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Paramount among the challenges to our ability to address the role of food and nutrition in health promotion and disease prevention is how to design and
implement context-specific interventions and guidance. The Integration to Effective Implementation (Hto-l) concept is intended to address the complexities of
the global health context through engagement of the continuum of stakeholders involved in the food and nutrition enterprise. The 2014 Micronutrient Forum
(MNF) Global Conference held in Addis Ababa, Ethiopia, in June 2014 offered the opportunity to apply the -to-l approach with the use of current concerns
about the safety and effectiveness of interventions to prevent and treat iron deficiency (ID) as a case study. ID is associated with a range of adverse outcomes,
espedially in pregnant and nonpregnant women, infants, and primary school-age children. Strategies to combat ID include iron supplementation, multiple
micronutrient powders, and food-based interventions to enhance dietary iron intake. Recent reports indicate potential increased adverse risks when iron is
provided in areas with high infection burdens (eg, malaria). This paradox has weakened iron intervention programs. Furthermore, the selection and
interpretation of available biomarkers for assessing iron nutrition have been found to be compromised by the inflammatory process. These issues highlight the need

for a comprehensive approach that considers basic biology, assessment, interventions, and how these can be translated into appropriate programs and policies. The
application of the Ho- with the use of the MNF offered an opportunity to explore how that might be achieved. Adv Nutr 2016;7:135-48.
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Introduction
Malnutrition (overnutrition, undernutrition, or both) is in-
creasingly recognized as a complex problem with multiple
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social, cultural, and biological determinants. The context
in which programs to address malnutrition and the many as-
sociated health implications are becoming increasingly com-
plex (1) with continuing pandemics of infectious disease;
exploding epidemics of obesity, including the dual burden
of overnutrition and undernutrition; and noncommunica-
ble diseases (NCDs) all superimposed on an evolving envi-
ronment of food insecurity (2), nutrition transition (3),
and climate change (4). Figure 1 is a conceptualization of
this complex global scenario, including 2 potential media-
tors of these interactions, the human gut microbiome (5),
and inflammation (6). This conceptualization also includes
a recognition of the significance of these relations across
the life cycle, with specific reference to the emerging
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FIGURE 1 Nutrition transition, colliding
epidemics, and health: a research agenda.
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consensus about the importance of nutrition to the develop-
mental origins of health and disease hypothesis (7).

In addition to the biological complexity outlined in Figure
1 is the reality that all of these relations are superimposed on
an additional layer of complicated social, behavioral, and eco-
nomic factors that must also be considered in providing both
patient care and implementation of context-relevant pro-
grams and policies. This complexity demands a more com-
prehensive view of nutrition as something more than too
much or too little. Our ability to effectively respond to this
complexity demands an integrated approach that is informed
by evidence, through the continuum of biological mecha-
nisms, to the many economic, food/agricultural, social, cul-
tural, and health system factors that modify the potential
for programs, implications for clinical care, and population-
based policies and programs.

In response to a growing recognition of the importance
of food and nutrition as integral components of health
and global development targets, a number of efforts were
initiated to address various aspects of this agenda. These in-
clude facilitating better prioritization and coordination at
the global and country level (Scaling Up Nutrition) move-
ment (8) and better integration of nutrition into the agricul-
ture sector (Feed the Future) (9). Another priority that
underlies many of these efforts is a better understanding
and targeting of programs to address critical periods in the
life course, most prominently, the 1000 Days, focused on
needs during pregnancy and the first 2 y of life (10). The
complexity of the problems being addressed, the need for ef-
fective solutions, and the growing number of organizations
and groups linked to the nutrition field have created a need
for a framework to structure our approach to addressing nu-
trition more holistically and a forum to bring together the
breadth of the players who are or will need to be involved
to substantially accelerate progress in nutrition.

The Integration to Effective Implementation (I-to-D"
was developed in response to this growing need and was ap-
plied as a framework with the use of the issue of iron defi-
ciency (ID) prevention and control strategies as a case
study, via the opportunity provided by the 2014 Micronutrient
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Forum (MNF) Global Conference (11). In this review, an
overview of the I-to-I framework, as applied to iron, is pre-
sented along with a summary of the key issues addressed
during the MNF session series.

I-to-I

As highlighted in the section above, the global health com-
munity is confronted by a complex health context, particu-
larly as it pertains to the role of food and nutrition (1).
However, despite the relatively strong body of evidence on
what works in nutrition, this evidence is not generally trans-
lated effectively into interventions to address the complex
nature of these problems. In addition, the food/agricultural,
social, cultural, health systems, and environmental (physical
and economic) factors that modify the potential of effica-
cious interventions to improve nutrition are not adequately
accounted for either clinically or programmatically. The
I-to-I approach aims to frame the conversations necessary
to engage the full continuum of expertise from sound bio-
logical principles to consideration of the contextual factors
that influence food- and nutrition-related behaviors, pro-
grams/policy, and the systems through which safe and effec-
tive interventions are delivered.

Foundation of nutrition in biological systems. The ability
to fully integrate nutrition into all aspects of health promo-
tion, disease prevention, and treatment and into efforts to
improve food security requires a comprehensive view of nu-
trition that goes beyond exposure and includes interactions
within a myriad of processes (e.g., digestion, absorption,
transport, etc.) and biological systems (e.g., immune, neuro-
logic, etc.). Inherently, the relations between nutrition and
these systems are reciprocal, such that anomalies at any point
in these processes or systems can have an impact on nutrition
and vice versa (6, 12). An appreciation of this reciprocity is
key to enable the development of safe and effective interven-
tions. In addition, a fuller understanding of nutrition from a

'> Abbreviations used: ID, iron deficiency; IDA, iron deficiency anemia; I-to-l, Integration to
Effective Implementation; MNF, Micronutrient Forum; MNP, micronutrient powder; NTBI,
non-transferrin-bound iron.



biological systems perspective will also enable us to identify bet-
ter tools (biomarkers) to further explore nutrition both in terms
of its role in health and as an outcome of interventions (13, 14).

Nutrition of individuals is influenced by multiple factors
beyond biology. Habicht et al. (15) conceptualized how we
might incorporate a cultural-ecologic model as a framework
for the determinants of nutrition. Their approach highlights
the notion that comprehensive and sustainable success at
improving nutrition must involve the primary systems by
which individuals access nutritious foods and services, spe-
cifically the agriculture and food systems. This model also
recognizes the critical role for the private sector as the pri-
mary food source for most of the population in most coun-
tries around the world. Failures in these systems and the
elevated needs of individuals during specific ages and life
stages also necessitate complementary actions across other
social and health sectors. Information on food availability
and access, the stability and consistency in the food supply
to meet the needs of the population, and recent data on the
nutrition and associated health problems are needed to ade-
quately address nutritional challenges and to inform policy
and program development. Because countries grapple with
complex food and nutrition landscapes, a conversation is needed
between technical agencies, academic/research leaders, funders,
implementing agencies, nongovernmental organizations, and
the private sector at country and global levels.

Health systems as the primary interface between individ-
uals and potential targeted nutrition interventions Be-
cause individuals access the health systems via diverse
entry points, a need exists for both a better understanding
of the importance of nutrition within segments of these sys-
tems and a coordination among these sectors such that indi-
viduals might receive the appropriate referrals or interventions
as needed. The ability to provide safe and efficacious interven-
tions and standards of care is contingent on knowledge of the
nutrition issues that require attention, the importance of these
issues, and potential interventions to address them at all levels
of the health system (16). This dialogue must include a con-
tinual reassessment of the nutrition and health situation, rel-
evance of existing programs, and an examination of whether
a need exists for new programs in health promotion and dis-
ease prevention.

In essence, a need exists for a systems approach that in-
cludes biological systems, cultural-ecologic systems, and
those systems within the public infrastructure intended to
provide services throughout all components of the clinical
and population-based care and service continuum.

In an attempt to develop a conceptual framework for such
an effort, and to begin this conversation, the I-to-I concept was
developed. The overarching goals of the I-to-I concept are to
address critical aspects of the biology of nutrition as it per-
tains to specific clinical or population-level challenges; de-
termine what is needed (e.g., identification of research
gaps, new tools, new approaches/interventions) to address the
challenge that are based on realities on the ground; foster a

meaningful dialogue between countries, implementing agencies,
private sector, donors, and civil society to address the many
contextual factors that influence nutrition and the potential
for effective programs; and initiate a process to develop ef-
fective strategies that integrates an appreciation of the evolv-
ing science of nutrition with contributions of the attributes
from all the stakeholders that would be needed for successful
implementation.

In application, I-to-I would identify situations and be
able to suggest how to responsively move the science for-
ward with an appreciation of the relevant contextual issues,
along with how to best use the respective resources of differ-
ent agencies/organizations to reach a common goal.

MNF Goals and Objectives
The newly revitalized MNF is intended to serve as an um-
brella for global efforts to contribute to improved nutrition
and health through improvements in micronutrient intakes,
and so status, of the world’s populations. The MNF is intended
to accomplish this by fostering the generation, dissemination,
and utilization of evidence that responds to clinical, policy
needs, and programmatic gaps and by advocating for the col-
laboration, commitments, and investments needed to ensure
that effective programs reach all those in need and that filling
the evidence gaps that limit the ability to do so are prioritized.
The overarching theme of the 2014 MNF Global Confer-
ence held in Addis Ababa, Ethiopia, in June 2014 was bridg-
ing, that is, recognizing the continuum of effort from
research and translation of new data to evidence-informed
programs and policies, and developing processes by which
the requisite connections can be made among stakeholders
in country and globally to most effectively move the nutrit-
ion agenda forward. To achieve this theme the MNF 2014
was divided into 4 tracks (Textbox 1).

Pulling It All Together: I-to-I

The synergy between the I-to-I concept and the bridging
theme of the MNF forum presented an opportunity to dove-
tail these concepts. The goals of applying the I-to-I concept
to the MNF were as follows:

Present the scientific evidence underpinning existing or new pro-
grams/policies (e.g., new WHO guidelines on specific aspects of the
MNF agenda), including discussions of how to address overlap. For
example:

Program or intervention development/implementation/evalua-
tion in areas where food insecurity, micronutrient malnutrition
co-exist with pandemic infection, NCDs, or,

Explore advances and additional need for coordination of efforts
[e.g., President’s Emergency Plan for AIDS Relief (16), Feed the Fu-
ture (9), rollout of new WHO guidelines], and integration of nutrition
interventions into existing health/agriculture/economic development
systems.

Discuss opportunities to support health promotion and disease
prevention at point-of-care and population levels.

Discuss strategies for integration of these efforts at health system/
country level.

Describe capacity needs and obstacles to implementation.

Identify needs to facilitate effective integration and implementation.
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TEXTBOX 1

status and its health and functional consequences.

into effective policies and programs at scale.

MICRONUTRIENT FORUM 2014 ORGANIZED INTO 4 LINKED TRACKS

Track 1 focused on updating knowledge on currently recommended methods of defining the magnitude and dis-
tribution of micronutrient deficiencies and highlighted and explored advances in prevalence estimations and bio-
markers for nutritional assessment and gaps in information.

Track 2 provided updates on evidence of the efficacy and effectiveness of interventions to improve micronutrient

Track 3 focused on the challenges and experiences of taking evidence-based interventions and translating them
Track 4 focused on stakeholders and their role in creating and enabling environments, including issues related to

political will, leadership, and capacity development; defining responsibilities and obligations; and innovative financ-
ing needed to ensure the sustainability of efforts to address micronutrient deficiencies in countries and globally.

Case Study Application of the I-to-1 Approach
to the MNF: Iron

Background to the iron issues. ID remains the most prev-
alent global nutritional deficiency, affecting >1 billion peo-
ple (17). In addition to the primary causes of ID, which
includes inadequate intake of iron-rich foods and high in-
take of absorption inhibitors, the elevated needs of specific
groups, such as women, infants, young children, and adoles-
cents, require adequate prevention and ID control. These
present a number of additional challenges and exemplify
the need for integration of what we know to support effec-
tive implementation strategies (Textbox 2).

Many of these issues coalesced in 2006 with the publica-
tion of the results of a large randomized controlled trial that
challenged the view that iron supplementation to young
children in malaria endemic settings was safe. The release
of this report stimulated a series of responses to the chal-
lenge of delivering safe and effective interventions to prevent
and treat ID in settings with endemic infection, most prom-
inently malaria. The study documented a set of adverse out-
comes in children who were not iron deficient but were
administered iron supplements in a highly malaria endemic
area of east Africa (18).

Although the question of adverse effects of supplemen-
tary iron given to those not iron deficient was not new
(19-21), these results influenced both prevention and treat-
ment programs and focused the global discussion on ques-
tions about the current approaches to iron. The response to
this study included a reassessment by the WHO and UNICEF
of the existing approaches to address ID. In essence, the re-
vised guidance was to continue population-based preven-
tive programs as recommended in non-malaria endemic
regions and to move to a targeted approach on the basis
of individual screening in areas of endemic malaria (22) or,
at a minimum, integration of anemia control with malaria
control programs.

This approach engendered great confusion at local, re-
gional, and global levels both in terms of implementation
(were supplements safe and if not what were the best alter-
natives?) and risk assessment (how to assess safety and ben-
efit of iron in such settings?). Furthermore, the strategy
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relied on screening for risk of ID by assessing for anemia. In-
creasing data indicate that anemia is a nonspecific indicator
of iron status, especially in the malaria endemic contexts in
which this strategy was to be deployed.

In response to this conundrum, a partnership was ini-
tiated between the Bill and Melinda Gates Foundation
and the Eunice Kennedy Shriver National Institute of
Child Health and Human Development/NIH, that was
designed to address the following 3 core questions: I)
what are the mechanisms that could explain how iron
might negatively affect the health of women, infants,
and children in the context of malaria and other infec-
tions; 2) how best to assess iron status and function in
the presence of infection/inflammation; and 3) what are
the safest and most effective means of preventing and
treating ID in such settings?

The project has included the development of an evi-
dence-informed technical report to support efforts of the
WHO and others in their development of new guidance,
(23) along with a number of research projects to address
key elements of the core questions outlined in the previous
paragraph. Another piece of the project was to develop an
approach by which the larger community might be engaged
in a consultative process to provide additional perspective to
these issues. This element became the I-to-I project, and its
application became the collaboration with the MNE

The following are summaries of the sessions of the MNF
through which the iron thread was woven. The summaries
represent the key elements of the presentations and the dis-
cussions. They are not intended as comprehensive reviews of
the subject of iron but rather the key issues identified by the
speakers and the audience to iron across the spectrum of the
4 program tracks (Textbox 1).

Iron: from basic biology to policy and program imple-
mentation. As outlined in Textbox 1, the structure of MNF
offered a unique opportunity to follow the iron thread through
each of the tracks, concluding with a candid conversation with
country representatives, UN agencies, and key stakeholders.
The following sections are summaries of those sessions,
some suggested approaches, and next steps.
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TEXTBOX 2 CHALLENGES PRESENTED BY IRON

Incomplete/evolving understanding of iron homeostasis (e.g., the emerging importance of hepcidin)
Route of administration: oral supplements compared with food-based supplements (role of non-transferrin-

Effect of infection and inflammation (acute compared with chronic) on iron homeostasis

Role of the microbiome in iron metabolism and vice versa

Anemia: continued use of anemia prevalence as proxy for iron deficiency, despite evidence for multiple causes be-
What happens in the transition from deficient to replete in terms of risk and safety of iron, particularly in the
Moving beyond anemia as an index of iron status or trigger for iron intervention programs

Better approaches to understand the other determinants of anemia to avoid the potential of providing iron to
Distinguishing between markers of status in otherwise healthy patients/populations and those that reflect function
Impact of inflammation on selection, use, and interpretation of iron biomarkers

Markers that reflect iron nutrition as opposed to iron physiology and response to other conditions on iron status,

Appropriate uses for supplements (pills/liquids) for prevention and treatment of iron deficiency

Safe approaches to prevention of iron deficiency, including improved appreciation of contextual and biological

How to determine risk/benefit to support best practices for addressing iron and health

How to develop evidence-informed guidance that includes an appreciation of all of the above

How to synthesize such guidance at regional and country levels in a manner that is not confusing and still imple-
mentable within the health context of specific countries and health delivery systems

Session Summaries
Evidence, assessment, and interventions: why, what,
and for whom?

Combined Tracks 1 and 2 session: Determining the
risks and benefits of iron interventions, including rec-
ommended assessment methods and critical review of
the need for individual level assessment

This was presented as a joint plenary session that combined key
elements of Tracks 1 and 2. The talks included 2 focused on as-
sessment/biology and function implications of iron and a talk on
current strategies for intervention. The session concluded with an
overview of program and policy implications, at clinical and pop-
ulation levels, of current approaches to prevent and treat ID.

Iron biology and assessment. The biology and clinical con-
sequences of ID continue to present a number of daunting
challenges. Prominent among these are the complexity of
anemia and the impact of inflammation on iron assessment,
both of which have implications for solutions to iron as a
clinical and public health problem.

Anemia contributes 8.8% to the global burden of years
lived with disability (24). Yet, despite the existing knowledge

about the biology and potential determinants of anemia, few
studies were conducted in low-income settings to compre-
hensively address these issues. Daily iron supplementation
as a strategy for controlling anemia was evaluated systemat-
ically via a meta-analysis of randomized controlled trials in
children 4-23 mo of age (25). These analyses found that, al-
though supplementation decreased anemia by 40% overall,
in malaria endemic areas the impact is smaller (only 30%)
(25), thereby emphasizing the likely variation in contribu-
tion of ID to the burden of anemia and highlighting con-
cerns about efficacy of iron supplementation under specific
conditions.

Studies have heightened attention to an evolving under-
standing of iron physiology and homeostasis. The master
regulator of iron metabolism, hepcidin, exemplifies a com-
plex interplay between nutrition, immunity, and erythropoi-
esis in iron metabolism. Elevated hepcidin prevents iron
absorption and recycling, whereas suppressed hepcidin facil-
itates these processes. Hepcidin synthesis is induced not only
by iron stores but also directly by inflammation (especially
IL-6) (26) and represents a component of the innate im-
mune response (27). Results from a recent study in Gambia
support the potential value of hepcidin as a predictor of
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erythrocyte iron incorporation (28). For example, hepcidin
concentrations may have utility in identifying children who
were able to use and incorporate >20% of the administered
iron into erythrocytes (29).

Because it reflects iron status, inflammation/infection,
and erythropoeitic signals, measurement of hepcidin con-
centrations could be used to identify the window when
iron might be safely given to individuals facing repeated in-
fection (30). To most effectively explore these relations, a
need exists to establish harmonized assays and to develop in-
ternational reference material to enable reporting hepcidin
concentrations along a single, non—assay-specific scale (sim-
ilar to ferritin).

Future research could assess the potential to manipulate
hepcidin to enhance recovery from ID anemia (IDA) (30),
particularly in the context of infection, including malaria.
Evidence now exists to support the potential utility of hep-
cidin as a marker for diagnosis and screening for the ability
to distinguish between children with IDA and anemia of in-
flammation (29). However, further research is required to
establish harmonized assays and international reference ma-
terials and to develop low-cost near-patient assays before
presupplementation screening could be deployed.

Finally, it is incontrovertibly clear that humans, along
with most other animals, have evolved an intricate system
to withhold iron from the circulation during periods of in-
fection (the hepcidin-ferroportin axis) as protection against
the many iron-dependent pathogens that act as potent iron
scavengers (27, 30). Although the essentiality of iron for hu-
man health is irrefutable, in settings of high infection burden
and in light of what we know about the iron-pathogen nexus,
an approach is needed to achieve optimal iron nutritional sta-
tus that does not put people at risk by overriding an innate
system intended to protect against infection. The evolution
of our current understanding about iron thus raises the bar
to use and expand the extant evidence to develop risk-benefit
assessments that can account for both the importance of iron
nutrition and the potential adverse outcomes, particularly in
the context of infection.

Functional impact of iron malnutrition. It is estimated
that upward of 200 million children <5 y of age fail to reach
their cognitive potential as a result of poverty and poor nu-
trition, resulting in an estimated 20% income reduction
(31). ID and IDA were among the nutrition risk factors iden-
tified as affecting neurobiology (e.g., myelination, neuro-
transmitter metabolism, etc.), during early childhood and
prenatally as well (32). The impact of iron may be better un-
derstood if viewed from the perspective of 3 development
stages, prenatal, postnatal (infancy through adolescence),
and in women of reproductive age. Some of the key issues
relative to these critical periods of development are high-
lighted in Textbox 3.

Clearly, the challenge is to establish and implement guid-
ance to prevent and treat ID and IDA and to support the
maintenance of iron nutrition to optimize neurologic devel-
opment for infants and school-age children. The literature is
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also replete with studies documenting the impact of IDA
during childhood on lower scores on learning tasks, lan-
guage learning, and motor development. Most individual
studies document a reversal of these effects after iron supple-
mentation, results appear to be age dependent (i.e., most
consistent positive cognitive effects are seen in children >2 ).
It is suggested that this inconsistency may be a result of popu-
lation heterogeneity and that the positive findings more often
reported in older children and adolescents indicate that, al-
though there may be a critical period before which untreated
ID/IDA may be irreversible, insults after that period may be
more amenable to remediation. Thus, early detection of risk
and prophylaxis becomes an even greater public health pri-
ority for infants and young children.

The overall message is that ID and IDA have important
and long-term functional implications irrespective of when
they occur during the life course. Clearly, the most vulnerable
in terms of immediate and long-term impact are infants
and young children faced with the prospect of irreversible
deficits in cognitive/neurologic development in the absence of
effective and safe remediation during critical periods of
development.

Interventions to address ID and anemia: are they the
same? The global burden of anemia analyses indicate that
IDA constitutes only about one-half of the burden of anemia
in many low-income countries (24). Other important con-
tributors to the burden of anemia include hemoglobinopa-
thies and infection (40). The 3 primary iron intervention
strategies are iron supplementation, food fortification, and
food biofortification. Some selected examples of studies
that have addressed the safety of iron interventions are pro-
vided in Textbox 4.

The answers to 2 fundamental questions, 1 methodologic
and 1 biological, may help weigh the cost/benefit of iron
supplementation: 1) Can nutritional IDA be specifically
identified in settings with inflammation/infection? and 2)
How does iron status (reflecting stores plus circulating
levels) predict either risk or benefit to health?

In terms of methods, a main challenge to our under-
standing of the role of various iron interventions is the in-
compatibility of studies because of the number of iron
biomarkers used [e.g., serum ferritin, soluble transferrin re-
ceptor, and zinc protoporphrin], all of which are also af-
fected by inflammation and infection. Formerly, serum
ferritin was a recommended biomarker for assessing popu-
lation iron status, because it showed large and consistent re-
sponses to iron interventions (53). However, in light of
advances in understanding iron physiology and assessment,
particularly in the context of inflammation and infections,
its view as a recommended biomarker is being challenged.

In terms of the biology, the evidence from studies that
involve iron interventions other than supplements [e.g.,
multiple micronutrient powders (MNPs) with iron, iron-
fortified foods] is inconclusive. Although there is an as-
sumption that these food-linked interventions may be safer
than supplements in the context of higher stores, the safety
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Infancy

These effects appear to persist into adulthood (35).

iron deficient were reported (36).
Women of reproductive age

TEXTBOX 3 FUNCTIONAL IMPLICATIONS OF IRON MALNUTRITION ACROSS KEY

Evidence exists to support a positive association between iron status during the first trimester and temperament/
behavior at 3 mo of age (LE Murray-Kolb, unpublished results, 2014).

Results from a large trial in Nepal indicate improved intellectual and fine motor functioning among 7- to 9-y old
children whose mothers were given iron/folic acid supplementation compared with placebo (33).

Lozoff et al. (34) reported that in children who were iron deficient during infancy and followed for 19y, the effects
of ID in infancy persisted in terms of lower cognition test scores in adolescence, despite remediation of the ID, and
the impact was doubled for those with lower socioeconomic status.

Potential for adverse effects on cognitive outcomes later in life of iron supplementation in infants who may not be

Murray-Kolb and Beard (37) reported that a decrease in 3 cognition domains (learning, memory, and attention) in
young women with ID anemia, which improved with iron treatment.

ID in the absence of anemia was reported to affect some aspects of cognitive function (38).

Murray-Kolb and Beard (39) reported on the negative implications of these effects on mother-child interactions
and subsequent adverse behavioral, developmental, and cognitive delays in infants.

of such interventions was questioned, particularly in high
malaria endemic regions (53). A plausible mechanism
that might explain improved health from increasing
iron stores is that an increase in iron stores indicates
that iron is absorbed and incorporated into hemoglobin
and that a portion of the absorbed iron would also pass
to the iron, requiring enzymes of the brain, energy, and
immune systems and resulting in improved function of
those systems.

Several mechanisms were proposed to explain relative ef-
fects of iron delivery with the use of different interventions.
Among these hypotheses are 1) the possibility that iron sup-
plements increase the amount of non-transferrin-bound
iron (NTBI), thereby making more iron available to the par-
asite (53) and 2) that providing iron in food-based interven-
tions improves safety by offering slower infusion of iron and
thereby limiting the bolus of iron introduced into the sys-
tem. These hypotheses were recently tested.

NTBI Hypothesis: results from a recent report provide support to
this theory by indicating an increase in NTBI that was dose depen-
dent and increased in subjects given supplements in the absence of
food (54). The response was attenuated by the use of iron-fortified
food (54).

Food-Based Interventions: a recent report on a trial in children
6-35 mo of age in Ghana documented no influence of iron-fortified
MNPs on malaria incidence compared with children receiving non—
iron-fortified MNPs. However, more hospitalizations were reported
among children in the iron-fortified group during the intervention
period (49).

One interpretation of the results of the Ghana study is
that, although anemia was associated with a lower risk of
malaria, ID without anemia was not (49). It might therefore
be inferred that it might be more appropriate to treat ID
but not anemia to minimize the malaria-related risk and

to maintain adequate iron stores. Not treating anemia could
result in less erythropoiesis and less young reticulocytes,
which are the most favorable red blood cells to malaria in-
fection (55). This can be achieved with fortification (56)
but not with supplementation (25).

Implications for clinical care of individual- and popula-
tion-targeted programs are as follows.

Great challenges confront the global community in
making recommendations on the basis of the extant evi-
dence which require a need to be adaptive, particularly be-
cause nutrition science will continue to evolve (57). The
community must find a way to reach consensus when pos-
sible and ways to communicate an appreciation for the
complexity of nutrition so that what appear to be contra-
dictory results/recommendations do not undermine the
credibility of existing recommendations/guidance or the
field as a whole.

With specific regard to the core issues that confront our
ability to move the iron agenda forward the primary ques-
tions to be addressed are summarized in Textbox 5.

Individual-level screening is not possible at this time be-
cause of budgetary restraints, technical challenges (both in
terms of consensus of which biomarker to use and capacity
to use them), and limitations about the consistency of indi-
vidual contact with the health care system.

However, population-level targeting may be achieved
through the identification of high-risk populations (e.g.,
age, economic status, geographic location). Population-level
targeting will still, however, imply that some individuals
who are not iron deficient may receive the intervention. In
this case, some individuals within a population may be at
risk of adverse outcomes, whereas others will benefit, with-
out a clear mechanism to identify and to weight the relative
balance between these.
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Food fortification

powder (41, 42).

ported the following:
grade inflammation.

reflected by reduction of inflammatory biomarkers.

and school-age children, respectively.

biscuits.
infants in Kenya.

and intestinal inflammation.

fections (49).
Iron supplementation

in malaria endemic areas.

TEXTBOX 4 EVIDENCE FOR SAFETY OF IRON INTERVENTIONS

Efficacy of iron-fortified foods to decrease ID or IDA was reported for school-age children or young women in a
wide variety of food vehicles, including salt, sugar, wheat flour, maize flour, rice, soy and fish sauces, and curry

Infections or widespread inflammation was not prevalent in these populations
Cercamondi et al. (43) examined the safety of iron-fortified sorghum porridge among Beninese women and re-

Iron absorption decreased ~40% in women with asymptomatic Plasmodium falciparum parasitemia and low-
The effect resolved after treatment of malaria, the decrease of hepcidin, and resolution of inflammation as

These investigators proposed that these findings may have resulted from the modulation of hepcidin in low-
grade inflammation, representing a blunting effect on the efficacy of some iron-based interventions.

This was not confirmed, however, and efficacy studies in malaria-endemic Kenya and Cote d’Ivoire have re-
ported that iron-fortified maize porridge (44) and iron-fortified salt (45) improved the iron status of young children

R Hurrell (R Hurrel, unpublished results, 2014) reported the following:
Iron-fortified maize-based complementary food virtually eliminated IDA when fed to young children for 9 mo.
These results may indicate that ID overrules inflammation in the control of iron absorption.
In this study, however, although IDA decreased from ~40% to almost zero, total anemia prevalence remained
unchanged, indicating an overlap between IDA and anemia of inflammation.
Zimmermann et al. (46) reported on a series of studies that involved children in Cote d’Ivoire which found a se-
lective increase in pathogenic enterobacteria over gut commensal bacteria after consumption of iron-fortified

Jaeggi et al. (47) corroborated these findings in a similar study of iron-fortified complementary foods for 6-mo-old
In this case, the addition of iron resulted in changes in intestinal microbiota, increased pathogenic bacteria,

In neither of the studies reported by Zimmermann et al. (46) was there an increase in diarrhea in the children;
however, this was observed occasionally, most recently with MNPs [study by Soofi et al. (48) in Pakistan].
No evidence suggests that fortified foods or in-home fortification with MNPs increase the intensity of malaria in-

A long history of safety concerns exist, particularly in the context of infections most prominently malaria (18, 50).
The 2009 Cochrane Systematic Review suggested an impact of iron on increased malarial parasitemia but not clin-
ical malaria or mortality in areas with adequate surveillance and treatment (51). These findings are reflected in cur-
rent recommendations that mandate iron status assessment and malaria treatment when giving iron supplementation

Recent reports have added to the following safety concerns:
Soofi et al. (48), 2013, reported increased diarrhea and acute respiratory infections from multiple MNPs with iron.
Zlotkin et al. (49), 2013, reported increased hospitalization.
Salam et al. (52), 2013, reported increased diarrhea.

Track 3: scaling up MN interventions—Dbridging the
gap between evidence and implementation: integrating
iron guidelines to support programs

The overarching theme of this session, with the key stake-
holders, was to determine where the obstacles lie in the de-
velopment, delivery, and monitoring chain. The session
objectives were to identify 1) effective policies and delivery
strategies and 2) technical, capacity, and resource needs to
ensure an integrated approach for iron interventions. The
session began with a presentation outlining the existing
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global guidelines (Textbox 6) for iron interventions and a
brief description of the WHO guideline development pro-
cess (68).

Existing overlap in these guidelines were highlighted
along with the challenges in their interpretation, implemen-
tation, and effective integration of iron intervention pro-
grams. The intended use of prescriptive guidelines and
adaptation within country contexts were emphasized for
successful implementation of the guidelines to scale up pro-
grams. It was noted that the first step in the guidelines



POLICY
stages?
Who is at greatest risk?

individuals with insufficient iron intake/ID?

What is the ideal type of intervention?
Do we need interventions to prevent ID?

and young children).
Health context (e.g., endemic infection)
do the benefits outweigh the risks?

outweigh the risks?

Hemoglobin = anemia, not ID

ity) and applicability in field settings
Can individual screening be done?

TEXTBOX 5 SOME KEY QUESTIONS RELATIVE TO IRON INTERVENTIONS/PROGRAMS/

Are there functional consequences of insufficient iron intake in infants and other ages and life
What are they, compromised immune function, neurologic, etc.?

Do iron interventions (supplementation, fortification, others) improve functional outcomes in
Timing and screening will be critical both in terms of developmental stage when the insult occurs (e.g., early in-

fancy) and assessment of the effectiveness of the intervention (e.g., too soon might miss the effect).

Type may be condition/risk group specific (e.g., supplements for pregnancy compared with food-based for infants

Are there condition-specific risks associated with supplementation as an approach to treat ID? If so,

Are there risks associated with supplementation as an approach to prevent ID? If so, do the benefits

What are the challenges for individual screening?

Serum ferritin, soluble transferrin receptor = potential but need to account for inflammation
Hepcidin: potential under certain circumstances (but much to be learned and need standards, sensitivity/specific-

All depend on the timely and regular contact of individuals within the health system.
Population screening presents similar issues about indicators plus criteria for program triggers that
will ensure safety and efficacy (i.e., for those exposed but not iron deficient).

development process includes open consultations (country
level and the broad nutrition and health community). One
area in need of further development in the guideline process
is for behavioral communication-focused interventions,
with an understanding of the country-specific context.

Country experiences. Representative country experiences
were presented for India, Kenya, and Gambia. Key elements
of each country’s experience are highlighted in Supplemen-
tal Tables 1-4. The speakers outlined the current national
strategies in place in their respective countries to combat
iron and anemia and the challenges that are often faced. It
was clear that great accomplishments and efforts for integra-
tion were made, yet pivotal road blocks still needed to be re-
moved to achieve what these policies and programs sought
to accomplish.

The experiences in all countries provided great insight
into those components of a successful approach that can ef-
fectively integrate nutrition-related interventions to achieve
successful implementation of these interventions at scale. As
outlined, successful elements of such programs include the
political will to both inform and engage in a multisectoral,
culturally acceptable manner at the community level. These
efforts must be context specific (health, social/cultural)
and, to the extent possible, dovetail on existing successful

programs and infrastructure. The technical basis for such
programs must be clearly stated and presented in a manner
to convey a value-added message and not confuse recipients.

Although the problems of preventing and treating ID and
IDA remain, the experiences presented, albeit diverse, clearly
indicate great forward potential. The lessons learned can and
should be used to inform future efforts to roll out and scale
up programs to achieve national and global targets.

Clinical perspectives. The clinical perspective is commonly
overlooked in the development and implementation of pub-
lic health programs/interventions, the latter being character-
ized by delivery platforms that are often not linked to clinical
care. Moreover, in low- and middle-income countries, sub-
stantial constraints often exist to link public health to clini-
cal care, given poor coverage and quality of regular and
timely preventive and curative care. But ultimately, care-
givers need to make decisions about what questions to ask
and what to do in areas with endemic ID, infectious diseases,
NCDs, and food insecurities, all of which may exist in the
same patient. Some of the factors that need to be considered
before a decision about iron intervention is made include
the cause of anemia (Textbox 7) and the impact of anemia
on the patient, the benefits compared with the risks of treat-
ing anemia.
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TEXTBOX 6
WHO

IRON-RELATED GUIDELINES

Other publications

(64)

statement) (66)

Intermittent iron and folic acid supplementation in nonanemic pregnant women, 2012 (58)

Daily iron and folic acid supplementation in pregnant women, 2012 (59)

Intermittent iron supplementation in preschool and school-age children, 2011 (60)

Intermittent iron supplementation in menstruating women, 2011 (61)

Use of multiple MNPs for home fortification of foods consumed by pregnant women, 2011 (62)

Use of multiple MNPs for home fortification of foods consumed by infants and children 6-23 mo of age, 2011 (63)

Hemoglobin concentrations for the diagnosis of anemia and assessment of severity, 2011 (summary statement)

Priorities in the assessment of vitamin A and iron status in populations, 2012 (report) (65)
Serum ferritin concentrations for the assessment of iron status and iron deficiency in populations, 2011 (summary

Weekly iron-folic acid supplementation in women of reproductive age, 2009 (67)

An important challenge to be considered is the balance
between a public health perspective in which the goal is to
improve the nutritional status of an entire population with-
out exposing it to increased risks of infection and the inability
of a public health program to conduct a holistic individual as-
sessment and/or monitoring through the course of treatment.
However, the ultimate goal needs to remain in sight, the critical
balance of benefit without harm.

Track 4: iron and malaria sessions at the MNF debate:
wrapping it up

In an effort to tie together the lessons learned in the previous
sessions and to conclude the I-to-I iron case study, the final
session was designed as a panel discussion. The panel in-
cluded representatives from each of the primary target
groups of the MNF, research/clinical, program, and policy.
All of the speakers from the preceding I-to-I sessions were
invited to participate in the conversation. The session fo-
cused on the 4 key elements represented in the MNF tracks,
that is, evidence, interventions/guidance, programs, and
policy.

Clinical/biology. A consensus is emerging that the use of
the different iron biomarkers and their response to imple-
mentation programs should be context specific. Although
the evidence is still limited to define a gold standard ap-
proach to the correlation between iron and inflammation,
efforts are ongoing to address this core issue (Biomarkers
Reflecting Inflammation and Nutrition Determinants of
Anemia). An additional driver is our ability to distinguish
between ID and other potential causes of anemia. Our abil-
ity to make this distinction is not only important in the con-
text of clinical care but also as a scale to prevent potential
risks associated with provided iron when it is not needed.
To support this agenda, a need exists for expanded epidemi-
ologic studies to enable estimates of the contributions of the
different causes of anemia (69). An important effort con-
tinues to develop modeling-based estimates of the deter-
minants of anemia (24). With specific regard to iron,
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randomized clinical trials are needed to assess the functional
effectiveness of current approaches to improve iron status
clinically and at population levels. The challenges with these
interventions include the interpretation of the findings and
weighing the potential risk compared with benefit for cer-
tain populations.

It has become evident during the course of the iron dis-
course that the considerations of iron supplementation in
conditions of inflammation have been broadened in the
past few decades to include sources of oxidative stress such
as NCDs (e.g., obesity, diabetes, cardiovascular disease risk
factors, etc.), pollution, and other noninfectious conditions.
Skepticism is growing about universal iron supplementation
as a one size fits all in this complex health context. The use of
inflammatory biomarkers for a more meaningful interpreta-
tion of iron biomarkers was a repeated theme, but, again, it
is currently challenged by the lack of a consensus as to how
best to account for this relation.

Program perspective. From a country perspective, ques-
tions remain about how to implement current and future
guidance. For example, if deemed safe, what is the most ef-
fective way of delivering iron? To date, many governments
have embraced MNPs as a safer and more acceptable
method for iron delivery compared with syrups or drops
for children <5 y of age, yet challenges remain with regard
to coverage and improving delivery, including the potential
role of the private sector in supplying MNPs, and lacking ev-
idence that multiple MNPs are indeed safer or better toler-
ated than iron supplements (70).

A desperate need exists for innovative approaches to in-
tegrate malaria treatment and iron interventions into exist-
ing community health strategies. So far, health systems have
been a great platform that allow the coupling of malaria
treatment interventions such as bed nets and intermittent
preventive treatment with ID treatment delivery to pregnant
women in countries such as Kenya. However, the imple-
mentation of some recommendations such as screening
and risk screening of nonpregnant women remain challenges.



TEXTBOX 7 GENERAL CATEGORIES
AND CAUSES OF ANEMIA
Reduced red cell production

Bone marrow failure

Ineffective erythropoiesis

Iron restriction

Erythropoietin deficiency
Increased red cell loss

Hemolysis

Bleeding
Anemia of inflammation

Infection

Chronic/sterile inflammation: rheumatologic
conditions, cancer, inflammatory bowel
disease, burns
Other specific causes

Parasitic infection (e.g., helminthes)

Renal failure

Malaria (anemia of inflammation, hemolysis,
sequestration, erythroid suppression)

Hemoglobinopathies [e.g., sickle cell crises
(hemolysis, sequestration, aplastic)]

Additional challenges highlighted include ideal platforms for
delivery of interventions, relative benefit/risk of weekly com-
pared with daily supplementation, the cost-benefit of such
programs, and effective methods for incentivizing the use
of interventions at scale. Other challenges highlighted in-
clude how best to bring nutrition to the forefront of national
policies, integrate nutrition interventions into existing plat-
forms, and involve other sectors.

Strategies to monitor effectiveness and safety of anemia
programs for infection do not exist. A priority is to deter-
mine the importance of timing of interventions in the con-
text of existing prophylactic or treatment programs. For
example, what is the best timing for iron interventions rel-
ative to malaria treatment?

Policy/guideline development. Perspectives on global
health policy and guidelines development were an essential
part of the I-to-I discussions. It was suggested that decisions
do need to be made on a population level; hence, a risk-ben-
efit assessment with the use of state-of-the-art evidence
would be helpful. That said, due consideration must be
given to such potential sources of variability, such as geo-
graphic location, health context, resources, capacity, and
the enabling environment.

Although risk does exist in areas of high infectious dis-
ease burden, the discussion in this session revealed that
agencies such as UNICEEF follow the technical guidance pro-
vided by the WHO. In the absence of compelling evidence to
the contrary, these agencies continue to operate under the
assumption that on balance and in most settings the benefits
of MNPs compared with oral iron supplementation provide

sufficient support to continue these programs, albeit with
caution and an eye toward the evolving evidence. This ap-
proach would still require an integrated health system to in-
corporate measures for malaria screening, control, and
treatment and ID treatment with the use of existing public
health approaches such as those for sanitation or comple-
mentary feeding. Many of these approaches are and con-
tinue to be successfully used by such agencies as UNICEF.
From a policy and program perspective, research needs to
identify all possible populations at risk of either the condi-
tion of interest, in this case ID, or at risk of potential adverse
effects from an intervention, for example, iron supplemen-
tation or MNPs, and to support the development of a better
matrix to address these risks. Such an approach was success-
fully used in areas such as vaccine deployment. As the evi-
dence evolves, the challenge will continue to be how best
to provide critical programs and policies without disrupting
systems and the provision of care/services.

Many questions remain about implementation of global
guidance. These include I) are there protocols for how to
successfully implement an iron intervention program in
the current health context? and 2) are there guidelines about
the timing of interventions in the context of infection con-
trol programs?

About the latter, UNICEF currently suggests linking de-
livery of MNPs to malaria interventions (e.g., bed nets, med-
ication) to improve access. Such efforts rely on existing
micronutrient programs whereby there is a level of comfort
about the safety of such interventions.

In addition to the operational guidelines, country officials
are also concerned about the implications of increasing
infection, and so having a protocol to follow on how
to provide and manage nutritional care in the context
of possible infection would be useful. An example of
such a protocol is exemplified by the publication of the
WHO guidelines for nutritional care of HIV-infected in-
fants >6 mo and children (<14 y) which provides a step-
wise approach to prevention, care, and treatment of both
nutritional and HIV-related issues (71). Similar manuals
for care of infections, including malaria, would serve as
tools to strengthen the monitoring and evaluation of
any iron intervention.

Even in the presence of evidence-informed practice
guidelines and supporting materials, such as the integrated
manuals for prevention and care, perfect coverage by any
public health intervention is an unrealized ideal. The pres-
ence of individuals who are not reached must be a recog-
nized contingency for clinicians and program providers
alike. Moreover, in the case of pandemic infections such as
malaria, the goal of concomitant prophylaxis along with nu-
tritional interventions such as iron supplementation has
clear budget implications that need to be considered.

The WHO will continue to work to develop new evidence-
informed guidelines on iron supplementation for children
(due in 2015) that will consider malaria endemic areas.
However, these discussions highlighted the need to include
other infections and causes of inflammation such as HIV,
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diarrhea, NCDs, etc. It was noted that such a comprehensive
approach is desirable but limited by the absence of evidence
to support systematic review processes leading to guideline
development. As the guideline priorities evolve, so will the
evidence to enable consideration of the issues raised in the
I-to-I discussions.

Concluding remarks. 1D in all its forms remains a major
global challenge. Policy makers are faced with marked com-
plexity in devising strategies to address this burden. ID likely
results in considerable short- and long-term adverse conse-
quences for health, especially cognitive development. How-
ever, ID may also be a physiologic response to infection and
may protect against malarial disease. Furthermore, interven-
tions to control IDA by administering iron appear to exacer-
bate the risk and/or severity of infection. Data on functional
benefits for controlling ID and IDA are surprisingly sparse.
Modern guideline processes and efforts to implement strat-
egies in the field struggle to cope with this complexity. The
evidence reviewed and experiences conveyed over the course
of the I-to-I sessions make a compelling case for how we
may proceed, including pitfalls to avoid where possible.

Most guidelines developed by normative agencies intended
to address specific nutritional issues such as prevention of ID
focus on individual interventions, for example, use of iron
supplements for pregnant women, rather than on a compre-
hensive approach to addressing the nutritional problem.
Guidelines for choosing one type of intervention over another
do not exist. Ideally, the best option is the consumption of
iron-rich foods to meet population requirements, yet sub-
stantial evidence exists and it may be difficult to meet those
needs with accessible and affordable foods during specific
ages and life stages. The general consensus from the discus-
sions is that food-based solutions are safer options than sup-
plementation in children, but the need for complementary
strategies may persist in some populations. The evidence pre-
sented throughout these sessions indicated clear benefits but
also risks in areas with inflammation and infection, but, al-
though researchers are working on balancing the risk/benefit,
countries need to continue moving forward.

A disconnect often exists between the goals of different
components of health systems. Of particular relevance to
the iron agenda is the disconnect between efforts to address
nutrition, that is, programs/interventions to prevent and
treat ID and those addressing infectious disease such as ma-
laria. A priority must be placed on the creation of a bridging
dialogue that effectively links the problems (safe and effec-
tive use of interventions to prevent and treat ID in the
context of infections such as malaria) with the solution
(implementation of interventions). This could be through
a risk-benefit analysis for treatment or preventive strategies
done in infectious areas to answer some of the questions
such as what is the lowest effective dose.

Conclusions and Next Steps

The overarching goal of the global nutrition and health com-
munity is to improve the health of the individuals and
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populations we serve. This can only be achieved with due
recognition of the balance between the need for timely, evi-
dence-informed standards of care and programs and the
challenges of developing and implementing nutritional inter-
ventions, for either prevention or treatment, which are re-
sponsive to a complex public health scenario. The sessions
clearly outlined many of the issues that contribute to that com-
plexity. The I-to-I approach is intended to incorporate a full
understanding of that complexity to allow for safe and effec-
tive implementation of technical guidance at both the indi-
vidual and population levels. The ability to develop and
implement that guidance will be contingent on an appreci-
ation of the relative strengths of the full spectrum of stake-
holder communities from research to clinicians, program
developers, and policy makers. It is only through the en-
gagement of these communities in a continuum of effort
that our goals of health promotion and disease prevention
will be achieved.

The I-to-1 approach is a call to action for the entire food
and nutrition community to become more engaged in the
kinds of dialogue that will lead to more effective, safe, and
contextually relevant programs and interventions. It is also
essential to ensure that nutrition and all its biological and
contextual complexities must be fully integrated throughout
the systems intended to provide health services to individ-
uals and populations. The MNF is now well positioned to
lead this dialogue, and this review along with the iron case
study was an effort to suggest how this process may be ap-
plied across a range of issues that face the global nutrition
and health community.

The materials and discussions outlined in this review will
be used to inform a new task force initiated by the Interna-
tional Union of Nutrition Sciences. The focus of this effort
will be to build on existing and evolving evidence to conduct
a risk-benefit analysis that was highlighted and endorsed
throughout the I-to-I process.
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