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Editorial

Welcome
Nutrition Security as a Cornerstone of Recovery,
Renewal and Resilience
Inflationary food prices, a global economic downturn,
and climate change – this confluence of ills is worsening the plight of the world’s most vulnerable
populations, and exacerbating long-term inequities in
food and health. The immediate as well as long-term
effects of these crises are compromising the diet and
health of up to 80% of the population in most developing countries, and places at risk the future health and
intellectual abilities of an estimated 250 million infants
and unborn children (-9–24 months of age).
We have clear evidence that high food prices have a
direct impact on household consumption in developing
countries. As a strategy to cope with higher costs (and
reduced incomes due to localized economic declines),
most households reduce the diversity and nutritional
quality of their diet by including fewer animal-source
foods, fruits, processed foods, and vegetables to maintain portions of staple foods, such as rice. Eventually,
the quantity of food consumed is also reduced as their
food stocks and purchasing power decline without an
improvement of their income or a reduction of food
prices. Poor households that already spend 50–80% of
total expenditure on food are hit hardest. The impact of
macronutrient malnutrition from reduced quantities of
food consumed is dramatically visible, often having
reached a severity that draws attention to seriously
acute conditions too inhumane for us to ignore.
However, the impact of micronutrient malnutrition –
which invisibly lurks in far more people within an
acutely distressed or chronically deprived population –
from reduced quality of food consumed may be felt for
decades. Of particular concern is the negative impact of
vitamin and mineral deficiencies on young child development, given that the period from conception until
24 months of age irreversibly shapes a person’s health
and intellectual ability. Left unaddressed, micronutrient-deficient children may grow up unable to reach
their full intellectual, physical and economic potential –
a lost generation that will be the legacy of inaction or
ineffective action today.
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The Second Meeting
of the Micronutrient
Forum in Beijing this
past May underscores
the fact that we have
accumulated a wealth
of knowledge and experience from decades of research
and programs to chart the most effective courses of
action to address the global nutrition crisis, based on
rigorous evidence of what works. The processes originating in Innocenti, Italy, are taking us further toward
smarter ways of managing the complex web of knowledge and know-how needed to better coordinate
efforts, and lead to efficiencies of action and cost. A
keystone of this smarter strategy in tackling global malnutrition is the renewed emphasis on public-private
partnerships during this Micronutrient Forum, which
witnessed a breakthrough in the history of the Forum
and its progenitors as prominent leaders of industry
committed to the shared goals of working toward a
world without hunger, hidden and otherwise.1
The mindshare on nutrition did not end there as the following month of July saw the leaders of the Group of
Eight (G8) leading economies convene at the group’s
latest Summit in the earthquake-ravaged town of
L’Aquila in Italy. The world has indeed been (sometimes violently) shaken by the interlocked crises of high
food prices, economic decline, and climate change in
recent years, which made L’Aquila a fitting metaphor
and setting for these key global decision makers to discuss measures for addressing these and related issues.
They issued a joint statement2 recognizing the problems and needs relating to ensuring global food security, and pledging additional billions to this cause –
based, in no small measure, on the advocacy of US
President Barack Obama. While many of our colleagues in the development and humanitarian field
decry the ambiguity of the pledges, which have all too
often been left unhonored, and are impatient (as Prof.
Al Sommer rightly encourages in his remarks at the
Micronutrient Forum, p34) to see these leaders put their
money where their mouths are, it is perhaps useful to
see this as a step – albeit a small one – in the right
direction, given the recognition afforded to “nutrition,”
which appears five times in the text of the G8 food
security statement (six, if you count “malnutrition”).
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Also in July 2009, the U.S. National Academy of
Sciences’ Institute of Medicine (IOM) convened a
three-day workshop, Mitigating the Nutritional
Impacts of the Global Food Price Crisis3, exploring the
implications of the global food price increases and economic crisis on nutrition and health. The discussion
focused on key topics, including nutrition surveillance,
responses to the crises on individual country and global levels, US policies relevant to the crises, and actions
to mitigate the current crises as well as prevent future
crises. International participants included eminent
speakers from the Chicago Initiative on Global
Agricultural Development, World Bank, UN Task
Force on Global Food Security Crisis, Emory
University, Roadmap to End Global Hunger, Cornell
University, IFPRI, and the University of Chile and
London School of Hygiene and Tropical Medicine.
Several of the individuals from the above-mentioned
institutions are also featuring in an upcoming supplement to the Journal of Nutrition, sponsored by SIGHT
AND LIFE, on the impact of the interlocked crises on
nutrition. This supplement further underscores the
strength of institutional partnerships across the public,
private and nonprofit/academic sectors, allowing the
key messages on the problems of and solutions to hidden hunger to be voiced consistently and compellingly
across communicators and target audiences. At the
heart of these messages is the insight that investments
in nutrition are among the most cost-effective development actions because of the very high benefit-to-cost
ratios; these not only benefit the individual, they also
support the sustainable growth of nations because they
protect health, prevent disability, boost economic productivity and save lives.

Moving forward, let’s keep up the momentum by echoing the call for Nutrition Security to be a cornerstone
of efforts for Recovery (from the multiple crises),
Renewal (of commitments by all stakeholders to assist
the most vulnerable among us), and Resilience (of our
closely-integrated food, energy, social, economic, ecological, and related systems).
This edition of the Magazine also features an executive
summary of the Micronutrient Forum (p25) as well as
Prof. Sommer’s aforementioned concluding remarks.
The full report will be released as a supplement to
SIGHT AND LIFE Magazine, Issue 3/2009. This
year’s James A Olson Memorial Perspectives on
Carotenoids Lecture was given by William Blaner during the annual CARIG Conference in New Orleans,
providing an overview on the potential role of
carotenoids and retinoids in metabolic syndrome (p6).
We would also like to draw your attention to the nutritional impact of the Good Start in Life Program in Peru
(p16), and an article on selenium and its immune system and anti-cancer properties (p49).
With best regards

1 Private

Sector Declaration for download at
http://www.sightandlife.org/images/stories/pageimages/content/News/beijing%20joint%20declaration.pdf
2 Available for download at
http://www.g8italia2009.it/static/G8_Allegato/LAquila_Joint_Statement_
on_Global_Food_Security[1],0.pdf
3 Catch the webcast highlights from this workshop at
http://globalhealth.kff.org/Multimedia/2009/July/14/gh071409video.aspx
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Carotenoids, their Retinoid and
Non-Retinoid Metabolites and the
Metabolic Syndrome
James A Olson Memorial Perspectives on Carotenoids
Lecture 2009
Jian Zhang Yang and William S Blaner
Department of Medicine, Columbia University, New York, USA
Correspondence: Jian Zhang Yang, Department of Medicine, College
of Physicians and Surgeons, Columbia University, 650 W. 168th St.,
New York, NY 10032, USA
Email: jzy2103@columbia.edu

Introduction
The diseases that compose the
metabolic syndrome are now a
major public health concern in the
developed world. The metabolic
syndrome is a complex of risk factors linked to excessive body
weight and obesity, that when present, increases one’s risk for both
cardiovascular disease and type II
diabetes mellitus (T2DM) as well
as other health complications.1
These risk factors include abdominal obesity, atherogenic dyslipidemia, hypertension, insulin resistance, inflammation, and prothrombotic states. The populations of
many developing countries are
experiencing increasing incidence
of the metabolic syndrome.2 This
increased prevalence of the metabolic syndrome in developing countries has been attributed to increased urbanization, nutrition transition, reduced physical activity, and
aggressive community nutrition
intervention programs for undernourished children.2 The molecular
events that underlie the pathogenesis associated with the metabolic
6

syndrome are now the subject of an
extensive research effort aimed at
developing therapeutic interventions to combat this growing public
health concern. Some of this
research effort is focused on estab-

lishing linkages between vitamin A
and carotenoid nutrition and metabolism and the component diseases
of the metabolic syndrome. This
article will provide a brief overview
of this research.

DIET

ELIMINATION
DIET
β-Carotene
CMO1

Retinyl
Esters

Retinol

Retinal

Retinoic Acid

Oxidized
Retinoids

?
Storage in
lipid droplets

All-trans- and 9-cis-retinoic acid are
transcriptionally active retinoids
that respectively act through the
3 retinoic acid respectors (RARs)
and 3 retinoid X receptors (RXRs).

Transported in blood
bound to retinol-binding
protein (RBP)
11-Cis-retinal is the chromophore for
rhodopsin and is required for vision.

> 500 genes regulated by retinoic acid

Figure 1: Scheme for the metabolism and actions of retinoids within the body. It has long been believed that all retinoid
actions within the body, aside from those involved in
vision, involve regulation of retinoic acid-responsive gene
expression through the RARs and RXRs. However, a
growing body of published evidence now suggests that
retinol, retinal and retinoic acid have other important
physiological actions in the body.
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Within the modern biomedical research literature, vitamin A and its metabolites are now referred to collectively as retinoids. Retinoids have been consistently
linked to conditions associated with the metabolic syndrome. Because many developing countries are currently administrating vitamin A supplementation programs, it is important to tease out the role of retinoids
and retinoid-related parameters in the pathophysiology
of the metabolic syndrome. Retinoids are essential
micronutrients that must be obtained from the diet.3
There are two sources of retinoids in the diet. The first
is proretinoid (provitamin A) carotenoids, obtained
from dark green and colorful fruits and vegetables, and
the second is preformed retinoid, from animal products
such as meat and dairy. Retinoids are involved in many
physiological functions, including the maintenance of
normal reproduction, immunity, growth, and cellular
proliferation and differentiation. The active retinoid
forms, all-trans- and 9-cis-retinoic acid, act as nuclear
ligands that activate gene transcription by binding to
two families of ligand-dependent transcription factors,
the retinoic acid receptors (RARs) and the retinoid X
receptors (RXRs). Figure 1 provides an overview of
retinoid metabolism and actions within the body. Since
members of the RXR family serve as partners in forming heterodimers with the vitamin D receptor, the thyroid hormone receptors, the peroxisomal proliferator
activator receptors (PPARs), and other ligand dependPRORETINOID OR
NON-PRORETINOID CAROTENOIDS
CMO2
Transcriptionally
active metabolites?

Apo-carotenals

Apo-carotenoic acid
metabolites

Apo-carotenol
metabolites

Figure 2: Proretinoid and non-proretinoid carotenoids can be cleaved eccentrically
through the actions of the eccentric
cleavage enzyme CMO2 to apo-carotenals, which can be subsequently oxidized to apo-carotenoic acid metabolites or reduced to apo-carotenol metabolites. It has been proposed in the literature that apo-carotenal metabolites
may, like retinoic acid, possess activity
for regulating gene transcription.65
Thus, it is possible that some of the
actions of carotenoids in the body may
be accounted for by the actions of the
apo-carotenoid metabolites.
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ent transcription factors, retinoids regulate a broadspectrum of hormonally responsive genes.
Carotenoids are found abundantly in nature and may or
may not possess proretinoid activity.4 Some carotenoids, such as b-carotene, the primary precursor for
retinoid, can be cleaved centrally to form two molecules of retinal, which can be subsequently reduced to
retinol and then esterified for storage, or oxidized to
retinoic acid in tissues requiring retinoid action (see
Figure 1). As depicted in Figure 2, carotenoids can
also undergo eccentric cleavage, giving rise to a number of different apo-carotenals, which, like retinal, can
undergo oxidation to apo-carotenoic acids or reduction
to apo-carotenols. Though carotenoid cleavage occurs
primarily in the intestinal mucosa, the liver and other
organs can also cleave carotenoids after they have been
taken up from the diet along with other dietary fat in
chylomicrons. Both central and eccentric carotenoid
cleavage products have been proposed in the recent literature to be associated with obesity, dyslipidemia and
impaired insulin responsiveness.
Retinoid intake influences blood triglyceride concentrations as well as tissue triglyceride concentrations and metabolism
Retinoids have long been used as drugs in clinical
medicine to treat skin diseases. Clinical experience
with retinoids suggests that they influence fat (triglyceride) metabolism and insulin responsiveness.
Specifically, 13-cis-retinoic acid, commonly known as
Accutane or isotretinoin, has well-recognized side
effects that include elevated serum triglyceride,5-7
cholesterol,5,7 and glycerol concentrations6 and
insulin resistance,5,6 in both human populations and
animal models. These effects are proposed to arise
through Accutane-derived impaired clearance of
triglyceride-rich lipoproteins from the blood.7 It
should be noted that 13-cis-retinoic acid is a naturally
occurring retinoid that is found in all humans and in
other species. The expression of apolipoprotein C-III,
a gene involved in lipoprotein metabolism, and one
associated with dyslipidemia, is reported to be
increased after Accutane administration.6 Oral administration of all-trans-retinoic acid has a similar effect
on serum triglyceride concentrations.8 Rodent studies
indicate that retinoids mediate these effects on serum
lipid levels through RAR-activated genetic transcription, since rats given bolus doses of RAR agonists displayed dose-dependent increases in serum triglycerides, which were not observed in rats given RXR
agonists.9

7

SIGHT AND LIFE

James A Olson Memorial Lecture

Table 1: Vitamin A intake in non-alcoholic fatty liver disease (NAFLD) patients and control subjects
grouped according to the number of associated features (criteria) of the metabolic syndrome.1

Control
Subjects
(N = 30)

NAFLD
Patients
(N = 23)

Criteria
2
Control
NAFLD
Subjects
Patients
(N = 25)
(N = 21)

711 ± 109

348 ± 342,3

554 ± 59

0–1

Dietary
vitamin A, µg

262 ± 313,4

≥3
Control
Subjects
(N = 19)

NAFLD
Patients
(N = 20)

546 ± 52

232 ± 253,4,5

1The

features or “criteria” considered as components of the metabolic syndrome are: hypertension (systolic and diastolic blood pressure ≥ 130/85 mm Hg or
taking antihypertensive therapy); hypertriglyceridemia (fasting plasma triacylglycerol ≥ 150 mg/dL or taking lipid-lowering therapy); low plasma high density lipoprotein (HDL) cholesterol (HDL < 40 mg/dL in men and < 50 mg/dL in women); impaired glucose regulation (impaired fasting glycemia: fasting
plasma glucose ≥ 100 mg/dL but < 126 mg/dL (5.6–7.0 mmol/L) or impaired glucose tolerance: plasma glucose ≥ 140 mg/dL after 2 hours on oral-glucosetolerance test); abdominal obesity (waist circumference > 102 cm in men and > 88 cm in women).
2 Significantly different from control subjects matched for the number of criteria, P < 0.01.
3 Significantly different from all control subjects, P < 0.05.
4 Significantly different from NAFLD patients meeting 0–1 criteria, P < 0.05.
5 Significantly different from NAFLD patients meeting 2 criteria, P < 0.05.
Adapted from Muso et al.10

Human population studies have
established associations between
dietary retinoid and carotenoid
intake and the development of nonalcoholic fatty liver disease
(NAFLD). In a case-control study
involving 138 adults, low dietary
intake of retinoids in subjects with
NAFLD was one of only two differing features between control subjects and those with NAFLD
(Table 1).10 In a cross-sectional
study of 91 children, a trend was
observed between inadequate serum
retinoid levels and risk of NAFLD
development, as determined by
ultrasound.11 Another study of 145
obese adults reported that subjects
with NAFLD had significantly
lower serum b-carotene levels than
subjects not experiencing NAFLD
and that there was a significant positive association between the presence of insulin resistance and
retinol and b-carotene inadequacy
in their subjects.12
The basic research literature, however, still lacks consensus as to the
role of retinoids in fatty liver development. Rodents fed a retinoiddeficient diet were reported by one
8

research group to display decreased
expression of genes involved in
hepatic fatty acid oxidation and
increased hepatic triglyceride accumulation13, but opposite findings –
specifically, increased expression
of genes involved in hepatic fatty
acid oxidation and decreased hepatic fatty acid synthesis – have been
reported by other groups.14,15
Moreover, administration of an
agonist of RXR-mediated gene
expression resulted in an increase
in the size and number of fat
droplets in the liver, along with
increased liver mass in genetically
diabetic mice.16
Retinol-binding protein (RBP)
may influence insulin
responsiveness
Insulin resistance is one of the
major risk factors implicated in the
metabolic syndrome. The serum
transport protein for retinol,
retinol-binding protein (RBP, also
called RBP4 in the diabetes literature), has become the focus of
much research interest. This is
because RBP has been proposed to
be a determinant for insulin resist-

ance. Kahn and colleagues were the
first to report a relationship between RBP and insulin resistance
based on a variety of studies carried
out in both humans and mice.17,18
The studies carried out by these
investigators suggest that RBP synthesized specifically in adipose tissue causes insulin resistance in
muscle and liver. Moreover, as
illustrated in Figure 3, these investigators showed that weight gain
and obesity increases expression of
RBP in adipocytes, elevates serum
RBP levels, and increases insulin
resistance.17,18 Based on their
research findings, Kahn and colleagues proposed that RBP is an
adipokine secreted from adipose
tissue that mediates insulin resistance in peripheral tissues. The literature focused on proving or disproving this theory is controversial,
but is expanding rapidly. A number
of research groups have shown elevations in serum RBP in different
human cohorts and in mouse models experiencing insulin resistance
and type 2 diabetes17–20; however,
other groups have not observed this
association21–23. Results of a 3-year
longitudinal study showed that sub-
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jects who developed insulin resistance over the 3-year study period
did not experience increases in
serum RBP levels.24 In contrast,
weight reduction arising from exercise, gastric bypass surgery, or
caloric restriction was reported to
be effective in reducing serum RBP
levels and improved insulin responsiveness.18,22,23 Lifestyle modification and appetite suppressantinduced visceral fat loss, but not
total or abdominal subcutaneous fat
loss, was reported to decrease
serum RBP concentrations in nondiabetic adults.25 Similarly, administration of fenofibrate and rosiglitazone, drugs used for the treatment
of insulin resistance, along with
cinnamaldehyde, berberine, and
cyanidin 3-glucoside – agents
claimed to have insulin sensitizing
effects – downregulated RBP in
white adipose tissue26,27 and
decreased serum RBP concentrations17,26–28 in insulin-resistant
humans and rodents.
Other investigators have investigated RBP-related parameters that
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might account for the association
between RBP and insulin resistance. Insulin resistance is thought
to be heritable29 and, because of
this, many research groups have
examined associations between
genetic variants in the RBP gene
and insulin responsiveness in casecontrol studies of diabetic patients.
Four single nucleotide polymorphisms (SNP) in the RBP gene
have been associated with increased risk of diabetes in a
Mongolian population30; a haplotype of 3 RBP SNPs was found
more frequently in diabetic patients
in a Chinese population31; a haplotype of 6 RBP SNPs was associated
with increased risk of insulin resistance in a Caucasian population living in Germany32; and a RBP promoter polymorphism was associated with increased risk of type 2 diabetes in a Dutch population. A
genetic study in twins shows a 63%
heritability for plasma RBP levels
and that genetic effects on serum
RBP levels decrease with age,
while environmental effects become increasingly important.20

Lean subjects

A
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P = 0.001

65
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P < 0.001

60
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60

Obese diabetic
subjects

Obese nondiabetic
subjects

B

65

45
40
35

45
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35
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25
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20

0

These studies only focus on RBP
expression, so it is unclear whether
it is solely RBP expression or the
retinol-RBP complex that is
responsible for the association
between RBP and insulin resistance. Two independent groups
examined the molar ratio of serum
retinol to RBP in the circulation as
a possible explanation for the
RBP/insulin resistance association
and showed that the molar ratio of
serum retinol to RBP is a better
predictor of insulin resistance
than serum RBP concentrations
alone.33,34 But another study, one
involving overweight subjects with
or without diabetes, reported that
the holo-RBP to apo-RBP ratio in
the overweight subjects was the
same as that of the lean subjects
and also as that previously reported
for healthy subjects.35 Still another
study showed positive associations
between serum retinol and impaired glucose tolerance in human
subjects.36 There has also been
research interest focused on other
factors that may account for why
serum RBP levels may be elevated

0
0

22

27

32

Body-Mass Index

37

42

0

20

40

60

Insulin (µU/mL)

Figure 3: Relationship of serum RBP (RBP4) levels with body-mass index (Panel A) and fasting plasma insulin levels (Panel B) in five lean, seven obese non-diabetic, and nine obese diabetic subjects. In Panel A, the 95% confidence interval for the Spearman correlation coefficient of 0.64
was 0.30 to 0.84. In Panel B, the 95% confidence interval for the Spearman correlation coefficient of 0.72 was 0.41 to 0.88. All blood samples were drawn after an overnight fast. To convert values for insulin to picomoles per liter, multiply by 7.175. Taken from Graham et al.18
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in insulin resistant patients. RBP is
present in the circulation bound to
transthyretin, a larger molecular
weight protein that prevents renal
filtration of RBP. Several research
groups investigated serum transthyretin levels and kidney function
in insulin resistant humans and
mice, and observed elevated
transthyretin levels and impaired
kidney function in insulin-resistant
patients.37,38 Based on their findings, these investigators speculated
that the elevated serum RBP levels
found in diabetic subjects are the
result of impaired renal RBP clearance.
Vegetable garden in India
The published research regarding
the possible role of RBP and/or
retinol in the development of
insulin resistance does not allow for
an unequivocal conclusion to be
reached.
Retinoic acid and retinal influence adipose tissue formation
and triglyceride accumulation
Fat-storing adipocytes are formed
(differentiate) from adipose tissue
precursor cells that do not contain
fat. Adipogenesis first involves
proliferation of preadipocytes,
which then differentiate into mature adipocytes. Retinoids are
known to have many effects on
adipose accumulation, primarily
through their actions on adipocyte differentiation and metabolism.39–50 Studies employing preadipocytes in culture reveal that
retinoic acid has a time-dependent
effect in the process of adipogenesis, where high-dose retinoic acid,
acting through its nuclear receptor
RAR, initially inhibits the transcriptional activity of PPARg,
C/EBPa and C/EBPb, proteins
whose actions are essential for initiation of preadipocyte differentiation to adipocytes.39–41 This inhibition can be reversed by the removal
of retinoic acid.44 Interestingly,
10

when preadipocytes are treated
with retinoic acid 48 hours after
being exposed to differentiation
conditions, retinoic acid is no
longer effective in inhibiting
adipocyte differentiation.39,41 However, these findings should be interpreted cautiously, since the studies
that report a negative effect of
retinoic acid on adipogenesis have
involved administration of “supraphysiological” doses of retinoic
acid. In fact, studies which involved
the administration of low concentrations of retinoic acid to
preadipocytes in culture reported
that retinoic acid acted as a potent
adipogenic hormone that is critical
for adipocyte differentiation.42,43
Ziouzenkova et al. reported a similar effect of retinal, a retinoid
essential for vision, but previously
thought to be inactive outside of the
eye, on inhibiting adipocyte differentiation, even at the later stages of
the differentiation process, when
retinoic acid is no longer able to
inhibit adipogenesis.42 These investigators also reported that alcohol
dehydrogenase-1, an enzyme that
converts retinol to retinal, is highly
expressed in preadipocytes, whereas retinal dehydrogenase-1, an
enzyme that oxidizes retinal to
retinoic acid, is highly expressed in

differentiated adipocytes. This
observation suggests a temporal
regulation of retinal synthesis and
oxidation in fat. Moreover, lean
mice were reported to have higher
levels of alcohol dehydrogenase-1
in fat, compared to obese mice.
Mice that genetically lack retinal
oxidizing activity resist dietinduced obesity and insulin resistance and maintain smaller
adipocyte size.
Studies of mature adipocytes show
a role for retinoids in maintaining
normal adipocyte function. Retinoic acid treatment is reported to
decrease adipocyte triacylglycerol
content and increase oxidative
metabolism in adipoctyes.45 While
white adipose tissue primarily
stores fat as an energy reserve,
brown adipose tissue regulates the
dissipation of energy as heat for
thermogenesis through the action
of uncoupling proteins found in this
tissue. Published studies have
shown that retinoic acid administration to rodents increases expression of uncoupling proteins and
remodels white adipose tissue so
that it acquires properties that
resemble those of brown adipose
tissue.46–48 Retinoic acid treatment
also decreases expression of leptin,
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b-Carotene and its metabolites
may influence fat metabolism
and development of the metabolic syndrome
Several reports in the literature
indicate that serum levels of
b-carotene are inversely associated
with risk factors in the metabolic
syndrome in humans.52–56 One
study involving over 8,000
American adults found that serum
b-carotene concentrations were
inversely associated with the number of metabolic syndrome diagnostic criteria present in the study’s
subjects.52 Fasting serum glucose
and insulin concentrations were
also inversely associated with
serum b-carotene levels in an
Australian population, where mean

serum carotenoid concentrations
decreased with declining glucose
tolerance.53 Low serum levels of
b-carotene were observed to be
associated with indices of overweight and obesity in studies
of Australian and American
children and Swedish and French
adults.54–57 Collectively, these studies suggest that increases in
b-carotene intake may be beneficial
for the prevention of risk factors
implicated in the metabolic syn0.2

0.2

0.18

0.18

0.16
0.14
0.12
0.1
0.08
0.06
0.04
0.02

Cumulative incidence of type 2 diabetes

Cumulative incidence of type 2 diabetes

an adipose-derived satiety signal
important in regulating food intake;
conversely, administration of a
retinol-deficient diet to mice
increased leptin and decreased
uncoupling protein expression.46,48
Retinoid effects on leptin expression may be part of a feedback control in the body’s regulation of its
energy stores. Retinoid-deficiency
in mice and inadequacy in human
populations also seems to be related to increased adiposity.48-50 Retinoids have important and varied
roles in adipose tissue differentiation and maintenance. Since diets
rich in fat historically contained
greater concentrations of retinoids
compared to vegetarian diets,
where the primary source of
retinoids is from b-carotene conversion, poor retinoid status may be
an indicator of the body’s need to
conserve energy in the form of fat,
while good or high retinoid status
can serve as an indicator of abundance. Unfortunately, in the modern world, many foods high in fat
are no longer abundant in micronutrient content, and retinoiddeficiency may further exacerbate
adiposity.48–51
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results of the epidemiological studies do not agree with those obtained
from the supplementation trials.
Perhaps some of this discrepancy
may reflect individual variations in
human efficiency to convert
b-carotene to retinal, given that
some of the epidemiological studies also reported relationships
between serum retinol status and
indices of the metabolic syndrome.52,59
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31783018
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Figure 4: Cumulative incidence of type 2 diabetes by randomized
antioxidant intervention: active b-carotene compared with
placebo in the Women’s Antioxidant Cardiovascular
Study. Adapted from Czernichow et al.58
drome. However, an intervention
study involving administration of
b-carotene containing antioxidant
supplements carried out over a
7-year period and involving 5,220
French adults detected no difference between the intervention and
placebo groups with regards to
their risk of the metabolic syndrome determined at the termination of the study and their development of the metabolic syndrome
during the years of supplemenation.57 Another supplementation
trial also found no association
between b-carotene intake and risk
of diabetes (Figure 4).58 Thus, the

Carotenoid-15,15’-monooxygenase
(CMO1) is the sole enzyme that
cleaves b-carotene into two molecules of retinal. Three CMO1 SNPs
have been identified in the human
CMO1 gene, with the two common
SNPs having estimated allele frequencies of 24% and 42% in
Caucasian populations.60,61 Plasma
triglyceride concentrations were
not found to be different between
individuals harboring or not harboring these SNPs.60 A patient with
a rare CMO1 SNP that results in a
~90% loss of function in CMO1
was found to have high serum levels of b-carotene and mild hypovit11

SIGHT AND LIFE

James A Olson Memorial Lecture

aminosis A, but no other apparent b-apo-14’-carotenal (apo14), one of
phenotype.61 Interestingly, a study the products produced by CMO2
by Hessel et al. reported that mice action on b-carotene, has been
with genetic CMO1 deficiency shown to inhibit adipogenesis of
developed fatty livers independent preadipocytes, specifically through
of serum retinol levels.62 These its inhibition of PPARg and RXR
mice were reported to have elevated target gene expression, even in the
levels of total liver lipids and presence of a PPARg agonist.65
triglycerides, and serum free fatty Apo14 was also effective in inhibitacids, compared to normal mice. ing expression of adiponectin, an
On a high fat diet, CMO1-deficient adipose tissue secreted hormone
mice gained more weight and accu- that is proposed to be inversely cormulated larger and more
lipid droplets in their livers, as well as showing
increased serum cholesterol ester and free fatty
acid levels. CMO1-deficient mice also showed
altered expression of
genes involved in fatty
acid metabolism in the
liver and adipose tissue.
Maintenance of CMO1deficient mice on highfat diets by another
group also resulted in
significant increases in
body weights of CMO1deficient mice, compared to normal mice,
along with elevated
serum triglyceride con- Vegetable market
centrations, but no differences in serum cholesterol, hepatic lipids, or hepatic cho- related with development of the
lesterol concentrations between the metabolic syndrome.65,66 Thus,
two genotypes.63 The findings from apo14 may be an important signal
studies with mice are inconsistent that regulates the body’s fat stores.
with human data which shows an Based on this evidence, the apoinverse association between serum carotenals and/or their metabolites
b-carotene levels and fat accumula- may mediate carotenoid effects on
tion in the liver, as determined by fat metabolism, insulin responsiveness and other factors associated
ultrasonography.64
with the metabolic syndrome.
As depicted in Figure 2, aside from
central cleavage of b-carotene by On the whole, the literature regardCMO1, b-carotene can also be ing b-carotene and its metabolites
cleaved asymmetrically by carotene- and their effects on fat metabolism
9’,10’-oxygenase (CMO2) to pro- and the development of the metaduce apo-carotenals.65 Some of bolic syndrome is inconclusive. It
these eccentric cleavage products is clear that more research needs to
may act to regulate metabolism or be done before a role of b-carotene
other processes within the body. and/or its metabolites in either the

prevention or the causation of the
metabolic syndrome can be established.
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Summary
The considerable published evidence that suggests linkages between dietary carotenoids, their
retinoid metabolites, and eccentric
cleavage products of carotenoids,
and the diseases that collectively

compose the metabolic syndrome is
very intriguing, but inconclusive.
The literature suggests a causal role
for retinoic acid in the development
of elevated blood triglyceride levels. Though RBP is consistently
linked to parameters associated
with insulin resistance, it is not
clear whether these linkages are
direct and causal in disease prevention or disease development, or
indirect markers of disease. Both
retinoic acid and retinal appear to
have temporal and concentrationdependent effects on both adipogenesis and the maintenance of normal adipose tissue. b-carotene
insufficiency has been inversely
associated with risk factors in the

James A Olson Memorial Lecture

metabolic syndrome in many
human studies, but administration
of b-carotene-containing supplements has not been shown to be
protective against the development
of the metabolic syndrome in clinical trials. Collectively, the literature suggests that carotenoids,
through both their retinoid and nonretinoid metabolites, may have
roles in the metabolic syndrome.
The effects of carotenoids on energy metabolism seem to be influenced by genetic and environmental factors, and by the amounts of
these compounds present in specific tissues in the body. These possibilities will only be understood
through future basic and clinical
research that conclusively shifts the
weight of the scientific evidence
towards one possibility or the other.
Thus, before scientific proof of
relationships between retinoids and
carotenoids and the metabolic syndrome is established, guidelines for
retinoid and/or carotenoid supplement intake may need to be reconsidered, especially in retinoidsufficient populations.
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Methods
The study design was quasi-experimental study, with the baseline survey conducted in April–November
2000 and the endline survey in
October–December 2004. Survey
samples were representative and
there were no control groups due to
ethical considerations.

Impressions from a field trip in Peru
Introduction
The prevalence of chronic malnutrition, iron deficiency anemia
(IDA), and vitamin A deficiency
(VAD) in Peru continue to be
among the highest in South
America1 and there is little scaledup experience on interventions to
reduce stunting and micronutrient
deficiencies countrywide2. This
article reports on the external evaluation of the Good Start in Life
16

Initiative Program, implemented in
Peru with the support of the
United Nations Children’s Fund
(UNICEF) and funding from the
United States Agency for International Development (USAID).
The aim of the program was to
combat chronic malnutrition in
children under three years of age
from rural poor populations of the
Andean highlands and the Amazon
forest.3,4

Starting in 1999 with capacity
strengthening of counselor women,
rural health promoters, and community leaders, the program
focused on two main elements:
1) the preventive intervention in
nutrition, hygiene, health and early
stimulation, and 2) participatory
processes and the mobilization of
human, economic and organizational resources. The main interface
was with the health sector and, frequently, one NGO was in charge of
implementing the intervention.
All educational activities were performed by the health promoters and
the community counselors during
the daily home visits and the daily
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Table 1: Anthropometry: comparison between baseline and endline surveys.
In vertical order: Prevalence in %; in parenthesis, number of cases and Z-score.

Total sample
Height-for-age
(Chronic malnutrition)
Baseline
Endline
54.1
36.9**
(1206)
(877)
-2.04
-1.68**

Weight-for-age
Baseline
23.7
(1206)
-1.28

Weight-for-height
(Acute malnutrition)
Baseline
Endline
1.8
1.5
(1206)
(877)
0.04
-0.14**

Endline
20.3
(877)
-1.21

The same 19 communities which were surveyed in 2000 and 2004
Height-for-age
(Chronic malnutrition)
Baseline
Endline
53.5
37.3**
(508)
(327)
-2.01
-1.71**

Weight-for-age
Baseline
23.2
(508)
-1.29

Weight-for-height
(Acute malnutrition)
Baseline
Endline
1,4
1.8
(508)
(327)
0.00
-0.16

Endline
21,7
(327)
-1.30

t-Test between baseline and endline: ** p < 0.01; two tails.

Key components of the intervention included community-level promotion and monitoring of child growth
and development with parents’ participation; promotion of support and consideration for pregnant and lactating mothers; twice-yearly vitamin A supplementation of the infants and children under three years of age
in combination with immunization; iron supplementation for pregnant and lactating women (with and without iron deficiency anemia, IDA) and children under
three years of age using ferrous sulfate pills or syrup;
prenatal controls, including monthly control of weight
gain during pregnancy; and nutrition and hygiene education for mothers.
Results and discussion
The results from the Good Start in Life Program are
presented in Tables 1–3 and Figure 1. Among children under three years of age, the results show a high
prevalence of stunting (54.1%) and anemia (76.0%);
moderate prevalence of VAD (30.5%) and low
weight-for-age (21.9%). Acute malnutrition was
1.5% and only 16.8% had urinary iodine excretion levels below 100 µg/L.

A high prevalence of retardation in mental and psychomotor development was suspected due to the lack
of systematic early stimulation, and high prevalence of
IDA and stunting.5 The program was carried out in a
80
70
60

(1402)
2000
2004
(1206)

(520)

50
Percent

community meetings organized for growth monitoring
and early stimulation. The educational messages were
repeated through communal radio and word-ofmouth.4

40

(877)

(381)

30
20
(479)

10
0

Stunting

Anemia

Vitamin A deficiency

Figure 1: Nutritional impact of the Good Start in
Life Program: Decrease in the prevalence of stunting, anemia and vitamin A
deficiency in children under three years
of age from the poorest indigenous
populations in the Andean highlands and the Amazon forest, Peru,
2000–2004.
In parenthesis number of cases. Total population
covered: 223 communities with approximately 1 million inhabitants. The three comparisons between 2000 and 2004 were significant
(t-test: P < 0.01, two tails).
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Table 2: Prevalence of chronic malnutrition by sex and age groups
and by number of inhabitants per community within the
subsample of the same 19 communities surveyed in the
baseline and in the endline.

from 434 health facilities, several
local NGOs, 23 local radio stations,
and the leaders of 223 poor communities.

Percentages. In parenthesis, number of cases.

By sex (total sample)
Sex
Male
Female

Baseline %
54.3
(589)
54.0
(617)

Endline %
41.0**
(458)
32.5**
(419)

By age groups (total sample)
Age (months)
0–5
6–1
12–23
24–35
Total

Baseline %
16.6
(163)
37.6
(234)
67.3
(453)
65.4
(355)
54.1
(1205)

Endline %
8.2**
(85)
22.9**
(179)
47.6**
(313)
42.1**
(299)
36.9**
(876)

By number of inhabitants per community within the subsample of the same 19 communities surveyed in the baseline and in
the endline.
Number of inhabitants
per community
More than 60
60 or less

Baseline %

Endline %

41.0
(205)
62.0
(303)

30.9*
(152)
42.9**
(175)

t-Test between baseline and enline: *P < 0.05; **P < 0.01.
Analysis of variance was performed to explain prevalence of chronic malnutrition:
Significant predictor variables (P < 0.01); child age, region, sex, inhabitants per
population unit and type of survey (baseline and endline).

context of chronic malnutrition, poverty, social exclusion, and ineffective
food assistance programs.4,6,7
Program progress, coverage and impact
In 2004, the program covered 75,000 children, 35,000 mothers and 1 million inhabitants. The main participating partners were the health directorates of Cusco, Apurímac, Loreto, Cajamarca and Ayacucho; personnel
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Immunization coverage was regularly above 80%. The coverage of
polio vaccination was 84.4%,
measles vaccination 82.3%, and
tuberculosis 92.5% (N = 147 children, 2004).
The percentage of parents showing
the updated carnet and those who
received information on the growth
and development of their children
was 75.6% and 79.3%, respectively; the proportion of community
members supporting child care was
81.4%; and the proportion of children who received early stimulation 5–7 times a week was 52.5%
(N = 927, 2004).
Stunting decreased from 54.1 to
36.9%, anemia decreased from
76.0 to 52.3%, and VAD decreased
from 30.5 to 5.3% (t-test: p < 0.01
in each case, two tails). The annual
cost per child actually covered by
the program was US$116.50.3
Was there a program impact?
The degree of causality between the
program and the improvement of
nutritional indicators was indicated by 1) a very consistent statistical association; 2) presence of a
time response; 3) results were in the
expected direction; 4) similar
results were not observed in
regions not intervened; 5) there
were no changes in the national
prevalence of stunting or anemia;
6) reductions in prevalence were
not due to age, sex, region or to
population size; 7) no confounding
factor explained the decreases in
the three indicators; 8) the data and
the analyses were coherent; and 9)
similar results were obtained when
the variables were used either in
continuous or categorical formats.

Good Start in Life Program

No side effects were detected and it
was thus concluded that the program as a whole produced the
observed decrease in stunting, anemia and VAD.
The net additional annual cost per
inhabitant was US$7.07 during the
first year of implementation and
US$3.69 during the subsequent
years. The annual cost per child
programmed and actually covered
was US$116.50. If applied to cover
the entire poor population in Peru,
estimated at 15.12 million, the total
cost would be US$106.9 million
during the first year of implementation and US$55.8 million during
each subsequent year.
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of stunting from 24.5% to less than
10%. There would be an annual
increase of US$1.15 in the GNP
per US$ invested during this 15year period. This is equivalent to a
return of 115% per year in the GNP,
starting in the 16th year.
Conclusions

For comparison, the country spends
more than US$200 million per year
in food assistance programs, which
had no detectable impact on nutrition, poverty prevalence or prevalence of food insecurity at the
household level.

This program was implemented
based on a common conceptual
framework. Participation was key
and strengthened capacities at community level. With a focus on children under three years of age and
pregnant and lactating women, and
including daily intensive early
stimulation of children, it was
adaptable to different realities. The
program had a significant impact
on stunting, anemia and VAD
reduction, and the costs and the
benefits of the investment were
known and feasible. Furthermore,
it strengthened compliance with
women’s and children’s rights.

The cost/benefit ratios were
US$1.64 per decrease of one percentage point in the prevalence of
chronic malnutrition in children
under three years of age, per inhabitant, during the first year of implementation, and US$0.86 during
each of the subsequent years. A 15year period would be required to
decrease the current national level

Local governments and communities can be successful in decreasing
the prevalence of stunting, anemia
and VAD by applying multicausal
programs like this one. Adaptations
of this program may be useful at
national level in Peru and in other
similar countries. However, it is
important to the success of such a
program to ensure the essential par-

ticipatory processes in implementing the package of activities.7
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Table 3: Reduction of the prevalence of anemia and vitamin A deficiency by region among children
under three years of age.
Percentages and, in parenthesis, number of cases.

REGION
Cusco
Cajamarca
Apurímac
Loreto
Total

Anemia (%)
Hemoglobin < 110 g/L
Baseline
85.6 (353)
88.3 (332)
75.1 (401)
55.1 (316)
76.0 (1402)

Endline
72.4** (112)
50.7** (24)
62.0** (178)
24.1** (163)
52.3** (520)

Vitamin A deficiency A (%)
Serum retinol < 20 µg/L
Baseline
Endline
33.0 (109)
6.2** (128)
29.9 (87)
4.5** (24)
29.6 (95)
2.4** (170)
28.6 (90)
8.0** (157)
30.4 (381)
5.3** (479)

t-Test between baseline and enline: **P < 0.01, two tails.

19

SIGHT AND LIFE

Filling the Gaps

Filling the Gaps
NGO-Approved Self-Help in Tribal East Maraland,
Myanmar
Katja Maschuw1, Tobias Vogt1, Sathish Samuel2, Guido Falkenberg2,
Mai Ki3, Shi Khaw3, Lisa Sous1
1German Doctors for Developing Countries, Frankfurt, Germany;
2KNH-Kindernothilfe, Duisburg, Germany; 3HUB East Mara SelfHelp Movement
Correspondence: Katja Maschuw, German Doctors for Developing
Countries, Offenbacher Landstrasse 224, 60599 Frankfurt, Germany
Email: katja.maschuw@gmx.de

Besides regular basic food
supplies, the KNH-supported
nutritional supplement powder
Nutrimix, fortified in Kerala,
South India, was introduced for
children.3

Poor housing conditions
Background
Maraland is a tribal region separated into east and west by the international border between India and
Myanmar. The area is naturally
remote, with poor infrastructure on
both sides. Under Myanmar’s military government, economic and
social welfare in East Maraland is
almost totally dependant on the
Mara Self-Help Movement promoted by the Evangelical Church
of East Maraland and supported by
the Mara Evangelical Church in
20

West Maraland (on the Indian
side).1
Food insecurity and famine have
been reported regularly in East
Mara. In 2007, the Mara Self-Help
Group failed to obtain UNDP
assistance due to governmental
restrictions.2 Thus, the East Mara
Self-Help Group turned to NGOs
for help. German KNH-Kindernothilfe Duisburg immediately
responded and granted acute
famine relief and further support
for the Mara Self-Help Movement.

In 2008, a survey was carried out
by German Doctors Committee for
Developing Countries to assess the
nutritional status of defined risk
groups in order to evaluate the efficiency of current support and
define features for further structured assistance. The intention and
future perspective is to fill the gap
between a society highly motivated
for self-improvement on the one
hand and the political difficulties
in obtaining UNDP assistance on
the other.
Methods
Underfive children and their mothers are the most vulnerable and atrisk groups in situations of food
insecurity and hunger.4 As a proper
cluster sampling methodology5
could not be undertaken due to
travel restrictions to tribal areas in
Myanmar, the survey was carried
out from two border villages 2–5
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Table 1: Malnutrition and micronutrient deficiencies in underfive
children and their mothers in Mara.
Children < 5 years of age
Severe acute malnutrition
Acute malnutrition
Severe chronic malnutrition
Chronic malnutrition
Overlaps
No signs of malnutrition
Hb (g/dL)
Diarrhea
ARI

Total (N = 52)
23 (44.2%)
7 (13.5%)
24 (46.2%)
9 (17.3%)
19 (36.5%)
8 (15.4%)
7.9 (range 6.5–9.5 )
17 (32.7%)
20 (38.5%)

Mothers
Severe underweight
Moderate underweight
Mild underweight
Chronic energy deficiency
Hb (g/dL)

Total (N = 54)
2 (3.7%)
9 (16.7 %)
20 (37%)
1 (1.9%)
8 (range 7–9.5)

Cut-off levels for children
Severe acute malnutrition:
Acute malnutrition:
Severe chronic malnutrition:
Chronic malnutrition:
Diarrhea:
ARI:

Cut-off levels for mothers
Mild underweight:
Moderate underweight:
Severe underweight:
Chronic energy deficiency:

Weight-for-height Z-score < -3
Weight-for-height-Z-score < -2
Height-for-age Z-score < -3
Height-for-age Z-score < -2
> 3 loose stools/24 hours
Fever and cough or breathing problems during
the preceding 14 days

BMI 17–18.49 kg/m2
BMI 16–16.99 kg/m2
BMI < 16 kg/m2
MUAC < 22 cm

days walking distance from most of
the East Mara villages. Hence, only
those who were strong enough to
make the effort were screened.
Subsequently, our results are biased
toward the strongest among the
weak.
Screening criteria for malnutrition
were weight-for-height Z-score for
acute and height-for-age Z-score
for chronic malnutrition in underfive children.6 In mothers, body
mass index and sex-specific midupper arm circumference (MUAC)
were used to define underweight
and chronic energy deficiency malnutrition.7 The average number of

pregnancies; prevalence of deaths,
births, and miscarriages; and duration of breastfeeding were recorded
since iron deficiency is known to be
an independent risk factor for prematurity and fetal growth.8 Hemoglobin (Hb) was measured by Hbphotometry in both mothers and
children as an indicator of micronutrient deficiency.9 In children,
prevalence of acute respiratory tract
infections10 and diarrhea11 were
additionally recorded along with
clinical signs of vitamin A, D and
B-complex deficiencies, such as
Bitot’s Spots, rickets, angular stomatitis, and retardation.12

Since 18 out of 52 underfive children did not receive the Nutrimix
supplement due to mothers’ concerns about altered digestion, the
effect of Nutrimix could be assessed
by an analysis of weight and Hb
using two-tailed Student's t-test.
Results
In total, 52 children and 54 mothers were screened. In children, the
prevalence of malnutrition was
84.6%, including 44.2% severe
acute malnutrition, 13.5% acute
malnutrition, 46% severe chronic
malnutrition, 17.3% chronic malnutrition, and 36.5% overlaps.
Acute respiratory tract infections
(38.5%), diarrhea (32.7%), and
anemia (100%) were the only obvious signs of micronutrient deficiency.
In mothers, the prevalence of
underweight was 57.4%. Among
them, 3.7% showed severe, 16.7%
moderate and 37% mild underweight. The prevalence of chronic
energy deficiency malnutrition
was 1.9%. The prevalence of anemia reached 100% (Table 1).
Mean duration of breastfeeding
was 41.8 months (range 31–50
months). The prevalence of deaths,
births, and miscarriages was 10%,
with 3.5 pregnancies on average
(range 1–10).
Although the average weight of
children obtaining regular nutritional supplementation with Nutrimix was higher (9.15 kg versus
8.62 kg), the difference was not
significant (p = 0.45). Hemoglobin
levels were likewise higher in supplemented children (8.0 mg/dL
versus 7.78 mg/dL) but not significantly (p = 0.42).
Conclusion for further support
Our data indicate food and nutrition insecurity and hunger in tribal
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East Maraland even after one year of basic nutritional
support from NGOs. Considering the one-sided analysis, which includes only those who were strong
enough to take a 2–5-day walk, the situation is
assumed to be worse for the average East Mara mother and child. Basic nutritional support and nutritional
supplementation for children could at least keep the
tribe alive since there are no comparable data before
famine relief. The lack of any health care besides naturally limited traditional healing, the lack of vaccination, the presence of endemic malaria tropica, and
poor housing and infrastructure further aggravate the
situation.
Based on these findings, a more differentiated form of
support focusing on nutrition, improvement of
micronutrient supplementation and public health is
necessary. Through cooperation with a Mara hospital
for primary health care in Indian West Maraland,
structured health-worker training was provided for six
health worker during the past months. Dispensaries
are about to be installed in two West Mara border villages; from these, malaria treatment, mosquito nets,
iron and vitamin supplementation, and deworming
treatment and vaccination will be provided by trained
health worker in East Mara villages
.

Poor infrastructure
Pregnancy is monitored and supported by deworming,
and vitamin, iodine and iron supplementation. Kitchen
gardening is promoted for every family to prevent vitamin deficiencies. Awareness camps for public health,
focusing on topics such as nutrition, hygiene and
malaria, traditional birth attendance, and the use and
effects of Nutrimix, are organized for the community.
The Mara project is an example that NGO-approved
self-help is possible in remote tribal areas where people are aware of their problems, and motivated and
creative enough to achieve their own solutions.
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Introduction
Iodine deficiency disorders (IDD) are a major public
health issue in Pakistan. Prevention measures have led
to a dramatic improvement in the quality of life and
productivity. Reduction of IDD would contribute significantly to the attainment of the Millennium
Development Goals.
The Department of Paediatrics and Child Health, Aga
Khan University and UNICEF Sindh jointly conducted
a cross-sectional household survey targeting three
areas in Sindh Province to assess the extent of iodine
deficiency in underfive children and women of reproductive age (WRA), and their current knowledge, atti-

tudes and practices regarding IDD and iodized salt.
Lessons learned from this survey will inform iodized
salt social marketing projects in Pakistan.
Methods
The community-based, cross-sectional survey was carried out during January–February 2007 in three areas
of the province of Sindh, namely the rural Matiari and
Khairpur Districts, and the urban slum area of Bilal
Colony, Karachi. Probability proportionate to size
(PPS) sampling was used to select the primary sampling units and a systematic sampling strategy was
used for the selection of eligible households having at
least one child between 0–59 months of age.
A knowledge, attitudes and practice (KAP) questionnaire was administered among WRA in the households
to assess household-level information regarding the
use of iodized salt and its rural-urban variation. Salt
used in the households was analyzed using a rapid test
kit to provide estimates of the iodine content in each
selected household. The test kit provided a semi-quantitative estimate of iodine concentration at five levels:
0, 15, 25, 50, and 75 ppm. Urinary iodine excretion
tests were used among the underfive children and
WRA to estimate the prevalence of IDD, using the criteria recommended by WHO/UNICEF/ICCIDD in
2001.

Goiter of a child reflecting iodine deficiency
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A total of 485 households participated in the study,
providing information on salt consumption, purchasing habits, salt use, awareness of iodine and iodized
salt, and media habits. Among these households, 540
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children aged 0–5 years and 520 WRA were assessed
for iodine deficiency. The average respondent age was
32 years, an average 7.3 family members shared their
food (ate meals together), and 1.8 family members
were WRA, aged 15–49 years.
Key findings
The results show that most respondents were familiar
with iodine (29.7%) and iodized salt (73.8%), and that
iodized salt was available in nearby markets (50.1%).
Surprisingly, location-wise, the level of orientation on
iodine differed from 16% (urban) to 45% (rural) in our
study areas. This may be due to the active involvement
and routine visits of the lady health workers (LHW) in
these areas. Both rural Matiari and Khairpur have a
high coverage of LHWs, as described in the National
Lady Health Workers Program.

Iodized Salt Use in Pakistan

About 39% of the respondents reported using iodized
salt in their households but observation by the enumerators found that only 21% of households had iodized
salt at the time of the interview. The results varied
according to location, ranging from 57% to 19% in
urban and rural areas, respectively, for reported use,
and 30.2% to 11.2% in urban and rural areas, respectively, for observed use. Similar findings on reported
use of iodized salt were found for Sindh Province in an
evaluation survey of the IDD prevention and control
program 2000–2001. Unfortunately, the content of
iodine in the iodized salt was found to be very low,
with only 8.4% iodized salt containing adequate
amounts of iodine (i.e. iodine content > 15 ppm).
Another alarming and disappointing finding was that
crystal salt was being mislabeled and marketed as
iodized salt.
Urinary iodine concentration is the most reliable indicator of IDD. WHO/UNICEF/ICCIDD have also recommended that no iodine deficiency be indicated in a
population when median urinary iodine (UI) excretion
level is 10 µg/dL, or more than 50% of the urine samples have UI levels of ≥10 µg/dL (WHO/UNICEF/
ICCIDD, 1994). The results of urinary iodine analysis
of WRA and underfive children found 34% and 22%,
respectively, to be iodine deficient (< 4.9 µg/dL);
14.6% and 12.2%, respectively, severely iodine deficient (< 2.0 µg/dL); and 19.2% and 9.7%, respectively,
moderately deficient (2.0–4.9 µg/dL). A high prevalence (52%) of iodine deficiency was found among
children in rural areas and among WRA in urban areas.

Iodized salt

Manual on Vitamin A
Deficiency Disorders (VADD)
available soon

High acceptability, knowledge and wide availability of
non-iodized crystal salt and lack of knowledge regarding the presence of iodine in salt and its relationship to
IDD were the major factors highlighted from this survey as the cause of low use of iodized salt in both
urban and rural communities.
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The four-day Beijing Meeting was
guided by an expert consultation –
referred to, hereafter, as the
Innocenti Process – convened in
2008 at the UNICEF Innocenti
Research Center in Florence, Italy.
Participants at that meeting were in
consensus that the micronutrient
community has sufficient scientific
knowledge and evidence to move
forward. At the same time, we are
challenged by how to translate science into effective interventions
and deliver those interventions at
scale. Implementers, partners,
donors and program-oriented acaThe Olympic Stadium of Beijing, also called the Bird’s Nest
demics involved in the Innocenti
Process were charged with identifyThe 2nd International Meeting of the Micronutrient ing which interventions work at scale and documenting
Forum, held in Beijing, China, from May 12–15, 2009, gaps in both evidence and programmatic experiences.
brought together 670 delegates from more than 70 This process shaped an agenda for Beijing, where
countries, including country-level program imple- invited speakers addressed the state of the art and recmenters and their partners, multi-laterals, donors, ommendations for each of the major program areas
researchers, and representatives of the private sector. and deficiency-control strategies. This was suppleDelegates were welcomed by the Chair of the Micro- mented by case studies of lessons learned and a technutrient Forum Steering Committee, Dr Alfred Sommer, nical update on emerging research in the field of
as well as representatives of the Chinese and US micronutrients.
Governments, and the major United Nations agencies.
SIGHT AND LIFE Magazine 2009;2:25–33
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Status of micronutrient deficiencies in China
Leading academics and representatives from the host country opened
the plenary sessions by describing
the current state of micronutrient
nutrition, as well as deficiencycontrol efforts. With the rapid
development of China’s economy
over the past 20 years, the country
has achieved significant gains in
nutrition. However, micronutrient
deficiencies have proven more
intractable. Iron deficiency and
anemia are a continued risk to
reproductive-aged women and children of all ages. Poor maternal
folate status in early pregnancy is
also a major concern, with the incidence of neural tube defects
(NTDs) as high as 100 per 10,000
births in some parts of the country.
China has adopted multiple strategies to prevent the consequences
of micronutrient deficiencies. Its
success with salt iodization is perhaps most widely cited. As of
2008, 97% of counties have
achieved universal salt iodization
(USI), exceeding programmatic
goals. Furthermore, iron-fortified
soy sauce now reaches nearly 60
million people in targeted provinces. The government is actively pursuing a combination of
social marketing and partnership
with the private sector to improve
the distribution system, thereby
increasing national coverage with
this fortified product.
Two strategies have been piloted to
address the high incidence of
NTDs. As of 2005, national coverage with folic acid supplementation
stood at 41% among pregnant
women, with only 11% consuming
supplements during the critical prepregnancy period. Coverage was
even lower in high risk areas,
where up to 50% of women were
affected by folate deficiency.
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Efforts to increase coverage and
compliance have been somewhat
effective, but remain challenged by
the fact that few women begin to
take supplements before a pregnancy is recognized. Flour fortification
with multiple micronutrients may
be a more appropriate strategy.
Pilot research reported universal
acceptance of fortified flour in targeted areas, as well as a dramatic
83% reduction in the incidence of
NTDs.
Vitamin A supplementation programs for children aged 6–59
months
Vitamin A deficiency (VAD) is the
primary cause of preventable childhood blindness and a major contributor to severe morbidity and
mortality. According to revised

Supplementation has also served as
a platform for other child survival
interventions. Semi-annual Child
Health Days have become regular
events organized by countries to
deliver vitamin A as part of an integrated package of preventive services. These events have enabled
programs in some of the least
developed countries to sustain
twice-yearly coverage in excess of
80%. Challenges remain to test and
implement delivery strategies capable of reaching the remaining
10–20% of children. A major transition is also underway as governments begin to assume a greater
proportion of program costs.
In response to the success of supplementation programs and select
achievements with vitamin A-fortified foods, program managers and

A plenary session
WHO estimates released at this
meeting, approximately 190 million preschool-aged children
(33.3%) and 19.1 million pregnant
women (15.3%) worldwide are
affected (serum/plasma retinol
< 0.70 µmol/L). Yet, large-scale
vitamin A supplementation (VAS)
programs implemented over the
past decade have achieved remarkable success in preventing the consequences of deficiency.

policy-makers are beginning to
raise important questions regarding
program impact. Dr Amy Rice, of
Social Sectors Development
Strategies, Inc., addressed the challenges of detecting an impact of
VAS programs on child mortality
(TU21). She stressed that the program impact pathway is not always
straightforward. Even in countries
with regular high coverage, the
desired impact is unlikely to be
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achieved until the remaining hardto-reach children – often those at
greatest risk of VAD – are consistently supplemented. Suitable data
to answer this complex question are
often lacking as well.
A subsequent presentation by Ms
Amanda Palmer, from Johns
Hopkins University, reviewed the
impact of high-potency supplements on serum retinol concentrations. Experimental and observational data from multiple settings
clearly illustrate a temporary rightshift in the population serum retinol
distribution, followed by a return to
baseline levels within roughly two
months (TU3). Serum retinol is
therefore not an informative impact indicator for vitamin A supplementation. Regardless, a large body
of research attests to the child survival benefit of VAS programs.
Given coverage in the range of
80–90% and dosing on a four to six
month schedule, large-scale programs can presume a similar
impact.
Rather than investing in mortality
or serum retinol assessments, program managers and partners were
urged to focus on coverage.
Improved coverage monitoring and
the more constructive use of these
data to guide activities are critical
to program performance. This
information can also serve as a
proxy for program impact.
Although VAD continues to be a
problem, the sustained commitment and growing government
ownership of semi-annual Child
Health Days or other strategies can
protect large proportions of at-risk
children, even in the poorest parts
of the world.
Iodine and universal salt
iodization
Universal salt iodization (USI) programs received considerable atten-

tion during the Innocenti Process,
both in terms of their success in
controlling iodine deficiency disorders and also as a source of lessons
learned that may prove useful
for other mass fortification programs. Reviewing data on urinary
iodine concentrations and coverage
with iodized salt, Dr Michael
Zimmerman of the Swiss Federal
Institute of Technology reported
that populations in the European
and Eastern Mediterranean regions
remain at highest risk of deficiency, although much work remains in
both Southern Asia and Africa.
Case studies from countries implementing USI programs were presented in plenary and poster sessions, highlighting innovative
methods to increase USI coverage.
In Senegal, for example, targeted
efforts to improve the capacity of
small-scale salt producers and
revolving funding to cover the cost
of the fortificant have significantly
improved coverage (TU6). At the
same time, presentations underscored the need for continued monitoring. Mandatory salt iodization
in Denmark has increased iodine
intakes across the country, but may
also have increased the prevalence
of hypothyroidism in some areas
(TU4). Excess iodine intake was
also identified by urinary iodine
monitoring in Uganda (TU5).
While salt samples indicate compliance with current fortification levels (W12), it is now clear that initial
region-wide assumptions regarding
salt intake and fortificant levels
were incorrect.
Continual monitoring and feedback
is necessary to ensure that the population is adequately protected
from deficiency while not exposed
to excess doses. In locations where
iodized salt is regionally distributed, collaboration between countries in the region will be needed to
harmonize legislation and iodiza-
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Prof. Junshi Chen, Chinese
Center for Disease Control and
Prevention, Beijing
tion standards. Addressing the
challenge of deficiency in remote
populations with poor access is also
critical. Some success in this area
was reported from Tibet (TU14),
where more than 95% of reproductive-aged women and children less
than two years of age are now being
reached with iodized oil capsules.
Maternal iron-folic acid
supplementation programs
There is substantial evidence
regarding the consequences of anemia during pregnancy. Presentations at this meeting provided
further support for antenatal iron
and folic acid (IFA) supplementation, showing a reduced risk of
preterm delivery and associated
low birth weight (F3), as well as
benefits to early neonatal survival
(W7, F3) and survival throughout
childhood (W2). Yet, national surveys continue to report considerable gaps between other maternal
survival interventions, such as
antenatal care attendance, and
coverage with IFA supplements.
Participants at the Innocenti
Meeting also stressed the need for
well-documented programmatic
successes.
Dr Tina Sanghvi, from the Academy for Educational Development
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(AED), highlighted two such programs. Nicaragua and
Thailand have achieved impressive gains in anemia
control. Both country programs placed special emphasis on assuring the availability of IFA capsules. They
also committed to improving the links between fixed
health services and front-line community workers, i.e.,
those charged with counseling women and monitoring
compliance.
Additional programmatic successes were highlighted
by delegates from Nepal and India. Nepal’s program
similarly relied on the strength of its Female
Community Health Volunteers to register pregnant
women and ensure their monthly supply of IFA supplements (W6). Volunteers conducted weekly home visits
to monitor compliance. They were aided by school-
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link IFA supplementation with related measures to
improve antenatal programs, as well as other anemia
control interventions such as deworming, malaria prophylaxis and delayed cord clamping.
Food fortification programs
The essential goal of food fortification is to add vitamins or minerals to processed foods, either to restore
nutrients lost during processing; to imitate the nutritional value of natural products or to add value to
processed foods; or to incorporate nutrients that are
absent or present in low amounts in the diet. Salt
iodization remains the most successful example of
mass fortification. Yet additional products show promise in reducing the prevalence of iron deficiency anemia and reducing the incidence of NTDs.

Efficacy trials from India
provided additional evidence and technical guidance for iron fortification.
Fortification of wheat flour
with NaFeEDTA dramatically reduced the prevalence
of iron deficiency and anemia among school children
over an eight month period
(W10). Sensory tests
Dr Werner Schultink, UNICEF; Prof. Junshi Chen, China CDC;
revealed NaFeEDTA to be
Dr Alfred Sommer, Johns Hopkins University
an ideal iron compound
for use with wheat flour.
children, who assisted in registering newly pregnant Findings were also released on the efficacy of
women. A dramatic reduction in anemia prevalence – micronized ground ferric pyrophosphate (MGFePP)
from 75% to 42% – has been attributed to this pro- and encapsulated ferrous fumarate (EFF) as fortifigram, which now exceeds 85% coverage. In India, sev- cants for dual-fortified salt (W11). Both compounds
eral states have adopted multi-pronged approaches to improved iron stores and reduced anemia among chiladdress anemia among adolescent girls (W8, W72-74, dren aged 5–15 years. However, issues of stability,
W77, W79). To date, school-based efforts have been bioavailability and sensory changes underline the need
most effective, likely as a result of better supervision for programs to carefully review their choice of iron
and associated higher compliance. Maintaining a time- fortificants and salt production standards within the
ly and adequate supply of IFA supplements remains a local context.
challenge in both countries.
Fortification of flour and maize meal with folic acid in
Dr Sean Lynch from the Eastern Virginia Medical South Africa has reduced the incidence of NTDs by
School concluded the plenary session by reminding 42% since its implementation (W9). This program has
delegates of the question posed in its title: “Maternal also faced several challenges. Non-compliance was a
Iron-Folic Acid Supplementation: Great Policy, Failed major challenge across all manufacturers, primarily
or Forgotten Implementation?” He reviewed the strong related to quality control concerns with the premix.
evidence in support of supplementation or other inter- Based on their experience, presenters recommended
ventions to improve iron and folate status among that future programs engage the country’s Bureau of
reproductive aged women. Yet, policies and programs Standards in compliance monitoring from the outset.
require more effort. Dr Lynch underscored the need to In South Africa, this required a corrective amendment
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to the original fortification mandate. Experience also
suggested the need for ongoing assessment and refinement of communication messages, including greater
emphasis on the health benefits of foods bearing the
program’s fortification logo.
Overall, the success of mass fortification programs
may be attributed to a number of factors, including
1) providing adequate additional intake of bioavailable
micronutrients, 2) garnering political support, 3) partnering with the food industry, 4) implementing legislation, standards, and regulations, and 5) monitoring and
evaluation. As Dr Omar Dary, of AED, reminded delegates, the principles and scientific evidence for fortification are universal and well-accepted. However, the
remaining challenges and their solutions must be
addressed at the local level.
Micronutrient powders and spreads
Considerable progress has been achieved over the past
decade in developing micronutrient powders (MNPs)
and ready-to-use supplementary or complementary
foods. The Innocenti consensus statement called attention to the efficacy of these interventions in reducing
micronutrient deficiencies among target populations.
Yet, as new products for both health services and consumers, there are a number of lessons to be learned
regarding appropriate formulations, distribution strategies, marketing and acceptability, many of which were
addressed in plenary sessions and poster presentations.
With strong links to women in the community and
existing counseling services on diverse topics, the
Lady Health Worker program could provide an ideal
platform for delivering MNPs to young children in
Pakistan (TH2). Results of an initial evaluation
demonstrated the feasibility and effectiveness of this
strategy. Remaining barriers can be largely overcome
with training and communication to reinforce the
benefits of MNPs and optimal feeding practices,
including food hygiene. Although prevalence was
effectively reduced, ~30% of children remained anemic at follow-up, suggesting a need to revisit dosing
or to consider additional actions in this setting.
In Kenya’s Nyanza Province, MNPs were integrated
into an existing social marketing program and sold by
private vendors. Introduction of MNPs in this malaria
endemic setting also decreased anemia (TH41), with
no measurable increase in morbidity or hospitalization
(TH42). As in Pakistan, instruction on the proper use
and possible changes in stool color or frequency were
critical to adherence and utilization of MNPs (TH33).
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Presenters also highlighted the importance of process
monitoring in guiding strategic implementation (TH3).
For instance, vendor feedback on the distance and limited time for wholesale purchases was addressed by
opening an additional wholesale site. Overall, Kenya’s
experience illustrates the effectiveness of social marketing for MNP delivery, even among the rural poor.
MNPs were also explored as a potential replacement
for an energy-dense drink, Nutrivida, currently provided to pregnant women enrolled in Mexico’s Oportunidades program. Comparing Nutrivida with either
multiple micronutrient (MMN) tablets or MNPs,
researchers found no differences in weight gain but a
strong preference for tablets among participants.
Although the hypothesized impact on weight gain was
not observed, transition from Nutrivida to MMN in
tablet form was recommended for future beneficiaries.
Not only was this more consistent with public health
messages in a country affected by the double burden of
under- and over-nutrition, but it was more convenient
for beneficiaries and less costly. Further analyses from
a parallel child supplementation trial revealed
improved hemoglobin levels and a maternal preference
for MNPs over the energy drink targeted to young
children.
Zinc treatment for diarrhea management and
control
Diarrheal disease remains the leading cause of death
among infants and young children. In combination
with low osmolarity oral rehydration salts, dispersible
zinc tablets are efficacious in treating diarrhea. There
is also a growing body of evidence attesting to the
intervention’s field effectiveness. Data from India
shared at this meeting further demonstrated that delivery of zinc through existing health care providers could
effectively reduce diarrhea and prevent hospitalizations among young children (TH8). However, major
obstacles remain in scaling up this intervention, most
notably an absence of political commitment and adequate supplies.
The most widely recognized effort to roll out zinc
treatment has been Bangladesh’s “Scaling Up Zinc for
Young Children” or “SUZY” project (TH5). The primary focus of SUZY was to accelerate the production
of zinc at the local level. ‘Baby Zinc’ was released in
November 2006 in conjunction with intensive training
and Behavior Change Communication (BCC) efforts.
However, a lack of demand has kept production at
roughly 20% of estimated needs. In terms of coverage,
the percentage of children treated with zinc increased
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from 7% to 18% within six months
of the product’s launch. Although
this is quite low, other countries lag
well behind Bangladesh in their
coverage and may gain from the
SUZY experience.
In Nepal, strides have been made to
introduce zinc through private-sector providers and pharmacies
(TH6). Education and advocacy
campaigns have strengthened
knowledge and awareness among
private-sector distributors, who
then pass this information on to
their patients. Tanzania was cited as
another example of promising zinc
scale up (TH7). Although there is a
great deal of trust in public sector
health providers, they have been
slow to adopt new treatment guidelines. While continuing to strengthen public delivery mechanism, the
program is also targeting drug
wholesalers, accredited pharmacies
and rural duka la dawa outlets with
licenses to prescribe a limited range
of drugs.
Evidence-based impact of poverty alleviation programs: maximizing nutritional benefits
Poverty reduction strategies – conditional cash transfer (CCT) programs, microcredit with education

Prof. Emorn Wasantwisut,
Mahidol University, Thailand
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(MCE), or agricultural interventions – have the potential to improve micronutrient status of atrisk populations. However, limited
data attest to the nutritional effects
of these programs. There has been
little thought as to how these programs may improve nutrition,
which requires greater attention to
the potential impact pathways. Dr
Marie Ruel, of the International
Food Policy and Research Institute
(IFPRI), recommended that nutritional objectives be stated explicitly
from the outset and incorporated
into each phase of programming,
from design through evaluation.
Data from the Oportunidades program in Mexico and similar CCT
interventions throughout Latin
America illustrate reductions in
poverty, increased food expenditures, improved dietary quality, and
progress in terms of women’s
empowerment. Yet nutritional
impacts have been more modest.
MCE programs have not been as
well documented or rigorously
evaluated. Several of these have
cited improvements in infant and
young child feeding practices,
although the pathways by which
MCE programs affected these
changes are unclear. Agricultural
interventions have been implemented in a variety of settings.
Data from increasingly thorough
evaluations suggest the potential to
improve vitamin A status, although
evidence of impact on iron status
and growth has been weaker.
Plenary and poster presentations
shared field experiences from Asia
and Africa. For example, an evaluation of Helen Keller International’s homestead food production programs in Bangladesh,
Cambodia, Nepal, and the
Philippines reported increased
access to micronutrient-rich foods
and improvements in dietary diversity (F11). Increases in agricultural

production were also associated
with greater household income,
women’s empowerment, and food
security. Another innovative example was a keyhole gardening program in Lesotho, where participants reported that they were able
to produce more food than their
family could consume and that they
were highly enthusiastic about the
program (F12).
Biofortification
Conventional breeding techniques,
genetic engineering or fertilizer
with trace elements have all been
employed in efforts to improve the
nutrient content of crops such as
sweet potatoes, rice, corn, and
beans. These “biofortified” staple
foods are a novel vehicle for delivering nutrients in modest amounts
on a daily basis. They are largely
targeted to poor, rural areas that
depend on subsistence farming,
and aim to correct underlying
dietary inadequacies. Progress is
being made with several crops.
While carotenoid-rich sweet potatoes are the only biofortified staple
released to date, iron-biofortified
beans and Golden Rice are both
scheduled for roll out within the
next two years.
Initial studies have demonstrated
that the additional nutrients provided by biofortified staple foods can
improve vitamin A, zinc, and iron
status. Exciting results were presented at this meeting that illustrated the high bioavailability of provitamin A carotenoids from biofortified Golden Rice (TH10) and biofortified maize (TH9). This research reveals that Golden Rice is,
in fact, one of the most bioavailable
plant sources of vitamin A. Both of
these crops have the potential to
provide a significant proportion of
the Recommended Dietary Allowance (RDA) to children in corn- or
rice-consuming areas.
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areas in need of strengthening (F5).
A tool was developed through consultation with national and district
level stakeholders to streamline the
planning and budgeting process.
Since its adoption, districts have
begun to assume a progressively
larger proportion of costs while
maintaining high coverage. Planning tools have been similarly
effective in Senegal, ensuring a
smooth transition to local program
ownership with no breakdown in
VAS coverage (F4).
Winners of the SIGHT AND LIFE Young Investigators Award.
From left to right: Hossain Md Iqbal, Christine Stewart and
Sebayang Susy Katikana with Klaus Kraemer (second from right)
As biofortification is a relatively
new strategy, there are limited data
on effectiveness and large-scale
programmatic experiences. Lessons are emerging from the carefully designed introduction of orangefleshed sweet potato in Mozambique, introduced at the 1st Meeting
of the Micronutrient Forum in
Istanbul, Turkey, in 2007. This
strategy is currently being taken to
scale, reaching more than 14,000
households in Mozambique and an
additional 10,000 households in
Uganda (TH20, TH21). Further
efforts to demonstrate efficacy and
the effectiveness of biofortification
in program settings will be a major
focus in the next several years.
Moving beyond coverage:
achieving sustainability
Although much attention has been
focused on bringing programs to
scale, Dr Michael Zeilinger, of
USAID, asked delegates to ponder
whether that alone was the finish
line. As VAS and USI achieve
higher coverage in many countries
around the world, are we near the
point of declaring success and
able to move on to the next intervention? Dr Zeilinger emphasized
the need to integrate sustainability
into systems that have traditionally

focused only on coverage monitoring. He provided several illustrations of how potential threats to
sustainability may be identified in a
proactive manner. For instance,
emphasis on a new intervention or a
reduction in training budgets might
be identified as threats in the area
of capacity building.
Supply systems are a major area of
concern across interventions. These
were addressed in two plenary presentations. A review of micronutrient supply chains in several countries revealed constraints at all levels, from forecasting through
inventory management (F6, F7).
Decentralized micro-planning with
centralized procurement, as well as
improvements in stock and flow
data at all levels, were emphasized
as imperative. Although the challenges to effective supply management are important, case studies
from two states in India and from
Uganda demonstrated that considerable progress can be achieved
even over a short period of time.
Presentations under this theme also
highlighted major successes in the
transition to government ownership
of VAS programs. In Tanzania, district-level self-assessments identified planning and budgeting as

A United Call to Action
Governments, non-governmental
organizations, and private sector
companies working in collaboration will be needed to move micronutrient programming forward. The
release of the 2009 global report on
vitamin and mineral deficiencies,
“Investing in the Future: A United
Call to Action on Vitamin and
Mineral Deficiencies”, was announced during the Micronutrient
Forum meeting. This effort serves
as a catalyst for future cooperation
and enables the micronutrient community to speak with one voice.
Private sector strategies for
reducing micronutrient malnutrition
In a parallel statement, representatives from the private sector reasserted their commitment to eliminating micronutrient malnutrition.
These representatives confirmed
the private sector’s clear recognition that those at the bottom of the
pyramid represent a large potential
market, but they need help to reach
this segment of society. Many companies are incorporating social
components into their vision and
mission statements, not only out of
a sense of social responsibility, but
also to reflect the values of their
employees, who wish to be engaged in work that provides a
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greater benefit. This is an area where companies can
“do well by doing good.” Partnerships between industry, government, NGOs and local agencies to determine
needs, create demand, and conduct social marketing all
represent potentially positive collaborative efforts. The
endeavors will require a foundation of mutual trust,
shared interests, and cooperation to effectively meet the
needs of the poor and underserved populations around
the world.
SIGHT AND LIFE Young Investigators Award
Dr Klaus Kraemer, Secretary General of SIGHT AND
LIFE, launched the SIGHT AND LIFE Young
Investigators Award, which will be presented on a biannual basis at the Micronutrient Forum meetings. Its
purpose is to recognize young researchers for undertaking micronutrient research that has scientific, policy
and/or programmatic relevance and to facilitate interactions between young investigators, leading scientists
and researchers. Dr Christine Stewart from the Johns
Hopkins Bloomberg School of Public Health received
the inaugural award for her presentation regarding the
effects of antenatal micronutrient supplementation on
growth, body composition and early markers of cardiovascular risk among children in rural Nepal.
New research findings
The 2nd Meeting of the Micronutrient Forum also provided an opportunity to share recent scientific
advances in micronutrient research. These included
work in the evolving fields of genomics and proteomics, as well as further evidence as to the immediate and long-term impacts of micronutrients on health
and development. The value of context and timing of
micronutrient interventions was emphasized by many
of the presenters as critical to understanding impact.
In a series of presentations on nutrient metabolism,
genomics and proteomics, speakers drew attention to
this exciting new field of research. Dr Georg Lietz
described how a mutation in one single nucleotide
polymorphism influenced the expression of the enzyme
responsible for the cleavage of b-carotene (F8). This
could explain some of the genetic variability in the conversion of b-carotene into retinol. Dr Keith West also
presented exciting new research suggesting that the
human plasma proteome may provide a reliable picture
of micronutrient status (F10). While only in the development stage, the ultimate goal is to design a low cost,
relatively portable, rapid, high-throughput platform,
enabling micronutrient deficiency assessment in real
time.
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As emphasized during several plenary sessions, context
matters. Data presented previously had shown that
maternal supplementation with vitamin A in Nepal, a
population with high maternal mortality and endemic
maternal VAD, significantly reduced the risk of maternal mortality (TU49). However, in Bangladesh, where
maternal mortality is lower, and maternal vitamin A
status better, there was no evidence of an impact. Dr
Betty Kirkwood, from the London School of Hygiene
and Tropical Medicine, presented findings from a third
trial of this intervention – the ObaapaVitA Trial – conducted in the Bron Ahafo region of Ghana, where
maternal mortality and vitamin A status were similar to
that in the Bangladesh trial. Enrolling more than
200,000 women over an eight year period, they found
no significant impacts on pregnancy-related mortality.
Supplementation also failed to have an effect on nonpregnancy related mortality, all-cause female mortality
and pregnancy-associated morbidities. The combined
results of these trials confirm that, while potentially
important in high mortality, deficient settings, a global
policy for maternal VAS is unwarranted.
Throughout the life course, nutrient needs are continually changing, reflecting varying requirements for the
growth and development of organ systems, immunologic needs to fight infection, and energy and micronutrient requirements to promote growth. The importance
of folate nutrition during the peri-conceptional period
has been long recognized for its essential role in the
prevention of NTDs. However, there have been recent
advances underscoring how exposure to micronutrients
during critical periods of development may impact
health outcomes in different ways, some having longlasting effects.
Dr Michael Dibley, from the University of Sydney,
drew attention to the varying effects of micronutrient
supplementation at different times during pregnancy
(F3). Using data from a randomized control trial
(RCT) conducted in China’s Xi’An Province, he
reported that both IFA and MMN supplementation
improved birth weight and duration of gestation. IFA
supplementation also reduced neonatal mortality. The
impacts on birth weight and neonatal survival were
greater when supplementation began early in gestation
(≤12 wks) and attenuated or non-significant when
supplementation started later in pregnancy. Dr Parul
Christian, of Johns Hopkins University, presented
additional evidence from Nepal regarding antenatal
IFA supplementation’s protective effect on mortality,
in this case, continued through the school-age years
(W2).
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Conclusion

Beijing International Convention Center
Further alluding to the importance
of time and context, two presentations by Dr Siddhartha Gogia and
Dr James Tielsh debated the impact
of newborn VAS. Dr Gogia presented the results from a recently
published systematic review of the
literature, combining data from six
trials in Asia and Africa, on the
effects of neonatal dosing on mortality and morbidity through six
months of age (F1). This analysis
revealed no evidence of an all-cause
mortality effect (RR: 0.92; 95% CI
0.75 to 1.12) and no evidence of a
reduction in cause-specific mortality. Dr Tielsch offered an alternative
interpretation, asserting that the primary inclusion criteria should be
limited to studies conducted in population-based settings with high
mortality, a high prevalence of
VAD, and little targeted treatment
of morbidity. Furthermore, the timing of dosing is important.
Newborn VAS appears to have a
greater effect than supplementing
infants at later points during the
neonatal period. He contended that
only two studies – the trials from
India and Bangladesh – meet all
these criteria and that a systematic
review that includes studies not
directly addressing this context and
timing is uninformative. Feedback
from several delegates failed to
yield any consensus on the topic,

with the exception of a continued
call for research into mechanisms
that may be influenced by a single
high dose of vitamin A.
Finally, researchers from Johns
Hopkins University described findings from a recent follow-up study
of children originally enrolled or
born to participants in previous
micronutrient RCTs conducted in
Nepal. VAS among preschool-aged
children had a lasting impact on
hearing ability measured in young
adulthood, particularly among those
who had suffered from ear infections in early life (W5). Exposure to
adequate vitamin A in utero and
post partum improved lung function
of children, measured 9–13 years
later (W4). Follow-up of children
born during a multi-armed trial of
antenatal micronutrient supplementation (W3) revealed modest
impacts on height and reduced arm
fat area (IFA + Zn), as well as a
reduced risk of kidney dysfunction
and metabolic syndrome (FA
alone). Combined, these presentations indicate that micronutrients
delivered during critical periods of
life may have a permanent health
impact. Until such relationships are
better understood, we may be underestimating the true cost-benefit ratios of micronutrient interventions.

Dr Alfred Sommer closed the meeting by reflecting on how far the
micronutrient community has come
since the first International Vitamin A Consultative Group (IVACG)
meeting, 35 years ago. Today, we
have evidence attesting to the efficacy of various micronutrient interventions, including innovative and
exciting developments such as
home fortification, biofortification
and the roll-out of zinc for the treatment of diarrhea. We are approaching a time when dietary strategies
may prove successful through the
biofortification of staple crops. The
Micronutrient Forum and its predecessors were overwhelmingly dominated by researchers. Yet, unless
there are dramatic new insights, we
now have the knowledge and the
evidence that we need to move forward. Programs will drive the agenda. With this shift in focus, there are
new issues of concern: supply chain
logistics, management, social marketing, etc. These are areas in which
the private sector excels. Going forward, broad-based coalitions will be
essential to improving and sustaining micronutrient nutrition.
References
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IVACG, the earliest progenitor of the Micronutrient Forum (MF), was
built by Martin Foreman, of the US Agency for International Development
(USAID), to bring together clinical researchers, like myself, with nutritional scientists, policy makers and others who design and implement programs, to pursue the possibility that vitamin A deficiency as a cause of
childhood blindness might be much greater than the world recognized, and
to conduct research that would establish its cause and design effective
intervention programs. It proved, as we all now know, to be a major cause
of pediatric blindness. But most ministers of health remained disinterested, on the not-unreasonable grounds that they had committed their meager
resources to child survival strategies. For those who can remember that far
back, there was GOBI1.
Prof. Alfred Sommer, Johns
Hopkins Bloomberg School of
Public Health
I can’t help but reflect on how far
this meeting, and our shared journey to control micronutrient deficiency, has come since the first
International Vitamin A Consultative Group (IVACG) meeting
nearly 35 years ago. It was not as if
the world was ignorant about
micronutrients – iodine and iron
had long been on the agenda. But
the world just didn’t care. Micronutrient deficiency did not provide
the same public urgency, as say,
H1N1 Flu. And I believe – at great
risk to life and limb, given the
make-up of this audience – that
nutritional scientists and policy
makers were caught in a time-warp
of orthodoxy.
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By 1992, multiple teams in multiple countries had conclusively demonstrated that improving vitamin A status dramatically reduced childhood
mortality. The ministers of health could prevent up to a million children
from dying and going blind every year with one intervention; a “twofer”
if ever there was one.
Instead of reveling in this commitment, discussions at IVACG remained
acrimonious for many years, riven with fruitless arguments over what constituted a natural solution to the problem. Most of the field trials had
employed periodic large-dose vitamin A, because it was the quickest and
most controlled way to determine whether improving vitamin A status
really worked. If it could be scaled, it could dramatically impact the problem. But supplementation was opposed by many nutritionists as an
“unnatural” act, insisting, unhelpfully, that the real answer was to get people to grow and consume more green leafy vegetables. They eventually, if
grudgingly, accepted twice-yearly supplementation but only if labeled a
“short-term” measure, until changes in dietary habits solved the problem.
Twenty years later, we are still awaiting those effective dietary changes,
while periodic dosing, driven by UNICEF, HKI, and others, and large1GOBI

stands for Growth monitoring, Oral rehydration, Breastfeeding, and Immunization – the
four cornerstone child survival interventions in developing countries.
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ly funded by the Canadian and
American governments, has proved
to be a remarkably effective and
scalable strategy. As we heard
from Werner Schultink, in the past
10 years, UNICEF has supplied
5.3 billion high-dose supplements
of vitamin A – and that does not
count vitamin A dosing with syrup
in India. Extrapolating UNICEF
estimates, even with current coverage rates of only 70–80%, the
lives of 3.5 million children have
probably been saved in the past
10 years alone.
I dwell on this because I was struck,
at this meeting, by how far we’ve
come from that original orthodoxy;
by the range of innovative
approaches to micronutrient deficiencies now being vigorously pursued. These include everything
from centralized fortification
schemes using multiple micronutrients, to “point of consumption” fortification with micronutrient powders in the home. We’ve heard
about wheat flour fortification,
UltraRice and NutriRice. We’ve
heard about the pro-active and
thoughtful rollout of zinc for home
treatment of diarrhea.

that of spinach, carrots and kangkung.
What if the staple is rice? Do a
little bioengineering. “Golden
Rice 2” has nearly thirty times
the b-carotene content of Golden
Rice 1, while the original native
strains have zero. And, like hybrid
corn, Golden Rice has a food
matrix that favors high bioconver-
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days brought something else to
mind. The MF must continue to
evolve to meet changing challenges. From the start, beginning
with IVACG, these meetings were
meant to bring clinical researchers
together with policy makers and
program managers. But, as there
wasn’t much in the way of programs to talk about, the “center of
gravity” sat with the clinical re-

Show at the conference banquet

As Chairman Mao once proclaimed, “Let a thousand flowers
bloom.” They are blooming, and
those that prove most successful
need to be aggressively pursued as
we sharpen the focus of our advocacy, investment, and momentum.

sion. There’s a lot more to learn
about these fantastic new crops,
such as their yield, or whether traditional populations will consume
them. Golden Rice is, well, golden,
not white. Nevertheless, for the
first time, traditional populations
may finally have the inexpensive,
culturally appropriate food varieties
they need to correct their nutritional deficiencies.

Oh yes, what about those natural
dietary solutions that had proved so
problematic? They might now be
on the cusp of realization. Why?
Because we are finally developing
the tools that the poor needed from
the start. Traditional plant breeding
has provided a range of staple
crops, from corn to sweet potato,
with 10–100 times the b-carotene
content of their native strains, and,
with a bioavailability five times

It is easy to become impatient to
solve the world’s micronutrient
problem – and we should be. But it
took nearly 20 years to begin to
come to grips with a single deficiency: vitamin A. Let's not be
patient; too many lives are in the
balance. But, as our host, Prof.
Chen Junshi concluded at the start
of this meeting, “Feel confident!
But we still have a long way to go.”
The discussions over the past four

searchers, who strove to document
the extent and severity of the problem. It now appears that the center
of gravity has begun to shift to the
program side.
Innocenti 2006 reached a consensus on the physiological and clinical impacts of many specific deficiencies, and the health benefits of
interventions. These formed the
core around which the first MF was
constructed. Unless someone has a
blindingly new insight – say, by discovering vitamin X – we now know
most of what we need to know
about the most immediate biological consequences of these micronutrients to move forward. New
insights, like the exciting light the
Nepal cohorts shed on the developmental origins of health and disease, are important intellectual
stimulants and a reminder that we
35
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must keep biologists at the table;
there is always more they can
teach us. And, as we saw demonstrated this morning, we need to
be thoughtful in fine-tuning policy
conclusions, as for newborn dosing or reduction of maternal mortality, where the specific context
can be a determinant.
Innocenti 2008 focused on programs and was the core around
which this MF was built. Its bottomline consensus statement is
Meeting hall at Beijing International Conference Center
that we don’t know nearly as much
as we could or should. The
Innocenti participants designed a template by which One last observation. Much of what we heard were
we can learn more as we go, though I must say, David valiant attempts to create markets for new solutions,
Pelletier’s carefully detailed and rationally constructed difficulties in managing supply chains, and problems
model reminded me of that old definition of an econo- encountered in reaching remote villages. This, of
mist: someone who claims “it may work in practice but course, is what managers and the management sciit will never work in theory.” The many contextual ences are all about, particularly those employed in the
complexities he urged us to consider left me exhaust- private sector. We need to recruit these experts to the
ed; it seems a miracle that any intervention program, as MF. The marvelous dialogue on Thursday between
presently constituted, actually works. Science is easy – leaders of multinational companies and those of us in
implementation is tough! But as China’s salt iodization academia, the public sector, and civil society showed
program and Nepal’s vitamin A distribution program exactly why public-private partnerships have become
demonstrate, enlightened leadership and political com- the vogue. We must actively work to strengthen these
mitment can move mountains
relationships, as the private sector’s declaration
.
pledges them to do.
Make no mistake; the world now takes notice. For those
of you who don’t yet know, Nicholas Christoff, the
highly regarded New York Times columnist presently
travelling in Africa, extolled the virtues of “that simple
vitamin A capsule” in his column yesterday.
It is now my distinct honor to thank our wonderful
hosts, the Local Organizing Committee. Quite literally,
without the leadership of Prof. Chen Junshi, this meeting would never have taken place. The opening symposium, highlighting the micronutrient status and
attempts to combat deficiency in China, ranks as one
of the most insightful and thoughtful we have been
privileged to hear. To top it off, Junshi then took us off
to a fantastic reception, with great food, marvelous
dancers, and a master “face-changer.”
Plans are already underway for the next MF. We have
received, and gladly accepted, an offer from the Prime
Minister of Senegal to host the next meeting.
Blind musician in HouHai. The instrument is
called Erhu (Chinese 2-string fiddle).
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The annual Carotenoid Research Interactive Group
(CARIG) Conference was held in the Marriott Hotel in
New Orleans on Friday, April 17, 2009. The four-hour
afternoon session was held a day before the official
inauguration of Experimental Biology 2009. This represented the first year for CARIG in its new, formal
status as a Research Interest Section (RIS) within the
formal structure of the American Society of Nutrition
(ASN). The Conference attracted upwards of 60 eager
and attentive professionals and trainees. The program,
entitled Molecular Aspects of Carotenoid Metabolism,
with a central theme surrounding the biology and
function of the carotene monooxygenase (CMO) family of cleavage enzymes, was superbly crafted and
moderated by this year’s organizers, Lewis P Rubin
and Sherry Tanumihardjo.
The emphasis of the presentation was on a diversity of
functions for CMO1 (the enzyme responsible for the
central cleavage of carotenoid molecules) and CMO2
(the enzyme responsible for the eccentric cleavage of
carotenoids). The former enzyme was originally
known as carotene 15,15’-dioxygenase, co-discovered
in 1965 by the late James Allen Olson. It was ever so
appropriate, therefore, that the annual tribute within
the CARIG meeting, the James A Olson Memorial
Perspectives on Carotenoids Lecture, featured new
functions for the old enzyme as its theme. In this ninth
lecture in the series, Prof. William Blaner, of
Columbia University in New York, was the awardee
and speaker. The title of his address was “Carotenoids,
their retinoid and non-retinoid metabolites and the
metabolic syndrome.” In many ways, the prize lecture
set the tone and direction for the rest of the meeting. It
featured insights derived from the creation of genedeletion (‘knock-out’) experimental animals, a technique that contributed in much of the conference’s
SIGHT AND LIFE Magazine 2009;1:37–39

research. It also focused on participation of the enzyme
proteins in metabolic functions not necessarily related
to the oxidative cleavage of carotenoids. As the entire
lecture is reproduced in full on page 6 in this issue, it
will not be treated in any further detail here.

William Blaner, Columbia Univerity, New York
Lewis P Rubin, from the University of South Florida in
Tampa, presented on the topic of “New functions of
CMO1 and CMO2 in cell regulation.” The first series
of findings presented related to the confirming of
CMO2 in various tissues, including liver, in a pattern
of frequent variation among tissue sites, from the 10th
day of mouse fetal development until birth and
beyond. He then changed tack and presented some
interesting data from a prostate cancer cell model, in
which it was shown that lycopene could induce CMO2
expression in certain cell types. Lycopene dosing also
had the effect of decreasing proliferation of cells with
CMO2 over-expression. The speculation here is that
any role for lycopene in prostatic cancer may be by
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regulating this enzyme, rather than
producing specific metabolites of
the carotenoid. Further studies with
partial deletion (CMO2+/-) systems
in prostatic cancer cells, moreover,
suggested a role for inflammationrelated transcription factor involvement, under the influence of
CMO2. Linked to these observations, the speaker speculated that
CMO2 may influence resistance or
susceptibility to prostatic malignancy by a mechanism totally independent of carotene cleavage.
Loredana Quadro, from Rutgers
University in Brunswick, New
Jersey, spoke next on “The role
of b-carotene-15,15’-oxygenase
(CMO1) during mammalian embryogenic development.” The
direction of her research focuses
ultimately on how the fetus is nourished with respect to vitamin A, a
mechanism that is poorly understood in humans and other species.
It is a critical point, given the
degree to which cell differentiation
during organ development in
embryos and fetuses depends on a
consistent supply of retinoid acid
(RA). In earlier research, it had
been established that vitamin A
bound to retinol-binding protein
(RBP) was the source of RA for
development whereas retinyl esters
on lipids provided the vitamin A
reserves to the mouse fetus. She has
established that both CMO1 and
CMO2 are expressed in the placenta, yolk sac and embryo of the
mouse. Basic ontological research
locates CMO1 protein expression
to different tissues during the
course of embryogenesis. The
novel, leading-edge question to
which Dr Quadro brought new evidence was the degree to which systemic b-carotene contributes to the
vitamin A economy of the fetus.
Combining the full knock-out system for retinol-binding protein
(RBP-/-) and the homologue for the
15,15’ cleavage enzyme (CMO-/-)
38
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as a double knock-out model in
mouse dams, and with injections of
b-carotene into the peritoneal cavity of animals, the provitamin A
source was partially able to restore
the vitamin A status of the fetus.
The fetal vitamin A nutrition was
improved further with a partial
knock-out in the cleavage enzyme,
combined with the full RBP exclusion in an RBP-/-/CMO 1+/- - combination mouse. This is interpreted
to demonstrate that b-carotene can
indeed be a source of vitamin A,
and hence RA for development in
the uterus, with both non-enzymatic and enzyme-mediated cleavage
to provide the retinoids.
Nikki Ford, a doctoral candidate at
the University of Illinois at
Champaign-Urbana, presented a
talk entitled “Alterations in carotenoid bioaccumulation in mice
lacking the CMO1 or the CMO2
carotenoid cleavage enzyme.” It
took a different tack from the companion presentations insofar as it
concentrated almost exclusively on
the oxidative cleavage function,
itself. This study took advantage of
findings from mice with deletion of
either the central-cleavage or
eccentric-cleavage monooxygenase. One of its observations, for
adult mice, coincides with that of
Dr Quadro in her embryonic studies: CMO1 and CMO2 are differentially expressed in different tissues.
As herbivores, mice in nature rely
on plant sources for all of their vitamin A, and have an efficient CMO1
system. However, with sufficient
preformed vitamin A in their diet,
they survive double deletion of
CMO1 without deficits or deficiency. This knock-out model can cast
light on the role of CMO1 in the
metabolism of a non-provitamin A
carotene, lycopene. Its biodistribution in mouse tissues is altered in
the CMO1 knock-out, suggesting
that central cleavage plays some
role in its murine metabolism.

Nikki Ford, University of
Illinois at Champaign-Urbana
CMO2 knock-out animals also
have alterations in lycopene distribution, suggesting it is subject to
eccentric cleavage as well. The
basic precursor carotenoids, phytoene and phytofluene, however,
are not affected in their distribution
in the CMO2-deleted mouse
model. The Illinois laboratory
advances the notion that CMO1 has
its primary cleavage function with
b-carotene in creating vitamin A,
whereas CMO2 is the principal
cleavage enzyme for dietary
lycopene.
Xiang-Dong Wang, Senior Scientist at the Human Nutrition
Research Center on Aging, Tufts
University in Boston, closed
the conference program with a
presentation on “The molecular link between PPAR-g and
lycopene metabolites: a doubleedged sword.” He oriented the audience to his topic by reviewing the
putative biological actions of
lycopene in biology (Box 1). He
then set the parameters of a hepatic-damage model, which uses a carcinogen (diethylnitrosamine, DEN)
to produce fat accumulation in cells
(steatosis), pre-malignant transformation when injected into rats. The
effects were exacerbated by a highfat diet, but generally unaffected by

CARIG Conference

a high-alcohol exposure of the animals. When either
pure lycopene or tomato extract (containing lycopene
and other phytochemicals) were added, the adverse
effects of the rats’ exposure of DEN were ameliorated.
Dr Wang noted that, by eccentric cleavage of
lycopene, a 21-carbon fragment (apo-10’-lycopenal)
can be derived. Further degradation of this apolycopenal eventually produces a molecule of RA.
More interesting, however, is the fact that the apolycopenal induces retinoic acid receptors in nuclear
membranes, thereby up-regulating RA-dependent
pathways. Other actions for apo-10’-lycopenal and its
metabolites were described from assorted experiments, including its intervention to ameliorate the
hepatocytic abnormalities induced by DEN exposure
in rats, as described above. This provides a feasibility
framework of a mechanism for lycopene’s impeding
carcinogenesis. Finally, returning to the alcohol-fed
rat model, Dr Wang produced evidence for lycopene
supplementation to the rat effecting an increase (transactivation) of the nuclear transcription factor, peroxisome proliferators-activated receptor-g (PPARg). This
could explain the downstream consequences of dietary
exposure to lycopene, and provide a mechanistic basis
for a number of the actions imputed to this carotene in
Box 1.
Box 1: Putative actions of lycopene
• Antioxidant
• Anti-inflammation
• Anti-angiogenesis
• Gap junction communication
• Immune modulation
• Induction of apoptosis
• Induction of cell differentiation
• Induction of Phase II enzymes modulation
• Inhibition of cell proliferation
• Inhibition of cholesterol synthesis
• Interaction with growth factors
As modified from presentation of X-D Wang

The CARIG/VARIG social reception was held on
Saturday, the day after the CARIG conference and the
evening following the ASN mini-symposium on
carotenoids. Along with the libations, snacks and conversation, the event hosted the annual best-poster competition for graduate students and post-doctoral fellows. The US State of Illinois was favored in the judging. One winner was Eunyoung Park, from the labora-
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Left to right: Monica Orozco, Klaus Schuemann,
Liza Hernandez, Noel W Solomons, Gabriela
Montenegro-Bethancourt at the CARIG/VARIG
social reception
tory of Phyllis Bowen at the University of Illinois campus in Chicago; her poster topic was “Tomato product
adherence dynamics in African-American men at risk
for prostate cancer.” The other winner was Nancy J
Engelmann from the University of Illinois campus in
Champaign-Urbana; her poster was entitled “[13C]carotenoid production from hp-1 tomato cell cultures
for human metabolic tracing.”
Finally, the CARIG community lamented the demise
of two of the more notable senior contributors to
carotenoid research: Prof. Norman Krinsky, of Boston,
and Prof. Hans-Dieter Martin, of Düsseldorf. The first
40 minutes of the session were devoted to a formal
tribute to these departed leaders of the field. Robert
Russell and Liz Johnson of Boston led the homage to
Norman Krinsky with a slide presentation containing
remembrances of his life, career and science. This was
complemented by brief comments from the assembled
attendees. Prof. Helmut Sies concluded the memorial
section with a brief slide presentation on the career of
Prof. Martin.
This was a strong initiation of CARIG as a Research
Interest Section (RIS) within the organizational structure of the ASN. Enthusiastic attendance at the
Conference, as a pre-meeting satellite event, was
encouraging, showing that the scientific interest of the
carotene constituency is truly dedicated. The next
CARIG Conference will be held in Anaheim in April
2010, in conjunction with Experimental Biology (EB).
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Uganda Action for Nutrition
Society (UGAN) was founded by
professionals, mostly academics
and researchers within nutrition
and allied fields, from the East
African region (Tanzania, Kenya
and Uganda). The rationale for the
setup of the Nutrition Coalition
Societies for Action in the East
African region is to “work together
for better nutrition.” The UGAN
conference, held in Kampala, on
February 19–20, 2009, was the first
to be held in Uganda, and second
only to the inaugural conference
held in Kenya.
A number of institutions sponsored
the conference by supporting vari-

ous aspects of it, including fully
sponsoring a number of young
scholars, whose posters and oral
presentations had been accepted,
bearing the costs of hosting some
symposia and dinners, and waiving
registration fees for invited speakers. The sponsoring companies
were too many for singling out any
particular one. The conference was
hosted by UGAN and received high
accolades from the relevant government ministries as well as good
media coverage. The opening ceremony was attended by the First
Lady of the Republic of Uganda,
Mrs Janet Museveni, who incidentally is the Patron of UGAN.

Conference focus
A whole-day pre-congress workshop was held at the Department of
Food Science and Nutrition at
Makerere University, Kampala, on
February 18. The workshop, which
was packed full of lectures, discussions and practical sessions,
focused on a variety of topics,
including writing and publishing
research, designing scientific
posters, and preparing nutrition
education tools.
The main conference was held at
Kampala’s prestigious Munyonyo
Commonwealth Resort Hotel. The
theme was Challenges, Successes
& Opportunities to Improve Nutrition. Over the two days of the
conference, six sub-themes were
covered in parallel symposia:
• Rising food prices, livelihoods
and nutritional well-being
• Maternal nutrition and infant and
young child feeding
• Biofortification
• Nutrition and HIV
• Micronutrient deficiencies
• Food and nutritional assessment

Oral presentation of Francis Zotor
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The objective of the conference was to fulfill UGAN’s
mandate, namely increased lobbying and advocacy for better nutrition, improved networking channels and the formation of strong partnerships, and information dissemination
and knowledge sharing. The conference attracted over 300
nutritional scientists from across 19 countries in and outside of Africa.
The conference was strong on public health nutrition. Most
of the keynote speeches were on this theme. The posters
and shorter oral presentations were more varied and covered new foods and formulations to treat and manage various nutrition-related conditions. Food fortification was
given prominence and featured during both the plenary and
oral presentation sessions. Aspects covered were specifically in the areas of biotechnology, biodiversity, biofortification and general agriculture-related issues.
The conference gave some emphasis to food-based
approaches to solving the nutrition and hunger challenges
of the continent. Our observation, however, was that there
was little coverage on more preventive approaches. The
curative approaches
to Africa’s nutritional challenges may
come at a time when
it is too late to halt or
reverse some of the
damage caused by
many preventable
conditions currently
being witnessed.
The authors of this
report were supported by SIGHT AND
LIFE in their participation at the conference. Dr Francis Zotor served as chair
of the plenary session on micronutrient deficiencies on the
second day of the conference, during which two key papers
were presented by GAIN and FANTA-2. Both Dr Zotor
and Dr Folake Samuel gave oral presentations during the
symposia sessions; the former on the “Application of the
food multimix concept in meeting the nutritional needs of
malnourished children between the ages of 6–36 months at
different stages of rehabilitation” and the latter on
“Assessing the prevalence of child undernutrition using
conventional indices and the composite index of anthropometric failure (CIAF).” Dr Samuel also submitted a poster
presentation that she co-authored with Wilna OldewageTheron on “Nutritional assessment of an elderly population
in a poor peri-urban area in South Africa.”
Francis B Zotor and
Folake O Samuel
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Where is the Food Basket?
By Mukundane B Albert
Read at the Uganda Nutrition Congress 2009:
Challenges, Successes & Opportunities to
Improve Nutrition
Planted among farmers
Moving in cargo of transporters
Sinking in a turbulent lake of alcohol
Defended and protected in a military camp
Hospitalized by the nongovernmental
organizations
Where is the food basket?
Is it laid at the altar
Or a ball kicked by sportsmen
Scrambled by the politician
Centered amidst mob justice
Accounted with financial statements
Where is the food basket?
Is it established by public debates
Inspected by the extension workers
Managed in serious investments
Search-lighted by professionals
Launched by the big honorables
Where is the food basket?
Is it hidden in the journalists’ records
Or in centers of higher learning
Mushrooming in business units of the
global world
In no-go areas of slums or urban regions
In tribal granaries infested with weevils
Where is the food basket?
Modern supermarket of modern man
Decentralized units of common man
In fragmented blocks of investments inherited
lands of royal empires
Marginalized in hidden territory
Where is the food basket?
Torn apart by the scavengers
Rebuilt by the visionary leaders
Masterminded by the research units
Advertized by the sweet ingredients in it
Kept in viable projects
Where is the food basket?
Designed by an artist
Authorized by the force of nature
Valued like a dollar
Mesmerized like in sleep
Protected like the environment
Where is the food basket?
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Celebrating its 40 years of research and education,
Wageningen University welcomed over 300 researchers, young investigators and professionals in
nutrition and health from European, American, and
African countries for the Nutritional Sciences Forum

decisions for intervention approaches. Two specific
keynote presentations, one addressing policies in
nutritional science and the second addressing the
importance of nutrient profiling in measuring the
nutrient content of the diet at national level were also
presented.
The overall food and nutrition situations

held at Burger’s Zoo in Arnhem City on March 4–6,
2009. The global theme of the forum, Too Much –
Too Little, covered four main topic areas, namely
human nutrition, molecular nutrition, international
nutrition, and nutritional epidemiology. Six oral
communications and over fifty posters were presented by students and young investigators on these topics (see details in Box 1). Very important at this
forum were also the keynote addresses by different
specialists in nutrition and related fields, and the
general forum discussion.
Keynote addresses
In summary, the speakers first described the overall
food and nutrition situations, the challenges of the
research addressing nutritional problems, and the
public and private responsibilities when making
42

In summary, two food and nutrition situations have
occurred: the Western situation and the non-Western
situation. The former is characterized by an optimal
intake of folate, B6, B12 and amino acids, and the sustainability of the global food supply, with the important production of dairy foods. But the greatest current problems are the massive intake of refined starch
and sugar, and important questions relating to the
development of dairy products are to know their
effective role and what is too much. In non-Western
situations, while multiple micronutrients deficiencies
are still public health issues, especially in resourcepoor countries, the dietary pattern is more and more
controlled by the global food companies, so that
intake of refined starch and sugar is increasing.
The challenges of research addressing
nutritional issues
An important challenge in research addressing the
issue of obesity in Western situations is energy
under-reporting in food intake assessment studies.
The speakers suggested that nutrition must be integrated with genetics and nutrigenomics must move
toward the behavioral side of diet and health to betSIGHT AND LIFE Magazine 2009;2:42–44

Wageningen Nutrition Sciences Forum
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Box 1: Keynote addresses and speakers

vidual foods does not need to
match that of a balanced diet but
the NP of individual foods can
influence that of the overall diet.
Nonetheless, nutrient profiling is
a science-based concept and
foods should not be classified by
NP alone, but must be consistent
with dietary guidelines.

• Too much: Nutrition in abundance by Prof. Mike J Gibney,
University College of Dublin, Ireland
• Too little: Nutrition inadequacy by Prof. Keith West, Johns Hopkins
Bloomberg School of Public Health, USA
• Weight management: Public health target, by Prof. Shiriki
Kumanyika, University of Pennsylvania, USA
• Healthy food and nutrition in Western situations by Prof. Walter
Willett, Havard University, USA
• Healthy food and nutrition in non-Western situations by Prof. Emorn
Wasantwisut, Mahidol University, Thailand
• Fortification, public and private responsibilities by Prof. Richard F
Hurrell, Swiss Federal Institute of Technology, Switzerland
• Nutrient profiling by Prof. Sean J Strain, University of Ulster, UK
• Nutritional adequacy: Possible gains from new technology by Prof.
Michael B Zimmermann, Swiss Federal Institute of Technology,
Switzerland and Wageningen University, The Netherlands
• Nutrition: From ‘little science’ to ‘big science’ a philosophical
perspective, by Prof. John C Mathers, Newcastle University, UK
ter understand the causes and the
context of obesity. Furthermore, to
increase the accuracy of published
data, energy under-reporting must
be an issue for every journal editor.
In non-Western situations, research
should give priority to the effect of
multiple micronutrient supplements in meeting nutritional adequacy. The possible gains from new
technology to ensure nutritional
adequacy through the advantages
and the challenges of genetic engineering, biofortification and nanotechnology were also discussed.
Public and private responsibilities
in preventing nutritional problems

vention approach to micronutrient
deficiencies were discussed. The
speaker discussed market-driven
fortification, mostly the responsibility of the food industries but
with governments setting regulatory limits; mass fortification and
targeted fortification, which are
mainly public responsibilities and
target a combination of micronutrient deficiencies of public health
significance. Finally, monitoring
and evaluation are essential for an
effective food fortification approach and the key challenge in food
fortification is to maintain the
equilibrium between need and
safety.

From ‘little science’ to ‘big science’: a philosophical perspective
This keynote address reviewed the
important periods in the nutritional sciences, from the ‘dark ages’
(1960-1980), marked by a succession of disasters and periods of
hunger, to the booming decades,
with the development of systems
combining nutritional and biological approaches. Important challenges remaining for research
teams at universities include
developing strong teamwork
crossing departmental boundaries,
with clear guidelines for data ownership, and fair access to credit
and technology, with support by
good funding streams.
Forum discussion
A forum discussion has been started based on the key points of the
keynote addresses. The three
statements discussed are presented
in Box 2, along with the discussions and conclusions.
Conclusions

The speakers suggested that, to
prevent obesity as a public health
issue, interventions should be targeted (target persons would be
those susceptible to obesity), selective (focusing on a specific
approach), and participatory
(involving the effective participation of the targeted groups). In the
keynote talk addressing the nonWestern situations, the public and
private responsibilities when
choosing fortification as an inter-

Nutrient profiling
In this specific keynote address,
the definition and importance of
the nutrient profile (NP) was
defined as the nutrient content of
individual foods or diets. Two
key concepts can be derived from
the NP: the NP for an overall
(habitual) diet and the NP for a
balanced diet (recommended
daily allowance, daily recommended intake). The NP of indi-

The Wageningen Nutritional
Science Forum was a great opportunity to highlight the strengths
and the weaknesses of the nutritional sciences throughout the last
and present decades, not only for
the scientists of Wageningen
University but also for professionals in nutrition and health the
world over. Moreover, the big
challenges in alleviating the burden of nutritional problems were
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emphasized, along with possible
new approaches that can be helpful for research. The friendly
ambience of the Forum was further brightened with interesting
demonstrations of advanced technologies in food and nutrition, a
comedy troupe performance on
the importance of teamwork in
food and nutrition research, and
tours around Burgers’ Zoo.

Wageningen Nutrition Sciences Forum

Box 2: Discussion statements and conclusions from the forum discussion
Statement 1: Food patterns are a useful concept for improving health
in Western but not non-Western situations.
Conclusion: There should be no differences between concepts for one
or the other situation; food patterns are a useful concept for all situations.
Statement 2: To reduce micronutrient deficiencies in non-Western
situations, biofortification of staple foods is the preferable strategy.
Conclusion: No strategy is more preferable than another – all strategies should be complementary.
Statement 3: Nutrient profiling will adversely affect population
health by increasing the risk of unfavorably high intake in subgroups.
Conclusion: It is a public matter – consumers have to be careful about
what they buy in supermarkets.

Reader Survey 2009 – A Success!
Since April, we have been evaluating our readers’ satisfaction and gathering a sample of opinions that will
form the basis for upgrading the Magazine. Indeed, well over a thousand respondents have kindly taken the
time to fill in this survey and we are very grateful to all of you.
The online version of the survey has been particularly successful, capturing more than 70% of the responses,
and tremendously facilitating our processing and analysis. We are equally grateful to our readers with limited
access to the Internet who made sure their responses reached us by post, sometimes even at their own expense.
The names of online and hardcopy respondents were pooled for the lucky draw and a hundred readers have
been randomly chosen to receive SIGHT AND LIFE goodies for their participation.
While we are still analyzing the full results and will report our findings in the next edition of the Magazine
(Issue 3/2009), we are already aware of some positive feedback from the survey. Our intermediate analysis
revealed that 85% of our readers found the Magazine useful to their work and most of them were highly appreciative of the scientific and technical articles. Nonetheless,
some aspects of the Magazine were not as well-rated and will
be our focus for future
improvements.
We are truly grateful for
the warm words of appreciation and encouragement for SIGHT AND
LIFE and our Magazine
included in many of the
responses. Your support
is always a source of
renewed inspiration that
strengthens our in serving our community as
best as we can.
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A Day in the Life of
Marc Van Ameringen
Marc Van Ameringen is the Director of the Global Alliance for
Improved Nutrition (GAIN) which fights malnutrition by mobilizing
public-private partnerships. Under his leadership, GAIN has become a
major partner of governments and business leaders, implementing
nutrition programs in 27 countries. These are improving the lives of
close to 200 million people with targets to reach 1 billion by 2010.
In the latest of our series A Day in the Life, Marc van Ameringen talks
with SIGHT AND LIFE about his work at GAIN and the challenges
he has faced.

Marc van Ameringen
SIGHT AND LIFE (SAL): Marc,
what does your job entail and what
are your key responsibilities?
Marc Van Ameringen (MVA):
I’m responsible to the Board of
GAIN, which represents key stakeholders and shareholders, for meeting our agreed performance targets,
which include reaching a billion
people and reducing key deficiencies by certain percentages. Additionally my role in GAIN includes
ensuring alliance partnerships are
established that are needed to deliver programs at the country level. As
well as mobilizing the financial and
technical resources that we need to
get the programs in place, I make
sure that we’re delivering lasting
results.
SAL: It’s a very big responsibility
in a serious field. Do you enjoy your
job?
MVA: On the whole yes. I think
GAIN has made a huge amount of
progress in the last 3–4 years, which
is rewarding. The pace of change is
often slower than we’d like to see as

programs have a high level of complexity and we can’t influence all
the factors that determine whether
programs will be successful. At the
same time, the challenges in
addressing malnutrition are enormous and a lot of learning and
adaptation is involved – which
makes it exciting, from both a technical and programmatic standpoint.
SAL: GAIN’s vision is a world
without malnutrition. Is this a feasible objective? Can you imagine a
world in which malnutrition does
not exist?
MVA: Yes. There are certainly the
resources and technology out there
to end malnutrition. In the best case
scenario there will still be some
minimum level of under-nutrition
and obesity in the world but it is feasible to dramatically reduce most
forms of malnutrition. The key
obstacle is changing peoples’ attitudes, especially at the level of key
decision-makers in all sectors, on
the importance of investing in programs and partnerships that can significantly improve nutrition and
health outcomes for the two billion
people who are malnourished.
Unlike in the case of many vaccines
we’re not waiting for a new big dis-
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covery; we already know enough to
do something. I’ve spent 25 years
managing programs in developing
countries and feel strongly that if we
have the right leadership and commitment, I don’t see why in 20–30
years we should have anywhere near
the same level of malnutrition we
have today.
SAL: Who are the key decisionmakers and what do you have to do
to try and gain their understanding
and support for your activities?
MVA: They are the people in developing countries who are leaders and
can influence national policy and
resource allocations. They create
the advocacy needed across the
ministries of planning, economic
affairs, trade and industry, health
and standards. In the private sector
you need people in key industries to
also play a leadership role, and in
society at large you need consumer
groups and NGOs who also step up.
They all need to be aligned on the
same theme and issues.
You also need the citizens to be
much more engaged. Our surveys
show, especially in Africa and Asia,
that food is one of the most important issues for families, yet this con45
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cern has not translated into policy, especially where
nutrition is concerned.
Within OECD and DAC the people who are deciding
priorities on development assistance need to understand
that nutrition is a critical area of investment. Undernutrition receives around USD 400 millions a year in
funds where HIV/AIDS gets USD 3–4 billion each
year. This lack of emphasis exists in not just the G8 but
the G20 as well.
SAL: What do you do to try and overcome it? What
kinds of communications work?
MVA: GAIN has large-scale programs for 27 or so
countries. These programs have big advocacy elements
and the communication is focused on raising awareness
of the importance of food fortification or micronutrient
deficiencies or malnutrition more generally. However,
where we have supported large-scale public campaigns,
we have seen quite low levels of return on these investments. This has led us to rethink our approach and we
are now supporting more targeted advocacy around
specific policy outcomes we are hoping to achieve.
As a result, GAIN has developed a new advocacy strategy where we will be making greater investments in
this area starting with 10 developing countries over the
next 4–5 years. We will be working closely with
alliance partners and our funding partners who are supporting us in this area like the Gates Foundation and
Children’s Investment Fund Foundation.
SAL: You mentioned fortification. What are the key
trends in food fortification at the moment?
MVA: GAIN has become known as the major player
supporting large-scale food fortification initiatives. For
the last 6 years we’ve been supporting these large programs, which reach entire populations in a country –
something which had never been done before. We
found that national fortification alliances came together easily around GAIN grant opportunities. So one
trend is that there is a lot of interest and demand for
these large-scale national food-fortification interventions.
We’re seeing a lot more companies along the value
chain voluntarily committing to fortifying products and
to tackling malnutrition. This includes at all sizes and
types of businesses: local, regional and multinational.
We at GAIN encourage this approach as well and try to
ensure that the products they deliver will have a nutritional impact especially on women and children.
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Some donors are beginning to realize that everything
starts with nutrition. The US and Canadian governments have always understood this, but now some
European donors are starting to come on board. This
goes alongside a greater awareness of the value of nutrition among the multilateral agencies such as UNICEF,
WHO, WFP and World Bank. Private foundations are
increasingly recognizing the importance of nutrition,
and here the Gates Foundation is worth highlighting as
they have been supporting this area for the last 8 years
and have been instrumental in getting nutrition on the
radar screen of other key donors.
There is more research interest around micronutrients,
and the Micronutrient Forum and USAID have played a
critical role. People are looking at how quickly new
research can make a difference and be applied in programs.
SAL: A huge number of groups are involved. What’s
the key to getting all these different organizations to
work together in an effective way?
MVA: Getting all these groups working together at a
global level is very difficult to achieve but it’s also why
GAIN was created. From the outset we have focussed
our efforts at the country level which is where we can
have the biggest impact. It’s about getting local buy-in,
investment, resources and an effective environment
where the public and private sectors can co-operate.
Before GAIN, nutrition was seen as a public issue: now
we drive it as a public/private issue. So creating a platform for public, private and civil society sectors to work
together is key, and being able to provide incentives,
including funding for initiatives, is also important.
SAL: What made you move from the Micronutrient
Initiative in 2005 to GAIN?
MVA: Before the Micronutrient Initiative I was with
the International Development Research Centre for 15
years, nine of those in Africa, and then I worked for the
G8 as their advisor on Africa for a year before joining
MI for a short period. I was asked in 2005 to restructure
GAIN, which involved moving it to outside the UN system and reconstituting it as a Swiss foundation. I
already had a reputation for being able to deliver development programs in complex environments from my
work in Africa and felt that I could apply my broader
knowledge of development to the challenges of nutrition. One of the things that I realized early on in the job
was that 75% of the issues GAIN faces in reaching its
targets had little to do with nutrition. Getting programs
going was more about making a large upfront invest-
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ment in countries building the enabling environment,
it's about changing national development agendas, creating incentives for parties to act, it’s about exploiting
partnerships, getting all the stakeholders to come to the
table, and it’s about showing results. I came in to reorganize the original GAIN model, which will take time
to roll out but can work, and when it does, is very
rewarding for me and my colleagues.
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though we’re not a company. Although we’ve got many
nutritionists at GAIN, we also have a real cross-section
of experts, from investment bankers and supply chain
management as well as experts from the pharmaceutical industry, to those who have come from NGOs, governments and the UN, all of which leads to new
approaches and a great deal of innovation. We’re
rethinking the traditional approaches to addressing malnutrition and this is exciting.

SAL: What do you enjoy most about your job, Marc?
MVA: The most interesting part is getting programs
going and seeing their health impact, reaching millions
of people every day. GAIN is a leader in innovation; it
was even listed as one of the top 50 innovative companies a few years back by Fast Company in the US, even

About Marc Van Ameringen
Marc Van Ameringen has been the Executive Director
of the Global Alliance for Improved Nutrition (GAIN)
since 2005. Under his leadership, the Global Alliance
for Improved Nutrition has become a major partner of
governments and business leaders in 27 countries.
Currently nutrition programs supported by GAIN
reach 200 million people and at scale will improve the
lives of more than 600 million people, the target being
to reach 1 billion by 2010. Prior to joining GAIN, in
2005, Mr Van Ameringen was Vice President of the
Canadian-based Micronutrient Initiative, which focuses primarily on delivering vitamin supplementation
programs around the world. Before this assignment, he

About the Global Alliance for
Improved Nutrition (GAIN)
The Global Alliance for Improved Nutrition (GAIN) is
a Swiss foundation whose vision is a world without
malnutrition. Created in 2002 at a special UN session
on children, GAIN’s mission is to reduce malnutrition
through food fortification and other strategies aimed at
improving the health and nutrition of populations at
risk.
GAIN is an alliance of governments, international
organizations, the private sector and society at large.
The organization funds and advises national governments, businesses and social organisations to work
together to develop and distribute high-quality and
affordable fortified food products and complementary
foods for low-income populations.

SAL: If you could change one thing about your job,
what would that be?
MVA: I wouldn’t do so much stakeholder management. There’s a huge amount of energy spent on it and
it is crucial, otherwise programs won’t happen. But I’d
was Special Advisor to the G8 Summit, assisting the
G8 in responding to the NEPAD initiative. From 1992
to 2002, Mr Van Ameringen was a Director based in
Africa for the International Development Research
Centre (IDRC), responsible for a number of large
donor programs across Africa. He played an important
role in assisting South Africa and other countries in
Southern Africa in their reconstruction and development. Prior to moving to Africa, he held various senior
positions in Canada for IDRC and other organizations.
Mr Van Ameringen has served as a Board Member and
Trustee of many different development organizations
and has published a number of books on development
in Africa.

The GAIN Secretariat is a small team of professionals
and support staff who manage the day-to-day operations of the foundation. GAIN is internally organized
in four main areas of activity:
• Nutrition Programs (National Food Fortification,
Infant and Young Child Nutrition, Infection and
Nutrition and Infectious Diseases, Universal Salt
Iodization, the GAIN Premix Facility)
• Performance Measurement & Research
• Partnerships & Capacity Building
• External Relations (which includes Communications
& Advocacy)
GAIN is headquartered in Geneva, Switzerland, and
has Regional Offices in New Delhi, India; Beijing,
China; Cairo, Egypt and Johannesburg, South Africa.
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prefer to be able to devote all my time to other aspects
linked to the delivery of programs.
SAL: What does SIGHT AND LIFE mean to you?
MVA: I read the magazine and it brings new evidence
and knowledge to bear on vitamin and mineral deficiencies. It’s good that it highlights different programs
and successes. We also work closely with DSM, which
is one of the leading companies in our business
alliance. The magazine shows its commitment to philanthropic work. The publications are rigorous and
thought-provoking; we need a lot more of this. SIGHT
AND LIFE is seen as an impartial commentator.
SAL: What are your interests outside work? What do
you do in your free time?

A Day in the Life

MVA: Unfortunately my weakness is that I’ve worked
60–70 hours a week to turn GAIN around, which
hasn’t left much time for outside work. But this is
changing. I used to play ice hockey in my spare time but
had to abandon that when I moved to Geneva. Now I
spend time with my family, visiting the region and skiing. When I do get time off, I take advantage of the
stunning countryside here, especially the Alps.
SAL: Is there anything else you’d like our readers to
know, Marc?
MVA: Yes: we need to bring the private sector into play
much more to get real investment into this sector. It’s
not just more money; it’s about getting industry to be
responsible and recognizing that being responsible is
good for business.
Interview by Jonathan Steffen

The Guidebook Nutritional Anemia is
now available in
English, French and Spanish
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Introduction
Over the last 10–15 years, selenium deficiency was
found to increase viral pathogenicity by inducing
permanent changes in the viral genome to increase its
virulence, and selenium supplements appeared to
lower the risk of certain important cancers. These
observations stimulated both fundamental and public
health research on this important trace element. More
than 35 proteins have been identified where selenium
is a constituent element but, for many of these, there is
still no known function. Furthermore, the persuasive
properties of selenium compounds as cancer preventive agents in man have so far eluded identification.
Selenium is an essential nutrient that plays a catalytic
role at the center of some proteins. Many of these
proteins have essential antioxidant functions with an
important role in immune defenses. Some are involved
in thyroid metabolism and in sperm motility and others may play a role in reducing the risk of some cancers.1 Extremely low dietary intakes (< 19 µg/d) result
in severe disease, such as Keshan disease in humans
and white muscle disease in domestic livestock. Less
severe deficiencies can cause a variety of signs and
symptoms more closely related to reduced selenoprotein activity2 and experimental studies suggested that
viral pathogenicity was increased by selenium deficiency.3 However, no evidence of deficiency is seen in
populations with intakes of 40 µg/d.4 A dietary intake
of 50–55 µg/day will permit functional saturation and
support the catalytic and immunological roles of selenium.5 Amounts in excess of a normal daily intake
may be necessary to protect against cancer and some
evidence suggests that selenium metabolites in the
excretory pathway may be responsible for the latter.1
Hence, anti-cancer benefits may only be achieved with
SIGHT AND LIFE Magazine 2009;2:49–56

selenium supplements that promote the synthesis and
excretion of specific selenium metabolites. However,
selenium is toxic at high intakes and a maximal safe
selenium intake of 450 µg/d from all sources for adult
males was recommended in the UK.5
Inorganic salts
of selenium e.g.,
Na2SeO4

Food selenium,
e.g. SeCys proteins
SeCys

MethylSeCys

Reduction

Synthetic
metabolism

SeCys proteins,
e.g., GPXs

SeMet
(some plants)

H2Se

Methylation

Excretion,
i.e., urine, breath

Figure 1: Biologically important pathways in
selenium metabolism.
Selenium occurs naturally in selenoproteins of
plants and meats as amino acids selenomethionine (SeMet) or selenocysteine (SeCys), or as
inorganic salts, such as sodium selenate
(Na2SeO4). These forms are reduced or degraded to hydrogen selenide (H2Se), which is a general precursor compound for the endogenous
synthesis of selenoproteins, e.g., the glutathione
peroxidase (GPX), deiodinases, thioredoxin
reductases, etc. Excretion of selenium can occur
after methylation of hydrogen selenide. Some
plants contain methylated forms of selenium
(methylSeCys) that can enter directly into the
excretion pathway. Modified from Finley.1

Dietary selenium is found in both plant and animal
foods but wheat and meat (not fish) are probably the
most important sources of selenium. Bioavailability of
49

SIGHT AND LIFE

selenium in these foods is high.
Fish is unusual in that the selenium
content is relatively high but
bioavailability is reported to be low,
especially when compared with
wheat.1 Because dietary selenium
must undergo metabolic transformation to biologically active
metabolites, measurements of
absorption of selenium are unfortunately not sufficient to measure
bioavailability as with zinc or iron.
The chemical form of selenium
partially determines its metabolism. Thus, ingested selenium has
three potential fates; (1) it may be
reduced or degraded to selenide
and inserted into specific proteins
as selenocysteine (SeCys); (2) in
the form of selenomethionine
(SeMet), it may be inserted into
general proteins as a substitute for
the amino acid, methionine (store
or reservoir?); or (3) it may be
reduced to selenide, sequentially
methylated and ultimately excreted
from the body, mainly in urine
(Figure 1). Because of the several
possible paths dietary selenium
may take, the chemical form determines the ease with which the selenium is stored, utilized or excreted
and its bioavailability.
Metabolic roles of selenium
In general, selenoproteins serve as
enzymes that catalyze redox reactions. Specific selenocysteine-containing selenoproteins with known
functions include two deiodinases,
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several thioredoxin reductases,
selenoprotein P, five glutathione
peroxidases and others.6 Selenium
is involved in thyroid hormone
metabolism through the deiodinases, in regenerating the antioxidant
systems through the thioredoxin
reductases, and selenoprotein P

tration of selenoprotein P in plasma
may be a better biomarker of whole
body selenium status that glutathione peroxidase.7
The glutathione peroxidase are particularly important enzymes required to remove oxidative end-

Map of Keshan where the first case of selenium deficiency was
identified.
may serve as a transport protein for
selenium as there were sharp
decreases in the brain and testis,
and an increase in urinary selenium
in mice when the selenoprotein P
gene was deleted.6,7 Selenoprotein P is only found in extracellular
fluids and may provide redox protection in the plasma. It has recently been suggested that the concen-

products, including hydrogen peroxide and lipid hydroperoxides.
The two main enzymes are GPX1
and GPX2. GPX1 is abundant in the
cytosol and in mitochondria, and
primarily removes hydrogen peroxide, while GPX2 is abundant in
lipid membranes and removes lipid
hydroperoxides. An important byproduct of oxidative metabolism in
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Selenium and immune function
Investigations into the etiology of Keshan disease
(KD) lead to some important observations on the role
of antioxidant defenses in host tissues in controlling
viral multiplication and preventing development of
viral pathogenicity.3 Conventionally, malnutrition is
viewed as impairing the immune system and facilitating increased pathogenesis in the malnourished host
when attacked by disease. Two workers, Beck and
Levander, chose to study viral pathogenicity in experimental selenium deficiency as Chinese work suggested there was viral component in KD. They observed
greater pathogenesis in the selenium-deficient host and
found that this was at least partly due to permanent
changes in the genomic structure of the virus.8,9 That
is, their work suggested that a viral disease was not
only more severe in the presence of selenium deficien2O2•-+ 2H+

H 2O 2 + O 2

Hydrogen
peroxide
H2O2 + 2GSH
Reduced
glutathione

Superoxide
Dismutase (SOD)

GSSG + 2H2O
Oxidised
glutathione

Glutathione
Peroxidase
(GPX)

Figure 2: Efficient removal of superoxide by superoxide dismutase and glutathione peroxidase.
The free radical superoxide is reduced by the
enzyme superoxide dismutase to hydrogen peroxide and oxygen. The hydrogen peroxide is
then further reduced by glutathione to water by
glutathione peroxidase. Oxidized glutathione is
converted back to reduced glutathione by the
enzyme glutathione reductase (not shown).

3.5

Inflammation

3
2.5

Arbitrary units

mitochondria is the free-radical superoxide and this
can be converted to hydrogen peroxide through the
activity of superoxide dismutase (SOD) (Figure 2).
Superoxide is one of a group of reactive oxygen intermediates (ROI) that are formed in tissues. Free radicals are highly reactive; they cause lipid peroxidation,
disrupt cellular membranes and can potentially damage any organic cellular component, including DNA.
Their destructive power can be used to advantage, for
ROI are part of our cell-mediated immune defenses
and assist in the killing of invading bacteria and viruses. However, in less traumatic situations, they need to
be deactivated and, in the case of superoxide, the
widely-distributed enzymes, SOD and GPX1, harmlessly convert most superoxide through hydrogen peroxide to water (Figure 2).

2
1.5
1
0.5
0
Virulent +Se

Virulent -Se

Benign +Se

Benign -Se

Figure 3: Effect of selenium status on the development of myocarditis.
Mice were fed selenium-deficient or -adequate
diets for 4 weeks before infection with either a
benign or a virulent strain of coxsackievirus.
Heart pathology (myocarditis) was measured
after 10 days. The heights of the bars indicate
the degree of damage, inflammation, and necrosis in the heart muscle. Adapted from Beck.8

cy but that a malnourished host could potentially transmit a more severe disease to others.
KD is an endemic cardiomyopathy first described in
China in the 1930s. It is characterized by necrotic
lesions in heart muscle and was limited to persons with
very low selenium status living in regions of China
with selenium-poor soils. Women and children were at
highest risk and selenium supplementation of populations living in these areas appeared to prevent the disease.10 However, not all individuals with low selenium
status develop KD and other factors were suspected.
Eventually, Chinese scientists were able to isolate
RNA enteroviruses from the blood and tissues of KD
victims. RNA enteroviruses are members of the
Picornavirus family that includes viruses responsible
for polio, foot and mouth disease, and the common
cold.3
Beck and Levander chose to study selenium deficiency using a mouse model and a coxsackievirus, which is
a member of the same family of RNA enteroviruses
and was known to cause inflammation and necrotic
damage in heart muscle. They infected groups of selenium-deficient and selenium-adequate mice with two
strains of coxsackievirus, one benign and one virulent,
and then assessed the damage produced in the heart
muscle of the mice after 10 days. The height of the bar
in Figure 3 indicates the extent of the damage and
showed that both strains of virus caused more damage
in selenium-deficient mice.8 The workers also showed
that the viral load was greater at 3, 5, 7 and 10 days
post-infection in the selenium-deficient mice but that,
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by day 14, the virus was cleared from the body. The
rate of viral clearance was the same as for the selenium-adequate mice. That is, in the malnourished animal, although the viral infection was worse than in the
adequately nourished animal, the ability to clear the
virus was not altered.8
Investigations of the immune responses in the selenium-deficient mice found that B-cell functions
appeared to be unaltered but that cell-mediated immunity was impaired since T-cells were less able to
proliferate on stimulation with specific antigens or
mitogens, and the production of cytokines interferon-g
(IFNg) and interleukin-2 (IL-2) were both impaired in
comparison to selenium-adequate mice.8 The impairment in immune responses may explain why the viral
multiplication was increased by selenium deficiency
but the authors also found that viral pathogenicity was
increased in the selenium-deficient mouse.
Further experiments were done in which seleniumdeficient mice were once more exposed to the benign
coxsackievirus but, on this occasion, when the infection was at its height (day 7), blood from the mice was
taken and re-inoculated into selenium-adequate mice.
Previously, the benign virus in the selenium-adequate
animal caused no infection and no damage to the
heart; on this occasion, the infection progressed and
there was inflammatory damage to the heart. These
results suggested that the viral genotype had been
altered in the selenium-deficient mice and subsequent
sequencing identified changes in six nucleotides. All
six of the nucleotide changes have been found in other
virulent strains of the coxsackievirus and the experiments demonstrated for the first time that replication
of a normally benign virus in a selenium-deficient host
can alter the genotype of the pathogen.8
Selenium deficiency per se is probably not the cause of
the changes in genotype but rather an impairment in
antioxidant defenses initiated by a lack of selenium.
The authors also showed that similar changes in viral
pathogenesis of the benign coxsackievirus were
produced by vitamin E deficiency, and by vitamin E
deficiency plus polyunsaturated fatty acid excess to
further aggravate the oxidant stress,11 by feeding
excess iron to mice before infection,3 or by using
GPX1-knockout mice.3 Interestingly, the immune
responses of GPX1-knockout mice were opposite to
those of selenium-deficient mice. GPX1-knockout
mice displayed normal cell-mediated immunity to both
mitogen and antigen but there was a greatly reduced
antibody response. These results may suggest that the
impairment in antioxidant defenses far outweighs any
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alterations in immune defenses caused by selenium
deficiency in stimulating the pathogenicity of the
benign coxsackievirus.
Figure 4 summarizes the results of these experiments.
A disturbance in the antioxidant defenses of the host
promoted genomic changes and increased virulence in
a previously benign form of the coxsackievirus. Both
selenium, through the enzyme glutathione peroxidase,
and vitamin E in lipid membranes are important
antioxidants, and deficiencies potentially increase
oxidant stress. Iron is a known pro-oxidant but many
mechanisms are in place to prevent iron-induced
oxidation. To account for the effects of iron, the
authors suggested that viral replication takes place
initially in the liver and, in mice with iron overload,
HOST MALNUTRITION
Se deficiency
PUFA excess

Fe and
PUFA excess

Altered immune
defenses

Se and
Vitamin E
deficiency

Increased
oxidant
stress

Impaired
antioxidant
defenses

Altered viral genome

Increased susceptibility to viral pathogenesis

Figure 4: Methods by which host malnutrition
may alter viral pathogenesis.
The figure illustrates the potential importance of
micronutrients that cause host malnutrition and
can influence antioxidant defenses through deficiency (e.g., selenium, vitamin E) or excess
(iron, polyunsaturated fatty acids). Impaired
antioxidant defenses increase oxidant stress and
oxidant stress may be the main facilitator of
genomic changes and increased viral virulence.
Changes in immune defenses are more variable
in response to different micronutrient abnormalities but they too will influence disease pathogenesis. Modified from Beck.8

tissue damaged by viral replication may release the
iron and increase oxidant stress with the same effect as
an antioxidant deficiency. Lastly, polyunsaturated
fatty acids (PUFA) were used in conjunction with vitamin E deficiency by Beck and her colleagues. PUFA
are easily oxidized and could increase oxidant stress,
as suggested, but PUFA are also known to increase
membrane fluidity, influence eicosanoid production,
and reduce lymphocyte proliferation and production of
IFNg and IL-2. That is, PUFA have a similar effect on
immune function as selenium deficiency so the precise
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role of PUFA in promoting genomic change is unclear.
Anti-cancer role of selenium
The well-established antioxidant
properties of selenium automatically implicate it in reducing the
risk of some cancers. Low selenium status may impair antioxidant
defenses and increase the risk of
damage to cell components including DNA. A long-standing
hypothesis on the etiology of
some cancers is that they are a
result of the failure to repair damage to nucleotides in DNA caused
by ROI. 12,13 Furthermore the
potency of supplemental selenium
was exemplified by a meta-analysis of the combined data from a
number of studies comparing the
significance of selenium, retinol,
b-carotene and vitamin E in relation to cancer risk. Among these
selenium emerged as the micronutrient with the most consistently
protective effect.14 However, the
supplementation study reported
by Clark and colleagues was the
most exciting study to be
announced, for it appeared that
200 µg/d from selenized yeast
(Se-yeast) was capable of reducing overall cancer morbidity and
mortality by almost 50%.15
The study reported by Clark et al.15
was a double-blind, randomized,
placebo-controlled trial of involving
1,312 patients (mostly men) who
were recruited initially because of a
history of basal cell or squamous
cell carcinoma of the skin. The control group received the average daily
intake of selenium in the USA, i.e.
~100 µg, and treatment was for a
mean of 4.5 years. Although there
was no significant effect of the treatment on the incidence of the nonmelanomatous skin lesions, patients
receiving the Se-yeast showed a
much lower prevalence of developing or dying from lung, colon or

prostate cancer. Unfortunately however the apparent benefits of the Seyeast could only be considered as
secondary effects as the trial was
originally set up to determine the
effect of selenium supplements on
skin cancer. Therefore further trials
were needed.
One such trial has just been completed (SELECT).16 The Selenium
and Vitamin E Cancer Prevention
Trial was set up to determine the
effect of selenium and vitamin E on
the risk of prostate cancer. Men
(N = 35,533) from 427 sites in the
USA, Canada and Puerto Rico
were randomly assigned to one of
four groups to receive selenium,
selenium plus vitamin E, vitamin E
and placebo in a double-blind fashion. The men were 50 years or
older and had normal prostate specific antigen level (≤ 4 ng/mL). The
trial was stopped when the median
overall follow-up was 5.46 years
because no significant differences
in any of the pre-specified cancer
end-points had appeared.

In the SELECT trial the selenium treatment was 200 µg/day from
L-selenomethionine and there were
no differences between the groups
receiving selenium alone or selenium plus 400 IU/d of all rac-a-tocopherol acetate. The vitamin E was
included as it too had appeared to
provide protection against prostate
cancer in the ATBC study in
Finland.17 However, the effect of
vitamin E in that study was also a
secondary effect.
Hatfield and Gladyshev18 discussed some of the possible reasons
for the differences in the effects of
selenium in the two trials.15,16 They
point to early work that showed Seyeast is a complex mixture of different forms of selenium of which
only ~20% is selenomethionine,19
the form of selenium used in the
SELECT trial. Forms of selenium
present in Se-yeast include selenomethionine (~20%), selenocystine,
Se-methylselenocysteine and unidentified components representing
40–50% of the total.19 Seleno-

Cytokines from activated
monocytes
+
Physiological
Se concentration
1–2 µmol/L

-

TNF-α

+
[Inhibited
NF-κB]

+

Low Se
concentration
0.5–1 µmol/L

Active NF-κB
+
Hepatocyte
NF-κB DNAbinding domains
Nucleus

Figure 5: Selenium and the inflammatory response.
Figure shows a hepatocyte containing the transcription factor NF-kB in
the cytoplasm. NF-kB is normally inhibited but can be activated by a
number of factors of which monocyte cytokines and TNF-a are
shown. Physiological concentrations of selenium inhibit the activation
but concentrations < 1.0 µmol/L are permissive. Upon activation, NFkB translocates to the nucleus and binds to genes that stimulate rapid
transcription of cytokines, adhesion molecules, chemotactic factors,
acute phase proteins etc. Information from Maehira et al.29
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methionine provides selenium for
selenoprotein biosynthesis via the
transsulfuration pathway but it can
also be diverted into general protein synthesis in place of methionine.18 Therefore the importance of
the complex mixture present in Seyeast cannot be underestimated
since different chemical forms of
selenium have different anti-cancer
effects in rat-cancer models and it
has to be remembered that the anticancer activity of selenium is an
expression of the specific chemical
compounds and not that of the element per se.19,20
Anticancer –
methylation hypothesis
There is some evidence to suggest
that one of the components of Seyeast, namely Se-methylselenocysteine, may have anti-cancer properties.20 In vivo, work has demonstrated the presence of an enzyme that
removes the cysteine leaving a
monomethylated metabolite of selenium. Using a simplified form of
this compound (methylselenic acid)
without the attached amino acid cysteine, in vitro studies showed that
the selenium metabolite inhibited
accumulation, and induced cell
death in a mouse mammary hyperplastic cell line. The authors suggest
that their work supported the
hypothesis that the monomethylated
selenium metabolite is important for
cancer prevention. In contrast,
selenomethionine, the form used in
the SELECT trial, can be incorporated into proteins as a substitute for
the amino acid methionine or
metabolized by conversion to
selenocysteine through transsulfuration, and then to hydrogen selenide
before it is methylated and excreted
(Figure 1). The different fates of the
two forms of selenium used in the
two supplementation studies15,16
may account for the different effects
on risk of prostate cancer.
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Nutritional status and
cancer prevention
Further evidence for the potential
importance of Se-yeast as a cancerpreventive agent has emerged from
a 15-year follow-up21 of the nutrition-intervention trials in Linxian
in China between 1985 and 1991.22
Following the intervention, it
emerged that significantly lower
risks of total mortality and gastric
cancer occurred in Chinese men
and women who received a daily
supplement containing b-carotene
(15 mg), vitamin E (30 mg) and
selenium (50 µg from Se-yeast).
The effect on mortality was mainly
attributable to gastric cancer where
the reduction was first noted within
1–2 years of the start of supplementation and over the five years
there was 21% reduction in relative
risk of gastric cancer (95% CI
0.64–0.99).22
Mortality results are now available
to 2001 and they show lower overall and gastric mortality over the 15
years for the b-carotene, vitamin E
and selenium-supplemented subjects.21 In addition, there was still a
6% lower risk of total mortality
in the supplemented subjects (HR =
0.94, CI 0.88–1.00) for the period
1996–2001 and hazard ratios were
less than 1.0 for most endpoints
but not significant.21 Furthermore
analysis by age over the 15 year
follow-up, showed that most of the
benefits of the supplement were in
those who were younger than
55 year at the time of recruitment.
The differential effect of age supports the suggestion that the nutritional supplement was only beneficial in those early in the course of
carcinogenesis.
It has been suggested that the nutritional supplement reduced the risk
of cancer in the Chinese because
nutritional status was poor in that
part of China.21 Our own studies on

Chinese farmers in Linxian aged
35–64 year at that time certainly
showed that vitamin A, zinc and
riboflavin status was low but there
was little evidence that vitamins E
or C were poor and mean serum
b-carotene concentrations were
almost identical with those of
British people.23 It is unlikely
therefore that the supplement
increased the status of b-carotene
or vitamin E but later work showed
that mean concentrations of selenium in the Linxian people were only
half those in the SELECT trial.24
These authors found also that there
was a significant inverse association between baseline selenium
concentrations and incident esophageal and gastric cancers in the
Linxian trial.
Thus the active ingredient in the
supplement may well have been the
Se-yeast but the selenium status of
the subjects was also important.
One of the criticisms of the
SELECT trial was that it recruited
mainly people whose selenium status was good and that it would have
been better to have done the trial in
Europe where serum selenium concentrations were much poorer.18
Baseline serum selenium concentrations in Linxian were ~74 µg/L
(0.94 µmol/L)24 whereas they
were 135 and 113 µg/L (1.71, 1.43
µmol/L resp.) in the SELECT16
and the National Prevention of
Cancer15 trials, respectively. Thus
poor selenium status and the appropriate selenium supplement may be
necessary to demonstrate a cancerprotective effect.
Inflammation and serum
selenium concentrations
Circulating selenium levels are low
in many diseases but this does not
necessarily imply that selenium is
involved in the pathogenesis of the
diseases. In many diseases, trace
elements, such as zinc and iron or
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vitamins like vitamin A, C, or B6,
fall as part of the acute phase
response.25,26 In the case of selenium, several reports suggest that
selenium is a negative acute phase
reactant25,27,28 and that, in a series
of intensive-care patients admitted
for various clinical conditions, circulating selenium concentrations
were, on average, 40–60% lower
than in healthy individuals. Galloway and colleagues found that the
fall in circulating selenium could
not be explained by increased urinary excretion and suggested that
the distribution of body selenium
may be changed during critical illness.25 Experimental studies supported this suggestion. Injection of
lipopolysaccharide (LPS) in rats
produced significant falls in selenium concentration in plasma
(69.5%) and liver (81.6%) while
selenium content of muscle, kidney,
lung, spleen, heart and thymus
changed very little (< 10%).27
The redistribution of selenium during illness may play a role in the
potentiation of the acute phase
response. Workers reported a reciprocal relationship between low
serum selenium concentrations and
elevated C-reactive protein (CRP)
concentrations in various pathological conditions.29 CRP is one of a
number of acute phase proteins
(APP) that are produced by the
liver in response to tissue injury.
The pro-inflammatory cytokines
interleukin-1 (IL-1), interleukin-6
(IL-6) and tumor necrosis factor-a
(TNF-a) that are released at the site
of injury by macrophages and other
immune cells, activate APP-gene
expression through nuclear factor
(NF)-kB. NF-kB is critical for the
inducible expression of many genes
involved in the immune and inflammatory responses (IL-1, IL-2, IL2Ra, IL-6, IL-8, TNF-a, TNF-b,
IFNb, GM-colony stimulating factor, serum amyloid, a1-acid glycoprotein (AGP)).30 Using a human

cell line derived from a hepatocellular carcinoma to mimic
hepatocytes exposed to TNF-a
or medium from LPS-stimulated
monocytes, Japanese workers investigated the effects of selenium
concentrations on induction of
NF-kB. They found that activation
of NF-kB in the system was maximal at selenium concentrations of
0.5–1.0 µmol/L, that is, half the
serum concentration found in
healthy human subjects and very
similar to those concentrations
found in subjects with elevated
CRP.29 Thus, the reduction in liver
selenium concentrations may well
assist the maximal expression of
the immune and inflammatory
responses by the liver (Figure 5).

tribution of selenium that occurs in
critical illness25 may also be a feature of illness at an earlier stage. So
the low concentrations of serum
selenium associated with cardiovascular disease, HIV, asthma and
others2 may simply be a feature of
the inflammatory response and represent a redistribution of selenium
among the different seleniumrequiring proteins to tailor the
inflammatory response to the specific disease. Thus, great care has
to be taken in interpreting selenium
status from either circulating selenium concentrations or a selenoenzyme activity when inflammation
is present.

Thus, selenium is important in the
immune response and is concentrated in tissues associated with the
immune response, namely spleen,
liver and the lymph nodes.2
Selenium is important in the upregulation of T-cells and in promoting antibody synthesis by B-cells.
However, the functions of selenium
are a consequence of the proteins in
which it is incorporated. The redis-
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Micronutrient Forum Provides
New Platform for Public Private
Partnerships and the
Development of Sustainable
Solutions Fighting Hidden
Hunger
Around the world some two billion people suffer
from micronutrient malnutrition (deficiencies of
vital vitamins and minerals), also known as hidden
hunger, which impacts on individuals’ growth and
development and, ultimately, on economies and
poverty.
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on the theme of ‘Micronutrients, Health, and Development – Evidence-Based Programs.’
The biennial conference focuses on the impact of
micronutrient deficiencies, specifically of vitamin
A, iron, folate iodine, and zinc, on public health and
development. It serves as a platform for collaboration and the sharing of new research and operational
findings for the scale-up of successful micronutrient
interventions. The Forum is a successor to previous
international meetings that focused on single
micronutrients and the related global problems.
DSM’s humanitarian initiative, SIGHT AND LIFE,
was a key sponsor of the event, which was attended
by over 650 delegates from some 90 countries, who
came from academic and research institutions, international agencies, food and ingredient industries,
national ministries, educational institutions, NGOs,
and clinical and community nutrition organizations.
The SIGHT AND LIFE involvement included a
booth that showcased videos and publications, and
sponsored plenary sessions and satellite meetings.
SIGHT AND LIFE also inaugurated the Young
Investigators Award at the Forum, aimed at recognizing young researchers for micronutrient research
that has scientific, policy and/or programmatic relevance, and facilitating interactions between young
investigators, leading scientists and researchers. The
first recipients of the award were Christine Stewart
(USA), Hossain Md Iqbal (Bangladesh), and
Sebayang Susy Katikana (Australia/Indonesia). In
her award-winning lecture, Christine Stewart, from
Johns Hopkins University, reported on her work in
rural Nepal, examining the impact of maternal
micronutrient supplementation on risk factors of
chronic diseases in the next generation.

The SIGHT AND LIFE booth
The 2nd International Meeting of the Micronutrient
Forum took place in Beijing, China, in May and was
an excellent opportunity for knowledge sharing
among scientists, programmers and policymakers
SIGHT AND LIFE Magazine 2009;2:57–60

One of SIGHT AND LIFE’s key contributions to
this year’s Micronutrient Forum was the organization of a panel discussion that brought together
high-level representatives from PepsiCo, DSM,
Unilever, Interflour Group, and Amway to discuss
the role of the private sector in eradicating hidden
hunger and the question of how public-private partnerships could efficiently deliver micronutrients to
those at the bottom of the pyramid. DSM was represented on the panel by its member of the Managing
Board, Stephan Tanda.
SIGHT AND LIFE also organized a well-attended
satellite symposium that highlighted the partnership
between DSM and the United Nations World Food
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Panelists from left to right: Stephan Tanda (DSM), Mehmood Khan (PepsiCo), Jane Badham (JB
Consultancy), Venkatesh Mannar (Micronutrient Initiative), Saskia Osendarp (Unilever), Greg Harvey
(Interflour Group), Jeff Dornoff (Amway)
Programme (WFP) that seeks to create socially
innovative solutions through the use of micronutrient powder (MixMe™) to improve the nutritional
quality of food assistance to refugees and vulnerable populations supported by WFP.
Dr Klaus Kraemer, Secretary General of SIGHT
AND LIFE, remarked, “This year’s Micronutrient
Forum has shown that SIGHT AND LIFE’s leadership role in the micronutrient field goes beyond the

Nutritional Education Should Be
on the Table
Representatives from German political parties, media,
science and industry debated the potential effects of
the economic crisis on the productivity of the next generation at the 2nd Dialogue on Nutrition and Politics on
June 17, 2009, held at the studios of German TV station ARD.
SIGHT AND LIFE organized the event and Dr Klaus
Kraemer emphasized that experience gained in developing countries shows “an inadequate supply of
micronutrients impairs the mental and physical development of children and young people.” Prof. Hans
Konrad Biesalski, a medical nutritionist from the
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creation of awareness and advocacy, and successfully facilitates networks between the public and private sector.” This is critical, as the key take-away
message from the meeting is that success in eradicating hidden hunger will only be achieved through
collaboration between cross-cutting groups and
public-private partnerships that promote and
advance the development of accessible, affordable
and innovative solutions toward eradicating vitamin
and mineral deficiencies around the world.

University of Hohenheim, explained the link between
dietary imbalances and potential vitamin and mineral
deficiencies. Stephan Tanda, from DSM’s Managing
Board, stated that experience in developing countries
has shown socioeconomic status plays a crucial
role in dietary imbalance – a statement backed by
Gerd Häuser, from the organization Bundesverband
Deutsche Tafel.
From the perspective of Ulrike Höfken, a member of
Bündnis 90/Die Grünen and chairperson of the
Parliamentary Committee for Food, Agriculture and
Consumer Protection, although the subject frequently
comes up in political debates, it often falls victim to
arguments about who holds the responsibility. She
called for “this Gordian Knot to be cut” for the good of
the children. Uda Heller, from the Christlich Demo-

Magazine Issue 2/2009

News

kratische Union (CDU) and member of the Parliamentary Committee for Food, Agriculture and
Consumer Protection, emphasized
the important role of nutrition education and the family in ensuring
an adequate diet. Ms Heller also
mentioned positive approaches that
had been established in former East
Germany. There, school canteens,
school gardens and communal
meals promoted the idea of healthy
eating among the children.
Hans-Michael Goldmann, who
spoke on the food policies of the
Freiheitlich Demokratische Partei
(FDP) parliamentary fraction, said
politicians have a leading role to

All the participants agreed that
there is a marked lack of knowledge about nutrients and nutrition
in general among parents as well as
children and young people. In addition, there is too little knowledge
about the nutrient needs of children. One possible solution for this
would be to supervise children’s
nutrient intake from an early age. In
Prof. Biesalski’s opinion, this
should be incorporated into the
series of nine standard medical
examinations routinely undertaken
by the child’s physician during its
early years.
Although Ulrike Höfken had reservations about wide-ranging supple-

no cases of overdosing in the moderate dose range. Indeed, Prof.
Biesalski found it shocking that the
results of the Study would have
been even worse if people had not
resorted to nutrient supplements. In
Mr Tanda’s opinion, fortifying food
could contribute to nutrient intake
and improve health. In the USA,
fortifying foods such as flour with
folic acid led to a reduction in the
rate of death from stroke and
ischemic heart disease by 31,000
fatal strokes and 17,000 fatal heart
attacks a year.
Over the course of this constructive
discussion, the key focus for the
majority of the participants was

From left to right: Hans-Michael Goldmann (FDP), Uda Heller (CDU), Gaby Papenburg (SAT 1), Ulrike
Höfken (Bündnis 90/Die Grünen), Stephan Tanda (DSM), Gerd Häuser (Bundesverband Deutsche Tafel),
Prof. Hans-Konrad Biesalski (University of Hohenheim)
play. He considers courses in nutrition to be sensible since, in many
instances, knowledge of food
preparation has been lost. The representatives of all three parties
agreed that a sensible place to start
would be childcare facilities as
children spend the greater part of
the day in them. But other
approaches are possible and the
subject should be broached “as unbureaucratically as possible,” said
Mr Goldmann.

mentation with vitamins, Prof.
Biesalski did not consider supplements within the dose range recommended for nutrient intake to be
problematic. Noting the German
National Study on Food Consumption (Nationale Verzehrsstudie) finding that the provision of
micronutrients (such as vitamin D,
folic acid, vitamin A, calcium and
selenium) to large sections of the
population is a cause for concern,
he explained that there have been

ensuring health by preventing
potential nutrient deficiencies. But
as Dr Kraemer summed up in his
closing address, this can only be
achieved if those concerned are
given the appropriate information,
“which requires concerted efforts
on the part of all societal groups.”
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Ukraine Government
and NGOs
Committed to
Fighting
Malnutrition
During the roundtable on Improvement of Nutrition in Level 3–4
Orphanages for Disabled Children
in Ukraine, held on June 30, 2009,
in Kiev, malnutrition issues in level
3–4 orphanages for multiply disabled children were presented and
discussed. The roundtable was
organized by the National Assembly
of the Disabled of Ukraine, sup-

News

experts on these issues and to
improve knowledge on the malnutrition issue in the Ukraine. In
February, Dr Kraemer visited a
level 3–4 orphanage for disabled
children to observe the situation
first-hand and commit SIGHT
AND LIFE’s support for therapeutic
feeding in one of the orphanages.
Ukraine’s Deputy Minister of Social
Affairs, Sergij Bychkov, declared
that the next important steps for the
Ukrainian Government will be to
financially support therapeutic
feeding programs in orphanages for
disabled children, improve nutrition, increase the number of staff
members, and invest in the educa-

Participants at the roundtable on malnutrition in Kiev
ported by the Socires Foundation
from the Netherlands and held
in the context of the Dutch
Government’s Matra program.
The positive results of the therapeutic feeding program for disabled
children in four different institutions, and international experience
in the prevention and treatment of
malnutrition stimulated open discussion on this issue. Dr Klaus
Kraemer, Secretary General of
SIGHT AND LIFE presented on
this international experience in
“Preventing Malnutrition,” encouraging representatives from the
Ministries of Health, Social Affairs
and Education to cooperate with
international organizations and
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tion of personnel and policy makers. All participants of the roundtable were committed to further
cooperation to achieve these challenging goals.
Background
There are around 10 million children in the Ukraine, of which
around 177,600 have disabilities.
Approximately 60,000 of these children live in state-run institutions.
Children with disabilities lack adequate services.
There are 23 level 3–4 orphanages
in the Ukraine, with an estimated
5,000 multiply disabled children
living in them. They are the most

vulnerable of the already vulnerable
group of disabled children because
they need special care and highly
skilled and knowledgeable personnel. Most of these institutions are
located in remote locations, where
children live an isolated life.
Caregivers and management do not
have special skills and knowledge in
providing adequate basic care for
multiply disabled children and the
number of staff members is less
than needed. Due to this situation
severely disabled children spend
most of their time in their beds,
without any rehabilitation services,
and face severe problems such as
malnutrition.
This situation encouraged local,
national and international NGOs
working in the Ukraine to combine
efforts and create a network that
would coordinate lobbying activities aimed at improving the situation of children with disabilities in
state-run institutions. This cooperation dates back to the beginning
of 2006, when individuals from
NGOs and churches started piloting therapeutic feeding programs.
This was the start of a process of
awareness-raising and looking for
support from national and international NGOs, UN organizations in
the country, churches, private
companies, politicians and governmental bodies. Several meetings,
conferences and roundtables were
held over the course of three years,
during which cooperation between
the government and civil society
on these issues was stimulated.
Communicated by:
Oleksandra Kalandyak, Children’s
Rehabilitation Centre Dzherelo
Lviv, Ukraine
Email: gubka@lviv.farlep.net
Eric Bloemkolk, Socires/SOFT
Tulip, The Netherlands
Email: e.bloemkolk@socires.nl
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Development Workers’ Training in Vitamin A in
Kathmandu, Nepal
Dear Sir,
Nepal suffers from widespread nutritional deficiencies, reflected in the high rates of micronutrient malnutrition in preschool and school children as well as anemia and night blindness in women of reproductive age.
Although poverty and low levels of education may be
the basic causes, much can be done now to develop
more appropriate nutritional practices and build a
stronger, healthier population for the future.

Training on xerophthalmia prevention
Providing methods to improve nutrition practices at
community and household levels is one of the challenges. Nutrition must be meaningful and practical for
families to capture their interest and motivate them to
action. While much progress has been achieved, more
still needs to be done to combat vitamin A deficiency
(VAD) in the country, with the support of development
workers at the community level. These development
workers from the various grassroots NGOs are the
leaders and change agents in every community.

Kathmandu Valley, areas specifically chosen due to
their high prevalence of VADX. Training objectives
included mobilizing development workers to raise
awareness of VADX in their communities as well as
specific target groups, focusing particularly on prevention, early detection, and timely use of available health
care services. Another objective was to identify children who did not receive a vitamin A capsule during
the most recent mass distribution campaign and find
out why.
Training participants included development workers
from special ethnic groups, such as the Tamang,
Gurung, Lama, Sherpas and other tribal populations
mostly inhabiting the hills surrounding Kathmandu
Valley. These groups were selected due to the level of
deprivation in their socioeconomic, education and
health circumstances. The training took place over
three days, based on a curriculum developed in consultation with nutrition experts. Training modules covered
specific topics and addressed the nutritional needs of
different age groups. While major topics were delivered through lectures, group discussions rounded off
each session to ensure participants were able to understand and apply the learning effectively among themselves. At the end of the training, an evaluation was
performed in the form of presentations on assigned
topics.
The training helped the participants to become fully
aware of the magnitude of the problem of VAD and
invited them to incorporate nutrition knowledge in
their daily lives. It is expected that the training will
help the development workers in sharing knowledge
and raising awareness among the people in their communities on vitamin A and related issues.
Communicated by:
Nirmal Dhungana, Rural Health Education Center
(RHEC), Kathmandu, Nepal
Email: rhec06@gmail.com

With support and guidance from SIGHT AND LIFE,
the Rural Health Education Center (RHEC), a health
NGO in Nepal, trained 25 development workers in the
early detection and management of VAD xerophthalmia (VADX). The participants were from rural and
suburban communities in the northeastern area of
SIGHT AND LIFE Magazine 2009;2:61–64
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Dear Sir,
For decades, Calcutta Rescue has been active in the
fight against vitamin A deficiency in Kolkata, India.
SIGHT AND LIFE’s contribution to this fight is absolutely essential and greatly appreciated by those disadvantaged families that have benefited from it.
Vitamin A supplementation is one of the pillars for
improving the health of malnourished children, and its
crucial role in facilitating proper mental and physical
development is gaining recognition in the medical literature.
Calcutta Rescue works to deliver these supplements to
children and adults who need them on the street and in
the slums of urban Kolkata, as well as in the larger rural
area surrounding the city. Our Street Medicine program
has given 130 doses of vitamin A each week for the last
three years. Approximately 30 of these doses are the
first of five for children new to our services. Our Target
Initiated Program (TIP) delivers 130 doses of vitamin A in urban Kolkata and another 70 doses in areas
covered by our rural TIP outreach program.
Many children in and around Kolkata are getting inadequate amounts of vitamin A due to a combination of

Children from Kolkata
financial constraints on the families, and infections –
especially intestinal parasitic, bacterial, and amoebic
infections – which rob growing children of vitamins
and minerals essential for normal development.
Vitamin A deficiency, in particular, has a strong association with chronic intestinal parasites, which are very
common among Kolkata’s urban poor. At our permanent clinics, and through our street medicine and TIP
outreach programs, Calcutta Rescue treats these infections promptly and regularly deworms children with
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The ambulance of the outreach project of
Calcutta Rescue
albendazole in order to help prevent vitamin A deficiency. We follow up on those who fail to attend the
clinics for their supplements, doing house visits to
ensure that all patients get the vitamins they need.
Despite these efforts, many children still need additional nutritional supplements. That is where SIGHT
AND LIFE comes into the picture. SIGHT AND
LIFE’s donations feed this process of improving nutrition, and ensuring the proper growth and development
of some of India’s poorest residents. Research shows
that vitamin A deficiency is a major
contributor to morbidity and mortality worldwide. Beyond stunting
children’s growth and making them
more susceptible to infection (the
infection-malnutrition cycle), vitamin A deficiency is also an important cause of blindness in children.
Research also has shown that vitamin A supplements for children at
risk can significantly reduce the
chances of damage to sight as well
as help them grow properly and
thrive. The need for these supplements donated by SIGHT AND
LIFE is most apparent in children
who are already hindered by poor
growth, disease, and malnutrition.
We try to ensure that these donations reach children
who are most in need.
We and our patients would like to thank SIGHT AND
LIFE for its generous contribution in the fight against
the cycles of poverty, malnutrition, and hopelessness.
Communicated by:
Jonathan Reisman, Calcutta Rescue, Kolkata, India
Email: reisman.jonathan@gmail.com
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Healthy Eyes Activity Book in Children’s
Summer Personality Development Camp
Dear Sir,

Personality, in simple words, means distinctive personal qualities that help one to establish one’s identity.
A child’s personality develops in a very natural
process, which certainly can be improved by proper
guidance. We have found the HEAB to be a useful tool

SIGHT AND LIFE’s Healthy Eyes
Activity Book (HEAB) in the
Marathi language has created interest in eye care among school children here. The book featured at the
‘Summer Personality Development
Camp’ organized by local NGO
Ravikiran for schoolchildren in
May 2009 in Aurangabad City,
Maharashtra, India.
The personality development camp
aims to help school children in
developing organized patterns of
behavior and attitude that enable
them to master formal skills, relate
with their peers, progress from free
to structured play governed by School children from Aurangabad, Maharashtra, using the HEAB
rules and requiring teamwork, and during summer personality development camp
acquire basic intellectual skills.
Activities include storytelling and games that chal- for guiding behavior change in children that helps
lenge mental and sensory abilities.
them develop personal qualities that identify with
healthy eyes.
With the use of the HEAB, the children participated in
activities through which they learned the important Communicated by:
role of healthy eyes and nutrition in their development. Kailash Baviskar, Ophthalmic Officer, Maharashtra
As ambassadors of our community and the future of University of Health Sciences, Regional Centre
society, the schoolchildren can help to prevent blind- Aurangabad, Maharashtra, India
ness and nutritional deficiencies by learning about Email: kailashbaviskar@yahoo.co.in
these through the entertaining and informative experiences of this summer program.

Zambia National Food and
Nutrition Symposium, April
28–30, 2009
Dear Sir,
Sharing nutrition knowledge is an
integral part of initiatives to promote general health and nutrition.
The nutrition fraternity in Zambia
held a 3-day symposium on the
theme Food and Nutrition in the
21st Century: Challenges for
Zambia, which way forward? on
April 28–30, 2009, in Lusaka.

Providing a forum for sharing
experiences, disseminating research information, critiquing current policies and programs, and
charting a way forward for improving the food and nutrition situation
in the country, the symposium
focused on the following thematic
areas:
• National Food and Nutritional
Policy, Monitoring and Research
• Nutrition and Health
• Nutrition Education and
Promotion

• Food Security and Emergency
• Food Science and Technology
The Symposium was held at the
Mulungushi International Conference Center in Lusaka. Participants included all stakeholders
and partners, including the
Ministries of Health, Agriculture,
Education, and Defense and Home
Affairs, local nutrition groups,
United Nation Systems agencies in
Zambia, Care International, and
Dutch Church Aid. Over 160 people attended the program. Minister
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of Health Dr Kampembwa Simbao opened the program as the Guest of Honour, after which Nutrition
Association of Zambia Director Dr Drinah Nyirenda
delivered the keynote address and vote of thanks.
The experience of the Malawian nutritional intervention was presented by Dr Mary Shawa, the Nutrition
and HIV/AIDS Secretary under the Office of the
President in Malawi. The nutrition situation improved
in Malawi through the involvement of the top leadership and it was further highlighted that, to date,
Malawi’s nutrition fraternity receives good budgetary
allocations that make it easy to carry out nutrition
activities.
As participants deliberated on the symposium’s various thematic areas, it was highlighted that Zambia’s
National Food and Nutrition Policy has not been
accessible to all stakeholders and, as such, no collaborations have been sustained between stakeholders on
these issues. Participants acknowledged that the
National Food and Nutrition Commission (NFNC) was
created under the Ministry of Health by an act of
Parliament to oversee nutrition and health activities.
However, participants found it difficult to understand
the operations of the NFNC and members felt that
NFNC should have been given a wider sphere to operate, hence making sure that all members of the nutrition fraternity are guided in the implementation of
activities. It was further noted that this sector is receiving low budgetary allocations and, as such, this makes
it difficult to carry out interventions effectively and
efficiently.
The Symposium produced recommendations on all
the above concerns to be presented to the Minister of

School atmosphere in Zambia
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Health, Parliament and possibly the President. It was
felt that, if this was done, nutrition activities would
be recognized and prioritized. The NFNC director
officially closed the symposium on behalf of the
Minister of Health and thanked all sponsors and participants.
This activity was well carried out. I felt like I was one
of the organizers as I freely gave out copies of the
SIGHT AND LIFE Magazine. At some point, I asked
the organizers to provide me with a table in the
exhibitors’ lounge, where I displayed the magazines –
all copies of the Magazine were gone by the end of the
day.
It was very important for me to attend the symposium,
most especially coming from a Nutrition Group background under the NFNC. It clearly showed me that
there is still a lot to be done and that we need to broaden our operations as a group, strengthen links with
stakeholders, and find more partners for material and
financial support since the nutrition fraternity at large
in the country does not receive adequate funding. It is
in this vein that I would like to thank SIGHT AND
LIFE for making it possible for me to be part of this
very important agenda in the country, which will be
felt even beyond our generation.
You are really partners in nutrition.
Communicated by: Halumba Munachonga, Ndola
Nutrition Group, Plot 1346, Nkana Road, P.O. Box
71470, Ndola, Zambia
Website: www.geocities.com/ndolanutritiongroup
Email: ndolanutritiongroup@yahoo.com /
hmunachonga@yahoo.com
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Editor’s note: SIGHT AND LIFE reviews 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 privileged access to them.

Global Prevalence of Vitamin A Deficiency in
Populations at Risk 1995–2005: WHO Global
Database on Vitamin A Deficiency
WHO. Global Prevalance of Vitamin A Deficiency in
Populations at Risk 1995–2005: WHO Global
Database on Vitamin A Deficiency. Geneva: World
Health Organization, 2009.
In 1987, the World Health Organization (WHO) estimated that vitamin A deficiency was endemic in 39
countries based on the ocular manifestations of xerophthalmia or deficient serum (plasma) retinol concentrations (< 0.35 µmol/L). In 1995, WHO updated these
estimates and reported that vitamin A deficiency was of
public health significance in 60 countries, and was likely to be a problem in an additional 13 countries. The
current estimates, detailed in this publication, reflect
the time period between 1995 and 2005, and indicate
that 45 and 122 countries have vitamin A deficiency
of public health significance based on the prevalence of night blindness and biochemical
vitamin A deficiency (serum retinol concentration
< 0.70 µmol/L), respectively, in preschool-age children.

Global Prevalence of Vitamin A Deficiency in
Populations at Risk 1995–2005: WHO Global Database
on Vitamin A Deficiency utilizes data from the WHO
Global Database on Vitamin A Deficiency, which is
part of the VMNIS, developed by the Reduction of
Micronutrient Malnutrition Unit in the Department of
Nutrition for Health and Development. The report provides an overview of vitamin A deficiency; describes
the criteria used in interpreting the findings of the surveys and the methodology developed to generate
national, regional, and global estimates; and VAD
prevalence by country and WHO regions.
SIGHT AND LIFE, the Micronutrient Initiative, the
Government of Luxembourg, the US Centers for
Disease Control and Prevention provided financial support for the database and the report.
To download the report, please visit
h t t p : / / wh q l i b d o c . wh o . i n t / p u bl i c a t i o n s / 2 0 0 9 /
9789241598019_eng.pdf

As part of its mandate to provide information on the
health status of the population at the global level, the
Department of Nutrition for Health and Development
under the World Health Organization (WHO) initiated
the Vitamin and Mineral Nutrition Information System
(VMNIS) in 1991. The VMNIS includes three databases related to three micronutrient disorders of public
health significance globally: iodine deficiency, iron
deficiency and anemia, and vitamin A deficiency
(VAD). The VMNIS aims to assess the status of the
population at the global level in order to increase the
awareness of the public health community and policy
makers, evaluate the impact of interventions and measure progress towards international goals, compare data
between countries, track changes over time, and
increase the capacity of countries to manage health data
related to micronutrients.
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Investing in the Future: A United Call to Action
on Vitamin and Mineral Deficiencies
FFI, GAIN, MI, UNICEF, USAID & WHO. Investing in
the Future: A United Call to Action on Vitamin and
Mineral Deficiencies. Ottawa: FFI, GAIN, MI,
UNICEF, USAID & WHO, 2009. Internet:
http://www.unitedcalltoaction.org/documents/Investing
_in_the_future.pdf (accessed July 24, 2009)
Around the world, billions of people live with vitamin
and mineral deficiencies. Approximately one-third of
the world’s underfive children are vitamin A-deficient
and ill-equipped for survival, and iron deficiency anemia during pregnancy is associated with 115,000
deaths each year, accounting for one-fifth of total
maternal deaths. When whole populations suffer from
malnutrition, including a lack of critical vitamins and
minerals, nations cannot fulfil their potential: Healthcare costs rise, education efforts are thwarted, the
workforce is less capable and productive, and economic activity is curtailed.
Encouragingly, national governments, donors, science
and industry, working together, have made huge strides
in delivering cost-effective solutions to vulnerable
populations. These successes, if further scaled-up,
present opportunities to improve the lives of those who
have thus far not been reached.
Investing in the Future: A united Call to Action on
Vitamin and Mineral Deficiencies was officially
launched on May 12, 2009, at the 2nd International
Meeting of the Micronutrient Forum in Beijing, China,
and represents an inter-agency call for more coordinated efforts in this field. The report’s development
included high-level participation from the Flour
Fortification Initiative (FFI), the Global Alliance for
Improved Nutrition (GAIN), the Micronutrient
Initiative (MI), the United Nations Children's Fund
(UNICEF), the United States Agency for International
Development (USAID), the World Bank, and the
World Health Organization (WHO), and its development and production was financially supported by the
Government of Canada through the Canadian
International Development Agency (CIDA).
The causes of vitamin and mineral deficiencies are
multiple and interconnected. At the most basic level,
the problem is related to diet, and it is made worse by
inadequate health care and sanitation, disease, and a
lack of education in infant and childcare. Improving
the diets of the world’s poor would resolve most vitamin and mineral deficiencies. However, it is a com66
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plex and long-term undertaking, and requires sustainable broad-based partnerships between the public, private and NGO sectors.
As the global financial crisis unfolds and available
funds from all sources are shrinking, the need for
development assistance is expanding at an alarming
pace. It is more important than ever that priority for
investments goes to measures that yield the highest
rates of return. Micronutrients are inexpensive commodities and micronutrient initiatives can easily be
integrated into ongoing health services, or into existing
methods for food production.
The low cost of interventions and their high returns in
improved capacity have been endorsed by the
Copenhagen Consensus panel of eight of the world’s
most distinguished economists in 2008, which ranked
the provision of micronutrients as the world’s
best investment for development. Achieving the
Millennium Development Goals by 2015 will require
strategic vision on the part of all those with resources
to invest. Much is already understood about early
nutrition needs and what works. Commitment and dollars, supported by strong partnerships, will extend the
reach of micronutrient interventions and leave no one
behind.
To download the report, please visit
http://www.unitedcalltoaction.org.
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Recommendations on Wheat and Maize Flour
Fortification. Meeting Report: Interim
Consensus Statement
WHO, FAO, UNICEF, GAIN, MI, & FFI.
Recommendations on Wheat and Maize
Flour Fortification. Meeting Report: Interim
Consensus Statement. Geneva, World
Health Organization, 2009. Internet:
http://www.who.int/nutrition/publications
/micronutrients/wheat_maize_fort.pdf
(accessed July 24, 2009).
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other flour products by people in many countries.
Fortification of industrially processed wheat and maize
flour, when appropriately implemented, is an effective,
simple, and inexpensive strategy for supplying vitamins and minerals to the diets of large segments of the
world’s population.
To download the statement, please visit
http://www.who.int/nutrition/publications/micronutrients/wheat_maize_fortification/en/index.html.

Leading public- and private-sector nutrition, pharmaceutical and cereal scientists and milling experts from
around the world gathered in Stone Mountain, GA,
USA, on March 30–April 3, 2008, for the Second
Technical Workshop on Wheat Flour Fortification:
Practical Recommendations for National Application.
The workshop, a follow up to the first technical workshop in 2004, set out to provide guidance for countries
considering national wheat and/or maize flour fortification with iron, zinc, folic acid, vitamin B12 and vitamin A, and to develop guidelines on formulations of
premix based on common ranges of flour consumption. A secondary aim was to agree on the best practices guidelines for premix manufactures and millers.
This Interim Consensus Statement, which reflects the
position of the World Health Organization (WHO), the
Food and Agriculture Organization of the United
Nations (FAO), the United Nations Children’s Fund
(UNICEF), the Global Alliance for Improved Nutrition
(GAIN), the Micronutrient Initiative (MI) and the
Flour Fortification Initiative (FFI), is based on the scientific reviews prepared for the 2008 workshop and is
intended for a broad audience, including the food
industry, and scientists and governments involved in
the design and implementation of flour fortification
programs.
Wheat and maize flour fortification is a preventive
food-based approach to improve a population’s
micronutrient status where vitamin and mineral deficiencies are public health problems, and should be
considered when industrially produced flour is regularly and widely consumed in a country.
Wheat and maize flour fortification programs could be
expected to be most effective in achieving a public
health impact if mandated at the national level.
Worldwide, over 600 million metric tons of wheat and
maize flours are milled annually by commercial roller
mills and consumed as noodles, breads, pasta, and
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