
mM

No of
samples

Rice, grain

12.3

16.2

1.8

3

Wheat, whole grain

14.4

180

10.9

2

Wheat, bread

6.7

24.0

0.65

3

Sorghum, whole grain

26.5

187

8.1

2

Millet, whole grain

39.1

63.0

6.2

5

Cassava, root

4.9

16.0

3

Groundnut

23.6

25.6

1

Okra, “lady fingers”1

33.0

120

Cram-cram2

50,9

167

Fonio3

27.5

57.3

Rice, Timbuktu, Ref.

10.3

15.2

1

Rice, Timbuktu, +Zn

13.2

16.1

1

Fish, dried

26.6

207

1

Fish, dried

24.2

38

1

Fish, small dried

45.0

318

1

Beef, meat

107

154

1

Mutton, bone

58.1

324

1

Mutton, meat

128

224

1

Goat, meat

91.9

169

1

1

Hibiscus esculentus; 2 Cenchrus biflorus;

3

2
2

4.3

2

Digitaria exilis

are foods of animal origin, i.e.
milk and meat; cereal-based foods
may provide little zinc, especially
due to the binding by phytate, a
storage form for phosphorus and
trace metals in the seed-husk.9
Food intake in many developing
countries is dominated by cereals
and this is a major reason for low
zinc uptake.
Low zinc availability in soils is due
to several factors, such as inherently low zinc content, a high pH, and
excess phosphate fertilization.
Recent investigations have shown a
zinc deficiency in soil from the
southernmost part of the Niger
inland delta at Office Niger via
Niafunké and Timbuktu to Gao, a
stretch of 700 km along the River
Niger (Figure 1).10–13
28
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Material and methods
The investigations have been made
in the Niger inland delta at
Niafunké in the Republic of Mali
(Figure 1). The rainfall is in the
order of 300–400 mm and the rain
falls from July to September. The
delta consists of numerous river
branches and seasonal lakes, also
called “lacs.” Heavy clay soils are
found close to the river and in the
lakes. Sand dunes build up on the
higher parts of the terrain. Paddy
(lowland) rice (Oryza sativa) is cultivated close to the river and in the
lakes. The rice grown is mostly
from high-yielding varieties in
which trace elements tend to be
diluted. Sorghum and millet are
cultivated higher up in the terrain,
on lighter soils. Cassava and veg-

etables are often cultivated on the
slopes of the sand dunes. In addition to the field crops, two wild
grasses are used as staple food,
fonio (Digitaria exilis) and cramcram (Cenchrus biflorus).
The soil was sampled in two transects in each field and pooled into
composite samples. The zinc availability in soils was investigated by
DTPA-extraction followed by
analysis on atomic absorption
(AAS). The total zinc content was
assessed by AAS analysis after
digestion in nitric acid.
Plants and plant grains were composite samples taken from the area
covered by soil samples, dried and
subject to analysis by atomic
absorption for total zinc content
after digestion in concentrated
supra-pure nitric acid. Some of the
food items were bought in the market and subject to the same treatment.
To obtain a rough idea of human
zinc intake, 20 meals were sampled
in families in Niafunké and subjected to analysis for zinc, iron,
phytate and energy content. A family member collected about five
handfuls of the dish in the same
way as food is usually eaten from a

Millet granary
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Table 2: Energy, zinc, iron and phytate contencentrations in meals consumed in Niafunké.
IP6 = Phytate or inositol-hexaphosphate. IP6/Zn is the molar ratio.
Content

Energy
kJ/g

Zn
µg/g

1

Rice + “dog-fish” in tomato sauce

15.4

14

86

2.1

9.8

2

Rice + groundnut paste

N.A.

21

146

2.3

7.2

3

Rice + tomato sauce

16.1

16

52

1.9

7.9

4

Rice + tomato sauce

17.6

14

39

1.9

9.0

17.2

47

98

2.8

3.9

fakohoy1

Fe
µg/g

IP6
mM/kg

IP6/Zn

5

Rice + meat in sauce with

6

Rice + tomato sauce

16.1

13

22

2.0

10

7

Rice-porridge with lady fingers2

16.3

16

46

3.5

15

8

Rice with butter and dried fish

18.8

14

17

1.1

5.2

9

Rice with fresh fish and tomato

18.1

14

14

2.5

11.9

10

Tôt (millet porridge)

18.0

31

59

15.5

33

11

Millet-porridge+fish+lady fingers +seeds3

15.8

37

106

12.6

22

12

Fonio4

24.6

25

56

3.9

10.3

13

Rice + hibiscus leaves

18.3

15

26

2.3

10

14

Millet, ground with groundnut sauce

10.1

24

121

3.5

9.5

15

Millet porridge with sauce

17.4

30

162

3.2

7.0

16

Millet porridge (Nikir)

18.3

21

223

9.6

30

16.8

16

56

2.7

11
13

+ arachide

“silure”5

17

Rice-fish

18

Rice with tomato sauce

16.2

14

141

2.1

19

Rice with sauce

16.3

24

200

2.5

6.8

20

Rice with tomato sauce

15.9

16

68

2.3

9.6

N.A.

26

58

7.2

21

in tomato sauce

Commercial weaning

food6

1 Corchorus tridens; 2 Hibiscus subdarifa; 3 Parkia biglobosa; 4 Digitaria exilis; 5 Silurus
6 Contents: 60 % pearl millet, 20 % soya, 10 % groundnut, 9 % sugar, 1 % salt

common plate. The samples of the
meals were then air-dried. The
dishes in general consist of a
cooked cereal along with a minor
amount of a sauce prepared from
groundnut, fish or meat. A common
ingredient in the sauce is fakohoy
(Corchorus tridens), a wild herb,
which is, in itself, rather rich in
zinc.14 Zinc and iron were analyzed
by AAS after digestion in suprapure nitric acid. Some samples
were also analyzed by ICP-OES.
Phytate was analyzed by HPLC in
some samples, and by separation
and spectrophotometric analysis of
phosphate in others. The energy

18

glanis

content was analyzed in a bomb calorimeter. Zinc and iron intake were
assessed by assuming that the people eat sufficiently to satisfy their energy needs. This may be an optimistic assumption as food shortage and malnutrition is common in the region.15, 16
Soils
The available zinc concentration in soils was generally low and often
below the limit considered to represent deficiency, 0.8 mg/kg. Most of the
agricultural fields were deficient in zinc. Only the gardens inside and
close to the village had a sizeable concentration of both total zinc and
available zinc. These soils were generally sandy and have been subjected
to the release of human and animal excreta over long periods of time. It is
suspected, however, that part of the zinc came from dry batteries (zinccarbon batteries) littering the areas inside and just outside the village.
Each Malian uses about 10 –12 batteries per year, comprising approximately 400 g of zinc per person. The pH of the soils is slightly acidic,
29
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Table 3: Zinc and iron intake by adults and children < 5 years of age
Category

Energy need
MJ

Zn in food
mg Zn/MJ

Zn intake
mg/day

Fe in food
mg Fe/MJ

Fe intake
mg/day

Adults

10

0.8

8.0

3.3

33

Children

3

0.8

2.4

3.3

10

between 5 and 7 in general. The
reason for the low availability of
zinc in the soil is likely to be due to
a low inherent content.

lyzed. It contains fair amounts of
zinc and iron but is also high in
phytate. A molar phytate : zinc ratio in the diet above 15 has been

tate : zinc ratios are generally high,
making the availability of zinc low.
Regarding iron, the intake is sufficient if the low availability of iron

Crops and food items
The zinc concentration found in
food items is given in Table 1. This
concentration is generally lower
than the reference values found in
literature. Care was taken to rinse
the food items from any soil dust
but as dust storms are common,
there could be some addition to the
iron concentrations from soil particles.
The results from the analysis of the
20 meals are given in Table 2. A
meal is usually composed of a
cereal (rice, millet or sorghum)
and a sauce made from groundnut
and a herb, often the wild growing
fakohoy (Corchorus tridens).
Typically, only one of the meals
contains meat, which constitutes a
small portion of the food intake. On
the whole, the intake of animal
food and notably of milk has
decreased over time. The energy
fraction supplied by milk among
the Tamasheqs in central Mali
seems to have decreased from over
50% to around 20% from 1970 to
1995.17, 18 Fish, on the other hand,
is a rather common commodity in
Niafunké, which is situated on the
shore of the River Niger. However,
even fish is only a small portion of
the food intake that is strongly
dominated by cereals.
A powder for the preparation of
weaning food has also been ana30

Children eating staple food in Mali.
associated with zinc deficiency.19
Presumably, the millet in the preparation is not fermented, a process
which has been shown to greatly
improve the availability of zinc and
iron.20

from the cereal-dominated diet is
disregarded. Anemia is actually
common among women in the
region.22

The amount of zinc as well as iron
per energy unit is calculated from
the zinc and iron content values.
Considering that a sufficient energy
intake by an adult is 10 MJ/day for
an adult and about 3 MJ/day for a
child below five years of age, the
respective zinc and iron intake is
given in Table 3. This rough
assessment indicates that the intake
is about half the recommended
amount.21 Furthermore, the phy-

The total and available zinc concentrations in soils are low and,
correspondingly, the zinc concentrations in crops are low. Soils in
close vicinity to villages have higher zinc concentrations, probably
due to long-term disposal of human
and animal wastes. Batteries littering the areas inside and just outside
the villages are a new but sizeable
addition of zinc to garden soils. The
authors asked a herder whether he

Discussion
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had observed skin lesions in his goats and sheep typical of zinc deficiency, and the answer was yes. When
the herder was further asked about what he did to
address this problem, he described he would crush old
batteries and force his animals to lick the residue.
In Mali, like in most semi-arid parts of Sub-Saharan
Africa, the diet is cereal-dominated and the energy
intake from animal products is only 6–10% of the total
intake.23 Interventions to increase zinc intake must aim
at increasing the zinc uptake from soils by cereals and
make the zinc in meals more available for human
intake. Zinc-enriched fertilizer has been used and
foliar application of zinc has been practised; these
seem to increase both the concentrations of zinc in
cereal grains as well as yields. Another strategy is to
introduce zinc-efficient plant species, which can efficiently extract zinc from zinc-deficient soils. On the
dietetic side, food preparation, like fermentation, malting and soaking could degrade the phytate and increase
the availability of zinc in food. Zinc fortification and
supplementation have yielded very positive results
against the incidence of diarrhoea and pneumonia.23

Sorghum granary
In Mali, vitamin A supplementation has been successfully introduced. As vitamin A is a fat-soluble vitamin,
the capsules can be taken a few times per year. For
zinc there is no efficient body store, thus bioavailable
zinc from food or supplements should be supplied regularly.24 However, zinc fortification and/or supplementation requires far more infrastructure than is
available in Mali today. The food is locally produced
and consumed, and there is no food item distributed
from one or a few single sources that could act as a carrier of zinc and which could be reliably supplemented.
Thus, interventions in agriculture and food preparation
may be the most likely present day action that could
increase the zinc supply to the population. Malting and
the fermentation of food may reduce the phytate by
50% to over 90%.20 It would be useful to have a complementary food made from sorghum or millet, both of

Magazine Issue 2/2008

which have good amounts of the two essential metals.
Fermenting of these cereals could largely increase the
availability of zinc and iron, and provide the kind of
supplementation needed after six months of age, as
proposed in a recent review. The elevated child mortality rate in Niafunké had a pronounced peak during the
weaning period,25 which may in part be due to a weakened immune system caused by zinc deficiency.
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Second International Meeting of the Micronutrient Forum
Beijing, China, 12–15 May, 2009
The Micronutrient Forum will hold its second international meeting in Beijing, China, 12–15 May, 2009. The
title of the meeting is “Micronutrients, Health, and Development: Evidence-based Programs”. Building upon
the theme of the Micronutrient Forum meeting in 2007 which reviewed the scientific base of key micronutrients, the Beijing meeting looks to review the evidence base for programs. Therefore this meeting will focus
primarily on what is known and what is not known about the design, implementation, and impact of largescale micronutrient programs. For information on registration and abstract submission, visit the Micronutrient
Forum website (http://www.micronutrientforum.org/meeting2009/). The deadline for submission of abstracts
is August 15, 2008.
The Micronutrient Forum serves as a stimulus for policy-relevant science and a catalyst for moving the global community towards consensus around evidence-based policies and programs that reduce micronutrient
deficiencies around the globe. The Forum builds upon the success of the International Vitamin A Consultative
Group (IVACG) and the International Nutritional Anemia Consultative Group (INACG), which were both
established by the United States Agency for International Development (USAID) in 1975.
Meeting participants are welcome from a wide diversity of relevant disciplines such as maternal and child
health, nutrition, biochemistry, agriculture, horticulture, education, communications, and development.
Participants are expected to include representatives from international agencies, national ministries, educational and research institutions, food and chemical industries, and non-governmental organizations.
Researchers and program implementers are encouraged to submit abstracts for oral and poster presentations
describing new data on the topics that follow. Abstracts should relate to, but are not limited to, the micronutrient deficiencies of primary interest to the Micronutrient Forum, vitamin A, iron, folate, iodine, and/or zinc.
Expressions of interest in hosting a Satellite Session should be submitted directly to the Secretariat at
mnforum@aed.org, no later than August 15, 2008.
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An audience of 200 students and professionals attended the annual conference of the Carotene Research
Interest Group (CARIG), held in
April, in conjunction with the gathering of the Experimental Biology 2008
meeting. For the first time in its history, CARIG had formally become part
of the American Society of Nutrition,
as a Research Interest Section (RIS).
Prof. John Landrum, of Florida International University, the CARIG
Chair, welcomed those in attendance
and turned the program over to Dr
Elizabeth Johnson, of the Tufts
University Human Nutrition Research
Center on Aging in Boston, organizing coordinator for the 2008 conference. She gave a brief cumulative history of CARIG, including the roster of
the first six presenters of the James
Allen Olson Memorial Perspectives
on Carotenoids lecture (named for one
of CARIG’s founding members). Dr
Johnson introduced Dr Arun Barua,
emeritus faculty member at the Iowa
State University, to give the seventh
annual lecture in this series, entitled
The Hidden Beauty of Carotenoids:
From Brilliant Color to Human
Health, which stressed the importance
of carotenoids for diverse life forms
(see article of the same name, p14).
The memorial lecture was followed
by two thematic blocks. The first
block was a series of three talks on the

subject of carotenoids in early life. In
the first, Dr Sherry Tanumihardjo, of
the University of Wisconsin, spoke on
the carotenoid content of human
breast milk. Her discussion focused
on the interface of vitamin A status
assessment and the dietary importance of plant foods, highlighting as
issues the content of carotene and the Student posters session
mechanism for its transport to the
mammary gland and secretion into
the milk; its nutritional benefit to the infant, as human milk is also a source of
preformed vitamin A; and its health benefits as an antioxidant or bioactive protective substance. Using survey data from various geographic settings, she
demonstrated marked variation in maternal milk carotene concentrations; concentrations in milk were low in lactating Brazilian mothers, high in North
American mothers, and variable in Irish mothers. Increasing dietary sources of
carotenoids is reflected in increased concentrations in breast milk, but the concurrent circulating carotenoid concentration does not appear to influence mammary gland secretion. Breast milk produced by mothers of premature babies
(premature milk) has low carotenoid content. Within this consideration, however, is a fact that full maturity of the intestinal enzyme system for bioconversion
of provitamin A to active vitamin A is unlikely; hence, milk carotenes do not
represent an important source of vitamin A. As other (non-vitamin) roles and
functions for carotenoids have been widely described in adults, Dr
Tanumihardjo noted the importance of following-up our knowledge of maternal milk carotenoid delivery with deeper understanding of the short- and longterm health implications.
John Landrum addressed the theme of macular pigments in the retina, summarizing data from neonatal monkeys, cats and humans. He used logical inference
to describe and rationalize the specific pattern of accumulation of the oxygencontaining (xanthophyll) carotenoids in the macula (fovea) of the retina. The
yellow color of the macular disk in the back of the globe of the eye attests to its
content of these yellow pigments, lutein and zeaxanthin. Lutein dominates the
zeaxanthin : lutein ratio early in life, which is <1.0 below the age of 3 years (or
its age equivalence in experimental animals); beyond age 3 years (or its age
equivalence in experimental animals), this ratio becomes >1.0. Carotenoids in
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the eye tend to increase with age. A relative depletion of
these pigments is associated with the blinding disease,
macular degeneration of aging. Dr Landrum invoked an
evolutionary biology paradigm to interpret the retinal xanthophyll pattern of early life. Since failing vision in later
life would not have been a basis for reproductive selection,
he concludes that the spatial and concentration features of
the xanthophyll pigments have a distinct purpose in ocular
function and health.

CARIG 2008

carotenoid status. The study revealed a high correlation
between chemical HPLC measurements and the estimates
provided by the RRS. Within-subject stability attests to the
precision of the approach. In addition to the non-invasive
nature of this approach, RRS provides immediate results.
Moreover, the costs of HPLC analyses for blood specimens are much higher across survey populations than
measurements with a portable probe apparatus. This
approach portends wide utility as a biomarker in epidemiological studies relating dietary exposures to health outcomes.

Dr B. Randy Hammond, of the University of Georgia at
Athens, Georgia, gave a related talk on the role in early
life of the aforementioned xanthophyll carotenes, in rela- Prof. Helmut Sies, of the Heinrich Heine University,
tion to long-term ocular health, especially macular degen- Duesseldorf, Germany, concluded the program with his
eration and cataracts. Again, his arguments were based contribution on carotenoids and skin health. Among the
on logical connections between observed patterns of points covered in his talk were: the necessity for both
lutein and zeaxanthin and evolutionary assumptions. He plants and animals in an oxygen-rich and sunlit environprovided evidence and inference supporting the proposi- ment to have protection from the solar radiation; the role
tion that lutein and zeaxanthin exert a critical role in visu- of endogenous pigments such as melanin in animals and
al development from early life, and that supplementation carotenoids in plants to reduce the effects on tissues of
with these xanthophylls improves visual acuity in adults. radiation; and the ability of certain plant compounds such
The evidence for a role in maturation comes from studies as polyphenols, tocopherols and carotenoids to counteract
in rhesus monkeys fed diets specifically deprived of free radical oxidation. Dr Sies presented the results of his
lutein and zeaxanthin, resulting in distinct abnormal mor- group’s experience with providing carotenoid-containing
phological changes, including increased cellular prolifer- supplements to decrease the erythema formation of skin
ation in some sectors of the retina with decreased cell areas exposed to UV radiation. Subjects with extremely
density in others. Although these are
fair skin complexions were recruited
ascribed as maturational changes, it
into five treatment groups: two were
was found in follow-up that these
food sources (carrot juice and tomato
changes could be reversed by xanpaste), two were dietary supplements
thophyll supplementation later in the
(tomato extracts) containing lycomonkeys’ lives. Dr Hammond bases
pene and other carotenoids (lycopene
credibility for protection during vulsupplement; lycopene juice), and the
nerable periods of retinal developfinal treatment was pure, isolated
ment on the need to have a filter to
lycopene. The daily lycopene intakes
avoid damage from light in the blue
ranged from 8.2 to 16 mg over the
wavelength, especially as the lens of
10–12-week trial, with readings of
an infant is more transparent and
skin protection efficacy made at
Emorn Wasantwisut in discusconducts greater light energy to the sion with Rob Russell
baseline, at four weeks and at the
retina.
end. Skin protection was found by all
treatments, with the exception of
The final thematic block of two presentations covered der- pure lycopene, by 12 weeks. This suggests that some
mal and dermatological aspects of carotenoids. Dr Susan interaction or cooperation among different carotenoids is
Mayne, of Yale University in New Haven, Connecticut, more effective in reducing experimental erythema.
spoke on approaches to measurement of carotenoids in the
skin, using non-invasive measurement methods. The need The customary VARIG-CARIG reception and poster
for exposure biomarkers for intake of nutrients in epidemi- competition was held on Saturday evening. Five graduate
ology comes from the errors seen in self-reporting of diets or post-doctoral students posted their original research
in surveys. Whereas blood sampling is needed to obtain findings for the competition. The jury awarded the prize
serum or plasma, reflection of energy from the skin is total- to Youn-Kyung Kim, of Rutgers University, for her
ly non-invasive. Dr Mayne presented data from a longitu- poster, entitled The Role of β-carotene 15-15' Oxygenase
dinal study following 75 persons of varying skin pigmen- (CMO1) during Mammalian Embryonic Development.
tation designed to evaluate the validity and reproducibility The next annual conference will be held in New Orleans
of resonance Raman spectroscopy (RRS) for dermal in April 2009.
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Group of participants
The 6th African Nutrition Leadership Programme
(ANLP) was held on March 11–21, 2008, in Potchefstroom, South Africa. The 27 participants of the program included university lecturers, PhD students and
nutrition researchers from government and industry
from 14 African countries (Benin, Cameroon, Congo,
Ethiopia, Gambia, Ghana, Kenya, Namibia, Niger,
Nigeria, Sudan, Tanzania, Zambia and Zimbabwe).
Prof. Johan Jerling, from North-West University, and
Dr Onno Korver, a retired employee from Unilever
Netherlands, both pioneers of the ANLP, headed the
team of organizers.
The African Nutrition Leadership Programme (ANLP)
is a leadership development and networking seminar
series aimed at assisting the development of future
leaders in the field of human nutrition in Africa. It was

inaugurated in 2002 and
has since been held
annually, except in 2007.
Characteristic of the
seminar series is its highly
varied and tailored content
delivered by the speakers
using the learning method
known as Experiential
Learning. Activities are generally carried out in small
groups in a very interactive fashion.
Patterned after the European Nutrition Leadership
Programme (ENLP), the seminar emphasizes understanding the qualities and skills of leaders, team building, communication and nutrition information in a
broader context, and understanding the role of nutrition science in the world. The ANLP has trained 132
participants from 28 African countries under the directorship of Prof. Jerling.
At this year’s seminar, the following sessions were
held:
• The Team Building training by Neels Lubbe taught
important team building concepts through physical
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SIGHT AND LIFE

African Nutrition Leadership Programme

Sunset on Potchefstroom, South Africa
activities that led to further discussion and reflection
by the participants. Key messages imparted ideas on
the importance of positive thinking, continuous
learning and strategizing.
• In the Leadership and Management training, Leon
Coetsee helped participants understand the place of
learning, listening and commitment in effective leadership and management. Key messages were to allow
adequate spacing between learning, repetition and
committment to avoid information overload, negative filtering and lack of follow-up.
• Paul Schutte led the training on Communication,
explaining that effective presentations require a good
understanding of the content and messages as well as
knowledge of one’s audience. The importance of
good preparation, non-verbal communication, visual
aids and organizational structure were emphasized.
• The training on Project Management by Gerrit van
der Waldt outlined and provided participants with the
key steps in project management, which were further
reinforced through group work on case studies and
presentations.
• The training by Mpho and Thabo Putu on Advocacy
and Lobbying made clear the distinction between
advocacy and lobbying, specifically, that advocacy is
a horizontal relationship between the nutritionist and
the people, while lobbying is a vertical relationship
between the nutritionist and the influential people
that can assist in providing solutions to identified
problems.
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• Rosemary Ayah led the training on Science,
Government and Industry, providing insight on the
negotiations that take place between various stakeholders in education, NGOs, industry and government.
• For the training on Social Responsibility, Onno
Kover divided participants into three groups, in
which each group discussed a specific dilemma relating to social responsibility and then presented the
outcome of their discussions.
Other highlights of ANLP 2008 included a symposium, a debate on political leadership in Africa that
stimulated lively discussion on the political leadership
styles that have been detrimental to progress in Africa;

ANLP Declaration

“

We, the participants of the African Nutrition
Leadership Programme, with passion and one purpose, declare that it is our time to be positive
change agents to ensure sustainable food and nutrition security in order to improve the quality of life
in Africa through innovative research, training, and
empowerment of all stakeholders, advocacy, and
effective collaboration. Objectivity, integrity, excellence and selfless service are our shared values.

”

Declaration 2008, Elgro River Lodge, South Africa

African Nutrition Leadership Programme

“
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Jacqueline Kung’u’s thoughts on the ANLP
(See A Day in the Life of Jacqueline Kung’u, p38 )

ANLP provided me with a platform to meet like-minded young nutrition leaders in Africa and to learn by
interactive engagement.
Certain things about ANLP are novel. Firstly, it is rare to attend a meeting that is so well organized.
Punctuality was emphasized, and every part of the program content and quality was so well organized that
we were pleasantly surprised. Secondly, very few initiatives bring together people from such diverse cultures
but with a similar purpose. This makes ANLP unique. And, lastly, the leadership team was so passionate
about ANLP and how it could potentially transform nutrition in Africa that it was infectious. I truly commend
their efforts and appreciate them.
No matter where we go or what we become, the participants of ANLP 2008 will always remember the event
as the one important piece of the puzzle of our lives that shaped our destinies.

”

a showcase of individual country cultures; dinner in a
local restaurant; and, finally, an evening of music and
dance, which participants wholeheartedly welcomed
after 10 days of hard work. On the last day, participants drafted their common declaration (see inset) as
well as an evaluation of ANLP 2008.
This year’s seminar provided further confirmation that
the learning-by-doing approach can have great impact,
and our ‘differences’ cannot prevent a shared understanding of common challenges and the necessity to
act as change agents.
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A Day in the Life of
Jacqueline Kung’u
Jacqueline Kung’u recently completed a PhD in International
Nutrition at Cornell University, USA. A Kenyan by birth, she received
a Nestlé Nutrition Institute Fellowship from 2006–2008 and an
International Nutrition Foundation Fellowship awarded by the Ellison
Medical Fund from 2004–2006. In the fourth of our series, A Day in
the Life, Jacqueline Kung’u talks with SIGHT AND LIFE about her
commitment to raising standards of nutrition in Africa.

sons, I was very motivated to try to
address these issues.
SAL: What inspired you to study
international nutrition at this very
high level? Was it something you
saw with your own eyes?

SIGHT AND LIFE (SAL):
Jacqueline, you have just completed a PhD in International Nutrition
at Cornell University. What was
the title of your thesis?
Jacqueline
Kung’u
(JK):
Nutrition and Infections in 6–23Month-Old Zanzibari Children.
SAL: What made you choose that
topic?
JK: In the first instance, because I
was interested in exploring the
potential links between nutrition
and infection. Secondly, malnutrition and infection are the two fundamental public health problems
facing Africa. For these two rea38

JK: Yes, indeed. I did my BSc in
Food Science and Technology and
my MSc in Applied Human
Nutrition in Kenya, where you do
see a great deal of malnutrition. At
the time I was applying to do my
PhD, the link between HIV and
malaria and nutrition was receiving
considerable attention, so I was
very interested in exploring this
area. Malnutrition is known to
undermine the immune system and
thus cause infections. At the same
time, infections have been shown
to cause malnutrition. These two
fundamental public health problems – infection and malnutrition –
directly and synergistically contribute to a high risk of mortality,
especially in young children.
SAL: What, in your view, is the
cause of the malnutrition in Kenya?
Is it because certain sections of the
population do not have access to a

balanced diet, or rather because
they lack a correct understanding of
their own nutritional requirements?
JK: It’s a combination of many
things. A major issue is poverty –
simply, a lack of access to basic
facilities, such as clean water and
nutritious food, by which I mean
complementary food as well as
food in general. Then there is the
issue of the distribution of
resources. There is food in Kenya,
but the distribution system is inadequate. There are areas where we
have bountiful harvests and others
that are drought zones. If we had a
better system of distribution, with
everybody having equal access to
food, I think we would be able to
deal with the problem more effectively.
SAL: You studied at the
University of Nairobi. Where are
you from originally in Kenya?
JK: I was born in Mombasa, on the
coast, but I grew up in Nakuru, in
the Rift Valley.
SAL: It’s a long way from there to
Cornell University...

A Day in the Life

JK: A very, very long way!
SAL: How did you go from
being born in Kenya to doing a
PhD at Cornell?
JK: I think there were a number
of factors involved. One was just
hard work. I knew I wanted to be
an academic and so I focused
diligently on my studies. Another
important factor was the mentoring of various people who
believed in me and helped to spur
me on. My mother was my role
model at home. Various teachers
in primary school, high school
and university have likewise
been very instrumental in encouraging me.
SAL: A recent highlight in your
CV is your participation in the 6th
African Nutritional Leadership
Program (see The 6 th African
Nutrition Leadership Programme
(ANLP), p35). How did you come
to participate in this program?
JK: Two of my colleagues here
at Cornell attended the ANLP
and came back with stories of
how good the program was. I
noticed, moreover, that people I
don’t personally know but who
have attended the ANLP tend to
be really vocal about the benefits
to be gained from participating.
This made ANLP very appealing
to me; I sensed that it was a really important forum. I wanted to
help influence nutrition in Africa.
SAL: Is this something that you
can volunteer for, or do you have
to be selected?
JK: There is a lengthy selection
process and funding is required. I
was very fortunate in being funded by SIGHT AND LIFE, which
provided me with a travel grant
and a course grant that included
the tuition fee as well as the costs
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of the course materials, plus full
board and lodging.

acting with them or even just
looking at them.

SAL: What were your main
impressions of participating in
ANLP?

SAL: You’ve been studying in
the USA for some time now. Is
your way of interacting with people at Cornell very different from
what it would be in Africa?

JK: I think it set the benchmark
to which we aspire as upcoming
African nutritionists. The content
of the course was excellent, and
the passion of the organizers was
inspiring. ANLP is not just a program, it’s something they really
believe in and are very eager to
see succeed.
SAL: Did you meet like-minded
people at ANLP then?
JK: I did and established relationships with various people
who I believe will be my friends
and collaborators in the future. It
was exciting to meet people who
are so highly motivated and who
believe in the same things as I do.
We’ve been keeping in contact
via email since then.
SAL: Were all the participants in
ANLP Africans or were other
continents represented?
JK: They were all Africans but
some of them were studying outside Africa. Others were from
institutions in Africa, itself.
SAL: When people from all over
Africa get together at an event
like that, are there great differences between Africans from different African countries?
JK: That’s an interesting question because a lot of people who
are not Africans don’t see the differences. But Africans themselves can easily detect who is
from which part of Africa. I have
no problem telling who is from
North Africa, West Africa, East
Africa or South Africa by inter-

JK: Oh, yes. I find it much easier to interact with the people
above me here in the USA. I
interact a great deal with my fellow PhD students at Cornell but
there’s a lot of what you might
call ‘vertical’ interaction with the
professors as well. When I was at
university in Kenya, my interaction was mainly ‘horizontal’ –
just with my peers. That’s the
key difference I’ve noticed.
Professors in the USA are more
open to mentoring and interacting with students.
SAL: You have successfully
completed your PhD now – for
which, congratulations! What are
your plans for the future?
JK: I plan to spend the fall
semester (August to December
2008) preparing my three manuscripts for publication, applying
for a post-doctorate position and
writing a research proposal to do
collaborative work with nutrition
researchers in Kenya. I’d like to
get involved in nutrition research, mainly in the area of
nutrition and infection. I’d also
like to be able to obtain funding
for research and to mentor young
people. I see myself doing that in
a university setting, maybe just
working at a university and mentoring other young, upcoming
nutritionists.
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SAL: Let’s talk for a few moments about SIGHT AND LIFE
itself. What does SIGHT AND
LIFE as a humanitarian initiative
mean to you?
JK: For me, SIGHT AND LIFE is
one of the leading organizations in
the global battle against malnutrition. SIGHT AND LIFE has traditionally been synonymous with
vitamin A supplementation but
has lately been placing more
emphasis on a broader range of
micronutrients. I particularly
value SIGHT AND LIFE’s publications – the magazine and especially the recent guidebook and
handbook on Nutritional Anemia.
SAL: Are there things that you
particularly like about the magazine – or, indeed, things that we
could do better?

A Day in the Life

JK: I enjoy the well-researched
articles and also A Day in the Life.
It’s always good to see people
who can be potential role models
and to learn what brought them to
where they are today. The magazine also reports well on what’s
happening in the nutrition arena,
which is very useful to me.
SAL: Is there anything else you’d
like to tell our readers? Any message for the people reading this
issue?

tion. I’d like to remind the readers
that investing in young people
means investing in the future of
the fight against malnutrition in
Africa. Please do keep investing in
young people!
SAL: Thank you very much for
your time, Jacqueline. It’s been
very nice speaking with you – and
good luck for the future.
JK: Thank you.
Interview by Jonathan Steffen

JK: I’d like to say that I really
appreciate the various initiatives
that have been helping to develop
young African nutritionists. I do
not take these for granted at all.
They have helped bring me to this
point in my life, where I’ve done
my PhD, and I’m looking forward
to launching my career in nutri-

SIGHT AND LIFE, a humanitarian initiative of DSM, works to combat all
forms of micronutrient deficiency by working with global and local partners and leading universities to sustainably and significantly improve
human nutrition and health. www.sightandlife.org
DSM Nutritional Products is the world's leading supplier of vitamins,
carotenoids and other fine chemicals to the feed, food, pharmaceutical and
personal care industries. The company has a long tradition as a pioneer in
the discovery of new products, new formulations and attractive applications
for all industry segments. For further company information, please visit
www.dsmnutritionalproducts.com

UNLIMITED RESPONSIBILITY
SIGHT AND LIFE IS A HUMANITARIAN INITIATIVE OF DSM

DSM – the Life Sciences and Materials Sciences Company
Royal DSM N.V. creates innovative products and services in Life Sciences
and Materials Sciences that contribute to the quality of life. DSM’s products
and services are used globally in a wide range of markets and applications,
supporting a healthier, more sustainable and more enjoyable way of life. End
markets include human and animal nutrition and health, personal care,

DSM Nutritional Products Ltd.
P.O. Box 2676, CH-4002 Basel
Switzerland
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Background
The last issue of SIGHT AND LIFE1 included an article on the continuing poor vitamin A situation that
exists in many parts of Ethiopia. One interesting fact
was that, in at least two surveys, the prevalence of
Bitot’s spots and corneal lesions was found to be lowest in the Sidama Region of Southern Ethiopia
(Figure 1). This was attributed to the high consumption of green leafy vegetables, notably kale.
The paper reminded me of another recent article that
specifically addressed the nutritional status of pregnant women living in this area and had quantified the
almost complete lack of flesh foods from their diet. It
is widely recognized that a very strict vegetarian diet
contains practically no vitamin B12 and a deficiency of
this vitamin interferes with folate metabolism, impairing DNA synthesis. A consequence of vitamin B12 deficiency is megaloblastic anemia, where red cells are
increased in size and reduced in number because of an
interference with DNA metabolism. However, the
article described how plasma zinc, infection, gravida
and iron stores predicted hemoglobin during pregnancy but not plasma vitamin B12 and folate concentrations.2 There was evidence that 25% of the women
had anemia, and some evidence suggested that vitamin B12 status was not optimal, but there was no association between plasma concentrations of vitamin B12
and hemoglobin. A particular feature of the diet of
people in the Sidama Region is the consumption of

Figure 1: Map of Ethiopia showing the administrative
regions.
starchy foods prepared from fermented plant materials.
The use of fermentation and the apparent inconsistencies in the associations with hemoglobin aroused my
interest and is the subject of this commentary.
Most of the fermented food consumed by people living
in the Sidama Region is prepared from enset (Enset
ventricosum).3 Enset is a banana-like plant (Figure 2)
that takes at least four years to mature and the groundup corm of the plant yields a starchy product that takes
at least a month to ferment before consumption. The
fermented product is most commonly consumed as a
pancake-like bread. Fermentation is also used to prepare enjera from the cereal teff (Eragrotis tef).4 The
tiny whole grains are ground into flour under the
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just before the start of the rainy season5 but the main limitation of the
comparative study2 was that the
dietary information was based on
one day’s weighed dietary intake.
Little information was given on
how representative the dietary data
were of long-term intakes or the
food habits of the two groups
examined.
Zinc status in Southern
Ethiopia

Figure 2: The tree against hunger –
Enset ventricosum
hooves of cattle, washed with tap
water, fermented for three days,
then made into enjera, a sourdough
type of flat bread that is also eaten
as porridge. Other cereals consumed in the region include barley
(Hordeum vulgare L) and maize
(Zea mays L). Barley is dehusked,
roasted on wood fire and milled.
Maize kernals are removed from
the cob, sun dried and a 95%
extraction flour is milled locally.
The factors that influenced hemoglobin were examined in pregnant
women whose diets were either
mainly enset-based or predominantly maize-based.2 The main
objective of the paper was to evaluate the effect of the fermented
products on zinc and iron bioavailability and the work was supported
by three other papers that examined
in detail the composition of foods
eaten by the women3, 4 and a small,
intensive study to assess zinc
absorption5. In particular, because
of its importance in limiting the
absorption of zinc and iron, the
amount of phytate in raw and
processed foods eaten by the
women was examined in depth.4
One of the earlier papers indicated
that the study took place in July3
42

Zinc status in Southern Ethiopia is
poor and the authors reported 74%
of the pregnant women had low
plasma zinc. The principal factors
responsible for the situation were:
1. 99% had inadequate intakes,
based on the US estimated
average requirement (EAR) of
9.5 mg/d,6
2. the diet contained almost no
flesh foods,
3. the phytate content of the diet
was high, and
4. a high prevalence of infection
and poor socio-economic circumstances may depress plasma
zinc concentrations through the
effects of inflammation.

Ethiopian children

Hotz and colleagues7 previously
classified Ethiopia as a whole as a
medium-risk country for zinc deficiency, based on national food supply statistics. The risk assessment
took into account the absolute amount of zinc in the diet (9.9 mg/d)
and its molar ratio to the dietary
phytate content (27.3). With such a
high content of phytate in the diet,
the estimated absorbable zinc was
2.1 mg/d. This situation can be put
into context by comparing the data
with that from the UK, where the
risk category was assessed as low,
zinc intake was 12.1 mg/d, the phytate : zinc molar ratio was 8.6 and
the absorbable zinc was 3.1 mg/d.
On the basis of these figures, the
authors estimated the percentage of
the population at risk of inadequate
zinc intake in Ethiopia and the UK
were 22 and 9%, respectively.7
However, mean zinc intakes (and
phytate : zinc molar ratios) of the
pregnant women in the Sidama
Region were only 6.3 and 3.7 mg/d
(21.1 and 10.8) from the maize and
enset-based diets respectively.2
These figures suggest the risk of
zinc deficiency in Southern Ethiopia is worse than in the country as a
whole.
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Magazine Issue 2/2008

The iron content of the foods analyzed from the
Sidama region was relatively high but was especially
high and very variable in the indigenous Ethiopian
cereal teff compared with maize or barley.4 The
authors suggested that soil contamination was probably the reason for the variability in iron content and
that contamination may arise from the traditional
method of threshing teff under the hooves of cattle.
However, the bioavailability of contaminant-soil iron
is uncertain as it is poorly soluble. Nevertheless, some
of the contaminant iron may be drawn into the
exchangeable non-heme iron pool since organic acids
such as lactic acid produced during the fermentation of
enjera, together with ascorbic acid
from foods such as kale and tomatoes that are often consumed with
enjera, may assist in solubilizing
the iron. In the foods examined,
phytate : iron molar ratios were
generally <1.0, except for unleavened corn bread, boiled kidney
beans and white teff enjera (~1.27).
As phytate starts to lose its
inhibitory effect on iron absorption
at ratios <1.0,9 the inhibitory
effects of phytate on iron absorption in this community may be
minimal.

Phytic acid (myo-inositol hexaphosphate) consists of a
six-carbon ring, with each carbon linked to phosphate
ester groups. Phytate is the magnesium, calcium, or
potassium salt of phytic acid but the term ‘phytate’ is
used generically to refer to phytic acid as well as its salt
forms. Phytate is a phosphorus storage molecule with a
high natural content in seeds, including cereal grains,
nuts, and legumes, and a lower content 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 and iron.
Because phytate cannot be digested
or absorbed in the human intestinal
tract, minerals bound to phytate also
pass through the intestine unabsorbed. The relative proportions of
phytate to zinc and iron determine
the amount of the respective minerals that are available for absorption.
Lower extraction rates of cereal
grains will result in lower phytate
content but, at the same time, the
zinc content is also reduced so the
Analyses showed that fermentation
net effect on the zinc supply is limWoman
preparing
coffee
of the staple food products conited. The phytate content can be
sumed in the Sidama Region
reduced by introduction of phytases,
which hydrolyze the phytate. Many bacteria contain reduced phytate levels to amounts that probably had
phytases and the fermentation of porridge or doughs for little inhibitory effect on iron absorption but plasma
bread-making or germination of cereals or legumes zinc concentrations suggested that there was still a
increases phytase activity. Furthermore, the addition of serious risk of zinc deficiency. The phytate : zinc
germinated flour to ungerminated cereals, followed by molar ratios of women consuming mainly enset and
maize diets were 10.8 and 21.1, and the mean total zinc
soaking, can also reduce the phytate content.8
intakes were only 3.7 and 6.3 mg/d, respectively.2 In a
Bioavailability of zinc and iron in cereals of the
sub-sample of these women, Hambidge and colSidama Region
leagues5 showed the proportion of zinc absorbed was
35% so the actual mean daily zinc absorbed was 1.3
4
Abebe and colleagues analyzed iron, zinc, calcium and and 2.2 mg, respectively, by women in the two groups.
phytate in raw cereals (barley, teff and maize) and As the EAR for zinc recommended by the Food and
legumes from Sidama, together with perishable foods Nutrition Board is 9.5 mg/d,6 it is not surprising that
that were consumed. In raw cereals, zinc content varied mean plasma zinc concentrations of the maize and
from 2–4 mg/100 g and phytate : zinc molar ratios enset groups were 6.86 and 7.05 µmol/L, respectively,
ranged from 10 to 35. Cereal foods prepared from fer- and the authors reported that 74% of the whole
mented products and the fresh pulp prepared from enset group had values below the acceptable cut-off of
before fermentation had phytate : zinc molar ratios <10, 7.6 µmol/L.2 Large standard deviations and small
whereas unleavened corn bread had ~22. The benefits of group sizes may have prevented the difference being
fermentation in reducing phytate concentrations and significant and plasma zinc concentrations are homeothereby increasing zinc bioavailability were clearly statically controlled,10 so it is possible that other body
pools were reduced to maintain the concentration at or
illustrated.
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near 7.0 µmol/L. However, it has to be realized that the
grouping was based on one day’s dietary record,
whereas blood concentrations of zinc and especially
hemoglobin represent dietary intake over
much longer periods. There is nothing in
the paper to confirm the consistency of the
dietary habits of the two groups, therefore
the dietary habits and intakes of the two
groups may not have differed, overall,
throughout the year.
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concentrations, it is nevertheless still possible that
inflammation contributed to the variance in hemoglobin explained by zinc. The chronic acute phase protein

Zinc and hemoglobin
Multiple linear regression (MLR) analysis
found that four factors: plasma zinc, CRP,
gravida and ferritin concentrations, explained 37% of the variance in hemoglobin concentrations of the Sidaman women.
Plasma zinc concentrations contributed
positively to the variance and made the
largest contribution (13%). There was no Woman with her child
difference in mean hemoglobin concentrations in the women in the enset (118 g/L)
and maize (122 g/L) groups. There was a similar non- α1-acid glycoprotein (AGP) was not measured and,
significant difference in zinc values but zinc correlated frequently, there are as many – if not more – with elewith hemoglobin (r=0.328, P=0.001). The concor- vated AGP concentrations in communities where there
dance in the values no doubt accounted for the contri- are elevated CRP concentrations12, 13. The depression
bution that plasma zinc concentrations made to the in plasma zinc concentrations associated with inflammation is small13, 14, even though early workers reportvariance in hemoglobin.
ed a 70% fall in zinc in experimental infections in
In our own experience with Rift Valley people in man,15 and may be the result of some form of homeoKenya, a country immediately to the south of the static control.10 However, both elevated CRP and AGP
Sidama region11 (Figure 1), we found no correlation are independently associated with a depression in plasbetween plasma hemoglobin and zinc concentrations. ma zinc concentrations. In 110 Indonesian infants with
However, in our case, the main staple food for all the inflammation, plasma zinc concentrations were signifgroups was unleavened maize. In the Ethiopian study, icantly depressed by both elevated CRP and AGP conthe authors did not examine the correlations between centrations (11% and 8%, respectively); in 49 (45%) of
the different variables within the different cereal the infants, AGP was the only acute phase protein
groups. It seems possible that, because the two groups (APP) that was abnormally raised.13 Thus measuring
were examined together, the higher plasma zinc and AGP provides additional information on inflammation
hemoglobin concentrations of the maize eaters, com- and a more reliable assessment of the effects of inflampared with the lower values in the enset group, pro- mation on zinc, and may have re-assigned more of the
duced an apparent positive association between plasma variance in hemoglobin to inflammation rather than
zinc and hemoglobin. In reality, it is possible that it zinc (see additional comments on hemoglobin and
was the poorer diet of the enset group, who consumed AGP below).
significantly less protein and fat as well as zinc, that
impaired hemoglobin and red cell synthesis. An inter- Inflammation and hemoglobin
esting area for further research would be to determine
the factors contributing to the variance in hemoglobin In spite of there being only 10% women with elevated
CRP concentrations (CRP >5 mg/L), inflammation
in the individual cereal-consuming groups.
was the second most important factor explaining the
Although the contributing factors to the MLR were variance in the hemoglobin concentrations of the
independent and plasma zinc concentrations were not Sidaman women. CRP is a marker of acute inflammasignificantly depressed in those with elevated CRP tion but since the authors reported that all the women
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were afebrile, an elevated CRP
would either detect people who had
recently been infected (within the
last 24–48 hours) but had not
yet developed clinical symptoms,
or those in convalescence following a recent infection.12 However,
hemoglobin does not change rapidly in response to infection unless
red cell destruction is a component
of the infection, as in malaria, and
the prevalence of malaria was
probably low among the Ethiopian
women.
Our studies among Kenyan men
and women also found hemoglobin
to be negatively correlated with
CRP, AGP and α 1-antichymotrypsin (ACT)11 but the degree of
depression in hemoglobin concentration was small. The correlations
between hemoglobin and APP may
indicate that those subjects with
elevated APP and lower hemoglobin concentrations are more frequently infected or more susceptible to infection and, hence, hemoglobin synthesis experiences more
frequent periods of inhibition.
Unfortunately, no information of
this nature was available on the
Ethiopian women with elevated
CRP and their results were, in fact,
removed from most analyses. Susceptibility to and/or frequency of
disease in relation to hemoglobin
concentrations would certainly
merit a more careful examination
to explain more fully the negative
relationship between CRP and
hemoglobin.
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unfortunate that AGP was not
measured as it might well have
explained additional variance in
hemoglobin and may have interfered in the relationship between
plasma ferritin concentrations and
hemoglobin (see below).
Gravida and hemoglobin
It is not surprising that the cumulative demands on iron stores of successive pregnancies16 would have
a negative impact on hemoglobin
in environments where iron intake
is marginal, phytate intake is high,
and ~60% of both groups of
women had >4 pregnancies. Even
multigravidae in Chinese, Malay
and especially Indian women living in the UK was associated with
higher incidences of anemia and of
folate depletion.17 However, the
impact of malaria on the anemia in
the Sidaman women was probably
minimal as others have shown that
there is more anemia in primagravidae than in multigravidae
where the prevalence of malaria is
high.18
Plasma ferritin and hemoglobin

In the Sidaman women, plasma ferritin concentrations were positively
related to hemoglobin in the MLR
but contributed least to explaining
the variance in hemoglobin. The
positive relationship with hemoglobin suggests that ferritin was not
acting like an APP but as a measure
of iron stores. However, the weak
Concentrations of the APP, AGP, relationship between ferritin and
were not measured in the Ethiopian hemoglobin may indicate the assostudy. AGP is an indicator of ciation was blunted by the conflictchronic inflammation and, as indi- ing effects of inflammation on fercated earlier, elevated AGP con- ritin. The authors tested that all four
centrations can be as common as variables were independent in the
CRP in the community.12 Further - MLR but they did not measure
more, we found in our Kenyan AGP and they may have overstudy that AGP concentrations cor- looked an important variable to
related more strongly with ferritin explain the hemoglobin concentrathan with CRP.11 Thus, it was tions.

In the inflammatory response, ferritin initially responds rather like
CRP,19 i.e. concentrations rise rapidly but, during the convalescent
phase when CRP declines, AGP is
still elevated and ferritin also tends
to remain elevated.20 Ferritin is,
first and foremost, a measure of
iron stores and the influence of
inflammation is additive and in
proportion to the baseline ferritin
(see accompanying article on inflammation, p49). Thus, in our
recent study on ferritin concentrations in apparently-healthy, HIVpositive Kenyan men and women,
the proportional response to
inflammation was approximately
the same in both sexes although
ferritin concentrations in women
with no inflammation were only
25% of those in men.11, 21 In the
Sidaman women, mean (95% CI)
ferritin concentration (excluding
those with elevated CRP) was 13.9
(10.7, 23.7) µg/L but the relationship with hemoglobin may well
have been confounded by higher
ferritin results from women in late
convalescence (i.e. elevated AGP).
Had data on APP been available,
the ferritin results could have been
corrected for concurrent inflammation in the MLR, and it might have
provided a better idea of the relationship between iron stores and
hemoglobin in these women.
Plasma ferritin and diet
Plasma ferritin concentrations did
not differ significantly between
women mainly consuming the
maize or enset diets; the mean ferritin concentration of the groups
combined was 13.9 µg/L. This
value suggests that 40–45%
of both groups had dangerously
low iron reserves (i.e. <12 µg/L).
Furthermore, 29% of the women
had anemia (Hb < 110 g/L)
but there was no severe anemia
(< 70 g/L).2 The authors previously
indicated that women in the region
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Household mill in Ethopia
had a relatively high intake of iron
from the indigenous small-grained
cereal teff and enjera used to make
the pancake-leavened bread.4
Furthermore, although iron levels
in maize cereal were much lower
than those in teff, analyses found
other foods consumed by both
groups contained relatively high
levels of iron.3 In conclusion,
dietary iron availability was probably satisfactory for most of the
women in spite of the high number
of pregnancies but the relatively
high proportion of women with
dangerously low iron stores
appeared to be limiting hemoglobin
synthesis.
Diet, folate and vitamin B12
The authors of the comparative
paper commented that the diet of
both groups was monotonous and
low in energy with >85% provided
by two food sources; unrefined
maize and enset products.2 Less than
1% of energy in both diet groups was
provided by dairy products and no
cellular animal foods were eaten.
Meat is an important source of vitamin B12 in industrialized countries
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and its absence from the diet would
normally suggest a high risk of vitamin B12 deficiency. The data were
therefore carefully investigated to
assess vitamin B12 status.
Kocho (prepared from enset) was
consumed by both groups and contributed 58.1 µg/d folate and
6.8 µg/d vitamin B12 for the ensetdiet group, compared with 18 µg/d
folate and 2.1 µg/d vitamin B12 for
the maize-diet group. However,
mean values of plasma folate
(26.1 nmol/L) and vitamin B12 con centrations (268 pmol/L) of the two
groups did not differ, although the
mean plasma vitamin B12 concentration did tend to be higher in the
enset group. The interpretive data
used to define poor folate and B12
status were 6.8 nmol/L and
<150 pmol/L, respectively. That is,
blood concentrations of both vitamins appeared satisfactory for both
groups of women. In addition, the
consumption of vitamin B12 from
enset products by both groups
met the EAR for pregnancy
(2.2 µg/d).22 Enset products provided some folate for the women but
there were several additional

sources in the diet, notably kale
(Brassica carinata), kidney beans
(Phaseolus vulgaris L) and haricot
beans (Phaseolus adenguarre), that
probably accounted for the absence
of folate deficiency.
Plasma B12, folate and
hemoglobin
Some uncertainties about vitamin B12 status were raised by the
authors. Plasma methyl malonic
acid (MMA) concentrations are
raised in folate and vitamin B12
deficiency (>271 pmol/L), and
approximately 60% of both groups
of women had raised MMA concentrations. However, deficiencies
of folate or vitamin B12 are indicated when the plasma vitamin concentration is depressed in association with an elevated MMA concentration and this was not the case
in this study. Therefore, it was suggested that the fermented enset
products may have contained some
non-functional analogues of vitamin B12. However, others have
suggested that <150 pmol/L is not a
sufficiently sensitive cut-off to
detect vitamin B12 deficiency and
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have used criteria of <258 pmol/L.23 Such a cut-off
would suggest that 40–45% of women in both groups
would be vitamin B12 deficient and this figure would
agree better with that obtained from the MMA
concentrations. However, even considering these arguments, it has to be realized that, while there was some
anemia in the women, there was no evidence that the
mean cell volume of red cells was increased, and the
mean red cell hemoglobin concentrations was also in
the normal range. That is, there was no evidence of red
cell macrocytosis in the women that would be indicative of vitamin B12 or folate deficiencies.
One point that I find difficult to understand in the comparison paper2 is the suggestion that the plasma folate
concentrations may not reflect true folate status in
malaria-endemic areas, such as Sidama. The authors
suggest that folate concentrations may be elevated
through erythrocyte hemolysis induced by malaria.
However, they maintain that malaria was not a significant factor in the pregnant women and used the CRP
data by way of support. There was only a relatively
small number of the women (10%) who had an elevated CRP concentration and I concur with this suggestion since, in our experience, CRP is a sensitive indicator of the presence of malaria. For example, see the
high proportion of raised CRP concentrations (61%) in
apparently-healthy children in Papua New Guinea,
which is a highly endemic area for malaria (see
Figure 2 in accompanying article on inflammation,
Handling Data when Inflammation is Detected, p51).12
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high risk of vitamin C deficiency but the values in the
Ethiopian subjects may have been depressed by
inflammation27 and did not provide a true reflection of
status. It is therefore difficult to form any conclusions
on the vitamin C status of the pregnant women and this
is obviously an interesting area for further study.
Conclusions
I believe the group of papers that examined the diet
and nutritional status of pregnant women in the
Sidama Zone of Ethiopia is important for it shows the
value of fermentation in both reducing the phytate
content of the food and producing vitamin B12 for
people with a very low intake of animal or flesh foods.
Reducing phytate benefited iron and improved zinc
availability. Crude methods of threshing teff may
have contributed soil iron to the diet and its bioavailability improved by the presence of acids in ferment-

Vitamin C

Eragrostis tef
The authors did not comment on the surprisingly small
intake of vitamin C reported for the women – 2 mg/d,
in spite of the high consumption of vegetables. Intakes
of vitamin C <10 mg/d are reported to produce
scurvy24 but no signs of this condition were reported in
the paper. Unfortunately, plasma concentrations of the
vitamin were not measured but this is understandable
since the instability of plasma ascorbate makes it difficult to measure in field studies. Intake of vitamin C is
often influenced by seasonal factors, such as the
mango season,25 which can produce a very large input
of vitamin C and A at certain times of the year and may
provide a reservoir of nutrient to cover the nutritionally leaner times. Other workers reported a mean concentration of plasma vitamin C of 7.14 µmol/L for
45 healthy control subjects from the same area.26
However, this value is unreliable as mean CRP concentrations in the group were 4.9 mg/L, suggesting that
inflammation was present in at least half the subjects.
Values < 11.4 µmol/L for plasma vitamin C indicate a

ed products. The diet was also rich in vegetables,
which appeared to provide good folate status and
probably also provided a steady supply of vitamin C,
although this was not apparent from the dietary analysis. The reasons why plasma zinc was so important
and ferritin so unimportant in explaining hemoglobin
needs further study as does the contribution of inflammation. The equivocal nature of the vitamin B12
results remains to be resolved but the absence of
megaloblastic anemia suggests that the B12 status of
both groups was adequate. The main limitation of the
comparative study was the fact that the dietary intakes
and the information used to explain the variance in
hemoglobin concentrations was based on only one
day’s weighed intake. The lack of difference in most
plasma variables compared in the two groups suggests
that the usual food consumption in the two groups was
very similar.
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In a recent report on nutritional status among pregnant women in the Sidama Region of Southern
Ethiopia, eight afebrile women (10%) were found to
have elevated C-reactive protein (CRP) concentrations (> 5 mg/L)1 (see article, Nutritional Status in
the Sidama Region of Southern Ethiopia, p41).
Results from these women were removed from most
of the analyses because of the known effects of
inflammation on a large number nutritional biomarkers.2 However, the authors showed that inflammation
made an important contribution in explaining the
variance in hemoglobin and that the apparentlyhealthy women with elevated CRP concentrations
had lower hemoglobin, red cell counts and retinol
concentrations – although none of the other biomarkers that were measured differed between those with
and without inflammation.
The question has to be asked whether, by excluding
the women with inflammation, the data were biased
and if the data had been included, would that have
altered (improved) the interpretation of some of the
other analyses? For example, were the data from the

women removed all from one or other of the two
groups and, if so, did it say anything about the dietary
habits of a specific group? In a recent paper, we suggested a general method that can be applied to most
data sets that avoids the loss of data,2 and we have
shown that the method can work well for retinol3 and
ferritin.4 However, the method does require the
analysis of a second acute phase protein (APP),
namely α1-acid glycoprotein (AGP).
The need to measure chronic inflammation
Inflammation affects the concentration of many
nutritional biomarkers2 and studies have shown that
the number with inflammation in a community can be
large. A recent study found that 95% of Gambian
infants had inflammation in the first 12 months of
life.5 Not all this inflammation will be revealed by
CRP alone and we suggest that one chronic APP, i.e
AGP, and one acute APP, i.e CRP, are measured.3
AGP is a marker of chronic inflammation and, in the
presence of infection or trauma, the concentration of
AGP rises more slowly than CRP, taking 4–5 days to

Table 1: Change in biomarker concentrations in inflammation categories1, 2
Nutritional biomarker
Retinol (both sexes)
Ferritin (men)
Ferritin (women)
1
2

Incubation
(elevated CRP only)
-13
+58
+22

Early convalescence
(elevated CRP and AGP)
-24
+505
+419

Late convalescence
(elevated AGP only)
-11
+225
+160

Data are percentages
Changes in retinol and ferritin concentrations from references 3 and 2, respectively
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Table 2: Correction factors for ferritin based on data in Table 11

Gender
Men
Women

Reference group:
No inflammation
Median (quartiles)
166 (94, 277)
41 (13, 150)

Incubation

Correction factors2
Early convalescence

Late convalescence

0.630
0.820

0.165
0.190

0.307
0.380

1

Data from reference.2 Correction factors are the ratios of the medians of the reference group to the respective inflammation
groups.
2 Correction factors were the ratios of the medians of the groups with no inflammation (reference groups) to those of the respective inflammation groups.

reach plateau concentrations (>1 g/L). However, it
remains elevated for longer than CRP after clinical
signs disappear.6 Use of the two APPs enables the
nature of the inflammation to be described more fully
and equated to the known effects of inflammation on
nutritional biomarkers. Figure 1 describes the phases
of inflammation, by CRP and AGP.2, 7
In apparently-healthy people, these two APPs, when
elevated, can reveal three scenarios. At the onset of
infection, some APPs, like CRP, increase very rapidly before the onset of clinical signs. So, an elevated
CRP concentration alone can indicate people in the
incubation phase of disease. If, however, an apparently-healthy person has a raised CRP and a raised AGP,
the person has recently recovered from disease, i.e. is
in early convalescence. Normal CRP (< 5 mg/L) but
elevated AGP indicates late convalescence. Thus,
using two APPs, apparently-healthy people can be
categorized into four groups: healthy (or reference
group, with no raised APPs), incubation, early convalescence, and late convalescence.3
Inflammation also influences concentrations of nutritional biomarkers. Changes in retinol and ferritin are
shown in Table 1. The results for retinol were
obtained from a meta-analysis of 15 studies so they
represented average results from studies in Africa,
Asia and South America. In contrast, the results for
ferritin were obtained in one study of apparentlyhealthy HIV-positive, adult Kenyan men and women,
and may not be representative of other communities.
The results do indicate that the change in the nutritional biomarker can be very different depending on
the stage of inflammation. Early convalescence is
usually the phase where most changes in biomarker
concentration are seen, but even in the incubation
phase, median ferritin concentrations increased by
over 50% in men.
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Effect of inflammation not predictable on
nutritional status from CRP alone
Results in Table 1 indicate the importance of measuring two APPs. If CRP only is elevated, you do not
know whether your subject is incubating a disease or
in early convalescence. Correcting retinol by a factor
of 13% is very different from 24% and could make a
big difference to the assessment of status in the community. Even if verbal confirmation of recent diseases
is sought to distinguish whether a subject is in the
incubation phase or early convalescence, if only one
APP is measured, there is no way of knowing whether
a person has, for example, been bitten by a malariapositive mosquito in the last 24 hours and that the
incubation phase is now superimposed on a late convalescence.
In the case of ferritin, the under-estimation of iron
deficiency could be enormous, depending on what
decision is made. In fact with one APP, the only decisions that can be made with the results from subjects
with elevated APPs is to discard or ignore the results.
Arbitrary units
120
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100
80
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20
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1
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Time period (d)
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Figure 1: Phases of inflammation, characterized by
CRP and AGP2, 7
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In the case of the Ethiopian women,
only 10% had elevated CRP concentrations and the results were discarded.1 But if 95% of apparentlyhealthy subjects had had elevated
APP as in the Gambian infants,5 the
results would have to be used and
the inflammation ignored.
We proposed that instead of discarding data from subjects with
inflammation, that the data are
adjusted to remove the influence of
inflammation.2 In the case of
retinol, the effects of inflammation
were broadly similar across communities and genders. In the case of
ferritin, from the limited amount of
work we have done to date, the
effect of inflammation on ferritin
appears to be proportional to the
pre-infection ferritin concentration,2, 4 and the correction factors
for men and women in the respective inflammation groups are
broadly similar (Table 2). Ferritin
concentrations in subjects with no
inflammation are shown in Table 2
and they are assumed to represent
pre-infection ferritin concentrations of the community. The effect
of inflammation on ferritin is
removed by multiplying the individual ferritin concentrations of
subjects in the inflammation
groups by the respective correction
factors. In this way, individual values are adjusted to compensate for
the effect of inflammation, the

median values of all four groups
become the same, and all data can
be retained for further analysis.
However, although the correction
factors for ferritin within inflammation groups were of the same
order, there were differences
between men and women. In the
Kenyan study, the number of men
(n=56) was smaller than the number of women (n=107), and the
numbers of subjects in the incubation (n=18) and in the late convalescent groups (n=16) were small.
These factors probably accounted
for the different correction factors
seen between the sexes but use of
these correction factors nevertheless appear to improve the consistency of the data and its ability to
demonstrate the effect of iron
intervention on ferritin and hemoglobin.4
In different communities, ferritin
concentrations differ considerably.
Among the pregnant Sidaman
women, the mean ferritin concentration was 13.9 µg/L, whereas in
the non-pregnant Kenyan women,
it was 41 and, in men, 203 µg/L
(the latter two groups without
inflammation, Table 2). We do not
yet know whether the correction
factors shown in Table 2 will apply
universally. A meta-analysis is currently underway to examine this
point. The big differences in ferritin concentrations between the
60

Inflammation in Pakistani preschoolers
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sexes do indicate, however, that
just elevating the acceptable
threshold for ferritin (12 µg/L1) to
50 µg/L, as suggested by some
authors,8 is a very blunt instrument
to prevent underestimation of iron
deficiency and probably unsuitable
in most situations since changes in
ferritin depend on the stage of
infection or recovery.
Can we avoid having to measure two APPs (see Figure 2)?
Measuring biochemical markers is
expensive and there is resistance in
the international community to
measuring two APPs. CRP is widely measured and understood, and
there are field techniques available
but AGP is little known and measured in only a few laboratories.
Can we make assumptions on the
proportions of people in the different inflammation categories if we
only have a measurement of CRP?
For example, in Pakistani preschool children, where acute and
chronic APPs were measured on
2,514 children, we found 38% with
no inflammation and 1%, 10% and
51% in the incubation, early convalescent and late convalescent
groups, respectively3, 9
An examination of the distribution
of results used in the meta-analysis
on vitamin A shows that, usually,
the least number of subjects is

Inflammation in PNG preschoolers
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Figure 2: Proportions of apparently-healthy preschool children in different inflammation categories
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found in the incubation group as in
the Pakistani preschool children3 –
however, in a malaria-endemic
area, this situation appears to be
reversed. In preschool children in
Papua New Guinea (PNG), there
were 44%, 17% and 2% in the
incubation, early convalescent and
late convalescent groups, respectively. We have recently found a
very similar distribution of subjects in two other malaria-endemic
communities (unpublished) so the
PNG situation does not appear to
be unique. No doubt the distribution of subjects within the different inflammation groups tells us
something about the type and
prevalence of disease in a community but predictions on such distributions based on the result of one
APP appear unlikely in the near
future.
Conclusions
Measuring one APP alerts the
investigator to the presence of
inflammation in a community but
does not enable any correction of
data for the influence of inflammation. Results can only be discarded
or the inflammation ignored.
Measuring plasma CRP (acute)
and AGP (chronic) concentrations

Manual on Vitamin A
Deficiency Disorders (VADD)
available soon
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enables subjects with inflammation to be categorized and some
corrections to be made for the
influence of inflammation on biochemical markers. Predictions of
inflammation categories based on
one APP measurement appear to
be unlikely at this time. To reveal
the inflammation in a community
and to be able to correct important
nutritional indices for the presence
of inflammation requires the
measurement of two APPs.
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Since 1998, SIGHT AND LIFE has been supporting
the Nutridev program, the objective of which is to
help reduce malnutrition in vulnerable populations
through a preventative approach. Nutridev programs
have been established in Vietnam (Fasevie),
Madagascar (Nutrimad) and most recently in
Burkina Faso (NutriFaso). Nutridev is run by two
French development partners, the NGO GRET, and
the Research Institute for Development (IRD).
Fasevie, initiated in 1994, was concluded in January
2008 with a seminar in Hanoi, attended by over 120
people. After a demonstration
organized in Saigon in mid-January with representatives of the 32
provinces of South Vietnam, the
objectives of this seminar were to
return the knowledge acquired by
Fasevie to the national and international operators in the field of
nutrition, and thus to contribute to
the expansion of a strategy that
has already been tested and validated on the national level.
Among the institutions present
were the Ministry of Health, the
National Institute of Nutrition
(NIN), the representatives of the

32 provinces of North Vietnam (People’s
Committee, Women’s Union, Health Services), the
national Women’s Union, the partner enterprises, the
French Embassy and notably the Ambassador of
France, GRET, the IRD, WHO, the European
Commission, and the Asian Development Bank
(ADB).
Over the course of the day, the operators gave a concluding report, speaking very favorably of the strategy developed. They also identified the paths to follow in the forthcoming expansion of the program.

School competition on nutrition
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Fasevie in Vietnam

For women of childbearing age, a
fortified drink has been developed
in cooperation with an industrial
partner, and for elderly persons a
nutritional formulation for fortified gruel has been validated. The
sale of these products at the local
level has been accompanied by ad
hoc messages about nutritional
education.
This program of research activities, initiated by GRET and the
IRD, has, over the years, been able
to involve a growing number of
local and international operators
in the areas of science, technology
and institutions.
A springboard for the future
Group photo of the participants
Two days after the seminar, a workshop was organized as a continuation of the seminar, bringing
together the principal players with the objective of
working on defining strategies for new targets
(women of childbearing age, school children, the elderly), in relation to the Fasevie experience.
Highlights of the Fasevie program

For children under 2 years old, the
expansion to six new provinces
has already been financed by the Japanese fund to
fight poverty via the ADB, in partnership with local
authorities, with a view to a future expansion of the
Fasevie strategy to the national level. The signing of
this agreement between the ADB and the
Vietnamese government is the best possible guarantee of a perpetuation of the strategy, known from
now on as “Tabs.”

In partnership with NIN, the Fasevie program has
helped to develop and circulate methods aimed at
reducing the prevalence of malnutrition among vulnerable groups of the Vietnamese population: from
1994, infants; from 1998, schoolchildren – an initiative of SIGHT AND LIFE – and from 2005, women
of childbearing age.
In the service of young children, Fasevie has validated a strategy combining the sale of fortified foods to
complement the mother’s milk, at an accessible price
for everyone, with nutritional education schemes for
the populations. From 2004 to 2007, around 165,000
mothers received nutritional advice for their children,
given by 4,000 volunteers from the Women’s Union.
For schoolchildren, Fasevie has developed a strategy
consisting of the sale of fortified biscuits, both by
groceries under national jurisdiction, which sell them
at low prices, and in a pilot program located at the
very heart of schools, in combination with lessons on
hygiene and health education given by teachers.
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Invitation poster to Fasevie workshop

For school-age children, the results obtained in the
pilot phase have convinced the local operators to
continue the experiment, within the lower regions
but also, and in particular, in the mountains, with
ethnic minorities, among whom the level of malnutrition is especially worrying. SIGHT AND LIFE
is continuing its commitment to the Nutridev team
in the context of this new phase, known as
“Nutrisco.”
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News
JAMA Review of SIGHT AND
LIFE's Nutritional Anemia
Book and Guidebook
In its June 2008 volume (Vol 299, No. 22), the highly
respected Journal of the American Medical Association (JAMA) published a favorable review of SIGHT
AND LIFE’s flagship publications, Nutritional Anemia
and the accompanying The
Guidebook: Nutritional Ane mia, suggesting their appropriateness as a textbook or
required reading for graduatelevel courses in (especially
international) nutrition or
health. The reviewer, from
the Nutrition and Health
Sciences department of the
University of Nebraska, further highly recommended
both books to health professionals in general, particlarly clinicians working with
patients suffering from (particularly nutritional) anemia.

Copenhagen
Consensus 2008:
Vitamins for Under nourished Children
are World’s best
Investments

Globally, anemia affects over two billion people,
including over 800 million women and children under
five, mostly in the developing world, of whom approximately a million die each year. Nutritional anemia is
mainly caused by a lack of iron, folic acid, vitamin B12
and vitamin A as well as infectious diseases. Despite
the magnitude of this problem, little has been documented on the progress in addressing it.
SIGHT AND LIFE organized a workshop on nutritional anemia in September 2006, bringing together leading experts from academia and international organizations. This resulted in the publication in 2007 of
Nutritional Anemia, which condenses the information
from the workshop and – for the first time
in a single volume – describes
the leading research on this subject and provides a road map in
the global fight against nutritional anemia, hunger and malnutrition. With the aim of widely diffusing this knowledge to help
eradicate this public health burden, SIGHT AND LIFE followed
up this publication with The
Guidebook: Nutritional Anemia,
which provides brief summaries of
all the chapters of the main volume
for busy decision makers. Both
publications are available for
download at http://www.sightandlife.org, or can be obtained from
SIGHT AND LIFE as a hardcopy.

ing cost-benefit analysis, they identified 30 specific solutions as the
best investments to achieve the
greatest impact.

The effort, dubbed the Copenhagen
Consensus, ranked the provision of
vitamin A capsules and a course of
zinc supplements among the
140 million undernourished chilIn May, eight of the world’s lead- dren around the world as the numing economists, including five ber one investment – it would cost
Nobel Laureates, assessed two just $60 million per year yet lead to
years’ work by over 50 economists yearly benefits of over $1 billion,
to prioritize solutions to ten of the according to economist Sue
world’s biggest challenges. Apply - Horton, of Wilfrid Laurier Uni -

Susan Horton, Wilfrid Laurier
University, Ontario, Canada
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Letters to the Editor

versity in Canada. This means that each dollar spent on
this program creates benefits (in the form of better
health, fewer deaths, increased future earnings, etc.)
worth over $17.
An intervention would involve the use of vitamin A
capsules for infants aged under two years, and therapeutic zinc supplement courses for infants aged 6–12
months. This would provide full coverage (two doses)
of vitamin A to 80% of children aged two and below in
Sub-Saharan Africa (where coverage is currently 73%
according to UNICEF) and South Asia (71%); along
with two courses of zinc supplements per year for 80%
of children in the 6–18 month age group in South Asia
and Sub-Saharan Africa, where the current coverage is
assumed to be essentially zero.
The third-best investment was identified by the economists as micronutrient fortification, specifically salt
iodization and fortification of basic food items with
iron. Salt iodization provides protection against goiter
but, currently, 31% of households in developing countries do not consume iodized salt. An estimated two billion individuals worldwide suffer from iron deficiency,
of whom more than half are in South Asia.

Iodization of salt and fortification of basic food-stuffs
with iron offer very high benefits for relatively little
cost. An annual investment of $19 million would
scale-up salt iodization in the three lagging regions of
South Asia, Sub-Saharan Africa, and Central and
Eastern Europe and the Commonwealth of Independent States (50%), as well as enable iron fortification to reach 80% of the population of sub-Saharan
Africa and South Asia, where the current coverage is
assumed to be negligible. The benefits will be in the
order of $570 million. Each dollar spent would result
in benefits of more than $9.
The Copenhagen Consensus brings together the
world’s top economists to answer the question: If you
had an extra $$75 billion to do good in the world,
where would you spend it? Organizer and founder
Bjorn Lomborg remarked: “It’s not very often you get
five Nobel Laureates locked up in the same room for
four days, talking about the biggest world issues. I
hope that the dedication they’ve put into compiling
this unique overview of the best spending options to
improve the world will resonate with decision-makers
all over the world.”

Letters to the Editor
Vision First Programme in Ghana
Dear Sir,
The Vision First Programme (VFP)
in Ghana, supported by the Swiss
Red Cross in collaboration with the
Ghana Health Service and Ghana
Red Cross Society, aims to establish
a viable and sustainable blindness
prevention program that increases
capacity to serve the poor.
Over the years, the support has
reached over 400,000 people with
quality clinical services and over
12,000 with heavily subsidised to
absolutely free cataract surgical
services in Ghana. In addition, over
18 clinics have been built and over
24 equipped. Over 1,800 skilled
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Operating theater
and non-skilled staff have also
been trained. In line with its aim of
reaching the poor, the Swiss Red
Cross currently supports eye care

services in two of the mostdeprived regions of Ghana: the
Upper West region and the
Northern region.
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organizations like SEE International, Unite for Sight as well
as some renowned ophthalmologists from India to visit and practice easily and effectively. This
was not previously viable due to
the need to wait for days for limited use of the only allied theater
for the entire hospital.

View of the clinic

SIGHT AND LIFE responded favorably to a call by the
Ghana Health Service to assist in upgrading the referral center of the Northern Regional Eye Care Services
in Tamale to meet the highest standards of quality. The
need was confirmed by an external quality-of-care
audit conducted on the facility. SIGHT AND LIFE’s
support has resulted in the improvement of a mini surgical theater within the Tamale Eye Centre, which had
been built due to the poor conditions of the allied theater in the hospital. The support further improved the
state of the ophthalmologist’s consulting room, the
waiting area and the building’s exterior as well as providing air-conditioning in the building.

During a familiarization visit,
the Northern Regional Minister,
Hon. Alhaji Mustapha Iddris,
and the Regional Director for
Health Services, Dr Twumasi,
expressed the appreciation of the
Government of Ghana, the chiefs
and people of the Northern
Region, the Regional Health
Administration, the Tamale
Teaching Hospital Management, the partners, the
patients and staff working under the VFP to SIGHT
AND LIFE for the improvements it has enabled in the
Tamale Teaching Hospital and the hope it has brought
to poor patients in the region.
Communicated by: Josef E. Kasper, Swiss Red Cross
SRK, P.O. Box, 3001 Bern, Switzerland
Email: josef.kasper@redcross.ch

According to Dr Seth Wanye, the
ophthalmologist for the Region, the
upgrade has brought about immense
satisfaction to both patients and
service providers in addition to the
physical improvements. Patients are
more comfortable and there are no
more long waiting times for the
patient to undergo surgery thanks to
the upgrade of the mini-theater,
which has contributed to a sharp
increase in OPD and surgical services attendance.
Dr Wanye also highlighted increased
collaborations between the eye clinic
and other eye care organizations,
enabled by the upgrading of the theater, making it meaningful for expatriate staff and volunteers from

Recognition of SIGHT AND LIFE's contribution to the eye clinic
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Roundtable Discussion on
Hidden Hunger and its Social,
Economic and Scientific
Challenges
Dear Sir,
The socioeconomic and scientific
challenges of Hidden Hunger was
the topic of a roundtable discussion
involving leading figures in
nutrition, economics and other
disciplines, including two Nobel
Laureates.
The roundtable, sponsored by
SIGHT AND LIFE, the Oxygen
Club of California (OCC), the
University of Southern California,
and the Linus Pauling Institute, was
a satellite session organized by
Prof. Lester Packer and Dr Klaus
Kraemer, Secretary General of
SIGHT AND LIFE, to the OCC
biennial meeting held in Santa
Barbara, USA in March 2008.
A key focus of the discussion was
the impact of micronutrient nutrition on economic and social development in industrialized and developing countries. The goal of the
meeting was to develop a global
agenda to interrupt the spiral of
poverty and malnutrition in developing countries, and reduce the

Letters to the Editor

The session was moderated by
Prof. Alfred Sommer, Dean Emeritus of the Johns Hopkins University Bloomberg School of Public
Health in Baltimore, USA, who
noted the varied disciplinary and
geographical backgrounds of the
participants should provide for an
interesting discussion. After an
introduction of the proceedings by
Dr Kraemer, the fifty invited participants listened to eight challenging presentations over the course of
the day and discussed the issues
that had been raised.
Prof. Daniel McFadden, of the University of California at Berkeley
and a Nobel Laureate in Economics, spoke on the topic ‘Nutrition, Health and Wealth’ as the
keynote address of the event. In this
presentation, he described how
micronutrients have been ignored
in the analysis of the nutritionhealth-wealth cycle. He applied
basic aspects of his pioneering
methods in econometrics to ask
questions of macro- and household
economics. While it is well accepted that greater wealth in a society
determines better access to nutritious foods, Prof. McFadden
explored the reverse scenario of
access to nutritious foods being a
factor in the transition of poor soci-

The roundtable held in Santa Barbara, March 2008

burden of chronic disease in industrialized and developing countries
through the promotion of foods
with high nutritional quality.
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eties into wealthier ones. As a practical matter, however, the cost of
actions to improve the nutritional
quality of diets, and their efficiency
in improving human capital and

Daniel McFadden, University
of California, Nobel Laureate
in Economics 2001
economic productivity, remain to
be quantified.
M.G. Venkatesh Mannar, President
of the Micronutrient Initiative, provided some perspectives on feasibility and costs of options to
address endemic deficiencies of
iodine, vitamin A, iron and zinc
among vulnerable groups in lowincome societies. While he could
not address the question of functional and economic benefits, he
based his analysis on the call-toaction in the Millennium Developments Goals projected through
2015.
Dr Alok Bhagava, an economist at
the University of Houston, challenged some of the conventional
wisdom on iron deficiency and productivity, but clearly supported the
notion that eradication – or even
alleviation – of endemic iron deficiency anemia has eluded the best
efforts of public health policy and
programs for decades.
Prof. Steven Zeisel, of the University of North Carolina, devoted
his presentation exclusively to the
nutritional nuances and programmatic issues surrounding choline.
Choline sits at the crossroads of
one-carbon metabolism, and is vital
to development of brain and spinal
cord cells during periods of nerv-
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ous system development. He pointed out that only in
2007 was approval secured for the addition of choline
to breastmilk substitute formulas to the level of maternal milk.

process that leads to cognitive decline with aging. His
practical recommendation was to assure a life-long
intake of antioxidant nutrients in the form of daily supplements.

Prof. Ricardo Uauy, of the London School of Hygiene
and Tropical Medicine and the Institute of Nutrition
and Food Technology (INTA) at the University of
Chile, followed with a discussion devoted to essential
fatty acids. For the developing brain, there is a critical
window of dependence on essential nutrients. Longchain essential fatty acids (EFAs) are critical to brain
development. It was noted in recent observations that
the milk from mothers with a more effective enzymatic polymorphism for producing these fatty acids is
associated with higher intelligence quotients in their
infants. For the aging brain, evidence for a protective
effect of Omega-3 EFAs against cognitive decline
comes from the six-fold lower rates of dementia
among older adults who consume fish in their daily
diets, compared to those who abstain from fish
entirely.

Although not unprecedented, it is novel for economists
and nutritionists to share and blend perspectives on the
limitations imposed on societies by insufficient or suboptimal intakes of micronutrients and bioactive substances in the diet. In Santa Barbara, these voices were
joined by representatives of physiology, toxicology,
veterinary sciences, food science and technology and
industry. The meeting’s breadth of geographic and
nutritional concerns set new bench marks for future
consolidation. This included emphasis on adequacy for
choline and long-chain EFAs in foods for young children, and vitamins E and C in older individuals.
Meanwhile, the objectives of the MDGs for resolving
deficiency states in low-income societies require the
concerted backing of academic, business, governmental and civil society constituencies. SIGHT AND LIFE
has produced a series of podcasts on the roundtable.
The podcasts are available at its newly designed web
site, http:://www.sightandlife.org, to foster a common
agenda to mitigate Hidden Hunger.

Dr Ventatesh Prakash, director of the Central Food
Technology Research Institute in Mysore, India, presented his perspective that formulated nutraceuticals
have virtually unlimited opportunities to address both
the acute deficiency situation that affect developing
countries and chronic diseases affecting both developing and developed countries, alike.

Communicated by: Noel W. Solomons,
CeSSIAM, 17 a Avenida 16-80, Zona11,
Guatemala City, Guatemala
Email: cessiam@guate.net.gt

Prof. Bruce E. Ames, of the Children’s Hospital Oakland Research Institute, spoke on cellular oxidation,
especially of central nervous tissue, as a senescent

Dear Sir,
The repercussions of the problems
facing Kenya today are real and felt
in all spheres of life, including the
nutrition and health of the Kenyan
populace, especially among women
and children. In particular, children
under five years of age are exposed
to the nutritional deficiencies and
related health problems that require
urgent humanitarian support.
Children under five years of age
are currently experiencing such
health related dangers as malaria,
diarrhea, measles, typhoid, and

nutrition-related deficiencies and
disorders, according to the Kenya
Medical Association (KMA). The

Children's center run by Ramala
women’s group, Kenya

phenomenon increases their susceptibility to other infectious diseases. Micronutrient deficiencies
not only increase child mortality
but also impair growth and cognitive development.
As a result of the crisis in Kenya,
many families have lost houses and
business premises, as well as foodstuff and crops, threatening food
insecurity among many households. Many children who had
been benefiting from micronutrient
interventions had to flee for their
lives since the crisis broke out,
making it impossible for them to
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continue taking food supplements. There have been
reports of children being separated from their parents
or guardians.
With support from SIGHT AND LIFE, Ramala
Women’s Group (RWG) is running a children’s center
to provide some humanitarian assistance to such destitute children as efforts are made to locate their parents.
The children’s center has also become a home for
many children who are in transit with or without their
parents to their tribal homes since the skirmishes
began.
The Ramala Women’s Group, through partnership
with SIGHT AND LIFE and other key actors, is committed and will continue to stand in the gap to ensure
that services aimed at holistically enhancing the lives
of children are not only improved but also sustained.
RWG will:
• mobilize more resources for child survival programs
for sustainable and development programs, while

Letters to the Editor

providing subsistence support (foodstuffs, blankets,
mosquito nets, mineral water, vitamin A supplements, deworming tablets, temporary shelters) to displaced persons, especially women and children (with
a special focus on micronutrients Sprinkles and vitamin A capsules for underfive children);
• invite other key actors and child development organizations to partner with us in other development need
areas;
• enhance communities’ proactive involvement in
addressing the needs of children in general and in
particular those with special needs;
• increase our scope and foster programs that are oriented toward long term results; and
• undertake comprehensive research to assess general
child welfare and development as well as food,
health, and nutrition.
Communicated by: Oyoo Abiud, Ramala Women’s
Group, PO Box 119, Rongo 40404, Kenya
Email: ramalawomengroups@email.com

Dear Sir,
We would like to thank SIGHT AND LIFE for its general support in all the projects we have carried out.
Your kind support has been put to good use through
the Sunbie Project in Lemu, Ghana, where we have
actively educated mothers, children and caregivers on
vitamin A, good nutrition and good health issues
through a community sensitization program.
In January 2008, we organized a training program in
collaboration with the community. The activities
included the distribution of posters; education and
training on the importance of consuminglocally available food naturally rich in vitamin A and how to prevent vitamin A deficiency (VAD); demonstrations on
how to prepare and cook vitamin A-rich foods without
destroying their nutrients; and distribution of vitamin A capsules to 6,000 children aged six months to
five years in the communities and the nearby villages.
Going forward, we intend to organize more education
and training sessions for teachers in Lemu as they can
help spread the messages on vitamin A and incorporate
these into their school lessons. Some further important
issues to address include malaria, anemia, and maternal and child mortality, which are prevalent in Lemu
communities and surrounding villages, particularly
among children, who are mostly malnourished due to
insufficient food or unbalanced diets.
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Mrs Esther Pegree from Sunbie program, Ghana
On the operational side, one of the major difficulties
we face is the lack of means of transportation, which
keeps us from reaching out to the interior villages,
where VAD is high. Community members also highlighted the difficulty in getting water during the dry
season for gardening to provide the vitamin A-rich
vegetables for consumption. Furthermore, IT equipment is needed to improve the efficiency of keeping
and processing records.
Communicated by: Esther Bayuo Pegree
c/o Mr. Burenaah Cletus, Northern School of
Business, P.O. Box 482, Tamale, Ghana
Email: pegreegh@yahoo.com
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Publications
Editor’s note: SIGHT AND LIFE presents recent publications
which may be of particular interest to our readers. However,
no publications other than SIGHT AND LIFE publications
are available from us, nor do we have any priviledged
access to them.

Nutrition and Health in Developing Countries
Like the first edition,
the second edition of
Nutrition and Health in
Developing Countries –
a tome to which no less
than 45 leading minds
in a diverse range of
disciplines have contributed – is set to
define a new level
of understanding in
this important area
of policy, research
and programming.
Intended for policy makers, nutritionists, students,
scientists and
professionals, the book
provides the most recent and up-to-date
knowledge regarding major health and nutritional
problems in developing countries, presented to facilitate an integrated approach to health research, programs, and policy.
The book begins with a historical overview of the idea
of nutrition and development and goes on to explore
a) the major health indicators in developing countries;
b) major infectious diseases in which nutrition plays a
role; c) the general problem of malnutrition and specific micronutrient deficiencies; and d) new emerging
issues in countries where a nutrition transition has
given rise to health problems such as obesity, diabetes,
and cardiovascular disease. New chapters in the
book’s final section contain special topics relating to
humanitarian emergencies, including a case study of
the Indian Ocean tsunami in 2004, food in humanitarian relief, food policy, the emerging role of supermarkets in developing countries, homestead food production, aging, ethics, and the adverse impact of parental
tobacco use on child health in poor families.

Yet, while the book clearly focuses on the problems in
developing countries, editors Dr Richard D. Semba
(the W. Richard Green Professor of Ophthalmology at
the Johns Hopkins University School of Medicine) and
Dr Martin W. Bloem (Chief, Nutrition and HIV/AIDS
Policy, United Nations World Food Programme) recognize that, as a result of globalization, the distinction
in health and nutrition problems between the developed and the less-developed world has become less
clear. Emerging diseases, such as HIV/AIDS, tuberculosis, and obesity, have revealed the connectivity – and
consequent increased vulnerability – of the world.
As readers of the previous edition know, what is characteristic of the volume is its underlying conviction
that global health and nutrition problems can only be
solved through a more integrated, multidisciplinary
approach to better understand the various levels of
causality and interactions between determinants. The
editors acknowledge in the book’s preface the inherent
tension in combining diverse disciplines; nonetheless,
the book powers on with insightful contributions from
academics and professionals steeped in the fields of
clinical nutrition, medicine, immunology, infectious
disease, epidemiology, public health nutrition, anthropology, health policy, economics, and disaster planning.
For more information, please visit the website of the
publisher, http://www.springer.com.
Vitamin Analysis for the Health and Food
Sciences
(Second Edition)
Vitamin Analysis for the Health and Food Sciences, by
Ronald R. Eitenmiller, Lin Ye and W. O. Landen, Jr.,
is a comprehensive and up-to-date reference on the
methods of vitamin analysis applicable to foods, supplements, and pharmaceuticals. With a uniform, easyto-use format, the volume provides the tools to efficiently make decisions on the appropriate analytical
approach to saving time and effort in the lab.
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The first edition, published
in 1999, was written as a
resource for the training of
students and analysts in
the proper application of
the best vitamin assay
methods and the frequently required efforts
to improve, develop, or
adapt existing methods to meet specific
analytical needs. This
second edition highlights the advances
in vitamin assay
methodology and
emphasizes the use
of improved and
sophisticated instrumentation,
including the recent applications and impact of
liquid chromatography-mass spectrometry (LC-MS)
on vitamin analysis. Detailed tables are presented for
the vitamins for which LC is the best approach,
describing the milestones that led the way to current
methods as well as significant publications.
Stressing that a thorough understanding of the chemistry of each compound is needed to effectively analyze it, each chapter is devoted to a particular vitamin
and begins with a brief review of its uniqueness and its
role in metabolism, along with tabular information on
spectral properties. It also details the commonly used
analytical and regulatory methods for each vitamin.
Each chapter also includes a methods section that provides a summary of commonly used and available
handbook and regulatory methods, discussing in detail
several of the Association of Official Analytical
Chemists (AOAC) International methods.
For more information, please visit the website of the
publisher, http://www.crcpress.com.
Vitamin A: Vitamins and Hormones, Volume 75
The Vitamins and Hormones series was first published
by Academic Press in 1943 on what were then the distinct subjects of vitamins and hormones. Today, the
editorial focus reflects expertise in the field of hormone action, vitamin action, X-ray crystal structure,
physiology, and enzyme mechanisms. Nonetheless, it still
maintains its hallmark characteristic of providing comprehensive reviews on the structure and function of
biologically active molecules like hormones and vitamins by leading experts in this and related disciplines.
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This 75th volume of the series presents a review of the
modern aspects of the retinoic acid receptor and its relatives as well as the roles of vitamin A in development
and differentiation, and its activity in certain tissues
and in disease states. The initial chapters provide information on receptors and signaling pathways, while the
later chapters discuss development and differentiation,
touching on vitamin A-storing cells and studies on
compartmental analysis and metabolism. Further chapters elaborate on the regulation of antibody responses, the skin, the heart,
therapeutics, and the
effects of vitamin A in
various disease states,
such as HIV/AIDS and
emphysema.
Editor Gerald Litwack
has been the Chair of
Pharmacology at Thomas Jefferson University since 1991. Dr
Litwack, whose work
has been in the area of
mechanisms of steroid
receptor action invol ving especially the
glucocorticoid and
mineralocorticoid
receptors, immunophi, is also
Deputy Director and Associate Director for Basic
Science of the Jefferson Cancer Center.
For more information, please visit the website of the
publisher, http://www.elsevier.com.
Vegetables and Fruits: Nutritional and
Therapeutic Values
A trip to the neighbourhood fruit and vegetable market
stands be far more meaningful with a copy of Thomas
S.C. Li’s book, Vegetables and Fruits: Nutritional and
Therapeutic Values. As the title suggests, the book
contains comprehensive information on over
100 species of each these two food groups.
This important book fills a gap in the knowledge of the
general public, who may know about the healthful
properties of vegetables and fruits, but may not realize
that some contain more than just nutritional value –
they may contain therapeutic compounds that are beneficial to consumers. Li begins his volume with a general introduction on essential human nutritional values,
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followed
by
an
overview of currently
available information
on the major constituents and therapeutic values of the
vegetables and fruits.
Following chapters
present the vitamin
and mineral content of the featured
foods and how
their use can protect or improve
human health.
Researchers,
manufacturers,
and producers
will find in the
book easy access to information on
vegetables and fruits, which is clearly laid out in userfriendly tables. The author, however, notes that the book
is intended as a reference and not to make specific recommendations on the use of vegetables and fruits in
place of a physician’s advice.
For more information, please visit the website of the
publisher, http://www.crcpress.com.
The State of the World’s Children 2008
Child Survival is the theme of UNICEF’s The State of
the World’s Children 2008 report. This is a timely
reminder by Executive Director Ann M. Veneman of
the fact that while, in recent years, the total number of
annual deaths among underfive children has fallen
below 10 million – a 60% drop in global child mortality from the rate in 1960 – it remains unacceptable that
9.7 million still died in 2006, especially when many of
these deaths are preventable.

these, 75% are in Africa, where previously recorded
declines in some African countries have been reversed
by HIV and AIDS.
Achieving the MDGs remains a formidable challenge,
and efforts need to be stepped up to make and sustain
impacts across the various goals. In addition to reducing child mortality, these include reducing poverty and
hunger; improving maternal health; combating HIV
and AIDS, malaria and other major diseases; increasing access to and use of improved water and sanitation;
and sustainably providing affordable essential drugs.
Echoing a series of articles on nutrition in the scientific journal, The Lancet, earlier this year, the report’s
authors highlight the fact that simple, reliable and
affordable interventions with the potential to save the
lives of millions of children are readily available – the
challenge is ensuring these interventions reach those
who most need them. The report also emphasizes the
need to involve local communities to generate demand
for quality health care and reach marginalized and
remote populations.
A key message of the report is UNICEF’s optimism in
the innovative public-private partnerships now widely
being established. Such partnerships, UNICEF
believes, hold great promise for advancing progress
toward the MDGs by coordinating the activities and
pooling the knowledge of various sectors and stakeholders.
The report is available for download on the internet at
http://www.unicef.org/sowc08/.

According to the Inter-agency Group for Child
Mortality Estimation, countries in every region of the
world have made considerable progress in reducing
mortality among children under five years of age since
1990. Nonetheless, over 60 countries are making in sufficient or no progress toward the Millennium
Development Goal (MDG) of reducing the rate of
child mortality by two-thirds by 20l5 (MDG 4). Of
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