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ABSTRACT 

The gap that exists between research and the 
dissemination and implementation of research 
findings has been well established. Food forti- 
fication, one of the most cost-effective means of 
addressing micronutrient malnutrition, is no ex- 
ception. With decades of implementation experi- 
ence, there is need to strengthen mechanisms 
that effectively broadcast proven strategies to 
promote the successful implementation of forti-
fication programs in changing, challenging, and 
dynamic environments. This requires clear chan- 
nels of communication, well-defined in-country 
leadership, and a streamlined and focused ap- 
proach that can be adapted to country-specific 
contexts. Based on experience designing and 
implementing fortification programs throughout 
Africa and a broad understanding of past suc- 
cesses and failures, a model is proposed that 
articulates often over-looked program elements 
critical to design and implementation. 
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1. INTRODUCTION 

There is a wealth of literature on the “knowing-doing 
gap” [1-7], or the gap that exists between research, both 
in medicine and in public health, and the dissemination 
and implementation of research findings [1]. In many 
cases, this lack of uptake is due to the fact that an inter-
vention is developed without full consideration to the 
context and setting in which it will be implemented, ren-
dering it of little use [7]. In other cases, it is due to the 
challenge of effectively broadcasting proven strategies in 

clear and concise messages or frameworks that allow for 
scaling-up in changing, challenging, and dynamic envi- 
ronments [8]. 

This paper seeks to add to the already existing litera- 
ture on how to implement national food fortification pro- 
grams in a way that addresses the “knowing-doing” gap 
by offering a streamlined model that facilitates moving 
from evidence to application. Based on Project Healthy 
Children’s (PHC) experience assisting governments in 
the design and implementation of national food fortifica- 
tion programs in Rwanda and Malawi, in this paper we 1) 
describe how nationwide, mandatory food fortification 
programs, often missing from national agendas, are dis- 
tinct in how they address the problem of malnutrition; 
and 2) document four core, arguably intangible and often 
overlooked, principles needed to solidify engagement, 
including a streamlined data collection framework that 
unravels the complexity of fortification as an interven-
tion in resource-constrained environments. 

Founded in 2000, Project Healthy Children is a small 
nonprofit organization that assists governments and in- 
dustry in designing and implementing countrywide, mar- 
ket-based, mandatory food fortification programs to ad- 
dress deficiencies in critical micronutrients. PHC has 
completed a program in Honduras and is currently oper- 
ating programs in Rwanda, Malawi, Burundi, Liberia, 
and a small-scale fortification program in Nepal. 

2. THE PROBLEM 

Never recorded on a death certificate, micronutrient 
malnutrition is responsible for the deaths of over 100 
children every hour of every day due to a limited quality 
of food, foundational to basic biological functions [9]. 
Each year, 1.1 million children under the age of five die 
due to vitamin A and zinc deficiencies [10]. A lack of 
iron causes over 600,000 stillbirths or neonatal deaths 
and over 100,000 maternal deaths during pregnancy [11].  
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Survival only means a compromised system with dam- 
aging long-term effects. Annually, 350,000 cases of child- 
hood blindness and countless infections could be pre-
vented with sufficient intake of vitamin A [10]. Due to 
maternal folate deficiency, 300,000 children are born each 
year with severe birth defects [12] and 18 million babies 
are born mentally impaired as a result of maternal iodine 
deficiency leading to a loss of up to 15 IQ points and an 
earning potential, as adults, of at least 20% less than their 
healthy counterparts [9]. This is why children can go to 
school year after year and not actually learn anything.  

Finally, children undernourished in utero and in their 
early years have a higher risk of developing chronic dis- 
eases later in life such as diabetes and cardiovascular 
diseases [13,14]. 

All of this undermines the goals of development in-
terventions, and leads to what has been estimated to be 
an annual GDP loss of 2% - 3% for developing nations 
[15,16], with direct costs estimated between US$20 to 
$30 billion every year [9]. And this does not include eco-
nomic implications associated with an increase in chronic 
disease. 

The World Health Organization (WHO) and the Uni- 
ted Nations Food and Agriculture Organization (FAO) 
have identified four main strategies for improving mi-
cronutrient malnutrition: food fortification, supplementa-
tion, nutrition education, and disease control measures 
[17]. 

Of these, food fortification has proven to be one of the 
most cost-effective interventions to advance global wel- 
fare (not just health) [18]. This unique intervention in- 
volves adding critical vitamins and minerals to staple 
foods during the production process, which are com- 
monly and consistently consumed by the target popula- 
tion (generally women and children since they are the 
most at risk) in order to address a nutritional gap. Forti- 
fication provides nutritional benefits without requiring 
consumers to change eating habits and often without 
requiring changes in purchase patterns since it targets 
foods the population is already consuming, overcoming 
an obstacles often experienced by other interventions 
such as supplementation and dietary diversity. Foods 
commonly fortified in the developing world include 
maize and wheat flour, cooking oil, rice, and sugar. 

However, despite the desirable aspects of fortification, 
a vast amount of evidence on fortification’s health and 
economic impacts, [17,19,20] and significant experience 
in implementation [21-27], uptake in countries has been 
slow [27]. This, in many circumstances, is due to the 
complexity of factors and actors involved in implement- 
tation [27], often earning fortification the distinction of 
being an unwieldy intervention to implement. The au- 
thors would argue this does not have to be the case.  

How do we move from what we know about fortifica-

tion to effectively applying it in dynamic, changing en- 
vironments? How do we ensure programs are built in 
ways that allow for life after external support? How do 
we cope with the inherent complexity of the intervention? 
We address these questions in the following three sec- 
tions. First, we provide evidence of why fortification is 
unique and why it should be a priority in efforts to ad-
dress malnutrition. Second, we provide a brief descrip-
tion of the local context from which the proposed model 
we offer emerged. Finally, we draw heavily on our ex-
periences by describing often overlooked and intangible 
elements found in the seams of successful programs and 
a data collection framework critical to a program’s foun- 
dation. 

3. THE UNIQUE ROLE OF FOOD  
FORTIFICATION 

National, mandatory food fortification (distinct from 
targeted or market-driven fortification) offers a unique 
advantage over other nutrition interventions in that it is 
incredibly cheap to implement [17,19] requiring only 
cents per person per year [19], relies on the private sector 
and already existing market delivery systems [20], re-
quires limited behavior change, [27,28] and holds the 
greatest potential for reaching the largest number of peo-
ple [29] in the most sustainable way. 

It is not surprising then that, in 2008, when a group of 
economic experts came together in the Copenhagen Con- 
sensus with the goal of identifying priorities that would 
address the ten greatest global challenges with an eye to 
economic costs and benefits, fortification ranked number 
three [18]. 

Food fortification is a public health intervention that is 
adopted by and delivered through the private sector using 
its delivery expertise and efficiency, with strong support 
from the government. Few other large-scale programs 
use this method of delivery. Integral to the success of the 
program is close collaboration and coordination between 
and across multiple ministries and agencies. Although 
initially complicating its introduction, this allows for a 
program that is completely self-sustaining, a program that 
benefits from private industry strengths, and a strategy 
that is institutionalized within and owned by the country, 
avoiding long-term dependency on outside assistance. 

Government mandate ensures private industry com- 
plies. This is essential to level the playing field for all 
producers. Upfront investments by industry are recouped 
through increased demand from social marketing cam- 
paigns and/or negligible price increases of between 1% - 
2%, less than normal market price fluctuations [17]. 

Numerous programs have demonstrated the effective- 
ness of fortification: In Guatemala, mandatory sugar for- 
tification introduced in 1988 reduced the prevalence of 
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vitamin A deficiency from 22% to 5% in one year [22]. 
In Chile, the addition of folic acid to wheat flour led to a 
3-to-4-fold increase in blood folate levels in women of 
reproductive age and a decrease in the neural tube de- 
fects spina bifida and anencephaly by 51% and 46%, 
respectively [23]. After South Africa mandated the addi-
tion of folic acid to wheat and maize flour in 2003, over- 
all neural tube defects dropped by 30% with spina bifida 
dropping 41.6% [24]. In China, sentinel surveys in 21 
health centers found that anemia dropped by approxi- 
mately one third following fortification of soy sauce with 
iron in 2003 [25]. And in Canada, four years after folic 
acid fortification of grain products became mandatory in 
1998, the rate of neural tube defects fell by 46% [26]. 

4. LOCAL CONTEXT: WHERE THE 
MODEL WAS GENERATED 

In light of this evidence and fortification’s unique ad-
vantages, the Rwandan Ministry of Health (MoH) made 
the strategic decision in 2007 to include food fortifica-
tion in their national nutrition agenda in order to address 
the persistent prevalence of vitamin and mineral defi-
ciencies. Similarly, in the early 2000’s, Malawi’s De- 
partment of Nutrition and HIV/AIDS under the Office of 
the President and Cabinet (OPC) decided that a national 
food fortification program was critical to address the coun- 
try’s high rate of micronutrient malnutrition, a program 
that was introduced but, which later, began to falter. 

It is within this context that Project Healthy Children 
(PHC), a US-based non-governmental organization, took 
on the role of fortification advisor to the governments of 
Rwanda and Malawi, in 2007 and 2011, respectively. 
Work began with country-level data collection and analy- 
sis to gauge government and industry readiness, country 
need for fortification, and whether a favorable environ-
ment for implementation existed. This involved strong 
engagement with government and industry and collabo- 
ration with numerous in-country partners. It is this data- 
driven approach along with steps essential to imple- 
menting a fortification program [17,27,28] that we offer 
as a model for replication. 

At the time of writing, Malawi’s first batch of fortified 
sugar and Rwanda’s first batch of fortified maize flour 
had just hit the markets. Although a solid monitoring and 
surveillance system will be the true test of success for 
these programs, the model employed was a critical factor 
in achieving program deployment, institutionalization 
within government structures, and facilitation of efficient 
communication channels. Although this model should 
not be blindly adopted without due consideration to the 
unique country context, the core elements and general 
sequence outlined should provide future programs with a 
solid foundation upon which to begin. 

5. A MODEL FOR DISSEMINATION: 
MOVING FROM EVIDENCE TO  
APPLICATION 

Coordination across ministries and among multiple 
stakeholders is the nature of any successful fortification 
program. It is a dynamic and multi-faceted intervention 
that must be approached with creative flexibility. A pro- 
gram can falter or thrive based on the quality of multi- 
sectorial collaborations between the public sector (gov- 
ernment), the private sector (food producers), and civil 
society (consumers) [20]; on the ability of multiple min-
istries within government to work together; and on the 
degree of committed and sustained leadership from within 
the country. Taking into account commercial product 
viability, trade dynamics, technical constraints, and the 
sensitivity of an intervention dealing with a country’s 
food supply, there is clear need to approach this interve- 
netion, both from a technological and a policy perspec-
tive, with persistence, a close eye to the local context, 
and a consistent strategy that addresses the needs and 
concerns of all pertinent players. The model that emerged 
from PHC’s experience, which focuses on the policy 
perspective of programming, involves a set of four core 
principles, arguably intangible and often overlooked, 
vital to the sustainability of end results. Although these 
four principles could be relevant for the successful im-
plementation of any health delivery program, they are 
particularly relevant for fortification because their omis- 
sion has so often lead to program faltering [20,22,27,29]. 
Its design, application, and management should be adapted 
to suite the local context. 

Principle 1: Government commitment to and pri-
oritization of a national, mandatory program. 

Government commitment to a mandatory program from 
the beginning is the best means to ensure a sustainable 
program [17]. A mandatory program allows for consis-
tent monitoring and clear signals to trade partners and 
creates a level playing field facilitating industry compli-
ance. Establishing a mandatory program means, in most 
cases, drafting legislation, which requires strong backing 
and prioritization of the program by the government. 
Ensuring this from inception is vital. Government priori- 
tization also entails a commitment to advocacy campaigns 
and the inclusion and harmonization of fortification in 
national health and nutrition policies.  

Principle 2: Focused guidance through an identi-
fied catalyst in support of a national, mandatory pro-
gram. 

Effectively guiding multiple players is a central chal- 
lenge to any fortification program, whether by an outside 
organization (i.e. an INGO or donor) or a national host 
institution. Due to competing demands, there is often not 
a lead agency within the country that can dedicate full 
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attention to fortification. It is, therefore, advantageous to 
have an external entity to act as a catalyst, assisting in 
the identification of priorities, providing intense focus, 
and pushing work streams forward. A Memorandum of 
Understanding (MOU) with a “home” Ministry is helpful 
to ensure objectives are clearly communicated and out-
lined, allocation of responsibilities is agreed upon, and 
joint expectations are met. 

The objective is to strike the right balance between 
catalyst and supporter, within the context of national pri- 
orities, and to provide focused attention needed to ad-
vance the program.  

Principle 3: A data-driven approach that includes a 
focus on robust monitoring.  

The data-collection framework that emerged from PHC’s 
experience involves three general phases of engagement: 
research, design, and implementation that focus consis-
tently on the areas of nutrition policy and legislation, 
food fortification standards, industry implementation, and 
government monitoring and social marketing. This frame- 
work acts as a blueprint to guide program implementers 
throughout the life of a program while ensuring critical 
program components are not forgotten. Program manag-
ers should revisit these four areas on a frequent basis to 
gauge program progress and gaps that need to be filled. 

The research or data collection phase captures a con- 
cise picture of what the health, nutrition, consumption, 
and political environments look like. It includes under- 
standing the current situation as it pertains to macro- and 
micronutrient deficiencies, dietary consumption patterns, 
market access by the most vulnerable, trade patterns, 
industry consolidation, national standards development 
processes, current regulatory monitoring systems, and na- 
tional analytical testing capabilities. 

The design phase involves identifying and bringing 
together all relevant stakeholders and utilizing the infor-
mation gathered in the research phase to answer the 
question: what needs to be done based on what we know 
exists or does not exist within the areas of nutrition pol-
icy and legislation, food fortification standards, industry 
implementation, and government monitoring and social 
marketing? For example, which foods are most important 
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for fortification with what micronutrients and at what 
levels? Where should fortification as a strategy be in- 
cluded in existing national policies and how should it be 
harmonized with existing nutrition interventions? What 
staple food industries exist domestically and where are 
imports being sourced from? What is required for do- 
mestic facilities to incorporate fortification in their pro- 
duction lines? What government bodies are responsible 
for monitoring and inspecting foods? What additional 
training capacity is needed to ensure appropriate sam- 
pling and testing of fortified products occurs at the mar- 
ket, border, household, and industry levels? 

This is a critical time to establish a public-private 
partnership with representation from all pertinent stake- 
holders to serve as the guiding body for fortification ac- 
tivities. Additionally, it is an important time to critically 
examine past fortification programs that have and have 
not succeeded. Although fortification has been going on 
successfully since the 1920s, there have been programs 
that have faltered. Understanding why they faltered is 
vital to preventing similar missteps. As a result, imple- 
menters should make a habit of reviewing past programs. 

Finally, the implementation phase ensures safe, effect- 
tive fortified foods reach the target population through 
active industry engagement in a way that can be appro- 
priately monitored, measured, and adjusted for, as popu- 
lation needs change. This phase involves ensuring: ap- 
propriate legislation is passed that makes fortification 
mandatory; on the industry side, appropriate lines of pro- 
duction are in place, needed equipment and premix are 
sourced, and appropriate quality assurance and control 
measures are functioning; social marketing campaigns 
around the role of fortified food in healthy diets are dis-
seminated; effective government monitoring is taking 
place and samples meet the designated regulations; and 
finally, a surveillance system is designed to evaluate the 
long-term impact of the program on the population’s 
micronutrient status. This monitoring component, both at 
the industry and government levels, is particularly vital. 
Even if all other aspect of programming have been suc- 
cessful, if fortified foods are not routinely monitored to 
ensure levels fall within the designated appropriate 
ranges, the program will have little to no impact, will 
risk losing support, and could potentially risk doing harm 
instead of good. 

Principle 4: Systemic, national leadership within a 
national guiding body 

Strong leadership is at the core of any successful pro- 
gram and should be a primary focus throughout the life 
of the program. A multi-sectorial alliance driven by gov-
ernment and industry and led by in-country leaders 
should be established to guide fortification activities. 
Without strong national leadership to ensure stakeholder 
representation and to drive in-country priorities and in-
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dustry implementation, little long-term sustainability or 
country ownership can be attained. Such a guiding body 
often takes the form of a National Fortification Alliance 
(NFA) [20]. In our experience, such a structure is by far 
the most useful mechanism that a program can establish. 
In fact, one of the primary reasons for Rwanda’s success 
was the early identification of strong leadership and the 
formation of a cohesive NFA. 

6. CONCLUSIONS 

National, mandatory fortification programs hold great 
potential for impacting widespread change in a popula- 
tions’ nutritional status; numerous studies demonstrate 
fortification’s effectiveness and feasibility (30 - 34). Few, 
however, articulate often over-looked program elements 
critical to design and implementation (8). 

To bridge the “knowing-doing” gap in food fortifica- 
tion programming, this paper outlines a streamlined model 
that articulates elements vital to design and implementa- 
tion, while emphasizing the need to pay particular atten- 
tion to leadership and the role individuals and organiza- 
tions play in the process. 

We have come so far technologically in regard to food 
fortification. There is now increased need for focused 
attention on creativity, past successes and failures, and 
the identification of in-country leadership to carry the 
program on. These elements have the potential, when 
applied with an understanding and sensitivity to the local 
context, to promote successful uptake and to ensure long- 
term sustainability and ownership enabling fortification 
programs to reach the greatest number of people in the 
most efficient and effective manner. 
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