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 Foreword 

 It is my pleasure to provide some introductory comments on this important 
piece of scholarship from Mark Lawrence. It seems almost too obvious to need 
to say that we should all do whatever we can to address malnutrition, and in 
particular undernutrition in children, that has such devastating long term con-
sequences. The solution should most obviously be driven by a preventive pub-
lic health approach to ensure children grow well and do not need to be ‘treated’. 
Yet waiting until there is an acute problem does seem to be the norm before 
action begins. Starting from a public health or clinical treatment perspective 
makes a difference to the view as to how to address the problem; and acute 
needs usually take precedence over long-term solutions. But the on-going fail-
ure to build in prevention and to adopt a public health approach leads to the 
continuing need for an acute treatment model. So long term, ideally young 
women before they are pregnant and children in the first two critical years of life 
should have reliable access to enough good quality food, clean water, and basic 
health care needs. These are basic human rights. All agree, yet this does not 
seem to be enough to make it happen. Failure to address this is unacceptable. 

 In the context of this book, the question to address is what is the best way to 
ensure reliable access to enough good quality food to meet energy and nutrient 
needs. Over the last twenty years there has been a shift of emphasis away from 
social and community development driving a public health approach that 
seeks to ensure access to good quality food, to a more medicalized treatment 
approach which argues that it is not possible to ensure nutrient needs are met 
by diet alone. The preferred approach has been supplementation. At the same 
time, but with varying and uneven success and effort, fortification and plant 
breeding have also been worked on as ways to improve nutrient intakes. It is 
important to understand how this change in emphasis came about. 

 These important questions are at the heart of this very important book. For 
the first time, as far as I am aware, Mark Lawrence has set out in this book a 
rational framework for asking these questions and the scholarship in this book 
provides important answers.  

 This book is not a technical manual about how to do food fortification. This 
book is about more fundamental issues that need to be addressed before actu-
ally rushing into food fortification. Lawrence asks the big questions about food 
fortification: what are the public health benefits, risk, and ethical considerations 
of food fortification and alternative policy interventions; and how and why are 
food fortification policies made? 
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 By using case studies within a conceptual framework the book reveals many 
important insights that, as far as I am aware, nobody else has previously uncov-
ered about why food fortification is or is not used to address major public 
health nutrition problems. Key among these insights, for me, is that it is impor-
tant to ask some basic questions as to what causes the problem fortification is 
seeking to address. If the problem is caused by a lack of a specific nutrient 
because of the degradation of the nutrient content of the soil in which a food is 
grown, or upon which animals graze, then it seems logical to seek ways to add 
that lost nutrient back into the food chain. If the aim of food fortification is to 
‘treat’ a nutrient related medical problem, the symptoms rather than the cause, 
then there may be a different set of questions to ask as to whether fortification 
is the best way to address this problem. Mark Lawrence asks three important 
questions when assessing the appropriateness of food fortification policy: how 
to specify and measure public health risk; how to specify and measure ethical 
considerations; and how to compare scientific uncertainties and ethical con-
siderations across the possible policy solutions against background plausible 
policy options. Thus, for each problem the key issues to consider are: what are 
the different policy options to address the problem; what are the public health 
benefits and risks for each option; and what are the ethical considerations for 
each policy option. In Section 2 of the book, Mark uses this framework in three 
case studies: universal salt iodization; mandatory flour fortification with folic 
acid; and mandatory milk fortification with vitamin D. For each case study in 
addition to using the above framework he also explores the actors, activities, 
and agendas that have been engaged in the area of work. 

 In the third and last section of the book, Mark Lawrence draws conclusions 
and provides some insights as to the way forward. One size does not fit all—the 
responses to key public health nutrition challenges need to be appropriate to 
the local circumstances that cause the problem. This requires scholarship at the 
local level to understand the problem and think about relevant and appropriate 
local solutions, particularly if the aim is to address local inequalities. Carrying 
on doing the same things in the same way as we are currently doing does not 
make a lot of sense. If the learning from this book is applied more widely we 
just may start to do things more effectively, or at the very least going about 
developing programmes based on some a priori logical framework for better 
decision making. 

 Barrie Margetts 
 Professor of Public Health Nutrition 
 Faculty of Medicine, University of Southampton
President, World Public Health Nutrition Association 



 Preface     

 In my academic role as a public health nutritionist, I am regularly confronted 
with the challenge that is food fortification and its advantages and disadvan-
tages for public health. Students and the general public have long been advised 
by nutritionists that a healthy diet is one that conforms to the principles of bal-
ance, variety, and moderation. Yet, in contemporary times how relevant and 
accurate are these principles when one serve of a cereal product may be forti-
fied to provide a novel variety of nutrients and in greater amounts than exists 
in a combination of foods from all other food groups? Does it matter if that 
cereal product is also 40 %  by weight added sugar? 

 As a member of the public and a parent, the challenges I face may be differ-
ent but they persist. Governments around the world are regulating to varying 
degrees for the addition of iodine, folic acid, and vitamin D, among other 
nutrients, to staple foods in their country’s food supply. It is increasingly likely 
that people in many countries now are consuming a diet that regularly contains 
at least one fortified food. These government activities are intended to provide 
public health benefits though they will provide little health benefit for my 
young children or myself and may confer some risk. Balancing the evidence for 
benefits and risks, struggling with ethical dilemmas, and negotiating the poli-
tics associated with the competing views of actors, are constant themes in food 
fortification. It is for this reason that this book is entitled  Food Fortification: 
  The  Evidence, Ethics  and  Politics  of Adding Nutrients to Food . 

 The idea for this book arose from my experiences with the evidence, ethics, 
and politics of food fortification from several perspectives. When I was the 
Acting Nutrition Director at the then Australia New Zealand Food Authority 
(now Food Standards Australia New Zealand), the Authority was immersed in 
two especially vexed food fortification debates — whether folic acid should be 
added to staple foods to help prevent neural tube defects (see Chapter 6), and 
whether food regulations should be relaxed to give food manufacturers more 
control over fortifying and marketing their products. As the Leader of the 
Australian delegation at a Codex (in effect the international food regulator) 
nutrition committee meeting I witnessed similar vexed food fortification 
debates at the global level and observed the power of certain food manufactur-
ers in influencing these debates. In contrast, when working as a nutritionist in 
Pacific Island countries and Vietnam I have had the opportunity to be involved 
in projects in which food fortification has been a valuable policy option for 
tackling food security concerns. 
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 The purpose of this book is to present the findings of original research into 
food fortification. The research aim was to provide insights into the public 
health benefits, risks, and ethical considerations of food fortification as well as 
understandings of its policy-making processes. It is intended that the achieve-
ment of this research aim will help students, practitioners, and policy-makers 
identify how food fortification policy processes and subsequent policy out-
comes might be improved to further protect and promote public health. 

 A number of food fortification books are available. Typically the purpose of 
such books is to describe food fortification interventions and the various tech-
nical details such as the regulatory conditions under which fortification might 
occur. Other books (such as Allen L, de Benoist B, Dary O, Hurrell R (eds). 
 Guidelines on food fortification with micronutrients . Geneva: World Health 
Organization and Food and Agricultural Organization; 2006. Available 
from:  http://www.who.int/nutrition/publications/guide_food_fortification_
micronutrients.pdf ), provide practical guidance for designing and implement-
ing food fortification programmes. These perspectives are important. However, 
they are not sufficient to gain an understanding of the interactions between 
evidence, ethics and politics that help elucidate the benefits, risks and ethical 
considerations associated with food fortification and how and why such poli-
cies are made. 

 The research presented in this book is cutting edge in that it helps fill this 
current gap in our understanding of food fortification. The research is up to 
date and peer-reviewed. To my knowledge it is the first food fortification inves-
tigation to strategically combine an evidence and ethics assessment with a 
critical analysis of food fortification case studies. The book introduces a 
novel conceptual framework that was used to systematically and robustly 
organize the research. It then presents the findings from combined assessment 
and  critical analysis approaches that were used to investigate three topical food 
fortification case studies. Insights from the research are then identified and 
discussed. 

 The intended readership of the book is upper undergraduate- and  postgraduate-
level students enrolled in food and nutrition, public health, health promotion, 
dietetics, public policy, and medical courses, as well as practitioners in these 
disciplines, researchers and policy-makers. 

 Food fortification is a vast and diverse public health topic. This book does 
not attempt to provide a comprehensive assessment and analysis of all aspects 
of food fortification. Necessarily decisions had to be made about setting 
boundaries for the book’s scope. Food fortification is predominantly of two 
types — mandatory food fortification and voluntary food fortification. This 
book’s focus is on mandatory food fortification. This is because it is the food 
fortification type that is managed by government as a technology for the 

http://www.who.int/nutrition/publications/guide_food_fortification_micronutrients.pdf
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explicit purpose of promoting and protecting public health. This focus is not 
intended to diminish the public health implications of voluntarily fortified 
foods in the contemporary food supply. 

 Governments may propose voluntary food fortification as a policy option to 
tackle certain nutrition problems and this book does consider voluntary food 
fortification from this perspective. However, voluntary food fortification oper-
ates primarily to serve commercial objectives. Although governments regulate 
for voluntary food fortification, it is at the discretion of food manufacturers 
when, and to a large extent in what form, voluntary food fortification is imple-
mented. Commonly it is high sugar- and salt-containing and low nutrient food 
and drink products such as refined cereals and juice drinks that are fortified on 
a voluntary basis. 

 The proliferation of voluntary fortified foods in the modern food supply 
introduces a different public health agenda to that for mandatory food fortifi-
cation. Perversely, it is the addition of nutrients to these less healthy food prod-
ucts that then is exploited to trigger marketing claims suggesting that they have 
health promoting benefits despite their contribution to prevalent dietary 
imbalances threatening public health nutrition. An investigation of voluntary 
food fortification requires a separate research orientation to that presented in 
this book. Rather than investigating how food fortification might be used 
proactively to  promote  public health, research into voluntary food fortification 
might better be oriented towards investigating how to  protect  public health in 
response to commercial agendas for such fortification. 

 An activity that is frequently identified in the analysis of the case studies in 
this book is ‘framing’. In this book framing refers to the process of giving mean-
ing and legitimation to a policy problem and a proffered policy solution. 
Framing does not just relate to the activities of the actors involved in the case 
studies. As the author of this book my views are irrevocably present in how the 
research investigation for each case study was framed. Although my views 
could not be removed from the research processes, their potential influence 
could be managed. In addition to declaring the presence of my views in the 
research, two actions were undertaken to promote a balanced and objective 
approach to the case study investigations. First, the conceptual framework was 
applied to explicitly outline the logic that informed how the investigation was 
structured and the specific case studies were selected so as to each represent 
one of three plausible rationales for food fortification. 

 The second action was that when assessing and analysing the case studies at 
the heart of the research I attempted to represent all major views on a topic. It 
is widely accepted that universal salt iodization (USI) (Chapter 5) represents 
a well-substantiated case for mandatory food fortification and that is the 
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 predominant view presented for that case study. Alternatively, there is a diver-
sity of views towards using food fortification as a policy intervention to address 
the policy problems of micronutrient malnutrition in its broad sense (addressed 
within the USI case study), neural tube defects (Chapter 6), and vitamin D 
deficiency (Chapter 7). In promoting balance in the investigation I present the 
range of views associated with these case studies. However, I do not resile from 
identifying scientific uncertainties and ethical dilemmas associated with the 
use of mandatory food fortification in each case study. Critically, I also draw 
particular attention to the existence of one or more ‘complicating  factors’ asso-
ciated with each of these more contested case studies. These complicating fac-
tors indicate that despite each of these food fortification case studies being 
associated with scientific uncertainties and ethical dilemmas, there is a reason 
for considering food fortification as a policy option. It is the existence of 
the complex mixture of scientific uncertainties, ethical dilemmas, and compli-
cating factors that make each topic a particularly rich case study of food 
 fortification. 

 The book has been written deliberately to challenge certain conventional 
views about food fortification that might be held by some readers. It seeks to 
encourage new ways of thinking about the role of this technology in promoting 
and protecting public health. It will have gone a long way to achieving its 
research aim if it succeeds in provoking readers to critically analyse what is 
happening with food fortification in countries around the world, how and 
why it is happening and what its public health benefits, risks and ethical 
 considerations are. 

 Mark Lawrence       
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      Chapter 1  

 Introduction      

 The right to health means that governments must generate condi-
tions in which everyone can be as healthy as possible. Such condi-
tions range from ensuring availability of health services, healthy 
and safe working conditions, adequate housing and nutritious 
food (  1  , p. 1). 

 Reproduced from the World Health Organization Fact Sheet: The right to health, Copyright © 
World Health Organization 2007, available from: http://www.who.int/mediacentre/

factsheets/fs323_en.pdf       

   Food, nutrients, and health   
 Food is essential to life. It provides the nutrients necessary for growth, develop-
ment, and health maintenance. Modern humans’ nutrient requirements are an 
outcome of millions of years of evolution, as human physiology has adapted to 
available food supplies (  2  ). Although it is not possible to be sure whether the 
amount and composition of available food supplies has been optimal for health as 
the environment changed over the centuries, it evidently has been adequate for 
human survival (at least until reproductive age). The relatively recent global 
epidemic of diet-related non-communicable diseases, such as cardiovascular 
disease, cancer, and type 2 diabetes, has been attributed in part to contemporary 
nutrient intake patterns that depart from those that have existed for much of 
human evolution along with social and environmental patterns, such as chang-
es in physical activity. Specifically, it seems likely that the rate of change in nutri-
ent intakes over the past several hundred years has occurred more rapidly than 
the genes that shape our physiology have been able to evolve and adapt (  3  ). 

 Throughout history the inter-relationship between human physiology and 
available food supplies has taken place within an ecological setting that has 
mediated the availability and nutrient composition of individual foods. Then, 
as food science and technology skills developed, scientists gained the capacity 

http://www.who.int/mediacentre/factsheets/fs323_en.pdf
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to manipulate the compositional characteristics of certain foods. Almost 
100 years ago food scientists, often in collaboration with nutritionists who 
had access to a rapidly growing nutrition knowledge base, began adding nutri-
ents to certain foods as a technological intervention to support public health 
policy objectives or pursue commercial opportunities. The addition of essen-
tial nutrients to certain foods became known as food fortification.     

   What is food fortification?   
 Food fortification is defined by the Codex Alimentarius Commission (Codex), 
which is in effect the international food regulator (see Chapter 3), as ‘... the 
addition of one or more essential nutrients to a food whether or not it is nor-
mally contained in the food for the purpose of preventing or correcting a dem-
onstrated deficiency of one or more nutrients’ (5, p. 2). The Codex general 
principles for the addition of essential nutrients to foods were in the early 
stages of the Codex review process (  4  ) at the time of writing, and so their 1991 
version is used as the reference for food fortification principles in this book. 
These 1991 Codex principles state that the following conditions should be ful-
filled for any fortification programme (5, p. 3): 

 There should be a demonstrated need for increasing the intake of an essential nutrient 
in one or more population groups. This may be in the form of actual clinical or sub-
clinical evidence of deficiency, estimates indicating low levels of intake of nutrients or 
possible deficiencies likely to develop because of changes taking place in food habits.   

 Food fortification is one of four purposes for adding nutrients to foods rec-
ognized by Codex, the other three purposes being (5, pp. 1, 2):  
   Restoration:  ‘Th e addition to a food of essential nutrient(s) which are lost dur-

ing the course of good manufacturing practice, or during normal storage and 
handling procedures, in amounts which will result in the presence in the food 
of the levels of the nutrient(s) present in the edible portion of the food before 
processing, storage or handling’. For example, adding thiamin to fl our to a level 
comparable to that originally present in the wheat grain before it was milled.  

   Achieving nutritional equivalence of substitute foods:  where nutritional equiva-
lence is defi ned as: ‘Being of similar nutritive value in terms of quantity 
and quality of protein and in terms of kinds, quantity, and bioavailability of 
essential nutrients’. Substitute food is defi ned as: ‘A food which is designed 
to resemble a common food in appearance, texture, fl avour, and odour, and 
is intended to be used as a complete or partial replacement for the food 
it resembles’. For example, adding vitamin A to margarine in an amount 
equivalent to that present in butter, for which it is a food substitute.  

   Ensuring the appropriate nutrient composition of a special purpose food:  where spe-
cial purpose foods are defi ned as: ‘Foods that have been designed to perform 
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a specifi c function, such as to replace a meal, which necessitates a content 
of essential nutrients which cannot be achieved except by addition of one or 
more of these nutrients’.     

 This book focuses on food fortification, in particular mandatory fortifica-
tion and to a lesser extent, voluntary food fortification. It briefly refers to the 
more specialized areas of biofortification of staple foods (the breeding and 
genetic modification of plants to improve nutrient content and/or absorption) 
and household fortification (adding nutrients in the form of tablets, powders, 
and spreads to foods at the household level). Mandatory and voluntary food 
fortification are broadly distinguishable in relation to who controls the deci-
sion to fortify a food. In the case of mandatory food fortification, governments 
set food law that obliges food manufacturers to fortify particular foods or cat-
egories of foods with specified nutrients, and often at specified levels. Generally, 
governments mandate food fortification in response to evidence that a public 
health problem has a high prevalence and/or high severity. In comparison, 
voluntary food fortification involves governments setting food law that speci-
fies permissions within which food manufacturers can then choose whether or 
not to fortify particular foods. This latter policy approach may be recom-
mended by governments as a more flexible alternative to mandatory food for-
tification when responding to a particular public health problem. However, 
typically food manufacturers take advantage of these permissions to pursue 
marketing opportunities, either by creating a new food product or to differen-
tiate an existing food product from that of a competitor’s. 

 The first mention of food fortification occurred in 400 BCE, when the 
Persian physician Melampus (medical advisor to Jason and the Argonauts) 
suggested that adding iron filings to wine would increase the ‘potency’ of sol-
diers (  6  ). In more contemporary times, food fortification has been intertwined 
with the modern history of nutrition. It was during the so-called golden era of 
nutrition in the first half of the 20th century, characterized by the ‘discovery’, 
isolation, and elucidation of many nutrients, that the impetus for the evidence-
informed addition of nutrients to certain foods was created. As food and nutri-
tion science evolved, the growing technological capacity and evidence base 
fuelled the need for more investment into food fortification policy. Hence for-
tification progressively expanded to cover more nutrients, foods, public health 
problems, and marketing opportunities. 

 The first time food fortification was used as an evidence-informed public 
health intervention occurred in the early 1920s in Switzerland when table salt 
iodization to help prevent endemic goitre was introduced (  7  ). The US closely 
followed (  8  ). During this era, other nutrition-related conditions, including 
anaemia, beri beri, pellagra, and rickets, were also prevalent among many 
populations. Burgeoning knowledge regarding nutrient–health relationships 
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and food composition, as well as surveillance to collect dietary intake data, 
provided insights into preventing these afflictions. In addition, technological 
developments in food science were opening up possibilities of enabling foods 
to be fortified with nutrients to help tackle these public health problems. Over 
the following 50 years, a number of food fortification public health pro-
grammes, mostly in industrialized nations, were implemented. The more 
prominent nutrient–food vehicle combinations during this period were: vita-
min D-fortified milk, vitamin A-fortified margarine, and B-group vitamin- 
and iron-fortified flour. 

 Increasingly from the 1970s, food fortification programmes were introduced 
into low- and middle-income countries (LMICs) as a policy intervention to 
tackle micronutrient malnutrition. The magnitude of the problem of micronu-
trient deficiencies is substantial, and infants, children, and pregnant and lactat-
ing women are especially vulnerable. Globally, it is estimated that there are 
approximately two billion people whose diet lacks sufficient amounts of vita-
mins and minerals essential for health (  9  ). More than a third of child deaths and 
more than 10 %  of total global disease burden is attributed to maternal and child 
undernutrition overall (  10  ). Over the past 20 years in particular, there has been 
a concerted effort from United Nation (UN) agencies to highlight and address 
micronutrient malnutrition, and food fortification has received particular 
attention as a priority policy option (  11 ,  12  ). Food fortification is a strategic 
initiative aligned with six of the eight Millennium Development Goals (MDGs). 
These goals were set at the UN millennium summit to guide international 
development work to help bridge the gap between rights and reality for the 
world’s poor by the year 2015. In the context of progress towards the achieve-
ment of the MDGs, the UN Standing Committee on Nutrition has instigated its 
‘Scaling Up Nutrition’ agenda to increase investment in food fortification (  13  ). 

 Food is not just a public health resource, it is also big business. Global food 
retail sales are estimated to represent US$ four trillion annually (  14  ). Fortified 
food products represent a significant component of this figure. A number 
of food manufacturers, located mainly in industrialized countries, are taking 
advantage of voluntary food fortification permissions to develop niche prod-
ucts and/or to differentiate their products according to the target market. 
Consequently, the modern food supply has a proliferation of voluntarily-
fortified food products, notably in the categories of breakfast cereals, bever-
ages, and dairy products. Powerful marketing opportunities arise when these 
voluntarily-fortified food products can be promoted with nutrition and health 
claims based on their nutrient content levels and novel nutrient composition. 
In addition, the suppliers of the fortificants that are essential ingredients for 
fortified foods are active participants in the food marketplace. For example, at 
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its curiously titled website URL  http://www.pourontheprofits.com  (  15  ), the 
prominent nutritional ingredient supplier, DSM, explicitly frames food fortifi-
cation as a business opportunity.     

   The presence of fortified foods in the modern 
food supply   
 Fortified foods are ubiquitous in the modern food supplies of LMICs and high-
income countries. The US Centers for Disease Control and Prevention reports 
that globally between 2004 and 2007, the percentage of roller mill-processed 
wheat flour that was fortified increased from 18 %  to 27 %  (see Figure   1.1  ). This 
is especially significant because wheat flour is the most consumed cereal flour 
in the world (  16  ). This trend is gaining momentum and by the end of 2011 it 
was estimated that across the world 30 %  of the flour processed in large roller 
mills was fortified (  17  ).  

 The extent of exposure to novel nutrient profiles varies among countries 
around the world. Across Europe, fortified foods are reported to not significantly 
contribute to nutrient intake levels (  18  ). By contrast, some argue that if it were 
not for fortified foods and nutrient supplements, significant proportions of the 

      Fig. 1.1    Percentage of wheat flour processed in roller mills that was fortified: 
worldwide and by World Health Organization (WHO) region, 2004 and 2007. 
    Reproduced from G Maberly et al. Trends in wheat-flour fortification with folic acid and iron – worldwide, 2004 
and 2007. Morbidity and Mortality Weekly Report (MMWR), 57(1): 8–10, Centers for Disease Control and 
Prevention (CDC), Copyright © 2008.
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US population would struggle to achieve the US dietary reference intake for a 
number of micronutrients (  19  ). 

 The growing proliferation of mandatorily- and voluntarily-fortified food 
products in the marketplace shows little sign of abating. At the time of writing, 
many technical, governance, and political developments are underway that are 
predicted to provide a strong platform to drive expanded food fortification 
policy and practice activities into the future. From a public health perspective, 
the World Health Organization (WHO) is building an evidence base to inform 
food fortification policy and practice decisions, as well as providing a range of 
resources to support food fortification programmes. These WHO activities are 
taking place at the same time as Codex is reviewing its general principles for 
the addition of essential nutrients to foods. Moreover, various partnerships and 
alliances are being formed to strengthen capacity to implement food fortifica-
tion programmes, and national and regional level collaboration is facilitating 
the roll-out of such programmes (see Chapter 3). 

 It is not just mandatory food fortification programmes that will be driving an 
anticipated increased presence of fortified foods in the marketplace into the 
future. It is likely that the commercially-oriented motivation for and invest-
ment in voluntary food fortification also will continue to grow. Survey data 
published in the food marketing literature consistently report people’s positive 
attitudes towards fortified foods, highlighting the commercial attractiveness of 
fortification. For example, the findings of one 2011 survey indicate that approx-
imately 80 %  of the US adult population believe that fortification (and ‘foods 
with added benefits’) plays at least some role in their food purchasing behav-
iour, i.e. certain foods and beverages are purchased specifically because of a 
perceived added benefit of fortification (  20  ). Moreover, according to the results 
of a 2010 survey of US adult primary grocery shoppers, fortification is a strong-
er influence on the perception of what is a healthy food than the removal of 
sugar, saturated fat, and sodium (  21  ). 

 The extent of novel nutrient exposure in populations is increased when the 
availability of fortified foods is considered alongside the significant purchase and 
consumption of nutrient supplements among citizens in many countries. It is esti-
mated that the value of the global market for vitamin supplements alone, i.e. not 
including mineral supplements, will reach US$ 3.3 billion by the year 2015 (  22  ).     

   The contested nature of food fortification   
 The substantial presence of mandatorily- and voluntarily-fortified food prod-
ucts in the modern food supply represents a significant departure from the 
typical nutrient profiles that humans have been exposed to for most of recorded 
history. The net result is that the majority of the world’s population is being 
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exposed to unprecedented amounts and unusual combinations of nutrients. 
The health implications of these novel nutrient exposures are uncertain. 
As Jacobs and colleagues comment: ‘The biologic systems involved in nutrition 
and disease are complex and not completely understood. We do know, 
however, that the human body did not evolve in the presence of a fortified food 
supply’ (  23  ). 

 As a technological intervention, food fortification is a particularly vexed and 
contested public health policy topic. Its ability to raise nutrient intakes across 
populations relatively extensively, rapidly, and cheaply, in combination with 
the way that many fortified food products are marketed, is considered as either 
a strength or a concern among actors in government, public health, and the 
private sector. In many areas food fortification has demonstrated impressive 
successes. However, there are also extraordinary claims made about food forti-
fication and high expectations about its ability to solve dietary deficiencies and 
various other public health nutrition problems. 

 Proponents of food fortification point to its track record of having helped 
achieve many successful public health outcomes as well as its specific advan-
tages as a public health intervention. Such advantages include its ability to pas-
sively increase the intake of a certain nutrient, ‘or combination of micronutrients’, 
of everyone in a population who consumes a fortified food, i.e. increase the 
population’s nutrient intake without the need for a conscious dietary behaviour 
change. This advantage is particularly beneficial because dietary behaviour 
change is a notoriously difficult outcome to achieve and sustain. Evaluations of 
social marketing campaigns promoting dietary guideline-type messages con-
sistently indicate that when positive outcomes are identified, they are usually 
over-represented among the relatively well-off population groups in society, 
sometimes referred to as the ‘worried well’. In comparison, population groups 
who would most benefit from dietary change may not have the resources or 
opportunities to act on the campaign’s message. This situation highlights the 
equitable nature of food fortification programmes relative to many alternative 
policy interventions (assuming those population groups most in need of raised 
nutrient exposure are able to afford, access, and have available the fortified 
foods). In addition, food fortification can be introduced relatively quickly 
and delivered efficiently through increasingly centralized food systems to rap-
idly raise nutrient exposures for populations. In the context of responding to 
calls for action on malnutrition, especially undernutrition of various micronu-
trients, the World Bank has described food fortification as the technology that 
offers the largest opportunity to improve lives considering its relatively low 
cost and short time to effect change (  24  ). 

 Those who are more cautious about food fortification suggest that policy 
decisions should be made in the context of uncertainties with scientific 
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evidence and ethical considerations. Scientific uncertainties relate to the public 
health effectiveness of food fortification, as well as its safety implications. 
According to a former president of the International Union of Nutritional 
Sciences, food fortification is often misused to be a form of ‘technological fix’, 
in which a diversity of different nutrients are used to act on different health 
problems, resulting in a ‘patchwork quilt’ effect of interventions. He suggests 
that greater investment in promoting primary foods would result in a more 
effective and safer foundation to achieve a balanced healthy diet that consists 
of many ingredients and interactions that cannot be accommodated by food 
fortification (  25  ). From an ethical perspective, food fortification raises con-
cerns about the rights of individuals, population groups, and the public as a 
whole. For example, whereas an advantage of mandatory fortification of a food 
staple is that it passively exposes a target population to raised levels of a nutri-
ent, its non-selective nature is a double-edged sword, because it does not dis-
criminate and will expose all consumers to a raised level of the nutrient 
regardless of whether they will gain any benefit from this exposure or not. 

 It is clear that expectations associated with mandatory food fortification need 
to be kept in perspective. According to the WHO, whereas food fortification 
can be a powerful technology for reducing micronutrient malnutrition, it should 
not be positioned as a stand-alone solution, and instead be regarded as part of 
an integrated approach to prevent micronutrient malnutrition along with other 
approaches (  26  ). There are a number of causes of micronutrient malnutrition, 
not least poverty. Development programmes to tackle poverty may include 
food fortification programmes. However, often these fortification programmes 
may be replaced or complemented with targeted activities, such as income 
generation, nutrient supplementation, dietary diversification, and various 
public health measures focusing on water sanitation and deworming (  27  ). 

 Voluntary food fortification raises another set of potential public health con-
cerns. Whereas voluntarily-fortified foods may provide an extra source of 
nutrients for the population that eats the foods, high consumers of these foods 
may exceed the upper level of intake for safety for a particular nutrient (28). 
In addition, many voluntarily-fortified foods contain high levels of sugar and 
salt, such that at the same time that they are providing extra nutrients, they may 
be contributing to dietary imbalances. Public health nutritionists question 
whether the progressive permitting of a wider range of fortified foods, with 
accompanying marketing claims, creates consumer confusion about what con-
stitutes a healthy and balanced diet. For example, does the wider availability and 
marketing of calcium-fortified fruit drinks lead to their substitution for milk? 

 The contested nature of food fortification provides fertile territory for com-
peting views in policy debates, such as determining the relative degree of con-
trol the state and the market should have over the regulation of food fortification. 
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For example, the following two statements typify the two extremes of the argu-
ments around fortification:  
   1  We have evolved eating large amounts of fruit and vegetables obtained 

from local food systems — we should encourage people to eat more locally-
produced fruit and vegetables and discourage the widespread fortifi cation 
of highly processed foods.     

 or  
   2  It is idealistic to expect people to eat more fruit and vegetables — with food 

science and global food system capabilities, we should just let popular fast 
food and soft  drink companies add more nutrients to their food products so 
long as it doesn’t cause harm.     

 The existence of demonstrated benefits alongside contested evidence, ethics, 
and political dimensions to the food fortification–public health relationship 
highlights that it would be naïve to conclude that the current proliferation of 
fortified foods is definitively good or bad for public health. Worryingly, although 
there are these many public health concerns, there is a lack of monitoring and 
evaluation of the public health implications of food fortification. For instance, it 
has been noted that rarely has the effectiveness of food fortification programmes 
been properly evaluated for their impact on nutritional status (  26  ). Greater 
investment in monitoring and evaluation of food fortification programmes is 
indicated, but is of itself not sufficient to understand the public health consid-
erations. Investigations that critically analyse the public health benefits, risks, 
and ethical considerations of food fortification policies, and contribute to under-
standing how and why they are being made, are needed to help strengthen food 
fortification’s capacity to protect and promote public health into the future.     

   The research aim   
 In spite of the significant impact of food fortification policy on the food supply 
and public health, public health practitioners often have limited opportunity 
and awareness to participate in food fortification policy development. 
Therefore, if practitioners want to influence food fortification activities, an 
essential prerequisite is to gain an understanding of the issues and policy-
making so they have a greater capacity to participate in the policy process, to 
have their voice heard, and to influence decisions (  29  ). In this regard, the 
research aim of this investigation was to provide insights into the public health 
benefits, risks, and ethical considerations of food fortification and understand-
ings of its policy-making processes. It is intended that the achievement of this 
research aim will help students and practitioners identify how food fortifica-
tion policy processes and subsequent policy outcomes might be improved to 
further protect and promote public health. 
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 This investigation was informed by a policy science perspective. Policy sci-
ence is concerned with identifying and analysing the political variables (deter-
minants) of policies as well as articulating the mechanisms, processes, and 
structures through which these variables are expressed and exert their influ-
ence over policy-making (  30  ). In particular, the findings and lessons from this 
investigation emerged from a critical analysis of food fortification policy. This 
critical analysis approach meant not passively accepting claims about policy-
making on face value, and instead striving to uncover information to help 
assess the implications of food fortification policies, and to analyse how and 
why such policies are made. The critical analysis was not about setting up food 
fortification policy for criticism. Rather it was a strategic acknowledgement of 
the political realities of policy-making that need to be made clear from the 
outset, so that a meaningful investigation can then be undertaken and insights 
gained to contribute to a constructive outcome. 

 A policy science perspective challenges the assumption that scientific facts 
exist as value-free entities that are simply waiting to be discovered by research-
ers so as to provide inputs to incrementally expand the knowledge base for food 
fortification. Policy science posits that, although the intention is that food for-
tification policy be the product of rational processes informed by evidence and 
ethical reasoning systems, it is inevitable that these rational processes are sub-
ject to influences by actors, activities, and agendas that shape how they are 
constructed, interpreted, and applied. For instance, the way that a research 
investigation is prioritized and a question is framed is a human judgement and 
determines what facts are (and are not) able to be collected. Similarly, human 
judgement is required to complement the available evidence and ethical con-
siderations to weigh up uncertainties, assumptions and the pros and cons of 
different health policy interventions (  31  ). It is the presence of human judge-
ments in research and policy processes that has led policy scientists to empha-
size the explanatory role of values, beliefs, and interests in influencing the use 
of evidence in health policy-making (  32  ). As Parsons comments: 

 A problem has to be defined, structured, located within certain boundaries and be 
given a name. How this process happens proves crucial for the way in which a policy 
is addressed to a given problem. The words and concepts we employ to describe, ana-
lyse or categorize a problem will frame and mould the reality to which we seek to apply 
a policy or ‘solution’. The fact that we may share the same data, or at least believe that 
we share the same data, does not mean that we shall see the same thing. Values, beliefs, 
ideologies, interests and bias all shape perceptions of reality (33, p. 88).   

 Following this assessment it becomes clear that if facts are value-laden then 
by extension the translation of knowledge into evidence-based guidelines and 
public policy cannot be a ‘politically neutral exercise’ (  34  ). It is this logic that 
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led this investigation to challenge assumptions that there exists a rational and 
linear relationship between evidence and policy outcomes. Instead it viewed 
the use of evidence and ethics in policy-making as being inherently political. 

 The research questions asked of the investigation were:  

   1  What are the public health benefi ts, risks, and ethical considerations associ-
ated with food fortifi cation?  

   2  How and why are food fortifi cation policies made?     

 This is a novel orientation for food fortification research, because the focus 
of the investigation is on generating evidence  of  the food fortification policy 
process with the intention of informing food fortification policies and prac-
tices in general. It is distinct from conventional epidemiological and evaluation 
studies, where the focus is on generating evidence that can be used  for  design-
ing or amending individual food fortification programmes.     

   How the research was organized   
 An innovative approach in organizing the research to answer the research ques-
tions was required, because food fortification policy is a complex and broad topic 
to investigate. The sheer size and complexity of this form of technological inter-
vention meant that it presented strategic and practical research challenges. From 
a strategic perspective, standard lines of inquiry that attempt to assess the impact 
of food fortification and analyse how and why it was made might be limited, 
because it has many different facets and applications. It was not the intention in 
a book of this type to undertake a comprehensive assessment and analysis of food 
fortification, nor to provide definitive answers on the topic. Instead, this book 
takes a novel path in providing some rational insights and reasoned findings to 
the aforementioned guiding research questions on food fortification policy in 
general, speculation on the direction food fortification is headed, and sugges-
tions for progressing food fortification policy and practice into the future. 

 The frame of reference for the investigation was food fortification as a tech-
nological intervention for public health nutrition policy. It is to food fortifica-
tion (and its policy processes) in total that the investigation’s findings are 
generalized. This is in contrast to an investigation where the frame of reference 
is a nutrition problem and how food fortification might help solve this problem. 
Findings from this second frame of reference cannot be generalized to inform 
food fortification policy in total. Having stated that, rather than attempting to 
tackle food fortification as one coherent whole, the research underpinning this 
investigation was based on positioning food fortification as a broad technological 
intervention that comprised a number of different types. In order to understand 
the topic in its entirety, it was pulled apart into individual interventions, or case 
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studies, that were more manageable and able to be interrogated thoroughly. The 
findings from these individual case studies were then collated and interpreted to 
inform a picture of what was happening with food fortification as a whole. 

 This research approach presented a practical problem. There are many dif-
ferent food fortification interventions underway, tackling many different policy 
problems, in a variety of circumstances. The challenge was to comprehensively 
and systematically capture what was happening and be able to present the 
whole as being representative. In addition, the policy problems that food forti-
fication seeks to address, such as micronutrient malnutrition, are often classic 
examples of so-called ‘wicked’ problems in public policy (  35  ). They are wicked 
problems because they can be open-ended and intractable, involve contested 
policy ‘solutions’, and regularly challenge the assumption that, so long as there 
is sufficient evidence available, rational policy planning and implementation 
will follow (  36  ). 

 These challenges meant that, to achieve the book’s purpose, the investigation 
needed to extend beyond an analysis of an indeterminate number of randomly 
selected individual case studies, to enable a rigorous and in-depth analysis of 
food fortification as a whole. Therefore, a conceptual framework was devel-
oped to sample and then assess and analyse case studies in a way that was both 
strategically meaningful and manageable. The conceptual framework is based 
on the premise that not all food fortification policies and interventions are the 
same. The problems and circumstances associated with food fortification are 
varied, as is the case for food fortification. 

 The investigation’s conceptual framework details plausible public health 
rationales for undertaking mandatory food fortification. It draws on the follow-
ing Codex condition that should be fulfilled for any fortification programme: 

 There should be a demonstrated need for increasing the intake of an essential nutri-
ent in one or more population groups. This may be in the form of actual clinical or 
subclinical evidence of deficiency, estimates indicating low levels of intake of nutri-
ents or possible deficiencies likely to develop because of changes taking place in food 
habits (5, p. 3).   

 Consistent with this condition, there are three plausible public health ration-
ales for increasing the intake of an essential nutrient in one or more population 
groups:  

   1  Th e food supply is unable to provide suffi  cient nutrients.  

   2  Th e presence of a peculiar physiological condition in certain individuals 
 resulting in a raised nutrient requirement for those individuals.  

   3  A reduction in exposure to the primary source of a nutrient.     

 For the purposes of the present investigation, each of these public health 
rationales for food fortification was linked with a policy problem for which 
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there are one or more underlying causes as outlined in the conceptual frame-
work. Following this outlining of the problem causation, the conceptual frame-
work then lists the multiple potential policy solutions available for each policy 
problem. A mandatory food fortification case study for each public health 
rationale was selected (Chapters 5–7). Each case study was assessed for its pub-
lic health benefits, risks, and ethical considerations in preventing and control-
ling the policy problem associated with each rationale in absolute terms as well 
as relative to other potential policy solutions. The findings from each assess-
ment then provided a basis against which the findings of the subsequent analy-
sis of how and why the case study was made could be compared. 

 This conceptual framework is outlined in Table   1.1   and includes the repre-
sentative case studies.      

   How the book is structured   
 This book is structured into three sections:    

   Section 1: The evidential, ethical, and political 
underpinnings of food fortification   

 This section provides the foundation for undertaking the book’s investigation, 
as detailed in Chapters 2–4. It explains the evidence and ethical and political 
perspectives around food fortification that underpin the investigation and that 
gave the book its title, as well as outlining the case study research design and 
methods that shaped the investigation. 

  Chapter 2  describes the role of evidence and ethics in informing food 
fortification policy-making and is illustrated with the current international 
approaches to putting these into practice. Also is presented is a review of 
theories and models of evidence- and ethics-informed practice that provided 
theory-driven insights for guiding the research and a basis for comparing 
observations. 

  Chapter 3  details the actors, activities, and agendas that influence how and 
why evidence and ethics inform food fortification policy-making. 

  Chapter 4  presents the case study research design and methods that were 
undertaken for this investigation.     

   Section 2: The case studies   

 Following the three foundation chapters of Section 1, the second section of the 
book presents three topical case studies:  

   Chapter 5 , Case study 1: universal salt iodization as an intervention to help 
prevent iodine defi ciency disorders.  
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     Table 1.1  Conceptual framework for organizing the book’s investigation into mandatory food fortification policy  

 Public health rationale 
for increasing the 
intake of a nutrient 

 The policy 
‘problem’ 

 Underlying causes of the policy 
problem 

 Potential policy ‘solutions’  The mandatory food fortification case 
study for the public health rationale  

 (  1  ) The food supply is 
unable to provide 
sufficient nutrients 

 Micronutrient 
malnutrition 

 Inherent nutrient deficiency 
in the food supply 

 Poverty and food insecurity 
(e.g. poor food availability, 
affordability, and accessibility) 

 Presence of inhibitory dietary 
components (e.g. phytates 
binding iron and zinc, non-
detoxified cassava and iodine) 

 Mandatory food fortification 

 Voluntary food fortification 

 Supplementation 

 Public health, social, and/or 
agricultural development 
measures 

 Nutrition education 

 Maintaining the status quo 

 Universal salt iodization to help prevent 
iodine deficiency disorders (Chapter 4) 

 (  2  ) Certain individuals 
have nutrient 
requirements higher 
than reference 
standards a  

 Neural tube 
defects 

 Primarily thought to be genetic 
polymorphisms affecting nutrient 
metabolism in certain at-risk 
individuals in combination with 
environmental influences 

 Mandatory food fortification 

 Voluntary food fortification 

 Supplementation 

 Nutrition education 

 Maintaining the status quo 

 Mandatory flour fortification with folic acid 
to help reduce the risk of neural tube 
defects (Chapter 6)   a    
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 (  3  ) There is a reduction 
in exposure to the 
primary source of a 
nutrient 

 Vitamin D 
deficiency 

 Living conditions 

 Cultural, religious, and social 
customs 

 Concern about risks associated 
with exposure to the primary 
source 

 Mandatory food fortification 

 Voluntary food fortification 

 Public health measures —
 promoting safe sunlight 
exposure 

 Supplementation 

 Nutrition education 

 Maintaining the status quo 

 Mandatory milk fortification with 
vitamin D to help prevent vitamin D 
deficiency (Chapter 7) 

   a This public health rationale is associated with a secondary policy problem—micronutrient malnutrition, when its underlying causation is the presence of a parasite infection or 
a related medical condition affecting nutrient absorption, metabolism, and/or blood, urine, faeces loss. In this circumstance, affected individuals have a nutrient intake 
requirement higher than reference standards to compensate for the impact of their health condition. The policy problem is not a consequence of an inherent physiological 
condition influencing a nutrient requirement. Potential policy solutions consistent with those listed to help prevent neural tube defects are relevant for this particular policy 
problem. In addition, the policy solution of public health, social, and/or agricultural development measures is indicated.   
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   Chapter 6 , Case study 2: mandatory fl our fortifi cation with folic acid to help 
reduce the risk of neural tube defects.  

   Chapter 7 , Case study 3: mandatory milk fortifi cation with vitamin D to 
help prevent vitamin D defi ciency.     

 Each case study was selected as being representative of one of the three 
 plausible public health rationales for food fortification (see Table   1.1  ). The 
reasoning behind the selection process is described in Chapters 5–7. Collectively, 
this second section of the book illustrates a research approach that is based on 
a single case-study design applied three times, so that all three of the identified 
public health rationales for food fortification policy are addressed. For each 
individual case study, the evidence-informed public health benefits and risks, 
as well as ethical considerations, are assessed and compared with policy alter-
natives and the policy-making process is critically analysed.     

   Section 3: Insights from the past and present, and a view 
to the future   

 In the book’s third and final section, the collective findings from all three case stud-
ies are analysed, insights that emerge are discussed, and learnings are identified. 

  Chapter 8  discusses what the book’s investigation reveals about the interplay 
between evidence, ethics, and politics when using food fortification as a tech-
nology to protect and promote public health. 

  Chapter 9  discusses the likely direction food fortification is headed and pro-
vides suggested priority activities to progress food fortification policy and 
practice into the future. 

  Chapter 10  provides the book’s conclusion and presents the lessons learned 
from the investigation in relation to what the findings might mean for food 
fortification policy and practice.       
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      Section 1 

 The evidential, 
ethical, and political 
underpinnings of 
food fortification   

 In most countries fortified foods are available in the marketplace by virtue of 
permissions expressed in food law and regulatory frameworks. Therefore forti-
fied food products cannot appear arbitrarily in the marketplace even if food 
manufacturers possess the technological capacity to ensure their supply or 
there exists demand for their availability from various interest groups. There 
are food laws and regulations that specify whether or not food fortification is 
permitted and, if so, under what conditions. These conditions include techni-
cal details such as which foods can be fortified with which nutrients in what 
form, at what levels, and with what associated claims. Food law and regulatory 
frameworks manage food fortification in two distinct orientations. Proactively, 
they manage food fortification as an intervention to help promote public 
health. Reactively, they manage food fortification so that the public's health 
and safety is protected. 

 In order to assess the public health benefits, risks, and ethical considerations 
of food fortification activities, and to analyse how and why such activities take 
place, there is a need to gain a basic understanding of the relationship between 
food laws and regulations, and food fortification. Providing the information 
to gain this basic understanding is the purpose of this section of the book. The 
three chapters collectively describe the evidence, the ethics, and the politics 
associated with food laws and regulations and which subsequently underpin 
food fortification. The descriptions provided the information that formed the 
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platform from which this book’s investigation was undertaken. In particular, 
the case study investigations presented in Section 2 drew on this information 
when conducting their assessments and analyses. 

 In Chapter 2 the evidential and ethical reasoning systems that inform food 
fortification policy and practice are presented. These reasoning systems do not 
talk for themselves. The actors, their activities, and the agendas shaping food 
regulatory systems within which the reasoning systems operate are described 
in Chapter 3. The descriptions in these first two chapters highlight the con-
tested nature of food fortification policy-making and practice. Therefore, 
Chapter 3 also provides a review of major policy science theoretical frame-
works as a basis for informing the investigation into the political nature of food 
fortification activities. In Chapter 4 the method that was used to undertake the 
research reported in this book is presented.         



 Chapter 2  

 Food fortification evidence 
and ethics      

 Evidence-informed health policy-making is an approach to policy 
decisions that aims to ensure that decision making is well-informed 
by the best available research evidence. 

 (Reproduced with permission from Oxman A, Lavis J, Fretheim A, Lewin S. SUPPORT tools 
for evidence-informed health Policymaking (STP) 16: using research evidence in balancing 

the pros and cons of policies. Health Research Policy and Systems 2009; 7 Suppl 1: S16.(1) )

 Food fortification is as much about ethics and society as it is about 
science . . . While traditionally staple foods such as flour, cereals and 
spreads have been seen as good ‘vehicles’ for added nutrients . . . 
the question remains: is mass medication through the food we eat 
the way to go? 

( Reproduced from Ursula Arens, spokeswoman for the British Dietetic Association, as quoted 
in The Independent, Friday 3 February 2012, page 36, Meg Carter, with permission from 

The Independent, www.independent.co.uk (2)       )

   Introduction   
 The ‘protection of public health and safety’ is typically the primary objective 
for national and international food regulatory authorities when developing 
food fortification policy and programmes. Curiously, what this means in 

www.independent.co.uk


FOOD FORTIFICATION EVIDENCE AND ETHICS 22

 practice has not been clearly defined (  3  ). Therefore, its interpretation and 
application can be uncertain. There are two particular uncertainties that have 
a bearing on food fortification policy-making. First, what exactly is the mean-
ing ascribed to the word, ‘ protection ’ in the objective ‘protection of public health 
and safety’? Might the objective be applied to assess benefits associated with 
using mandatory food fortification to protect against a population-wide nutri-
ent deficiency? Alternatively, might the objective be applied to assess potential 
risks associated with permitting the introduction of a novel voluntarily- fortified 
food into the marketplace? 

 A second area of uncertainty relates to the nature and scope of the phrase 
‘ public health and safety’ . Should the phrase be interpreted in terms of a rela-
tively immediate impact at the individual level, or as a longer-term impact at 
the population level? For example, should the assessment of a proposed food 
fortification activity be confined to its potential for immediate harm resulting 
from excessive nutrient intake, or be extended to include broader public health 
implications such as its potential to foster dietary imbalances. 

 Food fortification can be a vexed public health topic that creates unusual 
dilemmas for policy-makers. People can have opposing views about how to 
regulate food fortification in situations where there is a confluence of compet-
ing agendas for this technology, such as those which arise when a public health 
agenda may clash with a food marketing agenda. Moreover, food fortification 
exposes everyone who consumes the fortified food to a raised level of one or 
more fortificants. This exposure has ethical consequences as it can (though not 
always) create conflicts between the freedoms and needs of the individual and 
the freedoms and needs of the population. How can policy-makers resolve these 
dilemmas, especially if there are alternative policy interventions available, and 
against which food fortification might be compared? One approach is to rely on 
opinion and speculation. A more commonly accepted approach is to apply 
 systems of reasoning to inform food fortification policy and programmes. 

 In the absence of a clear definition of the objective of protecting public health 
and safety, meaning is acquired through the use of evidence and ethics in food 
fortification policy-making. Evidence and ethics provide systems of reasoning 
that aim to protect public health and safety in food fortification policies and 
programmes via the application of explicit evaluative frameworks. The pur-
pose of this chapter is to provide a critical description of these evidential and 
ethical evaluative frameworks. The first section outlines two perspectives for 
applying evidential evaluative frameworks in a food fortification context: evi-
dence-informed policy for using food fortification as a technological interven-
tion to  promote  public health, and an evidence-informed nutritional risk 
analysis framework to  protect  public health in response to food fortification 
proposals. The next section provides an outline of ethical considerations in 
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food fortification and is followed by a review of how the more prominent ethi-
cal theories and principles can be applied to help assess policy responses. 
In the final section, a review of theories and models of evidence- and ethics-
informed public health policy-making is presented.     

   Food fortification evidence   
 It is a broadly accepted principle that food fortification policy and programmes 
should be informed by scientific evidence. This acceptance resides within the 
fundamental epistemological notion about the role of knowledge as a guide for 
human action. A core appeal of evidence-informed policy-making is that it 
points to objectivity in justifying decisions (  4  ). 

 What is less well accepted is what constitutes the evidence that should be 
used to inform food fortification policy and programme decision-making. 
When evaluating the benefits and risks of food fortification interventions (and 
alternative policy interventions with which food fortification is compared), 
researchers and policy-makers may have a diversity of views. These include: 
which research questions should be asked and how should they be framed, the 
scope of the study and how it might be designed, and which methods are used. 
Which views prevail determines what evidence ‘counts’. 

 This section provides a description of the current orthodoxy for using evi-
dence to inform food fortification policy-making and programmes from two 
perspectives, using food fortification to  promote  public health, and  protect  
public health, in response to food fortification proposals. The description of 
each begins with an overview of the purpose of evidence-informed practice 
and the different viewpoints regarding what constitutes evidence for policy-
making. Typically, national food regulatory authorities have established proce-
dures specifying the way that evidence is to be collected, assessed, and 
synthesized to inform food fortification policy-making. It is not feasible to 
present a comprehensive description of the array of national procedures for 
food fortification evidence-informed practice. Instead, the procedures that 
have been established by United Nation (UN) agencies (and adopted by many 
national authorities) are outlined here as exemplars for such processes. These 
UN procedures provide a template for practice in many countries.     

   Evidence-informed policy when using food 
fortification to  promote  public health      

   What is the purpose of evidence-informed policy and 
practice in this promotion perspective?   

 In this perspective, evidence is used primarily to inform policy-makers about 
the public health benefits of a food fortification intervention itself and in 
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 comparison with alternative interventions. Evidence may be obtained from the 
evaluation of the effectiveness of existing interventions or by assessing the 
efficacy of the various interventions using experimental or non-experimental 
studies.     

   What constitutes evidence in this promotion perspective?   

 The conventional view of what constitutes evidence to inform policy- making 
in this perspective is that the higher the quality of the evidence, the better. This 
view has been carried over from the evidence-based medicine (EBM) move-
ment. EBM has been defined as: ‘The conscientious, explicit, and judicious use 
of current best evidence in making decisions about the care of individual 
patients’ (  5  ). The EBM movement evolved from the work of pioneers such as 
English physician Archie Cochrane, who observed and then expressed concern 
about the number of clinical care decisions that were informed by intuition and 
opinion rather than high quality evidence (  6  ). 

 Critical procedures have been established to facilitate EBM and the extrapo-
lation of its principles to decision-making for health policy settings. The qual-
ity of evidence is judged by ranking it according to an evidence hierarchy. The 
hierarchy is based on the ability of the research method, from which the evi-
dence is derived, to control for bias when investigating relationships. For 
instance, evidence derived from experimental research methods such as rand-
omized controlled trials (RCTs) is considered high quality, because such trials 
are able to establish internal validity (  7  ). Internal validity is the validity with 
which it can be inferred that a relationship between two variables is causal (or 
the absence of a relationship implies the absence of cause) (  8  ). It is the ability 
of experimental research methods to reduce relationships to specific inputs 
and outcomes and remove potential confounding factors that is critical in 
establishing internal validity. This characteristic of experimental research 
methods of tightly framing the relationship under investigation is a ‘reduction-
ist’ approach. In nutrition, complying with procedures that support a reduc-
tionist approach requires dissecting complex food and health relationships 
into constituent parts to isolate precise linear relationships between a specific  
food component, such as a nutrient, and a specific metabolic pathway (  9  ). 

 A number of public health nutritionists question the suitability of the reduc-
tionist underpinnings to the current evidence hierarchy approach to assess the 
quality of evidence available to inform nutrition-related policies including 
food fortification. As Chung comments: 

 Whereas the concepts and methods of evidence-based medicine can be applied to 
nutrition questions, there are important differences between evaluations of drug ther-
apies and nutrient-related health outcomes (10, p. 1099).   
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 Strict adherence to the evidence hierarchy approach can be a problematic 
basis for appraising evidence to inform nutrition-related policies intended to 
promote and protect public health from both a technical and a conceptual 
perspective. From a technical perspective, nutrient interventions generally do 
not behave in the same way as health care/drug interventions, because they can 
result in multiple outcomes which may be subtle and take extended periods of 
time to manifest. In these circumstances, the use of RCTs as a research method 
is rendered impractical and possibly unethical (  11 ,  12  ). 

 In addition to the technical limitations of using RCTs to investigate nutrition 
relationships is the conceptual limitation that relates to the truism that: ‘People 
eat food, not single food components in isolation’. Reducing the analysis 
of complex food and health relationships to a series of individual nutrient–
metabolic relationships ignores the critical factor that food is a matrix contain-
ing a mixture of nutrients that interact synergistically in ways that affect their 
influence on health outcomes (  13  ). For example, within a food matrix, a single 
nutrient’s bioavailability might be increased or reduced in response to the pres-
ence of other nutrients and food components. Within a food matrix a nutrient 
will likely influence metabolic pathways in different ways to those identified 
from investigating the nutrient in isolation (  14  ). Beyond the complexity of 
food–metabolic relationships is the increasing recognition of the importance 
of dietary patterns in influencing health outcomes. For example, the 
Mediterranean diet is now recognized as being of world heritage significance 
(  15  ) and comprises a combination of foods that contribute to a number of bio-
logical, health, cultural, environmental, and social benefits (  16  ). 

 Moreover, the causes of inadequate nutrient intakes can be found in a variety 
of social, economic, environmental, and health circumstances (see Chapter 1). 
Interventions such as those that support poverty alleviation programmes, 
invest in agricultural development, or promote healthy dietary behaviours, 
might be indicated to directly address these causes. A variety of methods are 
required to evaluate the relative benefits of these different policy interventions 
in mitigating the causes and thereby helping achieve adequate nutrient intakes. 
Observational studies (cohort studies and case–control studies) are well suited 
to investigating such interventions and consequently have high external valid-
ity, i.e. the validity with which it can be inferred that a presumed causal rela-
tionship can be generalized to real-world settings (  8  ). 

 Investigating interactions within complex systems, whether between food 
and health, traditional cuisines and multiple health outcomes, or social/ 
environmental/public health interventions and nutrient intake patterns, is the 
antithesis of a reductionist approach. It is by maintaining the integrity of 
the complex interactions that observational study designs are able to extrapolate 
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patterns of interaction. Conversely, the reductionist approach of experimental 
study designs attempts to control and organize any interactions into a collec-
tion of precise individual linear relationships, externalizing the very factors 
that help explain the interactions. Inevitably, there is a trade-off between inter-
nal and external validity in using different study designs to provide  evidence to 
inform decision-making for policies and programmes to address inadequate 
nutrient intakes. As the rigour of the study design to generate efficacy evidence 
increases, the generalizability and relevance of extrapolating the research evi-
dence to infer a public health benefit tend to diminish.     

   The contemporary exemplar in this promotion perspective   

 In 2007, following a call from the 58th World Health Assembly (WHA), the 
World Health Organization (WHO) director general established the guidelines 
review committee. Its purpose was to develop and implement procedures to 
ensure that WHO guidelines are developed in ways consistent with best prac-
tice, emphasizing the appropriate use of evidence. In 2009, the process for 
developing evidence-informed guidelines was formalized when the WHO 
adopted a nine-step procedure outlined in the WHO handbook for guideline 
development (  17  ) and reproduced in Figure   2.1  .  

 This guideline development process supports a reductionist approach to 
investigating nutrition relationships and assessing the quality of evidence. 
A detailed description of the application of WHO’s guideline development 
process to the development of micronutrient intervention recommendations 
has been provided elsewhere (  18  ). This description explains that the WHO’s 
Department of Nutrition for Health and Development (NHD) establishes the 
priorities for micronutrient interventions requiring updates. It undertakes this 
role in consultation with other international agencies and academia, and by direct 
requests from countries or via the WHA. The evidence practice component of the 
guideline development process (steps 4–6) is outlined as follows:  

   Step 4:  formulation of the research question.     

 The evidence practice component of the guideline development process starts 
with this step, the formulation of priority research questions and choice of relevant 
outcomes. A clearly formulated research question and articulated outcomes pro-
vide the foundation for an efficient structuring of the search for, and assessment 
of, information, in the process of preparing food fortification recommendations.  

   Step 5:  evidence retrieval, assessment, and synthesis.     

 In 2009, the NHD’s micronutrients unit commenced a work programme in 
collaboration with professional teams from around the world to undertake 
systematic reviews of micronutrient interventions. The aim was to standardize 
the way the evidence for the effects and safety of micronutrient interventions 
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is summarized, appraised, and synthesized (  18  ). The unit’s preference is for sys-
tematic reviews that are prepared according to the Cochrane or the Campbell 
Collaborations’ procedures (  19  ). Recognition of the integral collaboration between 
the WHO and The Cochrane Collaboration was reflected in the WHO awarding 
The Cochrane Collaboration a seat on the WHA on 24 January 2011 (  20  ). 

 Systematic reviews involve searching for and collating all the available 
research on a topic that meets predetermined criteria. The research informa-
tion is then assessed against guidelines to establish the evidence about an inter-
vention. The reviews are designed to inform the choices that practitioners, 
consumers, policy-makers, and others face in public health policy by taking 
into account the benefits, risks, and costs of interventions. The standard proto-
col for undertaking a systematic review should be prepared in such a way that 
the procedure is systematic, rigorous, and transparent. 

      Fig. 2.1    World Health Organization evidence-informed guideline development 
process.
Reproduced with permission from the World Health Organization Guidelines Review Committee, 2010, World 
Health Organization guideline development process, figure 4, page 11, Copyright  ©  World Health 
Organization 2010, available at:  http://www.who.int/hiv/topics/mtct/grc_handbook_mar2010_1.pdf .     
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 The evidence outputs from a systematic review are not by themselves suffi-
cient to support decision-making. The quality of the evidence also must be 
taken into account. When preparing evidence summaries for micronutrient 
interventions, the NHD employs the grading of recommendations assessment, 
development, and evaluation (GRADE) methodology to assess the overall 
quality of the evidence (  21  ). The GRADE approach ranks the quality of evi-
dence by considering factors such as the study design from which the evidence 
was derived. Evidence derived from experimentally designed studies such as 
RCTs is ranked of higher quality than evidence derived from observational 
studies such as cohort studies. The reasoning behind this ranking is that 
the experimental design is better able to remove potential confounders and 
therefore control for bias when analysing relationships, so that the findings 
from such studies have a higher internal validity.  

   Step 6:  formulation of recommendations and use of GRADE methodology.     

 The drafting of WHO food fortification guidelines takes into account both the 
systematic reviews and the GRADE evidence profiles. The members of the 
food fortification guideline development group review the evidence and deter-
mine the strength of the recommendation by considering benefits and risks of 
the intervention and factors such as the quality of the available evidence (  18  ).     

   Challenges in using the evidence hierarchy approach to 
inform food fortification policy   

 The GRADE methodology’s evidence hierarchy approach is well suited to 
assess the quality of evidence associated with the potential benefits and risks, 
and quality of evidence of the efficacy of micronutrient interventions (food 
fortification and supplementation) under controlled trial conditions. This is 
because the nutrient(s) with which a food is fortified, or that are distributed as 
supplementation interventions, and their impact on nutrition outcomes are 
amenable to a reductionist approach of an experimental study design. However, 
there are two challenges associated with relying on this approach to appraise 
evidence which need to be taken into account when such evidence is used to 
inform food fortification policy-making:  

  1 Th e evidence hierarchy creates a non-level playing fi eld for comparing the 
relative benefi ts and risks of the available policy interventions for addressing 
inadequate nutrient intakes     

 There are a number of policy interventions in addition to micronutrient inter-
ventions that are available to help address inadequate nutrient intakes. These 
include a range of social, environmental, and public health interventions. 
Whereas experimental research methods are well disposed to evaluate the 
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 benefits of single nutrient inputs of fortified food and supplementation inter-
ventions, they struggle to accurately portray the evidence associated with rela-
tionships in which social, environmental, and public health interventions are 
being evaluated (  22  ). Different methods are needed to evaluate these non-
micronutrient interventions so that the nature and nuances of potential rela-
tionships can be accurately captured and evaluated (  23  ). How the evidence 
provided by different research methods aligned with different interventions is 
judged predetermines which policy interventions are privileged in decision-
making. Non-experimental research methods have lower internal validity than 
 experimental methods and the evidence they provide is ranked as low quality 
according to the evidence hierarchy approach in decision-making, and is often 
omitted from the reviews that inform food fortification policy guidelines and 
recommendations (  24  ). Therefore, those policy interventions that rely on non-
experimental research methods to evaluate their impacts are often excluded as 
recommended policy interventions.  

  2 Demonstrating food fortifi cation effi  cacy does not necessarily mean it is 
eff ective     

 The evidence hierarchy approach is well suited to demonstrating the efficacy of 
food fortification interventions, but this does not necessarily equate to demon-
strating their effectiveness or plausibility in a real-world setting (  25 ,  26  ). For 
instance, in a controlled trial setting, a food fortification intervention might 
demonstrate that it can help address a nutrient intake problem, but when scaled 
up and applied in the real world, if it is not plausibly addressing the underlying 
cause of the problem, the cause will persist and the problem will require ongo-
ing attention.      

   Evidence-informed policy when  protecting  public 
health in response to food fortification proposals      

   What is the purpose of evidence-informed policy and 
practice in this protection perspective?   

 In this perspective, evidence is used to inform policy-makers about the public 
health risks of a food fortification intervention of itself and relative to the risks 
associated with alternative interventions. Evidence may be obtained from 
evaluating the implications of existing interventions or predicting the implica-
tions of proposed interventions using dietary modelling procedures.     

   What constitutes evidence in this protection perspective?   

 The conventional view of what constitutes evidence to inform policy-making 
in this perspective has been one derived from research procedures mostly 
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within the discipline of toxicology. In the mid-1990s, the Food and Agriculture 
Organization (FAO) and WHO developed a risk analysis framework, with 
the purpose of generating evidence to inform food standards (  27  ). The frame-
work consisted of three inter-related components: risk assessment, risk 
 management, and risk communication. In 2003, the Codex Alimentarius 
Commission (Codex) adopted the: ‘Working principles for risk analysis 
for application in the framework of the Codex Alimentarius’, the objective of 
which is: ‘ To provide guidance to the Codex Alimentarius Commission and 
the joint FAO/WHO expert bodies and consultations so that food safety 
and health aspects of Codex standards and related texts are based on risk 
 analysis’ (  28  ). 

 These principles have now been adopted in the food regulation work of 
national regulatory and regional agencies, such as the European Food Safety 
Agency and UN agencies such as the WHO. They have also been applied to the 
work of a number of Codex committees, including those working on food 
additives, contaminants in foods, residues of veterinary drugs in foods, and 
pesticide residues. In these settings, the risk analysis framework is applied to 
avoid excessive intakes of potentially toxic food constituents. 

 However, the applicability of the conventional risk analysis principles to 
nutrition-related considerations for food is limited. Food is more than just a 
vehicle for potential risk factors. Primarily, food is a source of nutrients essen-
tial for health. Risks associated with the addition of nutrients to foods need to 
be analysed in relation to both inadequate and excessive intakes. In addition, 
there may be more chronic nutrition risks associated with food intake. Some 
foods contain significant amounts of saturated fat, sugar, and salt, and exces-
sive intakes of such foods can result in dietary imbalances and subsequently 
contribute to chronic diseases such as cardiovascular disease and cancer. Food 
regulators increasingly use nutritional epidemiology and sophisticated dietary 
modelling techniques to undertake risk analysis in a nutrition context (  29  ).     

   The contemporary exemplar in this protection perspective   

 In 2009, nutritional risk analysis principles were established to guide Codex 
and its subsidiary bodies in applying nutritional risk analysis to their work. 
These principles were adapted from the 2003 Codex working principles for 
risk analysis. The scope of the nutritional risk analysis is to consider the risk of 
adverse health effects from not just excessive, but also inadequate, nutrient 
intakes, and the predicted reduction in risk or increase in benefit, respectively, 
from proposed management strategies (  28  ). In parallel with this extension in 
scope, there has been an extension of the discipline base for generating evi-
dence so as to include epidemiology and nutrition in the risk assessment step. 
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These are now being proposed to be taken into account in the review of the 
Codex principles for the addition of essential nutrients to food (  30  ). 

 The purpose of nutritional risk analysis is to assess the extent of a nutri-
tional risk, how it might be managed and communicated. Thereby it helps 
inform whether a risk is acceptable and a food fortification activity might pro-
ceed. The three dimensions of the nutritional risk analysis process have been 
adapted from the working principles for risk analysis for application in the 
framework of Codex, with the addition of an initial problem formulation stage. 
A nutritional risk is defined by Codex as being a: ‘Function of the probability 
of an adverse health effect associated with inadequate or excessive intake of a 
nutrient or related substance and the severity of that effect, consequential to a 
nutrient-related hazard(s) in food’ (  31  ). 

 The components of the nutritional risk analysis framework are described in 
the 20th edition of the Codex Alimentarius Commission Procedural Manual 
(  31  ), from which they are summarized as follows and represented in Figure   2.2  .      

   Nutritional problem formulation stage   

 The nutritional problem formulation stage is a preliminary risk management 
activity and establishes the purpose of a nutritional risk assessment and the 
questions that need to be answered. In the context of analysing possible risk 
associated with a food fortification programme, the risk may relate to an inad-
equate intake of a nutrient, an excessive intake of a nutrient, or both, especially 
when risk is analysed across multiple population groups. Nutritional problems 

      Fig. 2.2    Nutritional risk analysis framework.
Adapted with permission from the World Health Organization, available at  http://www.who.int/foodsafety/
micro/riskanalysis/en/ .     
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associated with these risks may give rise to the following questions: ‘What is 
the current nutrient intake distribution across the population?’ and ‘How will 
different food fortification scenarios affect dietary intake distributions?’. In so 
doing, the nutritional problem formulation helps identify who should be 
involved in the nutritional risk assessment, nutritional risk management, and 
nutritional risk communication processes. It also helps identify how the steps 
can be coordinated so that the information provided by the risk assessment 
component can best support the nutritional risk management decision.     

   Nutritional risk assessment stage   

 The nutritional risk assessment component incorporates a scientifically-based 
process for forecasting the impact of possible responses to the food fortifica-
tion regulations on public health and safety. It is undertaken by relevant scien-
tists and progresses from identifying the nutrient of interest, describing its 
effect on health, and assessing whether there is a risk (or benefit) to the popula-
tion, as based on dietary intake (exposure) estimates. 

 A food regulatory agency applies risk assessment to describe the estimated 
dietary exposure and to forecast future possible population exposures follow-
ing scenarios associated with varying the food fortification conditions —
 depending on what foods and what nutrient levels. 

 Nutritional risk assessment consists of the following subcomponents: 
(  1  ) hazard identification, (  2  ) hazard characterization, (  3  ) intake (exposure) 
assessment, and (  4  ) risk characterization. A brief description of these four sub-
components and how they apply to a food fortification context follows:  

  1 Hazard identifi cation: is the eff ect resulting from either risk of too high a 
nutrient intake and subsequent adverse eff ects, or risk of too low a nutrient 
intake and subsequent adverse eff ects of risk of inadequacy or defi ciency. 
It includes the identifi cation of hazardous health eff ects and the correspond-
ing population at risk for the micronutrient of interest.  

  2 Hazard characterization: describes the dose–response relationship for symp-
toms of defi ciency or excess and adverse eff ects. Its purpose is to estimate the 
dose at which the eff ect takes place. Th e FAO/WHO have published globally 
applicable nutrient reference standards for both average nutrient require-
ments for adequacy and upper levels of nutrient intake for excess (  32  ).  

  3 Intake (exposure) assessment: the population intake needs to be described 
because the extent of the population risk is characterized by the intake dis-
tribution compared with the dose–response characteristics of the hazard. 
Th e exposure assessment considers what is known about the distribution of 
the present habitual nutrient intake at the median and 95th percentile. 
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  The scientific technique of dietary modelling is used to estimate dietary 
intakes across the population based on the establishment of relevant intake 
scenarios. The scenarios usually include a reference scenario (e.g. intake 
based on the current situation) and some relevant simulated scenarios 
(e.g. micronutrient intake following the introduction of a new fortified 
food). For each scenario, the habitual intake distribution at a population 
level is estimated for the micronutrient of interest.  

  4 Risk characterization: involves a comparison of intake to nutrient reference 
standards. Risk characterization results when the information from hazard 
characterization and intake assessment steps are combined to provide an 
 assessment of the proportion of the population or population subgroups 
whose habitual intakes exceed or fail to achieve the nutrient reference 
 standards.         

   Nutritional risk management stage   

 The nutritional risk management post-risk assessment involves the process of 
weighing policy alternatives in response to the problem, taking into account 
the risk assessment and other factors, and selecting options to prevent, reduce, 
or eliminate the risk to protect public health. Whereas risk assessors might 
identify a certain proportion of the population exceeding the upper level of 
safety for a nutrient, risk managers must decide if this is a problem, and if so, 
what should be done about it. Risk management options related to food forti-
fication might include determining: whether the fortification should be man-
datory or voluntary, which foods are eligible for fortification, the level of 
nutrient addition permitted, the suitability of foods that contain high levels of 
fat, sugar and salt, and labelling advice to accompany the fortification. It is 
important for the integrity of the overall risk analysis process that the decision-
makers who undertake the risk management step (in consultation with inter-
ested parties) are distinct from the scientists who undertake the risk assessment 
step. They may be located in different agencies. 

 Decision-making during the risk management component invariably 
requires judgements to be made in determining proportionate action in 
response to risks and benefits assessed in the risk assessment component and 
consideration of other factors. A further demand on such judgements is the 
frequent need to make decisions in the face of scientific uncertainty, as 
acknowledged by the UK Food Standards Agency (FSA) when commenting on 
the features of the evidence base in regulatory decision-making: 

 Often, the evidence underpinning any decision will be incomplete . . . when scientific 
uncertainty is established, we are open about the uncertainty, and do not allow the 
absence of certainty to delay us from taking proportionate action (33).       
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   Nutritional risk communication stage   

 Nutritional risk communication is the interactive and ongoing exchange of 
information and opinions during the risk assessment and risk management 
components. It is concerned with communicating among risk assessors, risk man-
agers, the public, industry, the academic community, and other interested parties:  

  1 awareness and understanding of the specifi c issues under consideration 
during the risk analysis  

  2 consistency and transparency in formulating risk management options/rec-
ommendations, and  

  3 a sound basis for understanding the risk management decisions proposed.     

 The initial problem formulation stage and the inter-relationships among the 
subsequent three components are presented in Figure   2.2  .     

   Challenges in using the nutritional risk analysis 
framework to inform food fortification policy   

 All components of the risk analysis framework are open to interpretation, and 
as such their application when informing food fortification policy relies on 
human judgement. For example, there is debate about what constitutes evi-
dence in a nutritional risk analysis framework, with views varying markedly 
depending on the scope with which risk is interpreted, and the nutritional 
epidemiology and dietary exposure estimates that are employed in the nutri-
tional risk assessment component. Some approaches adopt a narrow interpre-
tation to the scope of nutritional risk assessment. For example, a project 
funded by the ‘Addition of nutrients to food task force’ of the European Branch 
of the Life Sciences Institute (with members drawn from fortified food manu-
facturers and a vitamin provider) proposed a dietary modelling technique 
to estimate the levels of micronutrients that can be added to food without 
exceeding tolerable upper intakes (  34  ). Other approaches propose models that 
extend the scope of risk assessment to consider not just immediate risks associ-
ated with nutrients exceeding upper safe levels, but also the chronic risks asso-
ciated with dietary imbalances that may result from the liberal fortification and 
subsequent marketing of food products high in sugar, fat, and salt (  35  ).      

   Food fortification ethics   
 Ethics is a branch of philosophy that deals with the moral consequences of 
human actions, including public policy interventions. Public health ethics is a 
nascent field that has emerged from medical ethics (moral considerations asso-
ciated with patient–doctor interactions) and bioethics (ethical  implications of 
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biotechnology), and is concerned with providing moral guidance when plan-
ning policy interventions that are intended to have a health benefit for the 
public (  36  ). A common ethical consequence (though not necessarily always) 
that arises with public health policy interventions is the conflict between act-
ing for the common good and imposing on individual rights and interfering 
with personal freedoms. Should the rights and needs of the population take 
precedence over the rights and needs of the individual, or vice versa? 

 Food fortification interventions are associated with a number of peculiar 
ethical conflicts. Mandatory food fortification is highly coercive. Its intention 
is to deliberately and passively expose all individuals in a population who con-
sume the fortified food to a raised level of the nutrient in the food, thereby 
encroaching on individuals’ personal freedoms. This ethical conflict is exacer-
bated if the intervention has little benefit and possible harm for certain indi-
viduals or groups within the population. An individual may choose to not 
consume the fortified food, though this usually is impractical as it is typically 
staple foods that are mandated for fortification, and often such interventions 
proceed without overt notification to individuals. In these circumstances, 
policy-makers are confronted with having to make a trade-off between pro-
tecting and promoting the health of populations and avoiding imposing on 
individuals’ rights and freedoms. 

 Voluntary food fortification is less coercive than mandatory food fortifica-
tion. An individual has a choice to consume the fortified food, its non-fortified 
equivalent, or neither, as this form of intervention often does not involve staple 
foods. Nevertheless, it is associated with its own ethical conflicts. Because vol-
untary food fortification is an intervention that usually is undertaken to achieve 
commercial objectives, it is implemented in conjunction with marketing claims 
about health benefits associated with the raised level of a nutrient(s) in the 
food product. On the one hand, the claims make the presence of the raised 
nutrient level explicit to an individual. On the other hand, the claims may rep-
resent a form of soft coercion if an individual is enticed into believing that they 
need to consume the food product to protect and promote their health — even 
when this is not the case. Similarly, it may be technically correct for a food 
manufacturer to claim that their product is a rich source of an added nutrient, 
but is it morally correct to make this claim implying that the product is healthy 
if the product also contains significant amounts of sugar and salt? 

 Faced with these common ethical conflicts, the main questions for policy-
makers are: ‘Ought we proceed with a food fortification intervention?’, and if 
so, ‘On what grounds and under what conditions?’, and if not, ‘Why not?’. 
Further complicating decision-making is the need to weigh up the ethical con-
sequences of food fortification interventions against consequences associated 
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with alternative policy interventions that may offer potential solutions to a 
policy problem. Alternative policy interventions that are intended to increase 
the population’s exposure to a nutrient(s), such as social marketing campaigns, 
may be less coercive and have less impact on an individual’s liberty, but usually 
they also are less effective in raising nutrient exposure. Policy-makers cannot 
just guess how to deal with these conflicts and evidence frameworks cannot 
provide relevant guidance. Rather, public health ethics can provide moral 
guidance for addressing such conflicts and pointing to what is required for 
human well-being (  37  ). 

 Moral guidance when dealing with the ethical consequences of public health 
policy interventions logically starts with specifying the pertinent ethical con-
flicts. The ethical conflicts arising from a public health policy intervention are 
highly nuanced and depend on the policy problem and the circumstances with-
in which it arises. Nevertheless, the ethical conflict that is most pertinent when 
considering public health policy interventions is the conflict between individu-
alism (autonomy) and collectivism (needs of the public as a whole). In ethical 
terms, autonomy refers to an individual’s ability to control the direction of their 
own life and to be respected for their ability to decide for themselves. 

 There is no simple formula that public health ethics can call upon to resolve 
ethical conflicts associated with public health policy interventions. Instead, 
public health ethics operates within theories that draw from moral and politi-
cal philosophy about what is the common good and the individual good to 
help apply moral reasoning to policy decision-making. 

 Moral philosophy informs consequentialist theories. These focus on the 
consequences of a given policy decision, in essence, saying that the end justifies 
the means. For example, the theory of utilitarianism posits that policy inter-
ventions are morally justified when they are striving to achieve, ‘the greatest 
good for the greatest number’, and the preferred intervention is the one that 
achieves the maximum benefit for public health. By contrast, moral philosophy 
also informs non-consequentialist theories. These provide a justification for 
policy decisions on the basis of them being guided by a set of inherent moral 
principles regardless of the consequence of the decision. In other words, it is 
the process rather than the outcome against which the moral basis of a policy 
option should be judged. An example of this theoretical view is a human rights-
based approach to justifying policy decisions. 

 Theories informed from political philosophy offer an alternative viewpoint. 
For example, liberalism challenges the justification for food fortification policy 
decisions on the grounds that they infringe on liberty of action in terms of 
personal freedoms and the capacity of individuals to make free choices. A lib-
eralism viewpoint towards food fortification would be that such interventions 
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are  paternalistic in that they are actions of authorities that restrict individu-
als’ freedoms by attempting to influence their behaviours, allegedly for their 
own good. 

 These ethical theories can provide insights for reasoning ethical conflicts 
and analysing the relative consequences of different policy interventions. Yet, 
theoretically-informed analyses might identify irreconcilable tensions between 
individual interests and the common good, and it may be that there are no 
definitive answers forthcoming. In such circumstances, the theoretical insights 
can be applied to help inform the critical decision-making criterion: ‘What is 
reasonable?’, i.e. what would a reasonable person do? 

 A ‘justificatory’ approach that complements the ethical analysis is often used 
to evaluate and defend the different policy interventions available as a potential 
solution to a policy problem. The justificatory approach involves a process of 
moral reasoning that might consider certain principles that the public might 
reasonably be expected to accept as justifying the intervention. A case for 
defending a certain policy intervention then would involve demonstrating how 
closely the intervention adheres to important principles. Because it is often dif-
ficult for a case for a particular policy intervention to demonstrate consensus 
across all principles, the principles may need to be prioritized by being given 
different weightings in the decision-making process, in accordance with the 
circumstances of the policy problem under consideration. This prioritization 
process is informed by insights from ethical theories. 

 One practical example of the justificatory approach during the policy-
making process is that put forward by Childress et al. (  38  ), in which they pro-
pose the use of five principles, or what they call ‘justificatory conditions’: 
effectiveness, proportionality, necessity, least infringement, and public justifi-
cation. Applying these conditions can help provide moral guidance in dealing 
with ethical conflicts when assessing the relative merits of different policy 
interventions as potential solutions to a policy problem. In the context of those 
policy interventions that infringe one or more general moral considerations, 
the intervention might be defended on the basis of its performance against the 
following conditions adapted from Childress et al.:  
  1 Eff ectiveness: how eff ective will the policy intervention be in protecting and 

promoting public health?  
  2 Proportionality: to what extent will the public health benefi ts outweigh the 

infringed general moral considerations, i.e. is the policy intervention not 
only eff ective but does it also do more good than harm for individuals and 
the population as a whole? Factors such as the severity and the prevalence 
of the public health problem being addressed are relevant considerations in 
measuring performance against this condition.  
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  3 Necessity: to what extent is the policy intervention necessary to realize the 
public health goal that is sought?  

  4 Least infringement: how coercive is the public health policy intervention? 
Public health policy interventions can vary in their degree of coerciveness, 
and the less coercive they are, the less their moral infringement (  39  ).  

  5 Public justifi cation: how are people who are likely to be aff ected by an 
infringement to a general moral consideration made aware of the infringe-
ment, and have it explained and justifi ed? Factors such as a requirement to 
receive informed consent, the opportunity for aff ected people to participate 
in decision-making, and transparency and accountability of decision-making 
are relevant considerations in measuring performance against this condition.     

 The collective performance against these conditions can provide the basis 
for the case to justify the adoption of a particular public health policy interven-
tion in the context of ethical considerations. Ideally all conditions are met, but 
this is unlikely in practice, and decision-making often requires the overall bal-
ancing of each of the different conditions.     

   Theories and models of evidence- and ethics-informed 
public health policy-making   
 The previous sections outlined the evidential and ethical evaluative frame-
works within which food fortification policies and practices are managed and 
coordinated. Core to these frameworks is the orthodoxy of evidence-based 
policy and ethical analysis to evaluate food fortification (and alternative inter-
ventions) as a policy intervention for protecting and promoting public health. 
It is assumed that so long as the evidence-based guidelines and risk analysis 
frameworks, as well as the ethical analysis, are observed, rigorous food fortifi-
cation policies that promote and protect public health will be made. But is this 
assumption an accurate and sufficient representation of how and why evidence 
and ethics are applied and food fortification policy is made in practice? 

 There are a number of theories and models available to help explain and 
predict the way that evidential and ethical evaluative frameworks inform pub-
lic health policy-making. Breton and De Leeuw explain that theories of the 
policy process formulate propositions on the conditions under which certain 
policy phenomena are observed and impact on policy outcomes (  40  ). A review 
of these theories and models was an important preliminary step for the qualita-
tive research of the type undertaken in this book’s investigation. It provided 
insights and understandings to help guide the planning of the analytical stage 
of this investigation, as well as providing a basis against which its observations 
were compared and interpreted (  41  ). 
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 This section presents a brief review of theories and models that help explain how 
and why evidence (and to a lesser extent, ethics) is used in policy-making proc-
esses. They are organized into three broad groupings: the rationalist perspective, 
the research utilization movement, and policy science theoretical frameworks.    

   The rationalist perspective   

 Historically it was Laswell, one of the pioneers of the policy sciences, who 
explained the policy-making process using a ‘stages’ heuristic (  42  ). This heuris-
tic (an experience-based entity for problem solving) is a model that describes  
policy-making broadly as progressing through a sequence of distinct stages, 
starting with problem definition and then moving onto the consideration of 
policy options, decisions on a policy option(s), implementation, and finally 
evaluation. The expectation has been that so long as evidence of a sufficient 
quantity and quality was available and policy options were rigorously assessed, 
governments would have powerful problem-solving capabilities and policy-
making would proceed in an orderly and linear manner through each of the 
stages in the sequence. The straightforward logic of the stages heuristic is 
appealing and it persists in many policy textbooks, with the internal structure of 
such books commonly being organized around describing each of the stages. 

 The model draws on the rationalist assumption that data are systematically 
collected and then appraised against criteria to generate the most comprehensive 
and rigorous evidence base to then inform the policy-making process. In parallel 
with this model, there has been a significant investment in ranking the methods 
used to generate evidence for their ability to control for bias and for assessing the 
quality evidence (see GRADE methodology as described earlier in this chapter). 
There has also been much investment in conducting research to increase the 
quantity of evidence available for policy development. 

 The stages heuristic frequently has been criticized as being an overly simplistic 
explanation of the policy-making process. Can it be assumed that the generation 
of an ever-increasing quantity and quality of evidence alone will necessarily 
drive the formulation of ever-improving food fortification policy? The stages 
model is not a causal theory in the sense that it cannot offer an explanation of 
how and why evidence is used in progressing public health policy from one stage 
to another, nor can it be tested on an empirical basis. Essentially, it prescribes the 
way policy ought to be made rather than reflecting how policy actually is made. 
What it cannot do, is to help explain the influence of human involvement in 
policy processes. This is a critical mediating factor in determining how and why 
evidence and ethical considerations contribute to policy-making. In order to 
build a theoretical framework for investigating policy-making, there is a need to 
move beyond such heuristic devices to explanatory theories.     
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   The research utilization movement   

 Over the past 20 years, there has been a burgeoning research utilization 
movement that has contributed valuable conceptual, theoretical, and practical 
explanations of how and why evidence is used in public health policy-making. 
A common characteristic within these explanations is the existence of ‘two 
communities’ involved in translating evidence into food fortification policy. 
There is the community of researchers who determine what research questions 
are asked (and not asked), what research methods are used (and not used), and 
how the collected evidence is analysed, interpreted, and presented. Then there 
is the community of policy-makers who determine if, when, and in what form 
the evidence is used to inform policies and practice. The necessary human 
involvement introduces subjectivity to the idealized notion of an objective 
basis to evidence-based policy-making. Inevitably, there are judgements to be 
made about the interpretation and application of evidence to policy-making. 
For instance, how to make decisions when there are scientific uncertain-
ties associated with the evidence for a policy problem and/or ethical conse-
quences associated with potential policy solutions to these problems. Hence, it 
is unlikely that a greater quantity and quality of evidence alone will drive 
improved food fortification policies. 

 In response to observed limitations with earlier concepts and theories of 
policy-making, much policy research has been directed towards gaining greater 
understanding of what works in using research to support evidence-informed 
policy-making. In landmark research, Weiss proposed seven models of research 
utilization, ranging from pragmatic to opportunistic reasons to describe the 
process by which research informs and is applied to policy-making (  43  ). The 
investigations undertaken by others involved in developing conceptual frame-
works and practical guidance in this area have been described with a diversity 
of terms including: ‘research utilization’ (  44  ), ‘knowledge translation’ (  45  ), 
‘knowledge transfer’ (  46  ), and ‘research exchange’ (  47  ). A common theme of 
such research is that the lack of evidence translation arises because of the exist-
ence of a ‘chasm’ between science and policy (  48  ). Advice for responding to 
observed deficiencies in the integration of research into the policy process 
focuses on the need to build a bridge (over the chasm) between scientists and 
policy-makers. Practical suggestions include improving communication to 
help increase the understanding of each other’s work and language, developing 
political champions to promote the evidence translation, making research 
findings more accessible to policy-makers, and increasing opportunities for 
greater interaction between policy-makers and researchers (  49 ,  50  ). A series of 
articles has been published (  1  ) and a website established (  51  ) with the intention 
of helping policy-makers engage with the best available research evidence.     
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   Policy science theoretical frameworks   

 Since the stages heuristic was first proposed by Laswell, the policy science 
 literature has reported hundreds of theories and models to help explain and 
predict policy processes. It is beyond the scope of this investigation to review 
all these theories. Instead the present investigation draws on the work of one of 
the most well-respected policy scientists, Paul Sabatier (  52  ), who has identified 
several well-validated and consequently more respected policy science theo-
retical frameworks that help explain current (and predict future) policy 
and practice. The following three frameworks are especially relevant in provid-
ing insights into what factors need to be considered in a food fortification 
 setting:  

  1 Multiple streams framework     

 In his investigation of major policy issues undertaken by the US federal 
 government, Kingdon analysed how issues come to be issues, how they come 
to the attention of policy-makers, how agendas are set, and why ideas ‘have 
their time’ (  53  ). Kingdon conceptualized policy-making as involving three 
major policy ‘streams’. The three streams are:  

  i) problem stream, consisting of information about real world problems 
that is derived from data, events, or feedback from past interventions  

  ii) policy stream, consisting of a policy community of researchers, advo-
cates and other specialists, who analyse problems and formulate pos-
sible solutions and alternatives that must be technically feasible and 
compatible with dominant values  

  iii) political stream, that sets the governmental agenda and consists of such 
factors as public opinion, elections, and leadership contests.     

 Kingdon’s theoretical approach is that these three major policy streams tend 
to be omnipresent during the day-to-day operations of the government and 
operate independently of each other. At critical times the three streams 
 converge, i.e. a problem is identified and evidence is collected and brought 
to the government’s attention, solutions are proposed (actors and activities, 
e.g. framing) and the political climate is receptive, and a window of opportu-
nity is opened during which time major policy changes can occur (agendas 
setting the scene). Conversely, a strong evidence base, represented by the 
 problem stream, in isolation, is unlikely to stimulate the policy-making proc-
ess. Policy entrepreneurs are at times able to couple these independent streams 
and facilitate major policy change (  54  ). For instance, those policy entrepre-
neurs that have a plan of action and strategies for advancing this plan are 
well-placed to take advantage of policy windows that result from political 
 lobbying.  
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  2 Advocacy coalition framework     

 The advocacy coalition framework (ACF) builds on the basic concept of sub-
systems by explaining policy change as the product of competition 
between several ‘advocacy coalitions’ (  55  ). An advocacy coalition is formed 
with the coming together of individuals and/or groups who share a common 
belief system that relates to certain policy issues. Scientific evidence is per-
ceived to influence policy through the beliefs of advocacy coalitions who are 
able to sponsor research, and accept or reject data based on how it aligns with 
their core beliefs. Policy change is explained as an outcome of fluctuations in 
the dominant belief systems within a given policy subsystem over time, often 
many years, and therefore requires sustained advocacy work. These fluctua-
tions are a function of three sets of processes:  

  i) Th e interaction of competing advocacy coalitions within a policy 
 subsystem.  

  ii) Changes external to the subsystem, such as changes in socioeconomic 
conditions, changes in governance, and decisions from other policy 
 subsystems.  

  iii) Th e eff ects of ‘stable system parameters’, such as basic social structure 
and constitutional rules on the constraints and resources of various 
 actors.     

 Although accepting the theoretical rigour of the ACF, some policy scientists 
are proposing additional dimensions and factors to extend its relevance to 
contemporary settings and dynamics. For example, Shanahan et al. (  56  ), using 
the ACF as a ‘ground spring’ for a narrative policy framework, have added nar-
rative analysis as a causal determinant of policy change. The critical contribu-
tion of this narrative policy framework is that it proposes that policy narratives 
are strategically constructed to influence policy change and outcomes and 
highlights the need for the policy analysis to be especially cognisant of the 
framing of policy problems and solutions.  

  3 Network approach     

 The Network approach to explaining policy-making takes as its starting point 
the understanding that: ‘The model of a unitary, state-centered hierarchical 
political decision-making structure has always been a fiction, quite remote 
from real-life decision-making’ (  57  ). There are many different understandings 
of network governance approaches. For this investigation, it is a set of tools 
used to analyse policy dynamics in a context characterized by a shift from 
policy being made by a sole actor (centralized government) to policy made 
through governance arrangements. In this policy context, government is seen 
as one of many actors. 
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 The network approach emphasizes the interdependent relationships between 
actors across public and private sectors. Key to analysis is understanding 
who are the actors involved and what are their relationships and activities. 
The network approach attempts to explain how actors behave within networks 
and how factors within and external to networks are connected in determining 
policy-making (  57  ). 

 In their ideal form, networks are seen as facilitating exchange of informa-
tion and sharing of resources in a non-hierarchical fashion. They are under-
stood to be a stabilizing network of linkages, bringing together private and 
public sectors in relationships that avoid dominance of either sector. In practice, 
challenges to these partnerships include lack of transparency and uneven distri-
butions of power and accountability. The complex policy environment offers 
opportunity for some actors to dominate the shape of policy through  networks.     

   Insights from theoretical frameworks to inform 
policy analysis   

 If we are to strengthen food fortification policy and practice into the future, 
we need to understand and learn how, and why, it currently is being made. 
The policy-making theories and models briefly reviewed in this section reveal 
that theoretical understandings of policy-making have become progressively 
more sophisticated. Initially, the policy sciences operated to an optimistic,  albeit 
idealistic, conceptualization of policy-making as a rational-linear process. Then 
there was clear recognition that irrespective of the quantity and quality of evi-
dence available, it does not speak for itself. The mitigating influences of politi-
cal and social factors on the translation of evidence into policy were 
incorporated into various research utilization theories. Finally, the political 
nature of the policy-making process is reflected in the playing out of the com-
peting rationalities towards public health among actors. Scientific evidence 
(and ethics) is perceived as not just informing policy decisions, but also can at 
times be an integral component of the process to privilege and/or diminish the 
arguments of different stakeholders. 

 Emerging from this brief review of relevant theories and models of evidence-
informed public health policy-making are several insights which informed the 
critical policy analysis of the case studies in ways that helped explain how and 
why food fortification policy was made. Although these theoretical frameworks 
are distinct in the dynamics and mechanisms they provide to explain the poli-
cy-making process, they share several common features. They are all based on 
the premise that the use of evidence is value-laden and that the policy-making 
process is inherently political. Also, they commonly highlight three variables 
that are necessary to explain policy-making phenomena. Independently and in 
combination, these three variables act to influence the way that evidential and 
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ethical evaluative frameworks are interpreted and applied to protect and pro-
mote public health and safety in the food fortification policy process. In the 
present context, these three explanatory variables are:  

  1 Actors: actors are those individuals or organizations who act in and on the 
structures and processes involved with food fortifi cation policy-making.  

  2 Activities: activities are the actions undertaken by actors when acting in 
and on the structures and processes involved with food fortifi cation policy-
making.  

  3 Agendas: agendas are the underpinning developments and forces shaping the 
food regulation environment within which food fortifi cation policy is made.          

   Conclusion   
 In the complex and vexed world of food fortification policy and practice, evalu-
ative frameworks for evidence and ethics can provide a basis for informed and 
reasoned decision-making. Much investment has been directed towards estab-
lishing standardized rules and procedures for evidence-informed guideline 
development and risk analysis. Evidential frameworks enable the otherwise 
abstract objective of protecting public health and safety to be applied transpar-
ently when planning food fortification interventions. Regarding ethics, in the 
absence of explicit evaluative frameworks in UN and national decision- making, 
there are core theoretical principles that can be drawn upon to inform a justifica-
tory approach to ethical considerations in public health policy-making. 

 Few researchers, policy-makers, or practitioners would dispute that, in prin-
ciple, evidential and ethical evaluative frameworks are a sensible ideal to pur-
sue for informing food fortification policy-making. These frameworks have an 
intuitive appeal because they promise rationality and objectivity for the policy-
making process. However, the critiques that accompanied the description of 
the evaluative frameworks in this chapter reveal that they are not immutable. 
They can operate within different approaches and this will affect what evidence 
is valued in the construction of the evidence base, as well as the ethical justifi-
cation they provide to inform policy decisions. Inevitably, evidence and ethics 
are value-laden and their use in food fortification activities is inherently politi-
cal. The selected exemplars of contemporary evidence evaluative frameworks 
as standardized by UN agencies (and many national food authorities) represent 
particular approaches, and the implications of these and alternative approaches 
was assessed and analysed for each of the case studies in Chapters 5–7. 

 This chapter’s description of the evidential and ethical evaluative frame-
works and the insights that were identified from the review of theories and 
models of evidence-informed policy-making provided the foundation for the 
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investigative component of the research presented in this book. This informa-
tion was used to guide the assessment and analysis of each of the case studies 
and helped to provide answers to this investigation’s research questions. The 
assessment component of each case study was based on the evidence available 
for public health benefits and risks, as well as ethical considerations associated 
with all potential policy interventions. The way that evidence evaluative frame-
works and ethical justifications were used in the policy-making process for 
each case study was then analysed to help explain how and why policies were 
made. Observed differences between the ‘ideal’ and the reality were analysed 
and interpreted against theories to help build understandings of food fortifica-
tion policy- making processes. The research method that structured this inves-
tigation is outlined in Chapter 4, but before detailing this method, the actors, 
actions, and agendas that influence how the evidential and ethical evaluative 
frameworks are applied in practice are described in the next chapter.      
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      Chapter 3 

 Food fortification politics: the 
actors, activities, and agendas      

 In an ideal world, health policy would be formulated in a rational, 
linear process, moving from data collection . . . to scientific 
consensus . . . Translating science to policy is far messier and 
convoluted, involving as it does societal priorities, resource 
allocation, opportunity costs, changing cultural mores, special 
interests, politics, prejudice, and pure greed (  1  ).

Reproduced with permission from Alfred Sommer, How Public Health Policy Is Created: 
Scientific Process and Political Reality, American Journal of Epidemiology, 154, (12), p. S4, 

Oxford University Press, Copyright ©2001 by the Johns Hopkins University Bloomberg 
School of Public Health.       

   Introduction   
 Food is political. Leading food policy analysts have consistently demonstrated 
that the structure and operation of the food system, from food production to 
food marketing and purchasing, is influenced by battles among actors with 
competing values, beliefs, and interests (  2 ,  3  ). Food fortification is an espe-
cially contested topic within the food system because policy-makers must 
contend with conceptual, vested interest, and technical challenges. Conceptual 
challenges arise when there may be different views among actors about the 
cause of a policy problem and whether food fortification or an alternative 
policy option is the preferred solution. Vested interest challenges arise when 
various actors have different motivations for supporting or opposing food for-
tification activities. There may be different motivations between actors with 
either public health or commercial interests for undertaking food fortification. 
Food fortification can be a powerful technology for protecting public health 
and an attractive intervention for food marketers, especially when voluntarily 
fortified foods can be promoted with appealing nutrient claims. Balancing 
these often conflicting interests has an added challenge for policy-makers, in 
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that they are reliant on the private sector to prepare and distribute fortified 
foods. Technical challenges arise when there are practicalities to take into 
account with applying food fortification policy recommendations to the food 
supply, e.g. determining which foods can and cannot be fortified, at what lev-
els, with what nutrients, and with what marketing claims. 

 Food fortification policy-making occurs within food regulatory systems. 
In the previous chapter, the evidential and ethical evaluative frameworks that 
inform food fortification decisions within these systems were described. 
Despite the investment in developing such frameworks, of themselves they 
cannot drive food fortification policy. Nor can they account for the political 
dimension that helps explain how and why food fortification activities take 
place. The review of prominent policy science theoretical frameworks in the 
previous chapter provided insights to help explain this political dimension and 
guide the investigation’s research design. In practical terms, the theoretical 
insights emphasize that the food fortification policy-making process cannot be 
isolated from the myriad actors (i.e. organizations, groups, and individuals 
who act in the policy processes), activities and agendas operating within and 
upon food regulatory systems. Therefore, an understanding of food fortifica-
tion policy and programmes requires a basic appreciation of who these actors 
are, what activities they undertake and how agendas influence the structure and 
operation of food regulatory systems. As Walt comments: ‘ …  since processes do 
not have a life of their own, but are dependent on actors to give them expres-
sion, analysis of the policy process is interwoven with an exploration of which 
actors are involved, and how far each may be exerting influence on policy’ (  4  ). 

 This chapter provides a description of the principal actors, activities, and 
agendas that are involved with food fortification politics. After presenting an 
overview of the political nature of food fortification in its first section, the chap-
ter is then organized around a brief outline of the food regulatory systems with-
in which food fortification activities are planned, implemented, and (sometimes) 
evaluated. The chapter’s second section focuses on national food regulatory 
systems. It is not feasible to cover the details of all national food regulatory 
systems and their peculiar features in this chapter. Instead, a description of the 
principal actors, activities, and agendas of a generic national food regulatory 
system is provided. Then the third section of the chapter describes the global 
food regulatory system’s principal actors, activities, and agendas.     

   The political nature of food fortification      
   Competing views towards food fortification   

 Fortified foods are not only potentially powerful products for public health 
policy interventions but also comprise a substantial and increasing share in the 
estimated US$ four trillion global food retail sales (5). Food fortification spans 
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many political agendas and attracts many actors. There are contested values, 
beliefs, and interests among stakeholders about whether food fortification 
should or should not happen, in what form, and with what technical provi-
sions. These contested views can take a diversity of forms. Some stakeholders 
might value protecting the so-called ‘nutrient integrity’, i.e. the ‘natural’ nutri-
ent composition, of foods, other stakeholders might value innovation and seek 
out the opportunity to manipulate the nutrient composition of foods. Some 
stakeholders might believe that food fortification offers the best solution to a 
policy problem, other stakeholders might believe that an alternative policy 
intervention would be preferable. Some stakeholders might have a commercial 
interest in seeking regulatory provisions that permit greater flexibility for vol-
untary food fortification of their food products, other stakeholders might have 
a public health interest in seeking regulatory provisions that tighten up provi-
sions permitting voluntary food fortification policy.     

   Power relations among food fortification actors   

 Inevitably there are competitions among actors to have their values, beliefs, and 
interests prevail in food fortification policy and practice. The resolution of these 
competitions rarely takes place on a level playing field. There are differential power 
relations among actors and this affects their opportunities to engage with policy-
makers. Power differentials arise particularly from the different amount of resources 
(time and financial) available to various actors. The amount of available resources 
influences an actor’s capacity to participate in a food fortification policy process 
and to access policy-makers. It is not uncommon for public health nutritionists and 
public interest non-government organizations (PINGOs) to struggle to engage 
with a food regulation policy process. For instance, when an opportunity is pre-
sented to participate in a public meeting or to make a submission to a policy proc-
ess, often they must do so without financial support and juggle the time available 
to undertake the activity with their ‘real’ (paid) work. Conversely, for many food 
manufactures, engagement with food regulation policy processes is core business. 
It is not unusual, and indeed good business sense, for larger food manufacturers to 
employ legal advisers and nutritionists with food regulation competencies to assid-
uously represent the manufacturer’s interests in the policy process. 

 The power differential between public and private sector interests groups 
when engaging with the international level of food fortification policy-making 
can be especially stark. For instance, Liese reports that of the 156 transnational 
actors who have observer status in the Codex Alimentarius Commission 
(Codex, effectively the international food regulator, see later in this chapter) 
activities, 70 %  are private sector interest groups (  6  ). 

 Inevitably, food fortification is about politics in the sense of the word when 
was defined by Laswell as: ‘Who gets what, when, how’ (  7  ).      
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   National food regulatory systems   
 All fortified foods sold within a country, whether produced domestically or 
imported, must comply with national food law. National food law comprises 
legislation that establishes the legal framework for, among other activities, 
regulating food fortification. Usually the legislation takes the form of an act 
for creating a national food regulatory system within which food fortification 
regulation is made. In rare instances, food fortification regulation may come 
into law via the establishment of a dedicated piece of legislation in the form of 
a food fortification act or decree. Both models of legislation are accompanied 
by subordinate regulations which are comprised of two components: policy 
to provide the overarching direction and intent of food standards, and the 
food standards themselves that prescribe the technical details relating to the 
composition and labelling of fortified foods permitted under either legislation 
model (  8  ). This investigation focuses on the model in which national food 
law is enacted through the establishment of an overarching food regulatory 
system rather than the more specific food fortification legislation model. 

 A national food regulatory system consists of a number of actors, activities, 
and agendas involved with regulating food fortification. These are discussed 
separately in the following three subsections.    

   Actors   

 Actors involved in national food fortification policy primarily include govern-
ment departments, statutory agencies, expert or representative committees, 
and non-government actors with interests that are especially affected by the 
food fortification policy and programme outcomes. Non-government exam-
ples are: food manufacturers (and their representative bodies such as the 
Grocery Manufacturer’s Association in the US), food scientists and technolo-
gists, public health and consumer organizations and practitioners, and indi-
vidual citizens. The national government departments most directly engaged 
with the food regulatory system are those who have responsibilities that affect 
the structure and operation of the food system, namely the departments of: 
health, agriculture, industry, consumer affairs, and trade (or their equivalents). 
A statutory agency such as Food Standards Australia New Zealand (FSANZ) 
may be established by a government to serve as an independent expert agency 
with deferred powers to manage food legislative responsibilities. A govern-
ment department or statutory agency may not necessarily have in-house exper-
tise to assess food fortification topics. Depending on the topic, there may also 
be a requirement for consultation and input from external stakeholders. 
Therefore a government or its statutory agency may establish a food fortification 
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expert and/or representative committee comprising individuals from aca-
demic, industry, consumer, and non-government organization (NGO) back-
grounds to provide advice or other roles depending on the committee’s terms 
of reference. An expert committee consists of individuals with expertise on 
matters being considered by the committee. A representative committee con-
sists of individuals who represent one of more actors with an interest in the 
work being undertaken by the committee. 

 Food regulation is a powerful policy tool for shaping the structure and oper-
ation of components of the food system. Consequently, the agendas of the food 
regulatory systems are diverse and range from protecting public health to pro-
moting consumer, agriculture, and food industry interests. The profile afforded 
to different food fortification agendas will vary depending on the positioning 
of the food regulatory system within the government portfolio. A food regula-
tory system located within a health department and that falls under the respon-
sibility of a minister for health will likely place highest priority on attending to 
the health considerations of food fortification regulation. Conversely, a food 
regulatory system located within an agriculture or industry department may 
place greater emphasis on accommodating food industry interests, such as 
greater flexibility towards voluntary food fortification permissions. This 
emphasis might be reflected in how the protection of public health is inter-
preted and actioned when regulating food fortification.     

   Activities   

 The primary food regulatory system activities are threefold: managing policy 
principles, setting and varying technical food regulations such as food stand-
ards, and overseeing enforcement of the regulations (see Figure   3.1   later in the 
chapter). In the case of food fortification, the management of policy principles 
involves establishing principles, such as whether food fortification is permit-
ted, under what circumstances, and with what conditions. These policy princi-
ples are then put into practice through their translation into the setting of a 
new, or variation to an existing, food standard that specifies the technical 
details with which the manufacturers of fortified foods must comply. 
Enforcement is about ensuring that the food fortification food standard(s) is 
implemented as legally required in the marketplace and acting to correct trans-
gressions if and when they arise. Without a well-resourced and capable enforce-
ment activity in place, the integrity of the food regulatory system is 
undermined.  

 The governance arrangements for a food regulatory system vary among 
countries. In some countries, the development of food fortification policy 
principles, the setting of a food fortification standard, and the enforcement of 
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that food standard are undertaken by the one actor or agency, e.g. the US Food 
and Drug Administration (FDA). In other countries, these activities may be 
allocated to different agencies within the food regulatory system, e.g. in 
Australia and New Zealand there is a separation of policy- and food standards-
setting activities between a ministerial council and FSANZ, respectively. 

 Omnipresent during the operation of the food regulatory system are those 
actors listed earlier with particular views towards the system’s processes and 
outcomes. Although these actors may operate externally to the official food 
regulatory system governance arrangements, they can exert significant influence 
through their advocacy activities and inputs during consultation processes.    

   Advocacy   

 Actors undertake a variety of activities to promote their values, beliefs, and 
interests in policy debates. In the context of this investigation advocacy is an 
activity designed to gain political commitment, social acceptance, and systems 
support for a potential policy solution to a policy problem. Depending on their 
available resources and competencies, actors might undertake a variety of 
advocacy activities including: commissioning research and using the obtained 
evidence to support their advocacy campaign, meeting with policy-makers, 
and using the media and public events to raise awareness of their agenda.     

   Framing   

 Framing refers to the application of a group of strategies designed to set and 
then drive a policy agenda along a path, starting out with giving meaning to a 
policy problem and how it is represented. Subsequently, framing plays a sig-
nificant role in influencing how the problem is interpreted, including: its causes, 
the actors who will best be able to be engaged, and what policies and policy 
interventions are most appropriate to solve the problem (  9  ). Given the inher-
ently political nature of policy-making, there is a need to be critically aware of 
the way that a policy problem might be represented to privilege the values, 
beliefs, and interests of certain actors and obscure those of other actors. The 
manner in which problems are represented largely predetermines who has 
power over policy processes, because it plays a role in influencing whose views 
are perceived as legitimate and heard. Therefore, the ability to use framing to 
shape how a problem is represented becomes a critical first step in influencing 
the choice of a preferred policy solution to a policy problem.      

   Agendas   

 Food regulatory systems operate as one component of the broad platform of 
government roles and responsibilities. The structure and operation of a food 
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regulatory system will be shaped by agendas that originate directly from within 
government, or indirectly from external factors that influence government 
operations overall. Two particular agendas that shape the operation of national 
food regulatory systems, one located within government and one located exter-
nally, are now described.    

   Dominant political ideology   

 In recent decades, the ideology of neoliberalism has come to dominate the 
policy and regulatory activities of governments in many high-income coun-
tries. At its core, neoliberalism is characterized by the idea that a relatively 
‘small’ government presence, the so-called ‘light touch’ of government, and a 
relatively large engagement with the marketplace, is an effective and efficient 
way to govern society. This idea has been acted upon by pursuing a deregula-
tion agenda to promote free trade and reduce perceived impediments to the 
operations of the private sector. Deregulation is viewed as helping promote 
greater flexibility for the private sector to innovate in product research and 
development in order to promote competition and provide increased choice to 
citizens. It is believed that all else being equal, it is more efficient to manage 
non-acute public health risks within society through the provision of more 
consumer information and less regulation. It is not uncommon for actors 
aligned with this ideological perspective to label regulation with pejorative 
terms such as ‘red tape’, implying that it can unnecessarily tie up the activities of 
the free market. Some actors also assert that the excessive use of regulation risks 
creating a ‘nanny’ state in which the government over-protects its citizens. 

 One example of how this ideology is expressed in a food regulation setting is 
provided by the UK FSA when it states that, whereas it has a: 

 . . . statutory objective to protect public health and consumers’ other interests in rela-
tion to food and drink, it is aware that excessive or unclear regulations can place a 
burden on business, the public sector and civil society groups . . . and so hinder effec-
tive delivery of the intended benefits (10).   

 The agency’s website proceeds to state that: there is a ‘Reducing regulation 
programme’ which is about: ‘making regulations easier for business, the public 
sector and civil society groups to understand and comply with without com-
promising public health’ (  10  ). 

 A second example that illustrates how this ideology shapes the approach 
taken to develop food regulation is the work undertaken by the Australian 
Department of Finance and Deregulation’s Office of Best Practice Regulation 
(OBPR). The OBPR has a mandate to support an overarching government 
approach to reducing the regulatory burden on business. The OBPR reviews all 
the Australian government’s policies and regulations for their impact on 
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 business via the regulatory impact statement (RIS) process. According to 
requirements set out in the OBPR’s handbook: 

 A RIS is mandatory for all decisions made by the Australian government and its agen-
cies that are likely to have a regulatory impact on business or the not-for-profit sector, 
unless that impact is of a minor or machinery nature and does not substantially alter 
existing arrangements (  11  ).   

 What this means in practice is that if the Australian food regulatory system 
wishes to vary or set food fortification regulation, either mandate food fortifi-
cation or permit voluntary food fortification, it will be required to prepare a 
RIS and submit it to the assessment process conducted by OBPR. The food 
regulatory system must demonstrate that the monetary benefits of the pro-
posed intervention outweigh the costs to business, potentially shaping whether 
the regulation proceeds or the way that it is constructed. Equivalent assessment 
requirements for the potential beneficial health, social, and environmental 
impacts from a proposed food fortification regulation are often overlooked as 
the regulatory system is required to present such potential impacts as quantifi-
able causal links even though such relationships are better specified and meas-
ured using qualitative approaches. 

 The extensive nature and scope of the food system means that food policy 
considerations inevitably cut across many government departments’ policy 
agendas. It would be naïve to assume that food fortification policy-making takes 
place independently of existing policies or necessarily receives priority atten-
tion. It is not unusual to observe public policies operating within a hierarchy, 
with those policies emanating from a finance department for instance gener-
ally having a higher status in decision-making relative to those that relate 
to public health. The influence of the deregulation policy agenda over the con-
temporary food regulatory system highlights that those government depart-
ments responsible for overarching policy frameworks can have a pervasive, 
albeit indirect, role in shaping the operations of the food regulatory system. 
The existence of such policy hierarchies can lead to policy ‘disjunctions’. For 
example, while a government’s health department might be promoting healthy 
food selection behaviours to the community, its industry department might 
simultaneously be subsidizing the manufacture of high-energy, nutrient-poor 
foods. Also, its finance department might be permitting the manufacturers of 
such food products to claim related marketing expenses as a legitimate business 
expense that can be offset against their tax returns. In response, ‘all-of-
government’ or ‘joined-up’ approaches to food policy have been proposed, so 
that such disjunctions might be avoided and opportunities for different gov-
ernment departments to coordinate their policy activities might be better 
identified and acted upon (  12  ).     
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   Global food trade and international obligations   

 Food trade among countries is a major economic activity. International gov-
ernance arrangements have been established to manage global food trade and 
set frameworks for promoting trade liberalization and removing barriers to the 
flow of foods. Those countries wishing to participate in global food trade are 
obliged to ensure that their domestic food policies and regulations abide by 
their international obligations, for example, responsibilities as required by 
membership of the World Trade Organization (WTO). WTO rules and provi-
sions that relate to food fortification are legally binding on member countries, 
even if domestic food fortification regulation must be changed. 

 The WTO was established in 1995 as the international organization to over-
see the operation of the rules of trade between member nations. The core role 
of the WTO is administering the various WTO agreements which provide a 
framework for the preparation, adoption, and application of technical regula-
tions. The basic WTO principle that guides the implementation of the agree-
ments is ‘non-discrimination’. This means that WTO members cannot 
discriminate, for example, between their partners trading in fortified foods, or 
between imported and locally-produced fortified foods that are otherwise 
similar. The main WTO agreements that impact on health policies and pro-
grammes are the agreement on sanitary and phytosanitary measures (SPS) and 
the agreement on technical barriers to trade (TBT). The SPS agreement con-
tains specific rules for countries wanting to restrict trade to ensure food safety 
and the protection of human life from plant- or animal-carried diseases (the 
latter are termed zoonoses). The main purpose of the SPS agreement is to 
restrict the use of technical regulations and conformance procedures as dis-
guised trade barriers (  13  ). Instead, sanitary or phytosanitary requirements 
need to be necessary and scientifically justifiable. The provisions of the TBT 
agreement are especially relevant to food fortification considerations. Under 
the TBT agreement, all WTO members have the right to use technical regula-
tions to restrict trade for legitimate objectives. The protection of human health 
or safety is one such legitimate objective. However, there are strict conditions 
that apply if a country proposes to restrict trade on the basis of protecting 
human health and safety. According to article 2.2 of the TBT agreement, when 
considering health protection in preparing technical regulations, unnecessary 
obstacles to international trade must be avoided by ensuring that the regula-
tions are not more ‘trade-restrictive than necessary to fulfil a legitimate objec-
tive, taking account of the risks non-fulfilment would create’ (  13  ). 

 The obligation to abide by the WTO agreements presents challenges for the 
planning and implementation of domestic food fortification policies and pro-
grammes. What might be considered a reasonable food trade restriction on 
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public health grounds? For example, a country might want to restrict the 
importation of voluntarily-fortified foods, or conversely require certain import-
ed foods to be fortified with a particular nutrient. These approaches are techni-
cal regulations that fall under the TBT agreement. They are powerful regulatory 
approaches to target the composition and supply of certain foods. However, they 
may be assessed as being more trade-restrictive than necessary to protect human 
health or safety, and are vulnerable to accusations of being discriminatory. 

 There is no ‘recipe’ as such for a country wishing to develop a food fortifica-
tion regulatory approach to protect human health and safety, while fully par-
ticipating in global food trade. Whether or not a regulatory approach to support 
(or restrict) a food fortification activity is justified will depend upon building a 
case that fulfils the procedural requirements set down in the relevant WTO 
agreement (  14  ). The favourable assessment of food fortification regulatory 
approaches that fall under the TBT agreement is predicated on demonstrating 
their integral role in contributing to the protection of human health or safety. 
Moreover, it needs to be demonstrated that the approach(es) are not more trade-
restrictive than necessary to protect human health or safety, taking account of 
the risks non-fulfilment would create. In recognition of the vexed nature of how 
the protection of human health or safety might be interpreted and applied 
against food trade objectives within the context of WTO agreements, the World 
Health Organization (WHO) and WTO in 2002 published a joint study address-
ing this topic (  15  ). Notably, a narrow approach to what was considered legiti-
mate human health or safety concerns was documented. Whereas the study 
recognized immediate safety issues as legitimate concerns for food trade, it was 
more circumspect about the legitimacy of nutrition considerations such as the 
risk of promoting dietary imbalances resulting from food trade. 

 A complex pattern of interactions occurs among the principal actors, activi-
ties, and agendas for a generic national food regulatory system. A simplified 
version of this interplay is represented in Figure   3.1  .        

   Global food regulatory system   
 The food system is increasingly global in scale. The efficient operation of the 
global food system requires the harmonization of national food laws and regu-
lations, operating procedures, and outcomes as much as possible. The WTO 
agreements address trade aspects of the global food system and they, along 
with other international obligations, impact on national food regulatory sys-
tems. However, their role is not concerned primarily with health and safety, or 
quality aspects of food law and regulation, a dedicated global food regulatory 
system is required. An additional rationale for a global food regulatory system 
is that many low- to middle-income countries (LMICs) lack the resources and 
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capacity to: fully establish national food regulatory systems, collect scientific 
evidence, and conduct a scientific assessment process to undertake food regu-
lation policy development, implementation, and evaluation. Instead, they often 
defer to United Nation (UN) agencies, and in particular Codex, to support 
them in their food regulation activities (  16  ). 

 Codex effectively has become the world body responsible for setting food 
standards. Codex was established by the Food and Agricultural Organization 
(FAO) and the WHO in 1963 to implement the joint FAO/WHO food stand-
ards programme. Codex develops harmonized international food standards, 
guidelines, and codes of practice, and promotes coordination of all food stand-
ards work undertaken by international governmental and NGOs (  17  ). Article 1 
of the Codex statutes states that the primary purpose of the of the joint FAO/
WHO food standards programme is: ‘protecting the health of the consumers 
and ensuring fair practices in the food trade’ (  18  ). 

 The Codex Alimentarius (meaning food code) is a collection of internationally 
adopted food standards, guidelines, codes of practice, and other recommendations, 

      Fig. 3.1  The principal actors, activities, and agendas for a national food regulatory 
system.     
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that is considered the global reference for national food regulators, food pro-
ducers and processors, citizens, and decision-makers involved with interna-
tional food trade (  18  ). Although Codex standards are advisory and not 
internationally enforceable, regularly they provide the benchmark for national 
legislation. Indeed, the UN recognized the importance of Codex in addressing 
food safety internationally in 1985, when it passed resolution 39/248 that 
advised that when formulating national food policies, governments should 
support and adopt standards from Codex (  19  ). More recently, the WTO’s SPS 
agreement requires WTO members to base their sanitary and phytosanitary 
measures on international standards and to participate in Codex. The SPS 
agreement specifically recognizes Codex texts as the international benchmark. 
The TBT agreement indirectly references Codex texts. Thus, Codex standards 
directly affect food safety and the resolution of many trade disputes associated 
with international food commerce (  20  ). 

 Risk analysis procedures are central to the formulation of Codex food safety 
standards (see Chapter 2). Codex reports that it is this scientific basis to its 
texts that explains why they are regarded as the international reference for food 
safety standards by the WTO (  17  ). Member countries may adopt standards 
with a higher level of health protection than those in the Codex Alimentarius; 
however, such standards must be scientifically based and not used unjustifiably 
to prevent trade. 

 Codex is responsible for setting international policy principles for food for-
tification. The original Codex principles for the addition of essential nutrients 
to foods were published in 1987 and subsequently amended in 1989 and 1991 
(  21  ). As explained in the introduction to this book, Codex recognizes four 
purposes for adding nutrients to foods: restoration, equivalence, special pur-
pose food composition, and fortification. A risk analysis framework was not 
included in these Codex principles. At its 31st session the CCNFSDU stated 
that the purpose of the revision was to extend the Codex principles for adding 
nutrients to food (22). In effect the revision is preparing Codex principles that 
will enable food manufacturers to undertake a greater variety and extent of 
voluntary food fortification. In revising the principles to open up more oppor-
tunities for voluntary food fortification, the CCNFSDU is proposing that it 
can protect public health by putting in place a risk analysis procedure. A con-
sultation on the structure and on the text of the principles in the document 
being revised was undertaken in the lead up to the CCNFSDU’s 34th session 
(in 2012). Despite the public health importance of this policy development 
process, Codex observer participation during the consultation period involved 
only food and/or supplement industries and no public health or consumer 
organizations (23). 



GLOBAL FOOD REGULATORY SYSTEM 61

 The governance of the global food regulatory system operates on a larger 
scale and with more actors than that in place for national food regulatory sys-
tems. In common with the activities of actors at the national level, actors at the 
global level also participate in forming coalitions and framing policy topics. 
The description of these general activities is not repeated here. 

 In the next section, first the principal UN agencies and then the principal 
non-UN actors engaged with food fortification and their particular food regu-
lation activities are described. The numerous non-UN actors are organized 
into six categories: academic/research institutes, bilateral donors, multilateral 
donors, multisectoral collaborations, NGOs, and private philanthropists. 
A prominent actor(s) in each of these categories will be profiled to illustrate the 
contribution of the relevant category to food fortification. Then the primary 
agenda that is shaping food fortification activities at the global level, global 
health governance and the pursuit of public–private partnerships, briefly will 
be discussed in the context of what it means for food fortification.    

   Actors and their activities      

   Principal United Nation actors      

   Food and Agriculture Organization     The FAO’s mandate is to: ‘raise levels of 
nutrition, improve agricultural productivity, better the lives of rural populations 
and contribute to the growth of the world economy’ (  24  ). The FAO’s main 
activities in international food regulation are exercised through its role in 
collaborating with the WHO to manage the joint FAO/WHO food standards 
programme. Its specific food fortification-related roles include coordinating 
and maintaining: food and nutrition country profiles, the analysis of food 
composition data, and nutrition assessments and monitoring such as ‘State of 
food insecurity in the world’ reports and FAO statistical databases on foods 
available for consumption. 

 In its policy statement entitled: ‘Fortification of food with micronutrients’ 
(  25  ), the FAO describes its role in providing technical assistance to govern-
ments to support food fortification activities. The policy statement provides a 
perspective that places the effectiveness of food fortification into a context that 
is rarely explicitly stated by other actors involved in food fortification. It explains 
that FAO views food fortification programmes by themselves as having certain 
limitations. These limitations include: that the population groups most in need 
of improved nutrition are the poor who have low purchasing power for forti-
fied foods, that poor population groups present with multiple micronutrient 
deficiencies which cannot necessarily be addressed by fortified foods, and that 
the technology for food fortification requires ongoing development. Based on 
this perspective, the FAO believes that food fortification programmes need to 
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be implemented as a part of a comprehensive micronutrient malnutrition 
reduction strategy. Such a strategy should include: ‘Poverty reduction pro-
grammes along with agricultural, health, education, and social intervention 
programmes to promote consumption of nutritious foods by all, but in partic-
ular by the nutritionally vulnerable’.     

   United Nations Children’s Fund     The United Nations Children’s Fund 
(UNICEF) is mandated to advocate for the protection of children’s rights, to 
help meet their basic needs, and to expand their opportunities to reach their 
full potential. Nutrition, incorporating food fortification activities, is one of 
the eight key programme areas implied in UNICEF’s medium-term strategic 
framework, and there is a particular focus on the treatment of severe 
malnutrition (  26  ). UNICEF works with governments in both donor and 
developing countries to develop food fortification programmes, and has been 
particularly active in supporting the implementation of universal salt iodization 
and wheat flour fortification. UNICEF’s food fortification work is informed by 
WHO recommendations and scientific evidence on micronutrient deficiency. 
This work includes aiding research into micronutrient deficiencies, offering 
technical support such as implementing pilot projects for local governments, 
and advocating for the development of food fortification legislation and 
regulatory frameworks.     

   World Food Programme     The World Food Programme (WFP) coordinates the 
UN food aid activities by using food to meet emergency needs and to support 
economic and social development. It describes itself as the: ‘World’s largest 
humanitarian agency fighting hunger’ (  27  ). Whereas UNICEF focuses on severe 
malnutrition, WFP has the mandate to address moderate malnutrition and 
thereby aims to help reduce the incidence of severe malnutrition (  27  ). The WFP 
has been active in distributing fortified staple foods and condiments as 
components of its work programme for many years. Recently, it has been 
working with partners in the private sector, universities, UN, and NGOs to 
develop and assess the effectiveness of the following five ‘special nutritional 
products’, which represent extensions of more conventional fortified foods (  27  ):  
  1 Fortifi ed blended foods: are mixtures of cereals, soya beans, and pulses for-

tifi ed with vitamins and minerals. Th ey are designed to provide extra pro-
tein and micronutrients in food assistance programmes in addition to the 
general ration.  

  2 Ready-to-use foods: are formulated to meet the nutritional needs of young 
(6–59 months) and moderately malnourished children. Th ey may contain 
vegetable fat, dry skimmed milk, maltodextrin, sugar, and whey. Th ey are used 
mostly in emergency situations to supplement breastmilk and other food.  
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  3 High energy biscuits: are high-energy density and fortifi ed with vitamins 
and minerals. Th ey are ideal for use in the fi rst days of an emergency.  

  4 Micronutrient powder or ‘Sprinkles’: is a tasteless powder containing the 
recommended daily intake of 16 micronutrients for one person. It can be 
sprinkled onto home-prepared food aft er cooking just before eating and is 
useful when the fortifi cation of cereal fl our cannot be implemented or when 
it is inadequate for specifi c groups.  

  5 Compressed food bars: are bars of compressed food containing baked wheat 
fl our, vegetable fat, sugars, soya protein concentrate, and malt extract. Th ey 
are used in disaster relief operations when local food cannot be distributed 
or prepared. Th ey should not be used for children younger than six months 
or during the fi rst two weeks of treatment of severe malnutrition.         

   World Health Organization     The WHO directs and coordinates health-
related activities within the UN system. The organization describes its 
responsibilities as: providing leadership on global health matters, shaping 
health research, setting standards, describing evidence-based policy options, 
providing technical support to countries, and monitoring and assessing health 
(  28  ). The WHO’s main activities in international food regulation are exercised 
through its role in collaborating with the FAO to manage the joint FAO/WHO 
food standards programme. 

 The Department of Nutrition for Health and Development (NHD) coordi-
nates nutrition activities within WHO, including those that relate to food for-
tification. The NHD has organized its work programme into four strategic 
areas: nutrition policy and scientific advice, growth assessment and surveil-
lance, micronutrients, and nutrition in the life course (  28  ). The following 
objectives and WHO food fortification-related activities are associated with 
the micronutrients strategic area: 

 Objectives:  

  1 To monitor the vitamin and mineral status of populations globally.  

  2 To help member states and their partners design and implement eff ective 
strategies to achieve vitamin and mineral balance in diets.  

  3 To advocate for the importance of vitamins and minerals in health and 
nutrition.     

 Principal WHO food fortification-related activities that support these 
objectives:  

  1 Surveillance of micronutrient defi ciencies: the vitamin and mineral nutri-
tion information system was established in 1991 following a request by the 
World Health Assembly (WHA) to strengthen surveillance of micronutrient 
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defi ciencies at the global level. Its micronutrients database compiles nation-
al, within-country regional, and fi rst-administrative level data on vitamin 
and mineral nutritional status of populations in countries. Th ese data are 
used to generate estimates of the global burden of disease and the contribu-
tion of vitamin and mineral defi ciencies as risk factors for premature mor-
tality, disability, and loss of health (  29  ).  

  2 Evidence-informed guidelines: an example of a WHO evidence-informed 
food fortifi cation guideline is the 2009 ‘Recommendations on wheat and 
maize fl our fortifi cation meeting report: interim consensus statement’ (  30  ).  

  3 Technical assistance for undertaking food fortifi cation programmes: in 
2006, WHO and FAO published the manuscript: ‘Guidelines on food forti-
fi cation with micronutrients’ to assist countries to undertake food fortifi ca-
tion programmes (  7  ).  

  4 Online resource library: in August 2011, the WHO launched its electronic 
library of evidence for nutrition actions (eLENA) (  31  ), designed to serve as 
a centralized and easily accessible web-based resource for interested actors 
to link to WHO evidence-informed nutrition guidelines and the underly-
ing evidence for nutrition interventions, including food fortifi cation. It is 
intended that eLENA will be a resource to support countries to implement 
and scale-up food fortifi cation (and other nutrition) interventions.          

   Principal non-United Nation actors      

   Academic/research institutes     Academic/research institutes undertake research 
to provide knowledge for decision-makers to formulate food fortification 
activities to protect and promote public health. They form partnerships on food 
fortification activities at various times with UN agencies. Globally, a leading 
academic/research institute that contributes to food fortification policy debates 
is the International Food Policy Research Institute (IFPRI). Among its many 
activities, IFPRI undertakes research to provide knowledge relevant to policy-
makers on how to reduce poverty and improve the food security of populations 
in LMICs, and thereby help end hunger and malnutrition (  32  ). IFPRI jointly 
coordinates HarvestPlus (  33  ), which is developing and distributing seeds for 
biofortified crops as a low-cost and sustainable approach to reduce global 
micronutrient malnutrition. Biofortification involves selecting and breeding 
staple crop varieties to have a relatively high vitamin and mineral composition 
and superior agronomic qualities.     

   Bilateral donors     Bilateral donors are national agencies that donate funds 
directly to LMIC governments, as well as partnering with UN and non-UN 
agencies in undertaking activities. There are many countries with agencies 
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involved in bilateral donor food fortification programmes. A prominent 
example of an actor within this category is the US Agency for International 
Development (USAID). USAID is the official federal agency within the US 
government by which development assistance is provided to LMICs (  34  ). 
Its food fortification activities are undertaken utilizing the private sector in 
micronutrient programmes where feasible. For example, at the 2011 world 
economic forum in Davos, Switzerland, USAID signed a memorandum of 
understanding with DSM Nutritional Products, the world’s largest manufacturer 
of micronutrients and vitamins, to support food fortification activities in 
LMICs starting with rice fortification in countries such as Bangladesh, 
Cambodia, Ghana, Mali, Senegal, and Tanzania (  34  ).     

   Multilateral donors     Multilateral donors are organizations that combine 
donors’ funds and distribute them for projects in LMICs. There are several 
large multilateral donors involved in food fortification activities. The example 
of a prominent actor and its activities in this category is the World Bank. The 
World Bank is a source of financial and technical assistance to developing 
countries around the world. It provides low-interest loans, interest-free credits, 
and grants to developing countries for a wide array of purposes that include 
investments in food fortification programmes (  35  ). According to the World 
Bank: ‘No other technology [food fortification] offers as large an opportunity 
to improve lives at such low cost and in such a short time’ (  36  ).     

   Non-government organizations     The term NGO broadly refers to non-state, 
not-for-profit, voluntary organizations that nonetheless usually have a formal 
structure. There are two main types of NGO: those that represent public sector 
interests, i.e. PINGOs, and those that represent business sector interests, i.e. 
business interest non-government organizations (BINGOs). One example of 
each of these types follows. 

 The Micronutrient Initiative (MI) is an example of an international PINGO 
actively promoting food fortification and supplementation interventions. 
Established in 1992, following the pledge of the 1990 world summit for chil-
dren to protect children against malnutrition, it functioned initially as a secre-
tariat within the International Development Research Centre (IDRC) in 
Canada, and now has evolved to be a Canadian-based NGO (  37  ). It describes 
itself as being: ‘The leading organization working exclusively to eliminate 
vitamin and mineral deficiencies in the world´s most vulnerable populations’ 
(  38  ). MI carries out the following work in partnership with governments, foun-
dations, the private sector, and multilateral agencies: aiding governments, 
food producers and partner organizations to plan, implement, and evalu-
ate programmes that deliver micronutrients to people who need them most, 
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providing fiscal and technical assistance, including offering procurement and 
quality control of supplies and equipment, and educating government and 
advocating about vitamin and mineral programmes. 

 MI’s funding is derived from a range of sources. In its 2010–2011 annual 
report, it lists its funding sources as: Asian Development Bank, Centers for 
Disease Control and Prevention (CDC) Foundation, Children’s Investment 
Fund Foundation (UK), China National Salt Industry Corporation, Dow 
Chemical Company Foundation, DSM Nutritional Products, FHI 360, Global 
Alliance for Improved Nutrition (GAIN), the government of Canada, through 
the Canadian International Development agency (CIDA), Helen Keller 
International, Inter-American Development Bank, Irish Aid, Izumi Foundation, 
Kiwanis International, Mathile Institute for the Advancement of Human 
Nutrition, Project Healthy Children, Salt Institute, Teck Resources, UNICEF, 
US Fund for UNICEF, World Bank, and WFP (  38  ). 

 Sight and Life is a humanitarian initiative of DSM Nutritional Products and 
an example of an international BINGO actively promoting food fortification 
and supplementation interventions. Reference to the word ‘sight’ in its name 
relates to its original role in combating vitamin A deficiency in the developing 
world when it was founded in founded in 1986. It now works to reduce all 
forms of micronutrient deficiency by collaborating with universities and global 
and local partners, including the Flour Fortification Initiative (FFI), GAIN, 
WFP, and WHO (  39  ). DSM Nutritional Products is the world’s leading sup-
plier of vitamins, carotenoids, and other chemicals to the feed, food, pharma-
ceutical, and personal care industries (  40  ).     

   Private philanthropists     There are a number of private philanthropic 
organizations that provide support for food fortification activities. The Bill and 
Melinda Gates Foundation is one of the world’s largest private philanthropic 
organizations. Most of its work is done through grants provided to partners in 
self-defined priority areas. The Foundation reports that in 2009 alone it paid 
approximately US$ three billion in grants and an additional US$72 million in 
direct charitable contributions (  41  ). Actors to whom the Foundation provides 
substantial grants are GAIN in the area of food fortification and HarvestPlus 
in the area of biofortification. Food fortification is regarded by the foundation 
as an especially promising intervention to tackle micronutrient deficiencies. 
Bill Gates, the co-founder of the Foundation, has been quoted as saying: 
‘Fortifying foods with basic vitamins and minerals is both essential and 
affordable’ (  42  ).     

   Public–private partnerships     Public–private partnerships (PPPs) are 
described by the WHO as collaborations between public and private sector 
actors that vary according to participants, legal status, governance, management, 
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policy-setting prerogatives, contributions, and operational roles to achieve 
specific goals and outcomes (  43  ). PPPs are the primary agenda-influencing 
global food fortification governance arrangements and are now discussed. 
Two particularly prominent examples of PPPs involved in global food 
fortification activities, GAIN and FFI, are described. 

 The Swiss-based GAIN was launched at the UN general assembly special ses-
sion on children in May 2002 as a global and regional non-profit alliance of pub-
lic, private, and civic groups committed to eliminating micronutrient deficiencies. 
It works with UN agencies and receives funding from a number of public and 
private sector donors, including the Bill and Melinda Gates Foundation and 
USAID. In turn, GAIN’s Business Alliance (  44  ) supports PPPs involving major 
global food and beverage companies, including: Coca-Cola, Cargill, Danone, 
Mars Inc, PepsiCo, Unilever, and Kraft, to stimulate market-based solutions that 
address global malnutrition. Its objective is to mobilize US$700 million of private-
sector investment to fight malnutrition through this business alliance (  45  ). 

 GAIN is the primary vehicle globally brokering among governments, NGOs, 
the private sector, and civil society to promote food fortification. Its goal is: 
‘To reach more than one billion people with fortified foods that have sustain-
able nutritional impact’ (  46  ). Shortly after its launch, the then executive direc-
tor for GAIN stated: ‘Now the challenge before us is how do we fortify food as 
fast as we can?’ (  47  ). At the national level, GAIN provides assistance grants and 
technical advice to support the delivery of fortified foods. These activities are 
coordinated by national fortification alliances comprised of the government, 
food manufacturers, and producers, and consumer groups (  48  ). It reports that 
since 2002, it has scaled up 36 large collaborations in 25 countries so that 400 
million people are now being exposed to fortified food products (  46  ). For 
example, it has invested in projects that launched fortified: soy sauce in China, 
fish sauce in Vietnam, cottonseed oil in Côte d’Ivoire, wheat flour in Morocco, 
and maize flour in South Africa (  49  ). 

 The FFI is a partnership arrangement involving a network of individuals, 
private organizations, public entities, academic institutions, and civic groups 
working together to make flour fortification a standard milling practice world-
wide. At the national level, the FFI serves as a catalyst for partnerships which 
encourage flour fortification. It works by building alliances between govern-
ments and international agencies, wheat and flour milling corporations, and 
consumer and civic organizations. In this regard, it describes itself as a: ‘Public-
private-civic investment in each nation’ (  50  ). FFI works with UN agencies and 
among the actors already mentioned it receives funding from the Bill and 
Melinda Gates Foundation and GAIN. 

 Since 2004, the FFI has helped increase the amount of fortified flour pro-
duced by roller mills globally from 18 %  to 30 %  (  51  ). It has contributed to this 
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achievement by providing sophisticated resources, such as information for 
interested people in countries that are not fortifying flour to create a national 
food fortification alliance to advocate for flour fortification, and a resource 
library with supporting materials and tool kits for millers and premix manu-
facturers. Also, it has available spokespeople to speak to the media and a tech-
nical support group to provide detailed information on the equipment and 
procedures needed for flour fortification. 

 The prominent actors involved in food fortification activities at the global 
(and national) levels of governance are shown in Figure   3.2  . The figure depicts 
the seven main categories of actors and for each category there is at least one 
prominent actor identified. 

 These actors act independently and as parts of a web of partnership combina-
tions. An overarching driver of this involvement of actors and their multiple 
relationships is the changing nature of the global health governance arrange-
ments. These changing arrangements are described in the next section.       

   Agendas      
   Global health governance arrangements   

 Global food fortification activities are taking place within the context of sig-
nificant and controversial changes to global health governance arrangements. 

      Fig. 3.2    The web of prominent actors and their major partnership interactions 
involved with global food fortification activities.     
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Conventionally, it was UN agencies that, for the most part, were responsible for 
formulating and implementing global food fortification activities. Now it is 
believed that new and innovative business models and participatory approaches 
are needed to encourage actors to interact in different ways from the past, so as to 
be more effective in achieving the Millennium Development Goal (MDG) targets 
(  52  ). According to the WHO, no single entity has sufficient funding, resources, 
influence, expertise, or reach to tackle the complex nutrition challenges in com-
munities, at national and regional levels, or worldwide (  53  ). Illustrating this view 
is the fact that the cost of addressing global malnutrition has been estimated at 
US$10–12 billion (  54  ), well-beyond the budgetary constraints of the WHO. 

 Such new governance arrangements are being enacted through a number of 
mechanisms, including multisectoral collaborations, coalitions, strategic alli-
ances and, in particular, PPPs (described in the previous section) between 
UN agencies and the private sector and civil society (  55  ). PPPs are having a 
profound effect on which actors are involved in global health policies and pro-
grammes and the activities that they are undertaking. For example, in China 
UNICEF has partnered with GAIN and the Asian Development Bank to work 
with the government and private food companies to promote the fortification 
of staple foods like flour, soy sauce, and salt with iodine, iron, and other nutri-
ents (  56  ). UNICEF has been a strong advocate for PPPs. In its joint publication 
with MI on the role of PPPs in promoting food fortification, UNICEF states 
that it is urgent that the world ask food companies to extend their involvement 
in food fortification as they have the products, technology, distribution chan-
nels, and marketing skills to make it happen. (  57  ) 

 These changes to global health governance arrangements have not occurred 
overnight. Historically, governments have relied to varying degrees on PPPs 
and market-driven ‘solutions’ to address public health nutrition challenges. 
In recent years, the extent of this approach and its active pursuit within the UN 
system has dramatically increased (  58  ). In 1993, the WHA called on WHO to 
explore partnerships with the private sector and NGOs in the implementation 
of national strategies for health for all (  59  ). Subsequently, WHO’s interaction 
with the commercial sector has broadened and deepened (  60  ). The most well-
known partnership is the UN Global Compact. The compact was launched in 
1999 by former UN secretary-general Kofi Annan at the world economic 
forum, with the purpose of stimulating private sector actions to support UN 
goals. In his 2010 report entitled: ‘Keeping the promise: a forward-looking 
review to promote an agreed action agenda to achieve the MDGs by 2015’, 
presented to the general assembly, UN secretary-general Ban Ki Moon high-
lighted that the business community had an integral role to play in the achieve-
ment of the MDGs by 2015 (  61  ). 
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 Proponents of PPPs present this mechanism for system change as a win–win 
for the actors involved in food fortification activities (  62  ). For UN agencies, 
there is the opportunity to access financial resources from the private sector to 
strengthen their capacity to undertake food fortification activities. In addition, 
UN agencies may access partners’ expertise for product innovation, their com-
munication know-how to raise visibility about pressing issues, and their net-
works for logistical support and distribution systems. For partners, there are 
benefits from gaining access to UN services, marketing opportunities for their 
products, and the goodwill that they receive in being associated with such glo-
bal food fortification activities. 

 PPP arrangements are now commonplace in the WHO guideline develop-
ment process (outlined in Chapter 2). The Micronutrients Unit within the 
WHO’s NHD states that to support the process of formulating evidence-
informed food fortification guidelines, it receives grants from the MI, CDC’s 
International Micronutrient Malnutrition Prevention and Control Program 
(IMMPaCt), GAIN, and the Government of Luxembourg. The unit explains 
that donors do not: fund specific guidelines, participate in any decision 
related to the guideline development process, have membership of the guide-
line groups, or have involvement with the formulation of recommenda-
tions (  63  ). 

 The active pursuit of PPPs in global health governance engenders debate. 
At the heart of the debate are different views about the respective roles and 
responsibilities of governments, the private sector, and civil society in protect-
ing and promoting public health. The new governance structures, innovative 
business models and participatory approaches have created an environ-
ment that has raised the influence of PPPs in strategic policy decisions and 
their implementation. Many people express concern with this develop-
ment, arguing that the UN agencies and the private sector fundamentally 
have different objectives and roles. For instance, in their paper published in a 
special issue of the Standing Committee on Nutrition News dedicated to 
exploring the vexed topic of how to engage nutrition and business, Brady and 
Rundall comment: 

 The role of governments is to govern in the public interest. The role of executives is to 
run their corporations within the rules that society places upon them. Given that com-
pany executives have a fiduciary duty to maximize shareholder value, government, UN 
and NGO policy-makers need to be aware that this will sometimes conflict with the 
public interest, and they must put appropriate safeguards in place (  64  ).   

 By partnering with the private sector, BINGOs, and PINGOs, the UN agen-
cies and national governments are giving authority to such organizations to be 
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involved in the planning and implementation of public health activities that 
affect populations. Yet these partners are not subject to the same democratic 
processes that apply to UN agencies and national governments. One of the core 
aspects of ‘good governance’ of any initiative is the representation and partici-
pation of those affected by the exercise of power (  65  ). Currently, whether there 
is an adequate level of this representation and participation for many PPPs is 
not immediately apparent. This situation raises fundamental questions about 
the legitimacy of PPPs and their accountability to governments and the citizens 
affected by their activities. 

 PPPs place much confidence in the ability of market-driven interventions to 
solve public health nutrition problems resulting from inadequate dietary nutri-
ent intakes. A core rationale for partnering with the private sector is to enable 
UN agencies to draw on this sector’s product innovations, skills, and delivery 
networks to supply and distribute fortified foods to help address such prob-
lems. Yet in pursuing such partnerships, it is important that there is not an 
over-reliance on such technological interventions to the oversight of alterna-
tive policy interventions. Inadequate dietary nutrient intakes result from a 
variety of health, social, economic, and environmental causes that require 
alternative policy interventions, such as agriculture development programmes, 
poverty alleviation, or social marketing to effectively address the underlying 
cause of the inadequate dietary nutrient intake. The health impacts of those 
PPPs that are advocating for food fortification, such as GAIN’s business alli-
ance, are yet to be comprehensively and independently evaluated, so it is diffi-
cult to understand the benefits and challenges of using a PPP approach to 
address micronutrient malnutrition. In one of the few available independent 
evaluations of PPPs more broadly, Buse and Harmer argue that there are a 
number of concerns with the way that some PPPs currently are operating. The 
concerns they raise include that PPPs can: skew national priorities of recipient 
countries by imposing those of donor partners, deprive specific stakeholders a 
voice in decision-making, and fail to compare the costs and benefits of public 
versus private interventions (  65  ). 

 PPPs assume a role in the exercise of power and the challenge for public 
health interests is that in striving for effective food fortification activities public 
health objectives are not subverted by commercial objectives (  66  ). Certainly, 
successful food fortification activities require the cooperation of food manu-
facturers, and their interests need to be considered in food fortification activi-
ties. However, in the context of putting safeguards in place for PPPs, the 
following excerpt from a UNICEF and MI report about the need for govern-
ments to provide incentives to the global grain council in return for its support 
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for food fortification raises the question: ‘Are certain actors striking a correct 
balance in representing public health and commercial interests?: 

 The job of government is to create the conditions that make it commercially viable for 
food companies to take up the challenge of VM [vitamin and mineral] deficiency. For 
example, governments can: 
◆   Help build public demand for fortified foods through health and education 

services, and the print and broadcast media. 
 ◆ Assist with start-up finance, technical training, product development, consumer 

testing, and marketing costs. 
 ◆ Endorse approved food products, with official government seals or stamps for use 

in commercial advertising. 
 ◆ Allow distribution of certain fortified foods via schools, hospitals, clinics. 
 ◆ Specify fortified foods when placing food orders for schools, the armed forces, 

health service personnel, or for disaster relief and refugee feeding programmes. 
 ◆ These are the kind of public-private partnership deals can make it viable for food 

companies to invest in developing and marketing fortified products that will be 
available to the poor (  57  ).   

 Moreover, shortly before the public launching of GAIN,  The Wall Street 
Journal  reported that in exchange for their fortified food contributions, GAIN 
was proposing to assist food companies to lobby for supportive tariffs and tax 
rates as well as rapid regulatory consideration for new fortified foods in certain 
countries. It also reported that GAIN would provide funding to local govern-
ments to implement marketing campaigns to stimulate demand for fortified 
foods (  67  ). 

 Debates about the appropriateness of PPPs often hinge on whether a prag-
matic or principled view is taken. Pragmatically, PPPs might be viewed as a 
necessary approach so as to enable UN agencies to work with those organiza-
tions that directly influence what people eat, even if (or especially because) the 
products they sell are not consistent with healthy eating guidelines. A princi-
pled view might see such PPPs as inappropriately giving kudos to the manufac-
turer of energy-dense, nutrient-poor food products. They might also see such 
PPPs as being vulnerable to conflicts of interest, real or perceived. Such a situ-
ation would arise if the food fortification activity were exploited by the partner 
to give it special market access to sell its food products, or if it required a gov-
ernment to purchase its premix product to support the activity. 

 The management of PPPs is very much about the management of power 
relationships among partners. The resources available to prospective BINGO 
and PINGO partners can outweigh those available to sovereign nations and the 
UN agencies that traditionally have planned, delivered, monitored, and evalu-
ated food fortification activities. There is a power differential in such partner-
ships and the consequent risk of ‘institutional capture’ by powerful partners 
(  60  ). In this setting, it is essential that managers avoid conflicts of interest from 
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arising, put in place safeguards to protect public health interests being co-opted 
by commercial interests, and avoid inappropriate sponsorship and co-branding 
arrangements with food and beverage products that are inconsistent with 
healthy eating guidelines (  68  ). 

 Starting with the publication of the 1987 WHO document: ‘Principles gov-
erning relations between the World Health Organization and nongovernmen-
tal organizations’, that was adopted by the 40th WHA, 1987, resolution 
WHA40.25 (  69  ), the WHO and WHA have undertaken a number of reviews, 
approved resolutions, and released a series of guidelines for managing poten-
tial risks and benefits associated with PPPs. In 2000, the WHO 2000 published: 
 Guidelines on working with the private sector to achieve health outcomes  (  70  ), 
and in 2002 published its review of how it interacts with civil society and NGOs 
(  71  ). Then, in 2010, the 63rd WHA approved resolution WHA 63.10 that deals 
with WHO involvement in partnerships (  72  ). This WHA resolution endorsed 
a new policy on WHO’s engagement with global health partnerships and host-
ing arrangements (  73  ). The policy submitted as an annex to the resolution 
provides the framework that will guide WHO’s assessment of, and decisions 
concerning, potential engagement in different types of health partnerships. 
It establishes criteria, including that there be added value for public health, and 
that potential conflicts of interest shall be taken into consideration as part of 
the design and structure of a prospective partnership with commercial, for-
profit companies. The resolution also requested the director-general to con-
tinue collaboration with several partners, including private sector entities, in 
implementing the WHO medium-term strategic plan 2008–2013.       

   Conclusion   
 Food fortification policies and regulations are formulated within national and 
global food regulatory systems. These systems manage political debates associ-
ated with food fortification and in particular the contrasting public health and 
commercial objectives for investing in this technology. Food fortification poli-
tics is played out through the engagement of actors with food regulatory sys-
tems, is expressed through the activities of these actors, and is influenced by 
the dominant underpinning agendas within which food regulatory systems 
operate. 

 Two characteristics of the food fortification actors and their activities stand 
out, especially at the global food regulatory system level. First is the substan-
tial number of actors involved with an interest in expanding and promot-
ing food fortification as a technology for supporting public health and/or 
commercial interests. Most actors that engage with food regulatory systems 
tend to be well-resourced and organized to act as professional entities that 
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represent a particular interest. They have power in framing food regulatory 
system agendas, influencing decision-making and shaping outcomes. Actors 
may dispute the reason for or details of certain food fortification activities, but 
few, if any, actors explicitly oppose the concept of food fortification, if they do 
exist they are not highly visible. Second is the degree of interaction among 
these powerful actors. Many actors act in coalitions, alliances, and partnerships 
to secure food fortification outcomes that support their interests. There is less 
evidence that individual citizens are significantly engaged with or directly rep-
resented in food regulatory systems. Instead they are passive recipients of food 
fortification regulation outcomes that manifest in their exposure to novel com-
position profiles of certain food products. 

 Several dominant political agendas are influencing food fortification govern-
ance arrangements and in turn this is influencing actors and the activities they 
undertake. Both at national and global levels there is an ideological agenda shap-
ing the relative power and roles of the public, private, and civil society sectors 
when participating in food fortification activities. An investment in new manage-
ment system approaches is characterized by a deregulation agenda and the pur-
suit of greater private and civil sector involvement in food fortification policies 
and programmes. Food regulatory systems are changing their decision-making 
tools so as to reduce barriers to those actors seeking food product innovations. 
There is increasing participation by transnational actors such as BINGOs and 
PINGOs in intergovernmental organizations such as WHO and UNICEF. They 
have significant influence over the development and implementation of food 
fortification policies and programmes, activities that traditionally have been 
under the purview of the state. In addition, the delineation between national and 
global food regulatory systems is becoming less pronounced. National govern-
ment food regulation arrangements increasingly are being influenced by global 
health governance arrangements because of global food trade and the consequent 
drive towards international harmonization of food policies and regulations. 

 The influence of the actors, their activities, and the dominant agendas on food 
fortification activities was analysed in each of the case studies presented in 
Section 2 of this book. In the next chapter, the approach that was used to investi-
gate these case studies is described. It is informed by the earlier review of relevant 
policy science theoretical frameworks to help gain insights to explain how and 
why evidence, ethics, and politics interact in food fortification activities.      
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         Chapter 4  

 Investigating food fortification      

 . . . public policy and the problems with which it is concerned do 
not exist in neat, tidy, academic boxes . . . the aim of the policy 
approach is not to pull these issues apart, so much as to recognize 
how problems come to be addressed and structured by the way in 
which knowledge is organized and deployed . . . consequently and 
inevitably the study of policy-making and policy analysis is 
essentially multiframed (  1  ). 

 (Reproduced with permission from Parsons W, Public policy: an introduction to the theory and 
practice of policy analysis, Cheltenham, Edward Elgar Publishing Ltd, Copyright ©1995.)       

   Introduction   
 The investigation of food fortification as a technological intervention to tackle 
problems associated with inadequate nutrient intakes is an especially challeng-
ing policy research topic. As outlined in previous chapters, evidence and ethics 
inform food fortification policy-making often through non-rational processes 
and, as this is a highly contested topic, politics inevitably is omnipresent in 
food fortification activities. These challenges are set against the context of 
there being a variety of underlying causes of inadequate nutrient intakes and 
potentially many different policy solutions available to address the resulting 
policy problems. An innovative research approach from within the discipline 
of political science was required to achieve the research aim of providing 
insights into and understandings of food fortification policy-making, so as to 
help practitioners identify how existing policy processes and outcomes might 
be improved to further protect and promote public health. 

 A multi-framed policy science approach was needed so that the investigation 
moved beyond measuring and evaluating a policy’s impact and instead analysed 
antecedent policy-making processes (  2  ). This food fortification investigation 
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was predicated on the policy science notion that ‘facts’ are value-laden and that 
the translation of evidence into food fortification policy is inherently political. 
Therefore an understanding of food fortification  policy-making requires 
 recognizing the interplay between political variables and evidence-informed 
policy practice. 

 The present investigation invoked Walt and her colleagues’ recommendation 
that in undertaking policy analysis, researchers need to use existing frame-
works and theories of the public policy process and make research design an 
explicit concern in their studies (  3  ). The frameworks and theories presented in 
Chapters 2 and 3 were used to guide the assessment and analysis of each of the 
case studies and help provide answers to this investigation’s research questions. 
The assessment component of each case study was based on the evidence avail-
able for public health benefits, risks, and ethical considerations of each policy 
intervention. The way that evidence and ethical justifications were used in the 
policy-making process for each case study was then analysed to help explain 
how and why policies are made. This chapter provides a description of the case 
study research design and methods conducted in undertaking the policy anal-
ysis for this investigation.     

   The research design   
 The research design for this investigation had two inter-related components: 
assessment and analysis. First, the assessment component set up the investiga-
tion to answer research question 1, i.e. ‘What are the public health benefits, 
risks, and ethical considerations of food fortification?’. The findings from the 
first component informed the second, the analytical component that set up the 
investigation to answer research question 2, i.e. ‘How and why are food fortifi-
cation policies made?’. This is because in analysing how and why food fortifica-
tion policy is made, it was necessary to know what other policy interventions 
are available and how they and food fortification perform against evidential and 
ethical evaluative frameworks. For instance, a food fortification intervention 
assessed as performing poorly against evaluative frameworks relative to alterna-
tive policy interventions yet is implemented as the preferred intervention, raises 
different analytical questions to the situation in which a food  fortification inter-
vention performs impressively and was the preferred intervention. 

 The case study research design and methods proposed by Yin (  4  ) were 
adapted for this investigation. Case study research is in-depth empirical inquiry 
into phenomena in their real-life context. This research method possesses dis-
tinctive qualities that are especially suited to: answering ‘how’ and ‘why’ 
research questions, and analysing topics where the focus is on contemporary 
events and circumstances where the investigator has no control over those 
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events. Case studies can be exploratory, descriptive, or explanatory. The case 
study research for this investigation extended beyond exploration to obtain 
data that were assessed and analysed to describe evidence-informed food for-
tification policy-making. 

 Food fortification policy is not a homogenous entity. A substantial number 
of food fortification interventions with different rationales and involving dif-
ferent combinations of nutrients and food vehicles are available for interroga-
tion. In this book’s introduction chapter, three distinct public health rationales 
for increasing the intake of a nutrient were identified and each linked to a 
policy problem for which food fortification was a potential policy solution. 

 The research design for this investigation was a single-case study design 
applied to each of these three rationales to assess public health benefits, risks, 
and ethical considerations associated with food fortification and to analyse 
how and why food fortification policies are made. According to Yin (  4  ), a 
 single-case study design can be a legitimate approach to gain theoretical under-
standings if it is a  representative  case that captures the typical circumstances 
and conditions of the phenomenon under investigation. The aim of this 
research design was to achieve a comprehensive assessment and analysis of 
food fortification and its policy-making processes. In this investigation the 
observations from each of the three case studies were compared with each of 
the other case studies to identify further patterns to help explain collectively 
how and why food fortification policy is made. The justification for the selec-
tion of the three case studies is that they each are a representative case of one of 
the following three identified rationales for food fortification:  

  1 Universal salt iodization to help prevent iodine defi ciency disorders is the 
representative case when food fortifi cation is proposed as a policy response 
to an inadequate amount of a nutrient, or combination of nutrients, avail-
able from the food supply.  

  2 Mandatory fl our fortifi cation with folic acid to help reduce the risk of neural 
tube defects is the representative case when food fortifi cation is proposed 
as a policy response to the presence of a medical condition that results in a 
need for a raised nutrient intake in certain at-risk individuals.  

  3 Mandatory milk fortifi cation with vitamin D to help prevent vitamin D 
defi ciency is the representative case when food fortifi cation is proposed as a 
policy response to a reduction in the primary source of a nutrient.        

   Research method for assessing each case study   

 The research method for assessing each case study was based on the premise 
that when planning a food fortification policy, policy-makers are invariably 
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confronted with evidential challenges and ethical considerations. From an 
evidential perspective they often need to make decisions in the context of 
incomplete evidence and/or uncertainties about benefits and risks associated 
with the relationship. From an ethical perspective a food fortification policy 
often has consequences related to its impact on an individual’s and the collec-
tive’s rights and needs. 

 When policy-makers assess the appropriateness of a food fortification policy 
intervention to respond to evidence of a policy problem, there are three evidence- 
and ethics-related questions that arise:  

  1 How to specify and measure public health benefi ts and risks?  

  2 How to specify and measure the ethical considerations?  

  3 How to compare the scientifi c uncertainties and ethical considerations 
across the possible policy solutions available?     

 Each case study was assessed to identify and describe the public health ben-
efits, risks, and ethical considerations of the food fortification intervention and 
thereby help answer research question 1: ‘What are the public health benefits, 
risks, and ethical considerations associated with food fortification?’. 

 Many health authorities, including the World Health Organization, have 
adopted evidence-based practice as the primary system for assessing the public 
health case for, and impact of, food fortification. Others argue that ethical 
principles should underpin policy-making associated with public health inter-
ventions such as food fortification and then evidence and theory should 
help inform aspects of decision-making (  5  ). This investigation adopts the 
view taken by Carter et al. (  6  ) that evidence and ethics are implicitly related, 
e.g. evidence-based practice may be more ethical, and ethically sensitive prac-
tice more effective, and as such they are assessed together iteratively.    

   Data collection   

 Epidemiological and aetiological evidence to inform the background to each 
case study, as well as evaluative evidence to inform the assessment of its public 
health benefits, risks, and ethical considerations (and that of alternative policy 
options), was obtained from desk-based research of the scientific literature and 
presented as a narrative review.     

   Data assessment   

 The assessment of each case study took place in two stages. First, the back-
ground to the health concern related to the case study was described. Second, 
the public health benefits, risks, and ethical considerations were assessed and 
compared. Public health benefits were assessed in relation to four criteria: evi-
dence of effectiveness, cost-effectiveness, equity, and practical advantages of 
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the policy option. Public health risks were assessed in relation to primary pub-
lic health risk (evidence of the potential for acute safety concerns associated 
with excessive nutrient intake), secondary public health risk (evidence of 
chronic public health concerns associated with the potential to distort dietary 
intakes and promote dietary imbalances), and practical disadvantages of a par-
ticular intervention. The assessment of ethical considerations involved assess-
ing how closely the policy solution adhered to each of the five ‘justificatory 
conditions’: effectiveness, proportionality, necessity, least infringement, and 
public justification, proposed by Childress et al. (  7  ) (Chapter 2). 

 Food fortification is just one among many policy interventions that may 
have a role in preventing and controlling inadequate nutrient intakes. As Allen 
et al. comment: 

 Fortification of food with micronutrients is a valid technology for reducing micronu-
trient malnutrition as part of a food-based approach when and where existing food 
supplies and limited access fail to provide adequate levels of the respective nutrients in 
the diet. In such cases, food fortification reinforces and supports ongoing nutrition 
improvement programmes and should be regarded as part of a broader, integrated 
approach to prevent MNM [micronutrient malnutrition], thereby complementing 
other approaches to improve micronutrient status (  8  ).   

 It is an ethical principle that the public health benefits, risks, and ethical 
considerations of food fortification policy interventions should be assessed 
against plausible alternative policy solutions to policy problems. For each case 
study the assessment was conducted on the food fortification intervention 
itself, as well as for plausible alternative policy solutions to enable an assess-
ment comparison to be made. The options that were identified as plausible 
alternative policy solutions to food fortification for the three policy problems 
are drawn from one or more of the following:  
   ◆  Supplementation: supplementation refers to promoting the consumption of 

a ‘dose’ of a micronutrient usually available in pill, capsule, or supplement 
form. Th e micronutrient dosage can be tightly controlled and its delivery 
highly targeted to specifi c individuals and population groups. It can have a 
rapid impact on the nutrient status of consumers.  

   ◆  Public health, social, and agricultural development measures: in this inves-
tigation public health measures is a broad descriptor to capture a diver-
sity of policy options that vary with the nature of the policy problem being 
addressed. Common public health measures in helping tackle micronutri-
ent malnutrition are: improvements in water sanitation, intestinal para-
site control, and control of infectious diseases (  9  ) .  In addition there are a 
 number of measures that aim to tackle underpinning structural causes of 
hunger and micronutrient malnutrition. Examples of such measures are 
social development activities to help alleviate poverty and activities to help 
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reform food an agricultural systems to support the production of local 
micronutrient-rich foods. For the mandatory milk fortifi cation with 
vitamin D case study the promotion of sunlight exposure is categorized as 
a public health measure.  

   ◆  Nutrition education: nutrition education in this context refers to both a mes-
sage content and a message delivery process. Th e message content  focuses 
on the importance of dietary diversifi cation and healthy eating and lifestyle 
principles such as promoting breastfeeding. Th e message delivery process 
ranges from relatively passive activities, such as social marketing campaigns 
and information material distributed as leafl ets or posters, through to more 
interactive education opportunities to strengthen knowledge, problem 
solving, and skills development to help change dietary behaviour. Nutrition 
education is a relatively ‘soft ’ policy option as it is not particularly costly or 
politically risky for governments, and instead much of the onus to put the 
education into practice is left  to individuals and the general public.     

  A secondary focus for nutrition education is to inform people about the 
policy problem and various policy interventions as well as to inform health 
practitioners who are critical for putting the policy interventions into 
 practice.  

   ◆  Maintaining the status quo: maintaining the status quo means that no ex-
plicit policy intervention is undertaken to address evidence of an existing 
problem. Th is may be because a conscious decision is made not to intervene, 
e.g. the decision is that a precautionary approach to the policy problem is 
warranted. Alternatively it might be because no decision is made and the 
status quo option refl ects lack of attention to the policy problem for a vari-
ety of potential reasons such as lack of interest, capacity, resources, and/or 
awareness of the policy problem. Th is option includes stopping an existing 
policy intervention that is addressing the policy problem.     

 The ideal policy response may be a combination of policy options in a multi-
pronged strategy with the relative importance of particular options depending 
on local circumstances. For example, Darnton-Hill explains how interventions 
such as supplementation are short-term measures, whereas food-based 
approaches (including food fortification) are a medium-term approach, while 
related public health interventions tend to be more longer term (  10  ). For the 
purposes of this investigation, each of these policy options was assessed as a 
standalone intervention and in generic terms, i.e. it was assumed that the policy 
problem was prevalent in a particular country. Although this is the only feasi-
ble approach to manage the assessment of interventions, it is acknowledged 
that this does not necessarily reflect the ideal approach for implementing inter-
ventions in practice. Often the best and most sustainable approach for  effectively 
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and sustainably addressing inadequate nutrient intakes is to have a combina-
tion of interventions implemented as complementary, mutually  reinforcing 
 strategies. In addition, the relative importance of a particular intervention will be 
influenced by local circumstances and needs, e.g. the level of prevalence of a 
policy problem in a country.      

   Research method for analysing each case study   

 The research method for analysing each case study was informed by policy 
 science theories. The review of theories and models of evidence-informed 
policy-making (Chapter 3) revealed the powerful role of actors, their activities, 
and underlying agendas in influencing the policy-making process. The method 
was concerned with capturing processes and studying real-world situations as 
they unfolded naturally, it was non-manipulative and open to whatever 
emerged with a lack of predetermined constraints on outcomes. It used a natu-
ralistic approach to inductively and holistically understand food fortification 
policy-making processes. With a holistic perspective the whole phenomenon 
under study (food fortification policy-making) was understood as a complex 
system that is more than the sum of its parts and the focus of inquiry was on 
investigating complex interactions within the system (  11  ). In this investigation, 
case studies were ‘deconstructed’ to expose interactions between the actors, 
their activities, and the underlying agendas with evidence and ethics. They 
were then ‘reconstructed’ to provide the most plausible description of the use 
of evidence and ethics in the making of the food fortification intervention 
represented in each case study and thereby help answer research question 2: 
‘How and why are food fortification policies made?’    

   Data collection   

 Food fortification policy-related documents were the main data source for the 
case study inquiries. The sources searched for the more significant and relevant 
documents associated with each case study were: scientific publications and 
official documentation available in the public domain, e.g. policy documents, 
media releases, speeches, government, non-governmental organization, and 
industry reports, and newspaper clippings. The data collection focused on the 
more prominent documentary data sources. Data obtained from these docu-
mentary sources were used to outline the issues, the sequence of events, the 
processes, the actors, the activities, and the agendas associated with the policy-
making process for each case study. 

 The quality and comprehensiveness of the data collection process for docu-
mentary sources is vulnerable to the potential for selectivity in those docu-
ments made available for retrieval and reporting bias within the document. 
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It cannot be assumed that all documentation associated with a case study was 
available or accessible or that those documents that were collected provided a 
comprehensive, accurate, and unbiased record of events. Indeed, the more 
revealing, and potentially more sensitive documented accounts of the policy-
making processes are often those that are more difficult to access. Several 
approaches to achieve as comprehensive coverage of relevant documents as 
possible were implemented. The collection of documents was an iterative proc-
ess. The information contained in certain documents led to the identification 
of information gaps and the existence of, or need to locate, additional docu-
ments. All collected documents were read.     

   Data analysis   

 Policy rarely occurs at one point in time. The collected data were presented 
chronologically, structured as a narrative organized around the primary mile-
stones, actors, activities, and underpinning agendas in the case study’s history, to 
make sense of how and why each case study was made. The data mostly illustrate 
global developments with some national examples included where relevant. 

 In acknowledging the critiques of the stages heuristic model of policy- 
making (Chapter 3), organizing the data in this way was not to suggest that all 
policy processes and debates were discrete and chronological. Instead a time-
line structure enabled the case study to be deconstructed and processes and 
policy debates to be viewed as they unfolded over time. The data were analysed 
to identify the presence and influence of actors, activities, and agendas during 
the policy process for each case study narrative by asking the following sets of 
questions:  

  1 Actors  

   ◆  Who are the actors associated with each case study?  

   ◆  What are their views about the policy problem and available policy 
solutions?  

   ◆  What resources and capacity do they have available?  

  2 Activities (advocacy and the framing of the policy problem and the policy 
solution)     

 As policy analysis has shift ed from rational models to more interpretive mod-
els, a focus on analysing advocacy and framing activities has been recommend-
ed to help explain how policy-makers construct problems and structure policy 
action (  12  ). Framing refers to the processes of meaning and legitimation given 
to a policy problem and the policy response, how agendas are set and problems 
conceived. Th e policy analysis approach used in this research involved expos-
ing oft en hidden contested values, beliefs, and interests that are captured when 
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representing a policy problem and solution in a certain way using the following 
questions:  

   ◆  How was the policy problem represented?  

   ◆  Who was responsible for this representation?  

   ◆  Who benefi ts from this representation?  

   ◆  What policy solutions were/are off ered?  

   ◆  How do these solutions represent the issue?  

   ◆  What assumptions underlie this representation?  

   ◆  What aspects of the issue were/are not considered?  

  3 Agendas  

   ◆  What, if any, was the infl uence of dominant political ideologies on policy 
processes?  

   ◆  What, if any, was the infl uence of global food trade and international 
obligations on policy processes?  

   ◆  What, if any, was the infl uence of global health governance and the pur-
suit of public-private partnerships on policy processes?     

 Because the investigation focused mostly on global level data and the use of 
food fortification as a public health intervention, it was the global health gov-
ernance agenda that was especially relevant to the case study analyses. 

 An interpretive approach was applied to identify the various values, beliefs, 
and interests in the representation of a policy problem and solution. In this way 
it was possible to investigate, in the course of the interplay among the three 
policy variables, how the policy problem was defined and represented, and 
how different policy solutions were represented, promoted and/or hidden. In 
addition, this investigation used a framing approach to study the meanings 
given to the policy problems, causes, and solutions emerging from the interac-
tions among actors, activities, and agendas during the policy identification and 
implementation process. Problem framing refers to how different actors often 
have different ways of thinking about a problem, and their various perspectives 
are enmeshed in the way they define, present, and examine that problem. This 
can affect how concepts like aetiology and causality are discussed and 
researched. The interactions were interpreted against theoretical frameworks 
to construct the most plausible description of the use of evidence and ethics in 
each case study. The descriptions obtained for each of the three case studies 
then were combined to generate an understandable and experientially credible 
description of food fortification policy-making overall. 

 While statistical generalization and establishing causal relationships cannot 
be addressed using a case study, analytical generalization (expanding and 
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 generalizing theoretical propositions) can be achieved (  4  ). The frame of refer-
ence for this research was food fortification as a technology for public health 
nutrition policy (this is the level to which the study findings are generalized).       

   Conclusion   
 Values, beliefs, and interests typically shape views towards the relationships 
between food and health, including how such relationships should be studied 
and the utility of the evidence for such relationships for informing food fortifi-
cation policy. Moral views determine what ought to happen where tensions 
exist between the common good and the need to protect individual rights. 
Differences in values, beliefs, and interests create a fertile setting for politics to 
exert influence over how and why evidence and ethics are interpreted and 
applied in food fortification policy-making. The case study research design 
and methods that are used in this investigation were selected for their ability to 
reveal such dynamics and help describe how and why they happen in practice. 
In the next three chapters, food fortification case studies based on different 
rationales for food fortification policy are critically assessed and analysed.      
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      Section 2 

 The case studies   

 This section of the book presents the case studies for the investigation. Food 
fortification is a broad topic and there are many policy interventions under-
way. Three case studies were selected to collectively represent all potential 
rationales for mandatory food fortification as an intervention to protect and 
promote public health. These case studies and the particular public health 
rationale that they are representing are:   

   Case study 1: universal salt iodization as an 
intervention to help prevent iodine deficiency 
disorders   
 Universal salt iodization was selected as the representative case for assessing 
and analysing the use of mandatory food fortification as a policy solution for 
policy problems that arise when the food supply is unable to provide sufficient 
nutrients for health.    

   Case study 2: mandatory flour fortification with folic 
acid to help reduce the risk of neural tube defects   
 Mandatory flour fortification with folic acid was selected as the representative case 
for assessing and analysing the use of mandatory food fortification as a policy 
solution for policy problems that arise when certain individuals have nutrient 
requirements higher than reference standards.   

   Case study 3: mandatory milk fortification with 
vitamin D to help prevent vitamin D deficiency   
 Mandatory milk fortification with vitamin D was selected as the representative 
case for assessing and analysing the use of mandatory food fortification as a 
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policy solution for policy problems that arise when there is a reduction in 
exposure to the primary source of a nutrient.  

  For each individual case study, the evidence-informed public health benefits 
and risks as well as the ethical considerations, are assessed and compared with 
alternative potential policy solutions and the policy-making process is criti-
cally analysed. Collectively, this second section of the book illustrates a research 
approach that is based on a single-case study design applied three times, so that all 
three of the identified public health rationales for food fortification (Chapter 1) 
are addressed. The collective findings from each case study can be combined 
to help provide insights into those circumstances where mandatory food forti-
fication is (and is not) indicated as well as providing lessons for food fortifica-
tion policy and practice in total.          



 Chapter 5  

 Case study 1: universal 
salt iodization      

 A spectacularly simple, universally effective, wildly attractive and 
incredibly cheap technical weapon — that’s iodized salt! (  1  ). 

(World Health Organization. Micronutrient deficiencies. Iodine deficiency disorders. [cited 12 
April 2012]. Available from: http://www.who.int/nutrition/topics/idd/en/)      

   Introduction   
 A food supply that provides a sufficient amount and variety of vitamins and 
minerals for a nutritionally adequate diet is essential for optimal growth and 
development of children and for the maintenance of the health of adults. 
Conversely, if a food supply cannot provide for an adequate micronutrient 
intake, then this can result in conditions such as anaemia, blindness, retarded 
growth, poor mental development, and, ultimately, increased risk of morbidity 
and mortality (  1  –  5  ). From a social and economic perspective, micronutrient 
deficiencies can impact significantly and negatively on development at the 
individual, community, and national levels (  6  ). 

 It is over 20 years since the World Health Assembly (WHA) passed a resolu-
tion and decision on the need to take action to address micronutrient malnu-
trition (  7  ). Yet, currently it is estimated that there are approximately two billion 
people worldwide whose diet lacks sufficient amounts of vitamins and miner-
als essential for health (  8  ). Globally, iodine, iron, vitamin A, and zinc deficien-
cies are most prevalent (  9  ). 

 Although micronutrient deficiencies contribute directly to severe and life-
threatening diseases, they can be difficult to detect without a clinical examina-
tion and may be inadvertently ignored until it is too late to prevent their 
subclinical deficiency. It is for this reason that they are often referred to as 

http://www.who.int/nutrition/topics/idd/en/
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 ‘hidden hunger’ (  10  ). Correcting micronutrient deficiencies requires interven-
tions that extend beyond providing enough food to satisfy energy needs and 
prevent hunger. Interventions also need to focus on the nutritional quality of 
the food so that an adequate amount and variety of nutrients to avoid micro-
nutrient deficiencies is consumed. The conventional purpose of mandatory 
food fortification is to increase the amount and variety of nutrients present in 
the food supply to help reduce the prevalence of inadequate dietary nutrient 
intakes that result in population wide micronutrient deficiencies and classic 
malnutrition diseases (  11  ). 

 The United Nations (UN) millennium summit established millennium 
development goals (MDGs) to guide international development work to help 
bridge the gap between rights and reality for the world’s poor by the year 2015 
(Chapter 1). Food fortification to address malnutrition was identified as a stra-
tegic initiative aligned with six of the eight MDGs (  12  ). In responding to data 
revealing that poor progress was being made towards the achievement of the 
MDGs, the Scaling Up Nutrition (SUN) multi-stakeholder initiative was 
launched in 2009 (  13  ). The SUN initiative enjoys a high level of support from 
senior politicians in many governments, leaders of relevant UN agencies, and 
the World Bank, and senior executives of major foundations and leading civil 
society organizations. In effect it is ‘re-booting’ much of the global policy 
agenda and practices towards preventing micronutrient malnutrition to help 
with the achievement of the MDGs. Although in its early days, SUN is success-
fully increasing investment in food fortification policies as part of its work 
programme. 

 The case study selected to assess and analyse mandatory food fortification as 
a policy solution for micronutrient malnutrition was universal salt iodization 
(USI). USI is defined as occurring: ‘when all salt for human and animal con-
sumption is iodized to the internationally agreed recommended levels’ (  14  ). 
Iodine deficiency has been described as the most common cause of preventable 
mental impairment worldwide and can lead to stunted growth and other devel-
opmental abnormalities (  15  ). The purpose of USI is to prevent and control 
iodine deficiency. 

 USI was selected as the representative case study of this food fortification 
purpose for three particular reasons:  

  1 Th e magnitude of iodine defi ciency as a global public health nutrition problem.  

  2 Iodine fortifi cation of salt was the original wide-scale food fortifi cation 
 intervention when it was fi rst implemented in the early 1920s in Switzerland 
(  16  ) and the US (  17  ).  

  3 USI has been the most eff ective food fortifi cation policy globally to prevent 
and control a micronutrient malnutrition-related public health problem.     
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 The purpose of this chapter is to present the findings of the investigation into 
the USI case study. The chapter starts by outlining the background to the case 
study. Then an assessment of the case study's public health benefits, risks, and 
ethical considerations relative to alternative policy options is presented fol-
lowed by a chronology of key milestones in the making of USI policy. A discus-
sion of the assessment findings and of the analysis of the actors, activities, and 
agendas surrounding the chronology to help explain how and why the policy was 
made, is provided. Emerging from the discussion are proposed future directions 
for preventing IDD. Finally the case study findings are generalised to construct 
lessons regarding the plausibility of the food fortification rationale that adding 
nutrients to food is evidence-informed and ethically justified in circumstances 
where the food supply is unable to provide sufficient nutrients for health.     

   Background      
   Iodine and health   

 The first recorded isolation of iodine was associated with the manufacture of gun-
powder for Napoleon’s army. In 1811, Bernard Courtois, a manufacturer of salt-
peter, was extracting sodium salts from the ash of burned seaweed (kelp) using 
sulphuric acid in a copper vat when vapour from the mixture condensed on the 
vessel to form a crystal deposit. The iodide in the seaweed ashes had been oxidized 
to iodine (  18  ). Progressively during the 1800s the essential role of iodine in human 
health became better understood. First in 1846 when Prevost and Mafoni pro-
posed that endemic goitre was due to iodine deficiency and then at the end of the 
19th century when Baumann demonstrated that the thyroid contains iodine (  19  ). 

 Most of the 15–20 mg of iodine in a healthy adult body is concentrated in the 
thyroid gland where it is used in the synthesis of the containing hormones 
thyroxine and triiodothyronine (  20  ). These thyroid hormones play an impor-
tant role in the regulation of metabolic processes associated with growth, 
 maturation, and thermogenesis. Neural tissues are particularly sensitive to 
these hormones during early fetal life and throughout childhood for brain and 
physical development. Although only a small amount of iodine is required for 
the production of the hormones, a regular dietary intake of iodine is necessary 
because the thyroid gland is not able to store iodine.     

   Food sources of iodine   

 Most foods have a low iodine content. Typically meat, bread, cereals, vegeta-
bles, fruits, and oils have an iodine content of approximately 2–3 μg/100 g 
(depending on the iodine content of the soil in which they are grown). 

 The richest food sources of iodine are milk, eggs, and foods of marine origin 
because marine plants and animals concentrate the iodine present in seawater. 
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These food sources can contain up to 80 μg/serving. Importantly, the iodine 
content of milk and eggs varies significantly and seasonally depending on 
whether cow and/or hen fodder has been fortified with iodine. 

 Among coastal communities living in seaweed-rich areas it has been observed 
that despite a lack of dietary iodine sources the population’s iodine status can 
be adequate and this has been attributed to iodine inhalation. Indeed, about 
36  centuries ago when there was no knowledge of iodine or its deficiency, the 
Chinese identified seaweed and burnt sea sponge for their therapeutic effects 
as a remedy for goitre and this remedy eventually found its way to England, 
where, in the mid-1700s, it was famed as the ‘Coventry remedy’ (  18  ). 

 For many populations, the primary source of iodine is derived from foods 
whose iodine content has been influenced by the presence of iodine-containing 
compounds used in irrigation, fertilizers, livestock feed, dairy industry disin-
fectants, and bakery dough conditioners. For example, in South-Eastern 
Australia the reported re-emergence of iodine deficiency among certain popula-
tions in the 2000s has been attributed particularly to the transition from the use 
of iodophores as disinfectants for large, steel milk containers to non-iodine con-
taining cleaning compounds (  21  ). However, this explanation is questionable as 
the change in iodophore use occurred in the 1960s and 1970s. Reduced dietary 
iodine intake might be more accurately explained by recent behaviour changes 
away from the use of iodized salt in the home and at commercial food outlets. 
Either way, it is a precarious circumstance to rely on contamination from a 
 disinfection practice to achieve the recommended dietary iodine intake.     

   Recommended intake levels   

 The World Health Organization (WHO) recommends a daily iodine intake 
of  90 μg for infants and children (0–5 years), 120 μg for school-age children 
(6–12 years), 150 μg for adolescents and adults, and 250 μg for pregnant and 
lactating women (  14  ). Most healthy adults who are iodine sufficient can toler-
ate iodine intakes of up to 1 mg/day (  22  ). 

 Nevertheless, excessive iodine intakes leading to median urinary iodine 
 concentration (UIC) equal to or above 300 mg/L can have serious adverse health 
considerations. An excessive intake of iodine may induce autoimmune thyroidi-
tis, hyperthyroidism, (sub)clinical hypothyroidism, and goitre (  23  ). The risk of 
iodine toxicity from acute, excessive intake is highest among those who have 
experienced iodine deficiency and particularly among the  elderly. Iodine-
induced hyperthyroidism is of special concern because its symptoms are not 
specific and the problem often is overlooked yet it is an independent risk factor 
for coronary heart disease and can contribute to poor fetal neurodevelopment if 
present during pregnancy (  24  ). The condition is transitory and usually resolves 
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after the source of the excessive iodine exposure is withdrawn, subsequently the 
incidence rates revert to normal after one to ten years post- intervention (  25  ).     

   Epidemiological evidence for the policy problem   

 There is a gradient of disease severity in response to levels of iodine deficiency. 
Relatively mild iodine deficiency, particularly in children, is associated with 
impaired development in visual motor skills, hearing, intelligence, and reduced 
growth, though these adverse effects of iodine deficiency can be at least partly 
reversed with sufficient iodine if addressed within the first years of life (  26  ). 
Severe iodine deficiency leads to an enlargement of the thyroid gland, known 
as goitre, reduced synthesis of thyroid hormones (hypothyroidism), cretinism, 
decreased fertility rate, perinatal death, infant mortality, and mental retarda-
tion (  24  ). The multiple adverse effects on growth and development are collec-
tively termed iodine deficiency disorders (IDD). Iodine deficiency can be 
harmful throughout all life stages; however, it is particularly harmful during 
pregnancy, lactation, and early childhood when it may adversely affect brain 
development and growth. 

 Yet, the adverse health outcomes associated with moderate iodine deficiency 
are not clear cut. While some studies report that the maternal thyroid is able to 
adapt to low iodine intakes so as to meet the increased thyroid hormone 
requirements of pregnancy (  27  ), it is essential that the pregnant woman has 
adequate stores, as even moderate deficiency can have a detrimental impact on 
brain development of fetuses, even in the absence of visible goitre in their 
mothers. Although the thyroid gland contains small amount of iodine that can 
be accessed during pregnancy, if a woman is iodine deficient before pregnancy 
she will have reduced capacity to nurture her developing fetus with a resulting 
deficiency in mental development. 

 The prevalence of iodine deficiency globally has been steadily decreasing in 
recent decades as a result of public health policy interventions. As of 2011, 
29.8 %  of school-age children (SAC) globally are estimated as having insuffi-
cient iodine intakes as assessed using median UIC as the measure (  28  ). Median 
UIC is the recommended indicator for assessing iodine status in populations 
and SAC iodine status is used as a proxy for total population iodine status 
because this population group can be relatively easily monitored through 
school based surveys (  14  ). Extrapolation of the proportion of SAC having 
insufficient iodine intakes indicates that 1.88 billion people globally had inad-
equate iodine intakes in 2011. 

 The 2011 prevalence and geographical distribution profile of iodine  nutrition 
around the world is shown in Figure   5.1  . Drawing on international threshold 
criteria of public health importance of iodine nutrition (  14  ), Andersson et al. 
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      Fig. 5.1    Degree of public health importance of iodine nutrition in SAC based on median UIC in 2011. UIC, urinary iodine concentration; SAC, 
school-age children.
Andersson M et al. Global iodine status in 2011 and trends over the past decade.  The Journal of Nutrition  142(  4  ):744–50. Copyright  ©  2012 American Society for Nutrition, DOI: 10.3945/
jn.111.149393.     

Moderate iodine deficiency (UIC 20–49 μg/L)  

Mild iodine deficiency (UIC 50–49 μg/L) 

Optimal iodine nutrition (UIC 100–199 μg/L) 

Risk of iodine induced hyperthyroidism (UIC 200–299 μg/L)

Risk of adverse health consequences (UIC > 300 μg/L) 

Subnational dataa

No data

a The country estimates in the cross-hatched countries are based on subnational data. The national coverage
of iodized salt in these countries is incomplete, there are large variations in the iodine intake and some regions likely
remain deficient.
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estimated iodine intake as being inadequate (<100 mg/L) in 32 countries, 
adequate (100–199 mg/L) in 69, more than adequate (200–99 mg/L) in 36, and 
excessive ( > 300 mg/L) in 11(  28  ). The figure reflects the uptake of USI and not 
necessarily the underlying geographical distribution of iodine-depleted soils. It 
illustrates that there is significant difference in the degree of iodine nutrition 
status in SAC around the world. The greatest proportions of children with 
inadequate iodine intake were in European and African regions, whereas the 
smallest proportions were in the Americas and the Western Pacific (  28  ).      

   Cause of the policy problem   

 Iodine in the form of iodide is widely distributed in the earth’s soils and oceans. 
However, it is soluble and over time is readily leached from the surface layers of 
soil by glaciation, flooding, and erosion. Iodine levels are particularly low in the 
soils of mountainous areas in China, the Andes, the Himalayas, and the European 
Alps. Crops grown in iodine-depleted soils contain relatively low levels of iodine 
and hence animal and human populations for whom a large proportion of their 
diets are derived from these crops are likely to be iodine deficient (  20  ). 

 The geological influence on soil iodine content means that dietary iodine 
intake varies significantly with geography within and among countries around 
the world. Although most of the burden of iodine deficiency occurs in low- 
and middle-income countries (LMICs), many high-income countries (HICs) 
are not immune from this problem. It is estimated that approximately half of 
continental Europe is mildly iodine deficient and populations living in the 
inland areas of Western England and Wales, the Midwest in North America, 
and Southern Australia are at risk. 

 Multiple studies have emphasized the influence of geography and seasonality 
on iodine status (  29  –  31  ). Observed geographical differences in clinical effects 
of varying iodine intake may indicate additional environmental and/or under-
lying genetic variables (  32 ,  33  ).      

   Challenges with translating the epidemiological 
evidence for the policy problem into a policy solution   

 There are two particular challenges associated with the epidemiological evi-
dence available to inform policy and practice. First, there are the uncertainties 
associated with the methods for assessing the prevalence of iodine deficiency 
disorders. The assessment of the prevalence of iodine deficiency in populations 
is mainly based on UIC in SAC, which it is assumed reflect the iodine status 
of the general population. However, some investigators have questioned the 
reliability of these data and their accuracy for assessing iodine deficiency 
among adults, especially women of reproductive age (  31 ,  34  ). In addition, the 
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representativeness of the common approach of (sub)national sampling cover-
ing 60 %  of the population to estimate the number of individuals worldwide 
who suffer from iodine deficiency has been questioned for potentially underes-
timating or overestimating the extent of iodine deficiency (  24  ). 

 Second, there is a lack of comprehensive monitoring of population iodine 
status undertaken by many countries. In 2011, 115 nationally representative 
country surveys were available (  28  ). This is a significant increase over the past 
decade but a lack of monitoring of UIC in SAC persists in many countries.     

   Assessing the public health benefits, risks, and ethical 
considerations of policy options   
 The epidemiological evidence for the iodine deficiency-IDD relationship indi-
cates that there are six policy options available to prevent and control IDD:  

  1 Universal salt iodization.  

  2 Voluntary salt iodization.  

  3 Iodine supplementation.  

  4 Public health, social and agricultural development measures.  

  5 Nutrition education.  

  6 Maintaining the status quo.     

 Each of these policy options is described and examined in terms of how they 
relate to the cause of the policy problem. IDD is a policy problem resulting 
from inadequate iodine intake across the population and primarily caused by 
the existence of iodine-depleted soils. The case for each policy option as a solu-
tion to iodine deficiency disorders is assessed in relation to its public health 
benefits (effectiveness, cost-effectiveness, equity, and practical advantages), 
risks (primary and secondary and practical disadvantages), and ethical consid-
erations, in terms of its adherence to five justificatory conditions effectiveness, 
proportionality, necessity, least infringement, public justification. Table   5.1   
summarizes the public health benefits, risks, and ethical considerations of the 
six policy options available to respond to the epidemiological  evidence for the 
iodine deficiency–IDD relationship.  

 The policy options are context-dependent. In other words, the assessment of 
each policy option will vary depending on the local circumstances associated 
with IDD, including:  

   ◆  Th e national IDD prevalence.  

   ◆  Th e level of political commitment and resources invested in the implemen-
tation of the policy option.  

   ◆  Whether other policy interventions will be introduced to complement a 
particular policy option.     
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 Therefore, the assessment of each policy option is based on three assumptions. 
First that IDD is prevalent in the local setting where the assessment is based; 
second that the level of political commitment and resources invested in each 
policy option is comparable with the current norms as reported in the scien-
tific literature, i.e. not necessarily the ideal (this assumption is necessary 
because evidence is only available for current norms); and third, that each 
policy option would be implemented as a stand-alone policy response.    

   Universal salt iodization      

   Description   

 USI is the iodization of all salt used for human and animal consumption. 
Guidelines prepared by the WHO, the United Nations Children’s Fund 
(UNICEF), and the International Council for the Control of Iodine Deficiency 
Disorders (ICCIDD) (  14  ) recommend that salt be fortified with iodine at 
20–40 mg iodine/kg salt, though the level of iodine fortification needs to be 
adjusted by national authorities in light of their own data on salt consumption 
patterns and the median level of urinary iodine of the population. 

 There are alternatives to salt as the food vehicle for delivering iodine. These 
alternatives include: sugar (Sudan), fish sauce (South-East Asia), animal  fodder 
(Finland), bread—indirectly through the use of iodized baker’s salt (Australia, 
Netherlands, and New Zealand), water (though it is a challenge to control 
sources and iodine has limited stability in water), oil, and milk as a side effect 
of iodophores used by the dairy industry (Europe, USA) (  25  ). 

 However, iodine fortification of salt is widely regarded as the most effective 
policy intervention. This is because it is ubiquitous throughout the food supply 
and so is consumed by most of the population and its intake is spread evenly 
throughout the year. Also, iodization technology is simple and does not affect 
the taste or colour of salt. Its implementation is relatively inexpensive, espe-
cially as in many countries salt production and/or importation is managed by 
a few large companies and the quantity can be monitored at production, retail, 
and household level (  35  ).     

   Relationship of this policy option to the cause 
of the policy problem   

 USI is a policy option that relates closely to the cause of the policy problem and 
the scope of the inadequate iodine intake. Adding iodine to salt compensates 
for the inadequate amount of this nutrient in the food supply and increases 
iodine exposure across the population.     

   Public health benefits      

   Effectiveness     Globally, iodized salt is the most important source of dietary 
iodine. Its introduction has resulted in a significant reduction in the prevalence 
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of iodine deficiency followed by a substantial decrease in the prevalence of 
IDD (  36  ). In the first decade of the 21st century the prevalence of iodine 
deficient countries is reported to have halved (  24  ). As the number of countries 
adopting USI increased substantially during the 2000s, the global prevalence 
in SAC of low iodine intakes fell from 36.5 %  (285 million) in 2003 to 29.8 %  
(241 million) in 2011. Large decreases in prevalence during this time period 
occurred in Europe, the Eastern Mediterranean, South-East Asia, and the 
Western Pacific. However, there has been a slight increase in prevalence 
reported in the Americas since 2003 and little progress in Africa (  28  ).     

   Cost-effectiveness     USI has been reported to be the most cost-effective way 
of delivering iodine and of improving cognition in populations who are 
iodine deficient. Worldwide, the annual costs of salt iodization has been esti-
mated at US$0.02–0.05 per child covered, with the costs per child death 
averted US$1000 and per disease adjusted life year gained US$34–36 (  37  ). 
This conclusion is due to the relatively low cost in implementing USI, the 
high potential cost saving in preventing IDD, and the relatively minor public 
health risks and ethical considerations (see later in this assessment) associated 
with USI. 

 The economic benefit of USI was ranked especially high at Copenhagen 
consensus 2008. The Copenhagen consensus exercise was established to set 
priorities among a series of proposals for confronting ten global challenges 
(  38  ). These challenges being: air pollution, conflicts, diseases, education,  global 
warming, malnutrition and hunger, sanitation and water, subsidies and trade 
barriers, terrorism, and women and development. A panel of economic experts 
was asked to address the ten challenge areas and to answer the question: ‘What 
would be the best ways of advancing global welfare, and particularly the wel-
fare of the developing countries, illustrated by supposing that an additional 
US$75 billion of resources were at their disposal over a four-year initial period?’. 
Thirty options were examined across the ten challenges, micronutrient sup-
plementation (vitamin A and zinc), micronutrient fortification (iron and salt 
iodization) and nutrition education were ranked as first, third, and ninth, 
respectively. Although this panel’s findings are just one source of evidence, 
they have attracted much attention and as will be discussed later in this chapter 
they have been used by certain actors as a central plank in their advocacy 
activities for USI and food fortification in general.     

   Equity     For the majority of populations, USI is an equitable intervention. 
It has a minimal impost on the price of food and it does not require a change 
in dietary behaviours, which are notoriously difficult to achieve in lower 
socio-economic status population groups, nor does it require individual com-
pliance. However, there remains approximately 30 %  of the world’s population 



103PUBLIC HEALTH BENEFITS, RISKS, AND ETHICAL CONSIDERATIONS 

that is not exposed to USI. This reflects various challenges with USI and in 
particular, its limitations in reaching those populations that are not able to 
access centralized food processing and distribution systems such as people 
living in remote areas who rely on smaller local salt producers.     

   Practical advantages     There is no need for dietary behaviour change or ongo-
ing compliance with special interventions because USI passively increases the 
public’s background exposure to iodine.      

   Public health risks      

   Primary risk     Excessive iodine intake that can precipitate hyperthyroidism 
and/or thyroiditis is the primary risk associated with USI. From 2003 to 2011 
the number of countries with excessive iodine intake (median UIC  > 300 mg/L) 
increased from five to 11 (  28  ). Excessive iodine intake is the result of poorly 
controlled implementation activities, e.g. during the early phase of a USI 
programme when salt might inadvertently be excessively iodized. A relationship 
between high iodine levels in drinking water and goitre prevalence has also 
been reported (  39 ,  40  ). In addition, excessive iodine intake can result from 
uncoordinated intervention activities, e.g. inappropriately combining iodine 
supplementation programmes with USI. Uncoordinated activities are especially 
problematic in areas where there is adequate or even high iodine levels in 
drinking water and/or soils and poorly regulated or illegal distribution across 
national boundaries. Adverse effects of poor implementation practices can be 
avoided by quality assurance, monitoring, and better coordination of different 
intervention programmes.     

   Secondary risk Dietary imbalances can result from the use of salt as the 
delivery vehicle.     Salt is a risk factor for hypertension and cardiovascular disease 
and dietary salt reduction can reduce cardiovascular disease risk in popula-
tions (  41  ). In this context, there is a potential conflict between USI as a public 
health policy to prevent IDD using salt as the vehicle for mandatory iodine 
fortification and public health policies that aim to prevent cardiovascular dis-
ease by reducing salt consumption and the salt content of processed foods. 
Certainly there is the potential to create public confusion in relation to wheth-
er salt should be viewed as a dietary benefit or risk. However, WHO have 
commented that the two different public health policy agendas can be compat-
ible (  35  ). The recommendation that salt be fortified with iodine at a level 
of 20–40 mg/kg is based on the assumption of an average salt intake of 
 approximately 5–10 g/day in adult populations, should health authorities be 
successful with their salt reduction campaigns and the population’s salt con-
sumption decreases the level of iodine that needs to be added to salt can be 
adjusted accordingly. The critical consideration in achieving a reduction in 
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dietary salt consumption while delivering sufficient dietary iodine will be to 
put in place necessary coordinating mechanisms between the two distinct 
public health policy programmes (  42  ).      

   Ethical considerations      

   Effectiveness     USI is highly effective in preventing IDD in populations and 
high risk groups.     

   Proportionality     USI is a proportional policy response in those countries 
where IDD is prevalent. IDD is severe and although there is a risk of excessive 
iodine intake which can precipitate hyperthyroidism and/or thyroiditis though 
usually these disorders are mild and with careful management can be tran-
sient. There is a secondary risk of compromising salt reduction programs, but 
the conflict can be averted if coordination is arranged between the two public 
health programmes.     

   Necessity     Alternative policy options are available to help prevent IDD. 
However, the WHO and national authorities consistently recommend that USI 
is the preferred policy option.     

   Least infringement     USI is the most coercive of the policy options available to 
prevent IDD. It has a high degree of infringement on an individual’s free 
choice, especially as salt has a ubiquitous presence in the food supply and there 
is no immediately available dietary alternative.     

   Public justification     The degree to which people are made aware of the impact 
of USI on their nutrient intake and have the opportunity to have the policy 
explained will vary among countries and with a range of circumstances. In many 
countries iodized salt is required to be labelled as such to inform citizens.       

   Voluntary salt iodization      

   Description   

 Voluntary salt iodization arises when decisions about if and when salt iodiza-
tion might take place, what vehicle is to be used, and at what level of iodization, 
are determined by food manufactures and the salt industry. Voluntary salt 
iodization has been the common policy option implemented in HICs. Generally, 
under this policy option, table salt for household use is iodized, but salt used in 
food manufacturing tends to remain non-iodized.     

   Relationship of this policy option to the cause 
of the policy problem   

 Voluntary salt iodization is a policy option that relates closely to the cause 
of the policy problem. Adding iodine to salt on a voluntary basis helps 
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 compensate for the inadequate amount of this nutrient in the food supply 
and increases iodine exposure across the population. However, its coverage 
is variable and it may not adequately reach high risk groups within the 
population.     

   Public health benefits   

 Voluntary salt iodization was effective in HICs when the public chose to use 
iodized salt as was the norm in the middle of last century. However, in recent 
years as more people have reduced their discretionary addition of salt, espe-
cially in response to public health messages, and a higher proportion of salt in 
a non-iodized form is being derived from processed foods, iodine intake is 
being reduced. This is a concern because WHO prevalence data emphasize 
that iodine deficiency is not only a problem in LMICs. Globally, the highest 
prevalence of iodine deficiency occurs is in Europe where household coverage 
with iodized salt is low, and many European countries have weak or non-
existent policies to address iodine deficiency (  34  ). In some regions in Eastern 
and Western Europe where voluntary salt iodization is the common policy 
option, iodine deficiency that had been eliminated as a public health problem 
is re-emerging in a subclinical form (  25  ). This situation has caused some to 
express surprise that while Western Europe has donated substantial funds 
towards controlling iodine deficiency in LMICs in Africa and Asia, it has not 
corrected its own problem (  20  ). Those countries where voluntary salt iodiza-
tion has been effective are those where there has been significant uptake of the 
voluntary provisions by industry, e.g. the success of Switzerland’s iodized salt 
programme is attributed to approximately 60 %  of the salt used by the food 
industry being voluntarily iodized (  20  ). 

 Voluntary salt iodization has the benefit of being a politically pragmatic 
policy intervention. For example, Bishai and Nalubola explain that salt iodiza-
tion in the US has been voluntary particularly because the federal government 
does not want to be seen as interfering with individual free choice (  43  ). They 
explain that the only legal incentive for US salt producers to iodize their 
salt relates to labelling provisions that specify iodized salt be labelled: ‘This salt 
supplies iodide, a necessary nutrient’ and uniodized salt be labelled: ‘This salt 
does not supply iodide, a necessary nutrient’ (  44  ). Both salts are sold at the 
same retail price. Even though salt iodization is voluntary in the US and it is 
not used extensively in processed foods, it has been an effective intervention 
with the US enjoying among the lowest prevalence of IDD in the world. 
Explanations for this effectiveness include that in the US over 90 %  of house-
holds use iodized salt and that a relatively higher concentration of potassium 
iodide is used in salt in the US (  20  ).     
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   Public health risks   

 Relative to USI there is a low risk of excessive iodine intake as there is less 
iodized salt present in the food supply. A possible conflict with the health mes-
sage to reduce salt consumption exists.     

   Ethical considerations   

 Voluntary salt iodization is proportional, though not necessary if other options 
are available, it is less effective than USI but at the same time it is less coercive 
than that policy option.      

   Iodine supplementation      

   Description   

 Iodine supplementation can be delivered in the form of potassium iodide or 
potassium iodate tablets or drops, or as iodine-vitamin complexes from the start 
of gestation or earlier in the case of a planned pregnancy. Iodized oil supple-
ments are also available and can be given orally or by intramuscular injection.     

   Relationship of this policy option to the cause 
of the policy problem   

 Iodine supplementation relates indirectly to the cause of the policy problem. 
Requiring individuals to consume iodine supplements may compensate for the 
inadequate amount of this nutrient in the food supply but its scope is limited to 
increasing the iodine exposure of those individuals who regularly consume the 
supplements.     

   Public health benefits   

 Iodine supplementation is highly recommended by the WHO for pregnant 
women and young children living in high-risk communities that are unlikely 
to have access to iodized salt (  45  ). It is also recommended by the WHA as a 
temporary strategy when salt iodization is not successfully implemented (  46  )— 
it is most frequently used in HICs. More broadly, iodine supplements may have 
a role in complementing ‘natural’ dietary sources in the circumstance where a 
pregnant woman might live in an iodine-sufficient area but still have a subop-
timal iodine status. In this circumstance supplementation needs to be comple-
mented with nutrition education and requires a sustained effort. 

 The effectiveness of iodine supplementation as a policy option has been ques-
tioned as supplements generally do not contain  sufficient iodine. Pre-natal iodine 
supplementation in iodine-deficient regions has been shown to be associated 
with a significant reduction in the prevalence of endemic cretinism and infant 
mortality and improves cognitive function in the population (  47 ,  48  ). Limited 
relevant evidence available to assess cost-effectiveness.     
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   Public health risks   

 Public health risks in the form of acute iodine poisoning can occur as a result of 
excessive supplementation consumption (dose/frequency) requires behaviour 
change and ongoing compliance (24).     

   Ethical considerations      

   Effectiveness     Supplementation can be effective when implemented as a 
targeted policy option for high-risk groups such as pregnant women, but as a 
population approach it requires wide-scale behaviour change and strict 
compliance.     

   Proportionality     As a targeted public health policy intervention, supplementa-
tion is a proportional policy option as the benefits it provides to high risk groups 
such as pregnant women and young children outweigh the small potential 
risks.     

   Necessity     Supplementation is necessary in those circumstances where USI is 
not being adequately implemented, but not as the primary policy option.     

   Least infringement     Supplementation is a low coercive policy option as indi-
viduals can choose whether or not to consume supplements.     

   Public justification     Supplementation needs to be complemented with public 
education approaches to promote compliance and to inform targeted individ-
uals about potential benefits and risks.       

   Public health, social, and agricultural development 
measures      

   Description   

 Public health, social, and agricultural development measures together are used 
as a description for a range of policy interventions whose purpose is to  promote 
public health conditions, alleviate poverty, and reform agricultural system. 
These measure are used primarily in LMICs.     

   Relationship of this policy option to the cause 
of the policy problem   

 Public health, social, and agricultural development measures do not relate to 
the cause of the policy problem, though as population-wide interventions they 
are consistent with the scope of inadequate iodine intake. IDD can result from 
iodine deficiency caused by public health problems, poverty, and ‘broken’ agri-
cultural systems. In this orientation, public health, social, and agricultural 
development measures do relate directly to the cause and scope of the policy 
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problem. However these circumstances are not the primary cause of IDD and 
not the focus of this case study.     

   Public health benefits   

 Public health, social, and agricultural development measures have many benefits 
associated with promoting healthy behaviours, alleviating poverty, and reform-
ing agricultural systems. Although there is a lack of evaluative evidence available, 
it is anticipated that they have limited effectiveness in controlling IDD as they 
cannot compensate for iodine-depleted soils. Also, in many HICs the circum-
stances that these measures aim to address are less acute than in LMICs, despite 
such countries being among the most likely to experience iodine deficiency.     

   Public health risks   

 There are no apparent public health risks.     

   Ethical considerations   

 Public health, social, and agricultural development measures are a propor-
tional policy option in the sense that there are no substantive risks to negate 
the potential health, social, and economic benefits that they can deliver. They 
have minimal infringement and are publicly justified through their focus on 
community development. However, they are unlikely to be effective as a stand-
alone policy option, instead they provide a complement to alternative policy 
options.      

   Nutrition education      

   Description   

 Nutrition education refers to the provision of programmes and materials 
designed to raise the public’s awareness and their skills in selecting, preparing, 
and consuming a healthy diet containing iodine-rich foods as far as possible 
within the constraints of an iodine-deficient food supply.     

   Relationship of this policy option to the cause 
of the policy problem   

 Nutrition education does not relate to the cause of the policy problem.     

   Public health benefits   

 There is a lack of evaluative evidence of nutrition education interventions to 
address IDD. Logically it would be expected that nutrition education would 
have limited effectiveness because it cannot compensate for iodine-depleted 
soils. It has the secondary benefit of raising the public’s awareness and knowl-
edge about iodine deficiency and IDD. From this perspective it is a comple-
mentary option to alternative policy interventions.     
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   Public health risks   

 There are no apparent public health risks.     

   Ethical considerations   

 Nutrition education is a proportional policy option in the sense that there 
are  no substantive risks to negate the potential benefit that arises from inform-
ing the public of the policy problem. It has minimal infringement and it is 
publicly justified through its explicit action in informing the public. It is 
unlikely to be effective as a stand-alone policy option. However, it is necessary 
to inform the population about the policy problem and as a complement to 
alternative policy options to promote a healthy balanced diet.      

   Maintaining the status quo      

   Description   

 Maintaining the status quo refers to deliberately deciding to not respond to 
epidemiological evidence of the iodine deficiency-IDD relationship. This 
 policy option may be chosen to allow the policy maker more time to obtain 
additional evidence to inform an alternative policy response.     

   Relationship of this policy option to the cause 
of the policy problem   

 No relationship to the cause of the policy problem.     

   Public health benefits   

 There are no public health benefits of not responding to evidence of IDD 
resulting from population-wide iodine deficiency because there will be no 
increase in iodine availability in the food supply to prevent IDD.     

   Public health risks   

 There are no public health risks associated with a decision to maintain the 
status quo as there is no policy intervention. 

 When maintaining the status quo is the result of deciding to not maintain a 
policy option that previously had been implemented IDD may re-emerge.     

   Ethical considerations   

 Maintaining the status quo is the policy option which infringes the least on 
individuals and the population but it fails to meet the other four ‘justificatory 
conditions’ to support the case for this policy option: it is not effective, propor-
tional, necessary, or publicly justified. Given the convincing evidence of 
the effectiveness of raised iodine exposure in controlling IDD, this policy 
option represents a negligent approach in those countries where there is evi-
dence that IDD is  prevalent.       
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     Table 5.1  Summary of public health benefits, risks, and ethical considerations of policy options available to respond to the epidemiological 
evidence for iodine deficiency disorders  

  Policy option    Public health benefit    Public health risk    Ethical considerations  

  Universal salt 
iodization  

 High effectiveness 

 High cost-effectiveness 

 Equitable 

 Does not require behaviour 
change 

 Salt widely consumed and so 
reaches a large proportion of the 
population 

 Low–moderate risk of excessive 
consumption and subsequent 
hyperthyroidism (depending on quality 
control) and thyroiditis 

 Risk of salt consumption confusing 
the message to reduce 

 High benefit for population and high-risk groups 

 Proportional as IDD is severe and prevalent 

 Necessary as recognised as preferred option by 
leading authorities 

 Highly coercive and imposes on an individual’s 
free choice 

 Publicly justified, though varies across countries 

  Voluntary salt 
iodization  

 Moderate effectiveness though 
diminishes as greater proportion 
of salt is derived in a non-iodized 
form from processed foods 

 Politically pragmatic 

 Low risk of excessive 
consumption and subsequent 
hyperthyroidism and thyroiditis 

 Risk of confusing the message to 
reduce salt consumption 

 As for universal salt iodization though less effective 
and less coercive 

  Iodine 
supplementation  

 Effective for targeting high-risk 
groups, e.g. pregnant women 

 Effectiveness as a population-wide 
intervention is dependent on 
behaviour change and ongoing 
compliance 

 Acute iodine poisoning if excessive 
supplement consumption 

 Low benefit for population, high benefit for 
high-risk groups 

 Proportional for high risk groups, but not populations 

 Necessary in the absence of USI 

 Maintains individuals’ free choice 

 Publicly justified when complemented with nutrition 
education 
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  Public health, 
social, and 
agricultural 
development 
measures  

 Lack of evidence of effectiveness 
in controlling IDD 

 Secondary benefits in promoting 
health, social, and economic 
outcomes 

 Nil  Low benefit for population and high-risk groups  
 proportional 

 Moderately necessary as a complementary 
intervention 

 Maintains individuals’ free choice 

 Publicly justified 

  Nutrition 
education  

 Lack of evidence of effectiveness 
in controlling IDD 

 Secondary benefits in promoting 
a healthy diet 

 Complementary intervention 

 Nil  Low benefit for population and high-risk groups  
 proportional 

 Necessary (informs the population about the policy 
problem and complements other policy options) 

 Maintains individuals’ free choice 

 Publicly justified 

  Maintaining the 
status quo  

 Nil  IDD may re-emerge if previously 
controlled 

 No benefit for population and high-risk groups 

 Not proportional (negligent if failing to act in those 
countries where there is evidence that IDD is 
prevalent) 

 Not necessary 

 Maintains individuals’ free choice 

 Not publicly justified 
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   Analysing the policy process: chronology 
of the making of USI policy   
 A chronology of key milestones in the making of USI as a policy solution to 
help prevent IDD is outlined as follows.    

   1917–1980   

 In 1917, Marine and Kimball reported that goitre is caused by iodine defi-
ciency and can be prevented with iodine supplementation (  49  ). At this time 
there were no widespread food fortification precedents. Initially Marine and 
Kimball proposed the administration of iodine to patients directly rather than 
via the food supply. However, in Switzerland salt iodization as a public health 
policy commenced in the early 1920s as the world’s first large-scale food forti-
fication intervention (  16  ). Closely following this Swiss initiative, several US 
medical professionals persuaded the Michigan State Medical Society to launch 
a state-wide distribution policy. The policy was implemented as a form of early 

      Fig. 5.2    Morton salt vintage iodized salt advert.
Reprinted with permission from Morton Salt, Inc.     
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public–private partnership (PPP) involving public health and medical associa-
tions working with the salt industry (  43  ). It took some time for iodized salt to 
be accepted in the US more broadly. For many years the US Department of 
Agriculture’s Bureau of Chemistry required every container of iodized salt to 
be marked with skull and cross-bones as iodine was considered a poison (  19  ). 
These early policy developments were built upon over the next decade with salt 
iodization spreading to Canada, Germany, Italy, the Netherlands, New Zealand, 
Poland, and eventually Central and South America (  19  ). In the 1940s, high 
regional goitre rates in adults and children led to recommendations by the 
UK’s Medical Research Council for a programme of iodized salt throughout 
the UK (  50  ) but no action was taken. 

 In 1960, WHO presented the first comprehensive international review of 
goitre. In spite of the review highlighting the severity and prevalence of the 
problem and evidence from HICs that iodized salt could successfully eliminate 
goitre, there was little progress made in LMICs over the next 14 years. Then in 
1974 the World Food Council was the first of many international organizations 
that began calling for the elimination of goitre.     

   1980s   

 In the early 1980s, Hetzel proposed that the term IDDs be introduced strategi-
cally to replace the term ‘goitre’ because he believed it would attract greater 
policy interest as it drew attention to the effects of iodine deficiency on brain 
function (  47  ). He was influential in championing the establishment of the 
ICCIDD, which was supported by WHO, UNICEF, and the Australian 
Government for the purpose of bridging the gap between knowledge of the 
policy problem and application to policy and practice (  51  ). Then in 1986, the 
39th WHA issued a resolution sponsored by Australia calling for the preven-
tion and control of IDD. The resolution did not recommend a particular policy 
option; instead it urged member states to pursue: ‘appropriate nutritional pro-
grammes as part of primary health care’ (  52  ). 

 By the late 1980s, besides Switzerland, only Australia, Canada, some of the 
Scandinavian countries, and the US were completely iodine sufficient. However 
in many other countries policy-makers were slow to recognize IDD as a major 
public health problem. It is during this period that the UN Sub-Committee on 
Nutrition established an IDD working group to receive annual report of 
progress on the prevention and control of IDD.     

   1990s   

 The early 1990s saw the start of concerted global action to eradicate IDD. 
UNICEF, WHO, and the ICCIDD were all advocating for a multi-sectoral 
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approach that involved national and international coalitions to blend the  public- 
and private-sector interests in tackling IDD. Member States at the 43rd WHA in 
May 1990 agreed that WHO should aim to eliminate IDD as a public health 
problem (  53  ). Within six months, political commitment to the issue was made at 
the UN world summit for children in September 1990. There 71 heads of state 
and representatives of 15 governments adopted a plan of action that pledged the 
virtual elimination of iodine deficiency by the year 2000 (  54  ). In 1991, a policy 
conference in Montreal, Canada: ‘Ending Hidden Hunger’, focusing on micro-
nutrient malnutrition and hidden hunger, translated the political goal into policy 
guidelines. A year later, the 45th WHA (  7  ) and the WHO/Food and Agriculture 
Organization international conference on nutrition agreed upon a framework of 
action that would be incorporated into national nutrition strategies. 

 Meanwhile, studies were documenting the efficacy of daily iodized salt con-
sumption in preventing and controlling IDD. This evidence was decisive in 
influencing WHO and UNICEF (  55  ) to adopt USI as the primary policy option 
for IDD control and for it to be promoted and supported through their global 
networks. Salt was chosen as the fortification vehicle because the cost of its 
iodization was low, it was widely available and consumed regularly throughout 
the year. UNICEF amplified its commitment through a variety of approaches 
including support for national advocacy, procurement of equipment and sup-
plies, technical assistance, and training. 

 In 1996 and 1999 at the 49th and 52nd WHAs, respectively, the goal to elim-
inate IDD as a public health problem was reaffirmed (  53  ) in resolution 
WHA49.13 (  56 ,  57  ).     

   2000s   

 At the UN general assembly special session for children in 2002 a commitment 
was made to achieve sustainable IDD elimination by 2005 and the Global 
Network for Sustained Elimination of Iodine Deficiency was established. The 
network is an alliance of ICCIDD, WHO, UNICEF, Salt Institute, EuSalt, 
Kiwanis International, Micronutrient Initiative (MI), Emory University, and 
the US CDC (funded from a grant of $US12 million from the Gates Foundation 
through UNICEF) sharing a common commitment to assist countries to 
implement USI to eliminate iodine deficiency (  58  ). 

 In 2005, the 58th WHA adopted resolution 58.24 to require member states to 
establish multidisciplinary national coalitions to monitor and report to the 
WHA every three years on national iodine nutrition status (as indicated by 
median UIC) (  59  ). The resolution also encouraged member states to cooperate 
with a range of international organizations, including UNICEF, bilateral aid 
agencies, ICCIDD, MI and GAIN, to provide technical assistance to food 
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 regulators and salt producers to support national USI implementation. Two 
years later, the 60th WHA (  60  ) made special reference to applauding the sup-
port of WHO, UNICEF, World Food Programme (WFP), bilateral develop-
ment agencies and nongovernmental and private partners, including Kiwanis 
International, ICCIDD, and the global Network for Sustained Elimination of 
Iodine Deficiency, for USI activities. 

 Progressively throughout the 2000s, PPPs were established to facilitate USI 
implementation. For instance, in 2008 the Bill and Melinda Gates Foundation 
funded a seven-year GAIN-UNICEF partnership project to reduce iodine defi-
ciency in 13 countries with a total population of 2.3 billion: Bangladesh, China, 
Egypt, Ethiopia, Ghana, India, Indonesia, Niger, Pakistan, Philippines, Russia, 
Senegal, and Ukraine. These countries were selected based on an identified 
high prevalence of iodine deficiency and likelihood of successful outcomes. 
Several of these countries export salt to neighbouring areas and so it was 
expected that the scope of the project’s beneficiaries would be extended (  61  ). 

       2010s   

 In 2010 at the 63rd WHA, the progress report on: ‘Sustaining the elimination 
of iodine deficiency disorders’ highlighted the activities of the Network for 
Sustainable Elimination of Iodine Deficiency in supporting national efforts to 
eliminate IDD by promoting partnerships involving the public and private 
 sectors and scientific and civic organizations (  62  ). 

 Into the 2010s alliances are continuing to be developed to consolidate 
progress on IDD elimination and to achieve coverage of the remaining 30 %  of 
the world’s population that is not receiving iodized salt. For example, MI and 
WFP have formed a partnership to support local salt processors to prepare and 
distribute iodized salt in six countries where iodine deficiency rates remain 
high: Ghana, Haiti, India, Pakistan, Sudan, and Senegal (  63  ).      

   Discussion      

   The public health benefits, risks, and ethical 
considerations of universal salt iodization   

 USI is associated with high public health benefits in preventing and controlling 
IDD. Evaluative evidence consistently indicates that it is an effective intervention 
and the Copenhagen Consensus 2008’s panel ranked it as one of the top three 
most cost-effective policy options for global challenges. Generally USI is equi-
table though it has been shown to be problematic in reaching the most vulner-
able and isolated communities. It has a practical advantage in that it passively 
increases the iodine intake of everyone who consumes salt. USI also is  associated 
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with low-moderate public health risks. The primary risk is widespread with 11 
countries in 2011 reporting excessive iodine intake among their population, 
though the risk can be managed with improved quality assurance practices and 
ongoing monitoring. A secondary risk arises from the conflicting objectives of 
USI and public health programmes promoting salt reduction. USI activities 
may require adjustments in salt iodization levels so that the aims of the salt 
reduction programmes can be accommodated. Ethically, USI can be justified 
in terms of its public health effectiveness, proportionality with benefits out-
weighing risks, its high level of infringement being moderated by its necessity 
and public justification when the community is appropriately informed and 
engaged with the policy. 

 The public health benefits, risks, and ethical considerations vary among 
the policy options. Relative to the five alternative policy options with which it 
was compared, USI is associated with higher public health benefits except for 
iodine supplementation which is more effective in the special case of targeting 
high-risk groups such as pregnant women. One qualifier in comparing the 
relative effectiveness of the policy options is that there is a lack of evidence 
that two options (‘public health, social, and agricultural development 
measures’ and ‘nutrition education’) have been implemented widely or evalu-
ated for effectiveness and cost-effectiveness. None of the alternatives for which 
there is evidence of effectiveness available are associated with a lower public 
health risk than USI. Relative to USI all policy alternatives are associated 
with a lower infringement on an individual’s free choice, but otherwise they 
provide a weaker ethical case based on the remaining four justificatory 
 conditions. 

 There is a relationship between the degree of public health benefits, risks, 
and ethical considerations associated with each potential policy solution for 
IDD and how closely that solution matches the aetiological evidence for the 
underlying causation of IDD. Globally the primary underlying cause of IDD is 
the existence of iodine-depleted soils leading to an inherent iodine deficiency 
in the food supply. USI is the policy option that most directly addresses this 
cause. It compensates for the lack of iodine in the food supply and does so in 
such a way that it increases the population’s iodine intake. The alternative pol-
icy options either do not directly compensate for the lack of iodine in the food 
supply, or if they do, their reach is not as effective as USI in delivering a popu-
lation-wide coverage.      

   The policy process for USI   

 The analysis of this case study indicates that all three policy science theoretical 
frameworks reviewed in Chapter 2 (multiple streams, advocacy coalition 
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framework, and network approach) have characteristics that are relevant to 
those observed with the USI policy-making process globally. In particular, 
features outlined in the network approach are supported to a significant degree 
by the USI policy process. For example, governments have commonly been 
one of many actors involved in preparing, implementing, and monitoring USI. 
The modern history of USI has been interwoven with a series of WHA resolu-
tions and decisions. Initially the resolutions called for the prevention and con-
trol of IDD. In subsequent resolutions USI was specifically recommended as 
the preferred policy option and member states were urged to strengthen their 
commitments to the sustained elimination of these disorders, including regu-
lar monitoring and reporting on progress. Many member states have acted on 
their commitments through taking advantage of networks of interdependent 
relationships between actors across public and private sectors. Notably USI has 
been at the forefront of the global health governance arrangements (described 
by the network approach as an ‘external factor’ that influences the activities of 
actors within networks) that have been promoting PPPs. 

 The findings from this analysis have helped identify the actors involved and 
their relationships and activities in promoting USI. The evidence supporting 
USI is strong and is associated with few scientific uncertainties or ethical dilem-
mas. There are no major actors overtly opposing USI as a policy option to 
prevent and control IDD. The main actors include UN agencies (WHO, 
UNICEF, WFP), medical, public health, consumer, public interest non- 
government organizations (PINGOs), business interest non-government 
organizations (BINGOs), and philanthropic trusts, as well as individuals such 
as Professor Basil Hetzel. All have been passionate champions for USI, under-
taking sustained advocacy for this policy option. For example, the Copenhagen 
Consensus 2008’s ranking of USI as the third most cost-effective strategy to 
tackle global challenges produced further advocacy for increased roll-out of 
USI (  64  ). The significant influence of framing activities in shaping the policy 
process was demonstrated with Hetzel’s coining of the term IDD to replace 
goitre to draw attention to the seriousness of the problem and hence speed up 
action to achieve its elimination. Framing has also been an effective advocacy 
activity when the health concern has been described in graphical terms to 
appeal to the reader’s emotions, e.g. when describing global progress on IDD 
prevention the president of the MI stated that this means that: ‘every year, 
90 million newborns’ brains are protected against a significant loss of learning 
ability’ (  65  ). 

 It has been the involvement of PPPs that has been an especially critical  driver 
of the roll-out of USI both within countries and internationally (  1  ). These PPPs 
have engaged a number of UN agencies, bilateral aid agencies, philanthropic 
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organizations, PINGOs, BINGOs, and the salt industry. The PPPs have sup-
ported the exchange of information, preparation, and distribution of iodized 
salt, sharing of resources, training, quality assurance, and monitoring pro-
grams, and have provided substantial financial support. It is estimated that 
between 1990 and 2007, nearly US$400 million in public sector investment 
into IDD elimination was matched by an estimated US$2 billion in salt indus-
try investment (  65  ). The importance placed on PPPs was the key rationale 
behind the establishment of the Network for Sustained Elimination of Iodine 
Deficiency at a special session of the UN general assembly in May 2002. 
The network is a PPP that brings together national governments, international 
organizations, the salt industry, civil society organizations, and consumer 
groups. Among its activities it supports the formation of ‘national watches’ to 
coordinate, harmonize, and accelerate progress on sustained iodine deficiency 
elimination (  66  ).     

   Future directions for preventing IDD   

 Shortly after Marine and Kimball identified the relationship between iodine 
deficiency and the occurrence of goitre in 1917 (  49  ), Marine commented: 
‘Simple goitre is the easiest of all known diseases to prevent …  It may be 
excluded from the list of human diseases as soon as society determines to make 
the effort’ (  19  ). The technology to make this aspiration a reality exists, yet, 
almost 100 years later goitre has not been excluded from the list of human 
diseases. Certainly its prevalence has decreased substantially with the increas-
ing adoption and implementation of USI globally. However, 32 countries are 
still considered iodine deficient. In Africa there has been negligible progress 
since 2003, with the number of school-aged children with insufficient iodine 
intake having increased by about 20 % , from 50 to 58 million (  28  ). 

 Implementing USI to reach the remaining 30 %  of the global population not 
yet covered will be a major public health policy challenge. To date, USI has 
been implemented in the ‘easier’ countries and regions in terms of their will-
ingness and capacity to fortify and distribute iodized salt. Now it is the more 
economically disadvantaged communities, often living in geographically 
remote areas, that need to be reached. This presents logistical difficulties and 
added expenses with the need to work with local small-scale salt processors and 
rely on less reliable distribution networks. Based on critical analyses (  32 ,  67  ) 
and a WHA resolution (  46  ), several priority strategies are indicated for the 
future direction of USI. These priorities include: strengthening national coali-
tions to support USI, tackling uncertainties associated with measuring iodine 
intake and deficiency, investing in the monitoring and evaluating of programmes 
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to control IDD (particularly for women of reproductive age and especially if 
pregnant or lactating), and ongoing enforcement of regulations and policy.     

   Lessons from the case study findings for micronutrient 
malnutrition and the food fortification rationale   

 Adding a nutrient(s) to food to compensate for the food supply being unable to 
provide sufficient nutrients for health was proposed as one of three plausible 
public health rationales for mandatory food fortification (Chapter 1, 
Table 1.1). Micronutrient malnutrition is the policy problem associated with 
this particular rationale. USI to help prevent IDD was selected as the case study 
for using mandatory food fortification as a policy solution for micronutrient 
malnutrition. In this section the findings from the assessment and analysis of 
the case study are generalized to identify lessons regarding the prevention of all 
forms of micronutrient malnutrition and the plausibility of this particular food 
fortification rationale. There are three particular lessons for the rationale that 
emerge from the generalization of this case study.    

   Matching a potential policy solution to the underlying cause 
of a policy problem   

 A major lesson from the assessment of this case study was the importance of 
matching a potential policy solution to the underlying cause of a policy prob-
lem. The degree of alignment of each policy option with the underlying cause 
of IDD was positively associated with the option’s public health benefit, lower 
public health risk, and level of ethical justification. This lesson was clearly 
demonstrated by the positive assessment findings for USI which was the policy 
option most directly responding to the aetiological evidence for IDD. 

 There are many causes of micronutrient malnutrition among populations 
around the world and particularly in LMICs. USI is a representative case study 
of food fortification as a policy option for micronutrient malnutrition when 
this problem is caused by an inherent nutrient deficiency in the food supply. 
These findings would be expected to be generalized to other cases of micronu-
trient malnutrition where the cause is an inherent nutrient deficiency in the 
food supply. For example, the voluntary addition of niacin to cereal grain prod-
ucts restoring losses through grain milling and helping prevent pellagra in the 
US (  68  ), although pellagra prevalence was probably declining before this forti-
fication intervention was introduced as social circumstances and diets improved 
(  69  ). Technically this case of niacin addition would be classified as restoration 
rather than fortification according to the Codex principles. There is less cer-
tainty about demonstrating the positive findings for the role of mandatory 
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food fortification as a policy option for a health concern resulting from micro-
nutrient malnutrition when the cause of that health concern is not related to an 
inherent deficiency in the food supply. For example, poverty and the lack of 
resources to access adequate food is a major cause of micronutrient malnutri-
tion.    In these circumstances a policy option such as a poverty alleviation pro-
gramme, that directly tackles poverty and food insecurity is indicated. It would 
be predicted that this policy option would be associated with more public 
health benefits, less risks and more ethical justification than mandatory food 
fortification.    

   Predominantly, the causes of micronutrient malnutrition are embedded in a 
diversity of social, economic, environmental, and political circumstances that 
adversely affect food security in terms of reducing the availability, accessibility, 
and affordability of food. Indeed, in certain circumstances the primary cause of 
inadequate iodine intake is less due to an inherent nutrient deficiency in the 
food supply and more a consequence of endemic poverty. In these circum-
stances the public health benefits, risks, and ethical justification for food forti-
fication as a technological option for micronutrient malnutrition need to be 
kept in perspective. For example, fortified foods would be expected to be effi-
cacious in terms of increasing the availability of a nutrient(s) in a population’s 
food supply, but often they fail to reach the poorest communities in the general 
population who are at the greatest risk of micronutrient deficiency. This is 
because such communities often have restricted access to fortified foods due to 
low purchasing power and an underdeveloped distribution channel. Many 
undernourished population groups often live on the margins of the market 
economy, relying on locally produced food. It is for this reason that the 
International Red Cross has stressed that in identifying and implementing 
policy options to address hunger and malnutrition there is an urgent need to 
tackle the underlying cause of the problem: 

 The problems of chronic hunger and malnutrition are deep-seated and not amenable 
to quick technological fixes. They are built into the very structure of today’s global 
food system and their solution requires political, economic, legal and social innova-
tion and systemic changes if we are to create a well-fed world for all (  70  ).   

 Into the future it is predicted that food systems are going to be placed 
under increasing stress in achieving food security targets in the context of an 
increasing global population, climate change, peak oil, and tensions over water 
and land use allocations. As demand for food increases and supply comes 
under threat, further food price rises would be expected, exacerbating 
social, economic, and political circumstances in which micronutrient malnu-
trition flourishes. Faced with this scenario there is more reason to keep 
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food fortification as a policy solution for micronutrient malnutrition in 
 perspective.

Some argue there is a need for policy-makers to prioritize policy options that 
focus less on technological fixes and more on agriculture and in particular 
types of food production that are more environmentally sustainable and 
socially just. For example, in March 2011, the UN Human Rights Council was 
presented with a report entitled:  Agro-ecology and the right to food  (  71  ). The 
report calls on states to undertake a fundamental shift towards agroecology 
(the convergence of agronomy and ecology) as a mode of agricultural develop-
ment for countries to feed themselves while also contributing to reducing rural 
poverty, improving nutrition, adapting to  climate change, and promoting 
farmer participation in the local food system. 

 The SUN initiative will play a significant role in setting the global agenda for 
policy options, including food fortification, for micronutrient malnutrition 
into the future. It represents a well-resourced, broadly supported, and exciting 
opportunity to tackle micronutrient malnutrition. Its consensus document 
‘Scaling Up Nutrition’ (  72  ) has laid out a framework for action to address mal-
nutrition focusing on encouraging governments to adopt national plans to 
scale up nutrition and establishing PPPs to support the implementation of 
these national plans. 

 There are two contrasting views among actors concerning the priority that 
food fortification should be afforded within the policy agendas for SUN. One 
view is that nutrient supplementation and food fortification should be priority 
policy options for tackling micronutrient malnutrition. This view is promoted 
in the report entitled  Investing in the future: a united call to action on vitamin 
and mineral deficiencies . This report which was prepared by the MI, in partner-
ship with the Flour Fortification Initiative, US Agency for International 
Development, Global Alliance for Improved Nutrition, WHO, The World 
Bank, and UNICEF, with support from the Canadian International Development 
Agency, promotes the view that: ‘micronutrients are the best low-cost solution 
to improved health in the developing world’ (  64  ). An alternative view is the 
human rights approach captured in the report of Olivier De Schutter, the spe-
cial rapporteur on the rights for food for the UN General Assembly (  73  ) and 
submitted to the UN General Assembly Human Rights Council in 2011. The 
report identifies that food fortification has a role in circumstances where local 
food systems are not adequate, though generally this policy option is regarded 
as a short-term approach. Instead the report urges the SUN Transition Team 
and stakeholders to prioritize those policy options that strengthen local food 
systems and support the switch to sustainable diets. This view is supported by 
the review of Fanzo et al. who conclude that progress towards MDGs is less 
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about developing new technologies and more about multi-sectoral program-
ming to address poverty, gender equality, and functioning food and health 
systems (  74  ).     

   The role of public–private partnerships   

 The contribution of PPP governance arrangements has been significant in 
facilitating the roll-out of USI and progressing the IDD elimination agenda. 
However, the role of PPPs in supporting food fortification in the context of 
micronutrient malnutrition caused by social, economic, environmental, and 
political circumstances is less clear cut. It would be logical to expect that part-
ners from the private sector would be especially interested in market-based 
options, including the opportunity to sell fortified foods and fortificants, for 
micronutrient malnutrition. Transnational food and beverage manufacturers 
have claimed that they can be part of the micronutrient malnutrition solution 
by marketing various fortified snack foods and beverages in LMICs (  75  ). 
Certain academics have agreed with this claim commenting that with their 
wide reach fortified soft drinks provide an attractive vehicle to deliver nutri-
ents to communities in LMICs (  76  ). Other academics argue that this approach 
risks promoting dietary imbalances and obesity concerns in such countries 
contributing to the rising prevalence of the ‘double burden of malnutrition’. 
They also argue that the introduction of such foods and beverages will disrupt  
local food systems and culinary traditions (  77 ,  78  ).     

   Plausibility of the food fortification rationale   

 The USI case study findings provide support for the food fortification rationale 
that nutrients be added to foods when the food supply is unable to provide suf-
ficient nutrients. However, the analysis of micronutrient malnutrition prob-
lems more broadly highlights that food fortification is best implemented as a 
complementary intervention to public health, social, and agricultural develop-
ment measures that more directly address the problems’ underlying causes. 
The challenge in seeking such a comprehensive policy response is to ensure 
that a complementary relationship is achieved without one particular interven-
tion dominating and displacing others. For example The World Bank has iden-
tified that tensions can exist between policy choices that are likely to produce a 
quick result, such as food fortification, but are less sustainable versus longer 
term, but more sustainable approaches, in tackling micronutrient malnutrition 
(  79  ). The World Bank recommends the need to be strategic with food fortifica-
tion, using it as a policy option in the short term to get actions underway and 
argues that it buys time to then move onto more sustainable, large-scale, com-
munity-based policy interventions. But does this happen in practice? The 
report cautions that it is important that, in using it in this way, that fortification 
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does not take over all interventions. It urges awareness that food fortification 
policies do not ‘crowd out attention’ to more far-reaching and sustainable pol-
icy options, as has been the case in some countries in the past.       

   Conclusion   
 USI is a classic case study of using mandatory food fortification to increase a 
population’s intake of a nutrient to help control a micronutrient malnutrition 
problem. It is a policy option that is technically consistent with the aetiological 
evidence of the underlying cause of the inadequate nutrient intake and the 
subsequent epidemiological evidence of the policy problem. Specifically, it is 
compensating for iodine-depleted soils that lead to a diminished amount of 
this nutrient in the food supply and iodine deficiency resulting in a high IDD 
prevalence. Evaluative evidence indicates that USI has been effective in pre-
venting IDD and is associated with low-moderate risks. When these risks arise 
mostly they are in response to poor implementation of the policy intervention 
rather than an inherent problem with USI. Ethically USI is well justified and 
represents an intervention consistent with the utilitarian approach of striving 
to do the greatest good for the greatest number. Alternative policy options with 
which it was compared were assessed less favourably, though nutrition educa-
tion and iodine supplementation are indicated as complementary interven-
tions to strengthen USI effectiveness. 

 Many actors are involved with USI. They have formed powerful advocacy 
coalitions to not just place IDD problems onto the political agenda but to con-
tinually advocate for maintaining USI as a global public health policy priority. 
They have framed the policy problem directly around the substantial amount 
of evidence that is available, evidence that is convincing and associated with 
few uncertainties. Globally, the development of USI and its roll-out across the 
majority of countries has been facilitated by powerful and particularly active 
PPPs. These PPPs have engaged a number of UN agencies, philanthropic 
organizations, PINGOs, and BINGOs. 

 Generalizing the findings from this case study to food fortification as a pol-
icy solution for micronutrient malnutrition overall and to assess the plausibil-
ity of the food fortification rationale provides valuable lessons. There are 
multiple causes of micronutrient malnutrition. Evidence from other studies 
indicates that when the cause of micronutrient malnutrition relates to social, 
economic, or political circumstances, rather than an inherent nutrient defi-
ciency in the food supply, the case for food fortification as a policy option 
needs to be kept in perspective. Depending on the underlying cause and the 
particular circumstances associated with micronutrient malnutrition, food 
fortification may play a complementary role to other policy options in 
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 compensating for the food supply being unable to provide a sufficient amount 
of a nutrient(s).      
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         Chapter 6  

 Case study 2: mandatory flour 
fortification with folic acid      

 Adding a biologically active ingredient to the food supply of 
300 million people is a very weighty issue. You can’t experiment 
on the American people. 

 (Personal communication, 26 July 2012, Professor David Kessler, former Commissioner of the 
US Food and Drug Administration.)       

   Introduction   
 Conventionally, mandatory flour fortification with folic acid (MFFFA) has 
been implemented as a policy option to help prevent and control micronutri-
ent malnutrition such as child and maternal anaemia associated with folate 
deficiency (  1  ). Then, in the mid-1990s, policy-makers in some countries began 
considering using MFFFA under a novel policy paradigm. The paradigm oper-
ated from the view that MFFFA be used to increase the folic acid intake of 
certain individuals who had an increased requirement for this nutrient irre-
spective of the folate status of the population as a whole. 

 The new policy view was prompted by the need to respond to convincing 
epidemiological evidence that increasing the folic acid intake for certain 
women reduced their risk of having a neural tube defect (NTD)-affected preg-
nancy. NTDs are congenital malformations of the central nervous system 
resulting from the failure of the neural tube to close during embryogenesis and 
most commonly include spina bifida and anencephaly. They place a devastat-
ing health, social, financial, and emotional burden on affected individuals and 
their families. National NTD birth prevalence varies widely depending on 
genetic and environmental conditions and has been recorded as high as six per 
1000 live births in China (  2  ). Over 95 %  of all NTDs are first occurrence, with 
a small proportion being recurrent events in women with a previously affected 
pregnancy (  3  ). 
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 In this orientation MFFFA was (and remains today) a controversial policy 
intervention. As will be described in this chapter it is associated with many 
scientific uncertainties and ethical dilemmas. In responding to the epidemio-
logical evidence policy-makers have struggled to formulate a policy that pro-
motes the health interests of at-risk individuals while protecting the health of 
the wider population. As illustrated in the opening quote to this chapter, the 
former Commissioner of the US Food and Drug Administration (FDA) at the 
time that MFFFA was first being debated in the US alludes to the policy in 
terms that have connotations of ‘medicalizing’ the food supply and as such, he 
could not take the decision lightly. In this context the medicalization of the 
food supply refers to the imposition of a biomedical remit (  4  ) onto how the 
relationship between food and health is viewed. By extension food is regarded 
as a form of therapeutic agent with the purpose of helping treat or prevent a 
disease. 

 The decision-making process for translating the evidence of the folic acid- 
NTD relationship into a policy response is associated with a number of scien-
tific uncertainties, complicating factors and ethical dilemmas. It is the  existence 
of this peculiar combination of circumstances that makes MFFFA an especially 
powerful food fortification case study. At the time that MFFFA was first being 
implemented, the editor of one international nutrition journal described the 
relationship of folic acid to neural tube defects as providing, ‘one of the richest 
case studies in nutrition science policy of this half century’(  5  ). By 2009, there 
were a number of countries that were contemplating whether or not to intro-
duce MFFFA. In response, the World Health Organization (WHO) dissemi-
nated guidelines on levels of folic acid fortification for wheat and maize flour 
recommending fortification at 1.0 to 5.0 ppm, depending on a country’s wheat 
flour consumption per capita (  6  ). 

 The purpose of this chapter is to present the findings of the investigation into 
the MFFFA case study. The chapter starts by outlining the background to the 
case study. Then an assessment of the case study's public health benefits, risks, 
and ethical considerations relative to alternative policy options is presented 
followed by a chronology of key milestones in the making of MFFFA policy. A 
discussion of the assessment findings and of the analysis of the actors, activi-
ties, and agendas surrounding the chronology to help explain how and why the 
policy was made, is provided. Emerging from the discussion are proposed 
future directions for preventing NTDs. Finally the case study findings are gen-
eralised to construct lessons regarding the plausibility of the food fortification 
rationale that adding nutrients to food is evidence-informed and ethically jus-
tified in circumstances where certain individuals have nutrient requirements 
higher than reference standards.     
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   Background      
   Folate and health   

 Folate is a water soluble B-group vitamin and the generic name for a group of 
structurally-related compounds that are both naturally occurring and syn-
thetic. The natural form of folate (pterolypolyglutamate) was identified by 
Wills in 1931 (  7  ). Several years later a synthetic version of the vitamin, which 
rarely occurs naturally in food, folic acid (pteroylmonoglutamate), was pro-
duced (  8  ). Folic acid is more bioavailable in the human body and stable in food 
processing, manufacture, and storage than folate (  9  ). Folic acid is the form of 
the vitamin used for supplements (either alone or in multivitamin complexes) 
and food fortification. 

 There are many critical biochemical pathways that are dependent on folate. 
It is a one-carbon substrate in nucleic acid and amino acid metabolism required 
for the synthesis of DNA and RNA, for the conversion of the amino acid homo-
cysteine to methionine, as well as for DNA, RNA, and protein methylation 
(  10  ). Due to the importance of folate in DNA and RNA synthesis, folate require-
ments are increased during times of rapidly dividing cellular tissue such as red 
blood cell formation, and for fetal development.     

   Food sources of folate   

 Folate is ubiquitous in the food supply. Particularly good food sources of folate 
include green leafy vegetables such as broccoli and spinach, legumes such as 
beans, and citrus fruits and juices (see Figure   6.1  ).      

   Recommended intake levels   

 The recommended daily folate intake levels for different population groups 
vary among countries around the world, and by age and sex (  11  ). In the US, 
the folate reference dietary allowance for all males and non-pregnant females 
 ≥ 14 years is 400 μg of dietary folate equivalents (the term ‘dietary folate equiv-
alents’ is used to accommodate the varying bioavailabilities of folate and folic 
acid) and increases to 600 and 500 μg dietary folate equivalents/day for preg-
nant and lactating women respectively. 

 Folate metabolism is well regulated and as such it is regarded as safe at 
any level of intake. Folic acid metabolism is not as well regulated and unme-
tabolized folic acid has been detected in the circulatory system following man-
datory (  12  ) and voluntary (  13  ) folic acid fortification. The public health and 
safety implications of the presence of novel levels of unmetabolized folic 
acid in the circulatory system are a source of much debate. As Smith has 
 commented (  14  ): 
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 But folate being involved in so many of life’s fundamental processes not only leads to 
its possibilities as a panacea but also to the prospect that ‘messing around with folate’ 
could do extensive harm.   

 One particular concern is that a high level of folic acid intake can mask the 
symptoms of vitamin B12 deficiency and delay its diagnosis thus exacerbating 
subsequent neurological damage (  15  ). As a consequence, the tolerable upper 
intake level (UL) for folic acid intake is set at 1 mg/d (  16  ). 

 Given folate’s central role in many biochemical pathways it is not surprising 
that evidence is available linking novel intakes of folic acid with a range 
of health outcomes throughout the lifecycle. These health outcomes include: 
promoting twinning during pregnancy (17), promoting atopic dermatitis in 
newborns (18),  promoting asthma during childhood (19), and promoting (20) 
and protecting against (21) cognitive decline in older adults. 

 Folic acid’s proposed dual role with regard to the risk of certain cancers (  22  ) 
that has attracted particular attention from researchers and policy-makers. 
Increasing the folic acid intake of an individual experiencing folate deficiency 
may be protective against cancer. Conversely some epidemiological studies 
have provided evidence that an increased folic acid intake facilitates the pro-
gression of pre-neoplastic cells and promotes colorectal cancer (  23  –  24  ). 
However, subsequent studies have concluded that there is a lack of evidence 
that exposure to high levels of folic acid is a risk factor for promoting the 

      Fig. 6.1    Selected foods that are good sources of folate.     
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 progression of colorectal cancer (  25  –  27  ) and there may be an association with a 
decreased risk (  28  ). Although the concern has subsided to some degree, there 
remains lingering doubt about the safety of increased folic acid intake in relation 
to risk of promoting the progression of colorectal cancer (  29  ). With a latency 
period of between 10–20 years from the initial adverse exposure to the detection 
of colorectal cancer this remains a priority area for ongoing monitoring.     

   Epidemiological evidence for the policy problem   

 The importance of nutrition in the aetiology of NTDs was first suggested by 
Hibbard et al. in the mid-1960s (  30  ). Then in the early 1990s, epidemiological 
evidence emerged from trials with folic acid supplements that sufficient folic 
acid consumed during the periconceptional period (one month pre-conception 
to three months post-conception) helps to reduce the risk of recurrence (  31  ) 
and occurrence (  32  ) of NTDs. A systematic review, following the Cochrane 
procedures, of further studies using folic acid supplementation has confirmed 
the protective effect of folic acid supplementation on NTDs (  33  ). However, the 
optimum and indeed minimum dose of folic acid necessary to reduce the risk 
of NTDs is uncertain (  34  ). Given the convincing epidemiological evidence for 
the relationship it would be unethical to conduct further trials deliberately 
denying individuals access to folic acid so as to help estimate a precise opti-
mum and minimum dose. Related to this uncertainty, is whether or not there 
might be a contributing protective role from other nutrients, such as vitamin 
B12, that share common metabolic pathways with folic acid.     

   Cause of the policy problem   

 NTDs have an uncertain multifactorial aetiology involving a combination of 
genetic and environmental factors. Nutrition is the most significant environ-
mental factor, particularly because of the protective effect of folic acid. However, 
not all NTD cases can be prevented by the administration of folic acid. Trials 
using high doses of folic acid supplements have demonstrated an approximate 
70 %  protective effect, i.e. 30 %  of cases were not prevented. In countries where 
MFFFA has been implemented, the NTD birth prevalence is resistant to 
attempts to reduce the rate below five cases per 10,000 births revealing an 
apparent ‘floor effect’ for folic acid-preventable NTD (  35  ). Other environmen-
tal factors are independent risks, e.g. maternal weight (  36  ). In addition it is 
reported that NTDs exhibit a social gradient with prevalence being associated 
with economic disadvantage and maternal education status (  37  ). 

 The protective mechanism(s) through which folic acid reduces the risk of 
NTDs is not known. It is known that folate requirements can be affected by 
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genetic variants. A number of genetic polymorphisms affect folate pathways 
and metabolism, and have been associated with an increased risk for NTDs (  38  ). 
In particular, women who are homozygous for the T allele of the C677T poly-
morphism of the gene encoding the folate dependent enzyme 5,10 methylene-
tetrahydrofolate reductase have a raised requirement for folate and are at 
increased risk of experiencing an NTD-affected pregnancy (39). Moreover, 
observed ethnic differences in the frequency of the C677T polymorphism, rang-
ing from 0% in African American women to 3.8%, 7.2%, and 18.1% in Asian, 
white and Mexican women respectively, indicate ethnic variations in folate 
requirements (40). 

 What is apparent is that folic acid exerts its protective influence by acting 
more as a therapeutic agent than as a conventional nutrient. The ‘dose’ of folic 
acid required to reduce the risk of NTDs is in addition to that required for an 
otherwise adequate folate intake; it is not therefore compensating for a conven-
tional folate deficiency. A dose-response relationship between folic acid and 
NTD incidence and severity has been demonstrated (  41  –  43  ).      

   Challenges with translating the epidemiological evidence 
for the policy problem into a policy solution   

 Governments all over the world are struggling to identify the best policy 
response to the convincing epidemiological evidence of the folic acid–NTD 
relationship. On first blush the selection of a policy option may appear a 
straightforward matter — promote folic acid supplements to those women who 
might be genetically predisposed to being at risk of having an NTD-affected 
pregnancy. This policy option is consistent with the nature of the folic acid sup-
plement trials that provided the convincing evidence, the dose of folic acid in 
the supplement can be precisely controlled and the supplement can be deliv-
ered as a targeted ‘treatment’ to genetically susceptible individuals. However, 
there are scientific uncertainties and complicating circumstances that result in 
the evidence translation process being less straightforward than might other-
wise be anticipated. 

 The primary scientific uncertainty is the unknown mechanism(s) by which 
folic acid reduces the risk of NTDs. This means that it is not possible to identify 
a genetically susceptible woman, apart from those women who have previously 
had an NTD-affected pregnancy where this places them at increased risk of 
recurrence. This situation is exacerbated by complicating circumstances such as 
the estimation that approximately half of all pregnancies are unplanned (  44  ) 
and so many women may not be aware of the need to take a folic acid supple-
ment in preparation for pregnancy. In addition the neural tube closes by 
approximately the 28th day after conception, a date at which a woman may be 
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unaware that she is pregnant and so would not appreciate the need to take a folic 
acid supplement. This combination of scientific uncertainties and complicating 
circumstances effectively means that policy options need to be directed at a 
target group, ‘women of child bearing age’, and not specific individuals.     

   Assessing the public health benefits, risks, and ethical 
considerations of policy options   
 There are five policy options available to respond to the epidemiological evi-
dence for the folic acid–NTD relationship:  

  1 Mandatory fl our fortifi cation with folic acid.  

  2 Voluntary fl our fortifi cation with folic acid.  

  3 Folic acid supplementation.  

  4 Nutrition education.  

  5 Maintaining the status quo.     

 Each of these policy options is described and examined in terms of how they 
relate to the cause of the policy problem. NTDs are a policy problem resulting 
primarily from a presumed genetic polymorphism affecting the ability of 
genetically susceptible individuals to efficiently metabolize folate in the diet. 
The case for each policy option as a solution to NTDs is assessed in relation to 
its public health benefits (effectiveness, cost-effectiveness, equity and practi-
cal advantages), risks (primary and secondary and practical disadvantages), 
and risks and ethical considerations, in terms of its adherence to five justifi-
catory conditions effectiveness, proportionality, necessity, least infringement, 
public justification. Table   6.1   summarizes the public health benefits, risks and 
ethical considerations of the five policy options.  

 The policy options are context-dependent. The assessment of each policy 
option will vary depending on the local circumstances associated with NTDs, 
including:  

  ◆ Th e national baseline prevalence of NTDs and folate status.  

  ◆ Th e proportion of unplanned pregnancies.  

  ◆ Th e level of support that is provided to implement the policy option.  

  ◆ Whether other policy interventions will be introduced to complement a 
particular policy option.     

 ◆ Th e national frequency of the 677 TT polymorphism 

 Therefore, the assessment of each policy option is based on five assumptions. 
First, that national NTD prevalence and folate status is moderate relative to 
international norms; second, that the proportion of unplanned pregnancies is 
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approximately 50 % ; third, that the level of political support for each policy 
option is comparable with the current norms, i.e. not necessarily the ideal (this 
assumption is necessary because evidence is only available for current norms); 
fourth, that each policy option would be implemented as a stand-alone policy 
response; and fifth, that the national frequency of the 677 TT polymorphism is 
9% (the mid-point of observed ethnic variations).    

   Mandatory flour fortification with folic acid      
   Description   

 MFFFA is a policy intervention in which a government regulates for the com-
pulsory addition of folic acid to flour. As mentioned earlier, the WHO recom-
mendations on wheat and maize flour fortification specify folic acid fortification  
at 1.0–5.0ppm, depending on a country’s wheat flour consumption per capita 
(  6  ) .  Wheat flour is the most widely consumed cereal grain in the world and the 
fortification technology with roller mills is simple and does not affect the taste 
or colour of flour (  45  ).     

   Relationship of this policy option to the cause 
of the policy problem   

 MFFFA does not directly address the cause of the policy problem. Adding folic 
acid to flour increases the folic acid intake of genetically susceptible individuals 
(assuming they consume fortified flour products). Therefore, it helps them con-
sume a dose of folic acid to indirectly ‘compensate’ for the presumed genetic defect 
that predisposes them to an increased risk of having an NTD-affected pregnancy.     

   Public health benefits      

   Effectiveness     MFFFA has been shown to be effective in helping prevent 
NTDs. A meta-analysis of NTD prevention studies reports that MFFFA can 
reduce the incidence of NTDs by 46 %  (  46  ). However, it is possible that these 
reported levels of effectiveness are an over-estimate because typically they do 
not take into account any increase in folic acid consumption contributed by 
supplements or voluntarily fortified foods that are usually promoted during 
MFFFA implementation. MFFFA effectiveness has been observed to vary with 
the baseline NTD prevalence and folate status of populations in different 
countries (  35 ,  47  ). For instance in countries such as the US that enter into a 
MFFFA intervention with a relatively high pre-existing folic acid presence in 
the food supply, NTD prevalence reductions of 20–30 %  have been reported 
(  48  ). At the other end of the effectiveness scale, in Costa Rica where there was 
a lower folic acid presence when MFFFA was implemented, an NTD reduction 
of 58 %  has been reported (  49  ). 
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 A secondary public health benefit is that in those countries with folate defi-
ciency, MFFFA will increase folic acid intake to help prevent anaemia. Though 
evidence of a population-wide folate deficiency resulting in a high prevalence 
of anaemia might be expected to be the primary motivation for a MFFFA pol-
icy decision and NTD-prevention would be the secondary beneficiary of such 
a policy decision.     

   Cost-effectiveness     Cost-effectiveness studies of MFFFA can be problematic 
sources of evidence to inform policy-making for this policy problem. The 
methods used to conduct research have varied among researchers, the findings 
have not always been consistent and questionable assumptions have been 
made in their interpretation. Studies have reported that MFFFA is a cost-
effective policy option (  50  ). One study reported that MFFFA is less cost-
effective than a combination of supplementation and voluntary fortification 
(see below). Frequently, the evidence provided from different studies has var-
ied depending on what benefits and risks were included in the research design 
and how they were measured. For example, one study included myocardial 
infarction prevention as a benefit of MFFFA (  51  ) despite a lack of evidence for 
such an inclusion. Few studies have considered the costs associated with the 
ethical considerations of MFFFA. Some actors cite the positive Copenhagen 
Consensus (Chapter 4) cost-effectiveness findings towards micronutrient pro-
grammes to support MFFFA although that exercise was based on iron and 
iodine fortification and supplementation (vitamin A and zinc) was ranked as 
more cost-effective than fortification. Few studies have undertaken a cost-
effective analysis comparing the different policy options.     

   Equity     MFFFA increases the folic acid intake of everyone in the population 
who consumes folic acid-fortified flour products. It does this without the need 
for behaviour change and hence may equitably reach at-risk individuals in 
disadvantaged groups. Estimating the extent of this equity advantage relative 
to conventional health promotion and folic acid supplementation policy 
options is problematic (  52  ). MFFFA does not significantly affect the price or 
taste of fortified foods. Because MFFFA is a non-targeted intervention it can-
not take into account social and cultural variations among communities, e.g. 
after MFFFA was introduced in the US it has been observed that Hispanic 
populations have a 30–40 %  higher risk of NTDs (  53  ) and this is linked to these 
populations eating less of the fortified foods than the population average.     

   Practical advantages     The key practical advantage of MFFFA is that it removes the 
need for the target group to change its dietary behaviour to help achieve the recom-
mended folic acid intake because MFFFA passively increases the target group’s 
(and population’s) background exposure to folic acid. This explains its effectiveness 
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and equitable nature. In addition the government is responsible for implementa-
tion so it has control over the timing, levels and extent of fortification. 

        Public health risks      

   Primary risk     Policy-makers face a balancing act in selecting foods to be forti-
fied and then setting the level of fortification so that a sufficient folic acid dose 
is delivered to the target group, while avoiding increasing the folic acid intake 
of the target group and population beyond the UL for this nutrient. The risks 
associated with excessive folic acid intake resulting from the non-targeted 
nature of MFFFA include:  

  1 Neurological damage resulting from delayed diagnosis of vitamin B12 defi -
ciency which is most commonly prevalent in the elderly. It is estimated that 
5 %  of the US population aged 50 and above exceed the UL for folic acid (  54  ).  

  2 Th e uncertain considerations of long-term novel folic acid intakes especially 
for children facing a lifetime of increased intake. It is estimated that 4 %  of 
Australian children exceed the UL for folic acid (  55  ).  

  3 Lingering concerns about possible infl uence of folic acid in promoting the 
progression of pre-existing colorectal cancer.     

 The degree of quality control with MFFFA’s implementation has a bearing on 
risk. The practice of overage (adding additional amounts of a fortificant to a 
food) has been observed to occur with folic acid in a number of countries, rais-
ing concerns that a greater proportion of the population may exceed the UL 
than was predicted. Soon after MFFFA was implemented in the US it was 
observed that fortification was occurring at twice mandated levels and not 
accurately reflected on food labels (  56  ) and was matched with raised blood 
folic acid levels. This situation was subsequently controlled after monitoring 
findings were published (  57  ). In Canada MFFFA has also been observed to 
have been implemented with the addition of folic acid to some foods at 50 %  
higher than mandated levels and not reflected in product labels (  58  ).     

   Secondary risk     There are no secondary risks.

 Practical disadvantages   MFFFA is indiscriminate in its action. The MFFFA 
intervention needs to be designed so that it delivers an adequate but not exces-
sive dose of folic acid to the target group while not delivering an excessive 
amount of folic acid to the population as a whole. This explains its risks and 
adverse ethical considerations.      

   Ethical considerations      

   Effectiveness     MFFFA is consistently reported as an effective policy option. 
It cannot account for all risk factors for NTDs but in most countries where it 
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has been implemented it has been estimated to reduce NTD prevalence by 
20–56 % .     

   Proportionality     Although NTDs are especially tragic and cause severe mal-
formations, they have a low prevalence across the population, especially in 
relation to conventional micronutrient malnutrition problems for which man-
datory food fortification is recommended. Therefore is it proportional that for 
each NTD prevented several hundred thousand people are exposed, without 
choice, to extra folic acid? (  59  ). The answer will vary depending on from 
whose perspective this question is viewed. 

 As a population-wide policy intervention MFFFA is not a proportional pol-
icy option. All infants, children, men, and older adults who consume fortified 
foods will have an increased intake of folic acid for no apparent benefit and 
with possible risk, and often without their knowledge. Commonly, public 
health policy interventions are justified on the grounds of proportionality, 
even if they might place some individuals at modest risk, so long as they pro-
vide sufficient benefit for the population as a whole. This perspective is cap-
tured in the utilitarian approach of doing ‘the greatest good for the greatest 
number’. MFFFA as a policy option to decrease NTD prevalence represents the 
opposite of the utilitarian approach. MFFFA is increasing the folic acid intake, 
and potential risk, of the many in order to increase the folic acid intake, and 
likely benefit, of susceptible women who may become pregnant. 

 As a policy intervention for genetically susceptible women MFFFA is a pro-
portional policy option. The potential risks of excessive folic acid intake are far 
outweighed by the reduced risk of having an NTD-affected pregnancy.     

   Necessity     MFFFA is not necessary. Alternative policy options to MFFFA are 
available to help reduce the risk of NTDs. Indeed, the dosage used in many 
countries may be insufficient to reach the recommended intake and hence 
other options are required in parallel. For this reason some countries that have 
recommended MFFFA also recommend that folic acid supplements be con-
sumed. For example the US Preventive Services Task Force recommends that 
all women planning or capable of pregnancy take a daily supplement contain-
ing 400–800 μg of folic acid (  60  ). If a daily folic acid supplement is recom-
mended regardless of MFFFA and the minimum dose of folic acid in the 
supplement can be prescribed to achieve the recommended folic acid intake, 
the need for MFFFA is redundant.     

   Least infringement     MFFFA is the most coercive of the policy options avail-
able to reduce the risk of NTDs. It indiscriminately increases the folic acid 
intake of everyone in the population who consumes the fortified staple 
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food(s). This indiscriminate delivery raises fundamental ethical concerns. 
In particular, is it appropriate to expose everyone in the population to raised 
levels of synthetic folic acid, for the benefit of a relatively small number 
of individuals? This ethical concern is exacerbated in the context that this 
raised exposure will provide no apparent benefit to the majority of the popula-
tion and may be associated with potential risks as it is difficult for authorities 
to implement the policy without exposing certain population groups to levels 
of folic acid above the UL and there remain questions about whether it pro-
motes colorectal cancer.     

   Public justification     There is little evidence that MFFFA has been comple-
mented with substantial public justification. Policy decisions typically are 
made with minimal public consultation and once implemented the presence of 
folic acid in staple foods is not obvious to the public as it does not overtly affect 
the taste or presentation of foods. Public justification depends indirectly on 
the coexistence of promotion activities for alternative policy options such as 
supplementation and it is rare in such instances that the public is advised 
about the passive exposure, scientific uncertainties and ethical considerations 
of MFFFA. Although researchers have often surveyed the target group to 
assess its awareness and understanding of MFFFA, far less surveillance has 
engaged the remainder of the population to assess its awareness, understand-
ing and attitude towards MFFFA.       

   Voluntary flour fortification with folic acid      
   Description   

 Voluntary fortification with folic acid arises when decisions about if and when 
fortification with folic acid might take place, what food vehicle is used, and at 
what level of fortification, are determined by food manufacturers. Food prod-
ucts such as breakfast cereals have been voluntarily fortified with folic acid for 
a number of years. This policy option is particularly common in Europe.     

   Relationship of this policy option to the cause of the policy 
problem   

 Voluntary flour fortification with folic acid does not directly address the cause 
of the policy problem.     

   Public health benefits   

 In many countries there is available a variety of foods voluntarily fortified with 
folic acid, especially cereals. The advantages of a policy intervention that pro-
motes the availability of these foods is that it will raise the background expo-
sure of folic acid to at-risk individuals and it provides choice to those 
individuals who do not need or want to be exposed to high levels of folic acid. 
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 Ireland provides some important insights in relation to this policy option. 
In 1980, the NTD rate in Ireland was approximately five per 1000 births, while for 
the rest of Europe rates were estimated as being around 1.2 per 1000 births (  61  ). 
One explanation of this rate differential was that termination of pregnancy 
is illegal in Ireland and relative to many other countries a high number of 
NTD-affected pregnancies are carried to full term and delivered as live births. In 
2006 the Irish Minister for Health and Children accepted the recommendation 
of the National Committee on Folic Acid Food Fortification to introduce a 
programme of mandatory folic acid fortification of bread (  62  ). 

 Yet, the Irish population has one of the highest per capita consumptions of 
fortified breakfast cereals (  63  ). In 2008, the Irish Department of Health and 
Children was advised by the Food Safety Authority of Ireland that the target 
population was obtaining sufficient folate from their diets due to an escalation in 
the number of voluntarily folic acid-fortified food products in the marketplace 
(  64  ). The Department was also advised that this raised folic acid intake had 
resulted in an observed increase in red cell folate levels among the population and 
a fall in the rate of NTD birth prevalence (  65  ). The following year the Food Safety 
Authority of Ireland announced that it had put its previous policy recommenda-
tion on hold. The Authority explained that the increased availability of folic acid 
in the food supply since the original mandatory folic acid fortification recom-
mendation had been made and the incidence of NTDs having been reduced to 
0.93 per 1000 live births, meant that there would be limited public health benefit 
from introducing mandatory folic acid fortification at that time (  66  ). 

 For those countries that have introduced MFFFA it is no longer possible to 
distinguish the contribution of voluntarily fortified foods to the folic acid intakes 
and evaluate their impact on NTD rates. In Australia the NTD incidence rate 
(1.09 per 1000 pregnancies) was estimated immediately before the introduction 
of MFFFA as part of a baseline report for future evaluation of the policy. The 
report also revealed that in the ten years leading up to the baseline estimate, 
a period coinciding closely with the introduction of voluntary folic acid forti-
fication in Australia, the NTD incidence rate had decreased by 26 %  (  55  ). These 
data indicate that as Australia’s NTD rate is already approaching the ‘floor’ of 
minimum NTD rates that might be achieved from increased folic acid intakes 
the MFFFA policy may be operating on diminishing returns.     

   Public health risks   

 Primary risk Excessive folic acid intake though the risk is less than that for 
MFFFA as there is less folic acid present in the food supply. 

 Practical disadvantages The policy option’s implementation is at the discre-
tion of food manufacturers for whom the protection and promotion of public 
health cannot be expected to be a primary responsibility. Hence, it is difficult 
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for policy-makers to predict which food products might be fortified with folic 
acid, when, and at what levels, and therefore to be confident that there will be 
an adequate and consistent folic acid exposure in the food  supply.     

   Ethical considerations   

 Unlike MFFFA, voluntary food fortification with folic acid provides individu-
als with a choice to purchase non-folic acid fortified food products.      

   Folic acid supplementation      
   Description   

 Folic acid supplementation can be delivered in the form of folic acid tablets or 
multivitamin tablets containing folic acid. The dose recommendation varies 
among countries but typically ranges from 400–500  μ g for women of child-
bearing age and 4–5 mg for women who previously have had a NTD-affected 
pregnancy.     

   Relationship of this policy option to the cause 
of the policy problem   

 Folic acid supplementation relates directly and efficiently to the presumed 
cause of the policy problem. Supplements can be selected with a dosage to 
match the recommended intake level to compensate for the presumed genetic 
polymorphism affecting folate metabolism. The supplement can be targeted 
efficiently to at-risk individuals without increasing the folic acid intake of 
other individuals or the population as a whole.     

   Public health benefits      

   Effectiveness     In ideal circumstances folic acid supplementation would be 
expected to achieve a 70 %  reduction in recurrence and 62 %  reduction in 
occurrence of NTDs based on a meta-analysis of experimental and observa-
tional studies (  46  ). This evidence of supplementation efficacy, obtained from 
the controlled environment of research trials, represents an ‘upper ceiling’ to 
which supplementation interventions conducted in the real world might 
strive. 

 In practice it is reported that globally less than half of the target group take 
periconceptional folic acid supplements (  67  ). In countries around the world 
the effectiveness of folic acid supplementation as a policy option varies with 
the circumstances and presence of complementary strategies with which it is 
implemented. Particularly impressive results have been reported for interven-
tions that are targeted through primary health care settings. For example, in 
1995 the Dutch government sponsored a national mass media campaign 
to promote folic acid supplement usage by women planning a pregnancy. 



143PUBLIC HEALTH BENEFITS, RISKS, AND ETHICAL CONSIDERATIONS

The campaign was attributed with achieving a 33 %  reduction in NTD preva-
lence in the years 1996–1999 to 2000–2002 (  68  ). Then in 2004 Dutch pharma-
cies began a campaign aimed at motivating women using oral contraceptives to 
take folic acid supplements before conception and it has been reported that in 
2005, 51 %  of respondents in the target group used folic acid supplements 
throughout the periconceptional period (  69  ). In areas of China the evaluation 
of intensive promotion campaigns delivered in health care settings has reported 
even higher levels of compliance (  70  ). A critical characteristic in both these 
evaluations has been a high percentage of planned pregnancies among the 
populations where the intervention was carried out, e.g. in the Netherlands 
almost 80 %  of pregnancies are planned, well above the European average (  69  ). 
Nevertheless, elsewhere where unplanned pregnancies are more common 
similar findings have been reported. A US trial involving the provision of free 
folic acid supplements to patients during routine gynaecological visits reported 
a 68 %  increase in folic acid intake among the intervention group (including a 
large proportion of disadvantaged individuals not planning pregnancies) com-
pared with 20 %  in the control (  71  ). The characteristic in common across these 
three successful interventions has been the intensive involvement of the 
 primary health care sector.     

   Cost-effectiveness     There have been few studies that have evaluated the cost-
effectiveness of folic acid supplementation. A study commissioned by Food 
Standards Australia New Zealand during its consideration of MFFFA concluded 
that folic acid supplementation in combination with voluntary folic acid fortifi-
cation was more cost-effective than MFFFA (  72  ).     

   Equity     In their review of supplementation interventions from 1989 to 2006 in 
Europe, USA, Canada, Australia and New Zealand, Stockley and Lund report 
only modest compliance of the target group with supplementation recommen-
dations and disadvantaged women within the group were least compliant (  73  ) 
suggesting a significant gap in NTD prevalence reduction from the ideal. This 
disparity has been shown to persist in a situation of relatively high compliance 
when 51 %  compliance of the target group was observed, and the behaviour was 
reported by 63 %  of the higher-educated women and just 31 %  of the less-educated 
women (  69  ). This disparity in compliance with folic acid supplementation rec-
ommendations is of concern because NTDs have a higher prevalence in low 
socioeconomic and less educated groups relative to more advantaged groups.     

   Practical advantages     The practical advantages of supplementation are that 
the dose of folic acid can be precisely set to the recommended level for the 
target group and the intervention can be targeted to at-risk individuals and not 
the wider population.        
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   Public health risks   

 Primary risk Excessive folic acid intake is rare but can occur as a result of 
excessive (dose/frequency) supplement consumption. 

Practical disadvantages The supplementation policy option requires an 
ongoing investment to sustain awareness and motivation among the target 
group and to inform women who newly enter childbearing years.    

   Ethical considerations      

   Effectiveness     Low-high effectiveness depending on investment in comple-
mentary strategies.     

   Proportionality     Supplementation is a proportional policy option as the ben-
efits it provides to at-risk individuals outweigh the potential risks of excessive 
folic acid intake and it is not targeted at populations.     

   Necessity     Supplementation is not the only option that might decrease NTD 
prevalence, but if it is not recommended in its own right it is usually recom-
mended as a complement to other policy options.     

   Least infringement     Supplementation is a low infringement policy option as 
individuals can choose whether or not to consume supplements.     

   Public justification     Supplementation needs to be complemented with public 
education approaches to promote compliance and to inform at risk individuals 
about potential benefits and risks.       

   Nutrition education      
   Description   

 Nutrition education refers to the provision of programmes and materials 
designed to raise the public’s awareness and skills in selecting, preparing and 
consuming a healthy diet containing folate-rich foods.     

   Relationship of this policy option to the cause 
of the policy problem   

 Nutrition education as described in this investigation does not relate directly to 
the cause of the policy problem as its purpose is to promote a healthy balanced 
diet consistent with dietary guideline messages designed for the general popu-
lation and not at-risk individuals with raised nutrient requirements.     

   Public health benefits   

 Not all of the experimental trials and observational studies that contributed to 
the evidence base that informed the original MFFFA policy recommendations 
were based on folic acid intake. One of those important early studies was a 
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case-control study that reported that dietary folate was an independent risk 
factor for NTDs (  74  ). Nevertheless, policy recommendations are expressed in 
terms of folic acid intake and the assumption has been that nutrition education 
is not a feasible policy option because it is too difficult for the target group to 
consume a sufficient amount of the less bioavailable folate through the diet to 
achieve the recommended folic acid intake level. Conversely, others such as 
Nestle have argued that recommended intake levels can be achieved through 
folate rich diets (  75  ). Additionally, a large US study reported that a healthy bal-
anced maternal diet in the year before pregnancy was associated with lower 
risks for NTDs and orofacial clefts (cleft palate) suggesting that overall diet 
quality may be predictive of birth defect risk (  76  ). However, others have shown 
that policy interventions promoting fruit and vegetables as food folate sources 
have yielded poor success (  77  ). 

 Nutrition education has the secondary public health benefit of promoting a 
healthy diet to improve the overall nutritional health of the target group and 
population.     

   Public health risks   

 There are no public health risks.     

   Ethical considerations   

 Nutrition education has modest evidence of effectiveness as a stand-alone 
policy option; it has minimal infringement and is a proportional policy option 
in the sense that there are no substantive risks to negate the potential benefit. 
However, it is most clearly ethically justified when implemented as a comple-
ment to alternative policy options as it informs the target group and population 
of the policy problem.      

   Maintaining the status quo      

   Description   

 Maintaining the status quo refers to deliberately deciding to not respond to 
epidemiological evidence for the folic acid–NTD relationship.     

   Relationship of this policy option to the cause 
of the policy problem   

 No relationship to the cause of the policy problem.     

   Public health benefits   

 This policy option provides policy-makers with time to observe the implica-
tions of other NTD prevention policy options being implemented elsewhere. 
However, there will be no public health benefits from deciding to not respond 



C
A

SE STU
D

Y
 2

: M
A

N
D

A
TO

R
Y

 FLO
U

R
 FO

R
TIFIC

A
TIO

N
 W

ITH
 FO

LIC
 A

C
ID

146

Table 6.1 Summary of public health benefits, risks, and ethical considerations of policy options available to respond to the epidemiological 
evidence for the folic acid—NTD relationship

Policy option Public health benefit Public health risk Ethical considerations

Mandatory flour 
fortification 
with folic acid

Low–high effectiveness

Mixed evidence of cost-effectiveness

Equitable

Does not require behaviour change

A secondary benefit is that in those countries 
with folate deficiency MFFFA will increase folic 
acid intake to help prevent anaemia.

A practical advantage is that the government 
has control over timing, levels and extent of 
fortification

Moderate risk of excessive intake 
and subsequent masking of 
neurological symptoms of vitamin 
B12 deficiency

Lingering concerns about risk of 
promoting the progression of 
colorectal cancer

A practical disadvantage is that 
MFFFA is indiscriminate in its 
delivery of folic acid

Low ethical justification

Not proportional—a non-targeted approach 
of high benefit for at-risk individuals but 
affecting the whole population for little 
benefit and possible risk.

High coercion

Not necessary

Not publicly justified

Voluntary flour 
fortification 
with folic acid

Low–high effectiveness

Limited evidence of cost-effectiveness

Low-moderate risk of excessive 
intake for the population and the 
target group

The food industry is responsible 
for implementation so difficult to 
control timing, level and extent of 
fortification

As for MFFFA though less effective and less 
coercive—more free choice for individuals
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Folic acid 
supplementation

Low–high effectiveness

Some evidence of cost-effectiveness

Low equity

Advantage of delivering direct to target group

Can deliver a precise minimum dose

No risk for the population

Low risk of excessive intake for 
the target group

Practical disadvantage that 
effectiveness is dependent on 
behaviour change and ongoing 
compliance

High ethical justification

High proportionality–high benefit for at-risk 
individuals and low risk for population

Low infringement on the population and 
maintains individuals’ free choice

Necessary

Publicly justified

Nutrition 
education

Low–modest effectiveness

Limited evidence of cost-effectiveness

Low equity

Secondary benefits in promoting a healthy 
diet for target group and population

Practical disadvantage of 
requiring a significant change in 
current dietary behaviours to 
achieve folic acid intake 
recommendations

Low effectiveness for the target group

Maintains individuals’ free choice

Necessary in that it informs the target group 
and the population about the policy problem 
and complements alternative policy options

Maintaining the 
status quo

Not effective, cost-effective or equitable

Has the practical advantage of providing 
policy-maker with time to obtain more 
evidence

Nil

NTD prevalence will return to pre-
intervention levels if an effective 
policy option is stopped.

Represents a precautionary approach (‘First do 
no harm’) and maintains population’s free 
choice

Not proportional or necessary as there exists 
convincing evidence
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to the epidemiological evidence for reducing the risk of NTDs because there 
will be no increase in folic acid intake to prevent NTD-affected pregnancies.     

   Public health risks   

 There are no public health risks associated with a decision to maintain the 
status quo as there is no policy intervention. When an effective NTD risk 
reduction policy option is stopped the prevalence of NTDs will return to pre-
intervention levels.     

   Ethical considerations   

 Maintaining the status quo is the policy option which infringes the least on 
individuals and the population but it fails to meet the other four ‘justificatory 
conditions’. In the context of the scientific uncertainties and potential risks it 
might be argued that it is an ethically justified policy option because it is 
upholding the Hippocratic oath of first doing no harm. However, given the 
convincing evidence of the folic acid–NTD relationship this policy option is 
not a proportional response when there are other policy options available that 
can moderate risk, albeit with less benefit.       

   Analysing the policy process: chronology 
of the making of MFFFA policy      

   1990s   

 The impetus for policy-makers to consider MFFFA was the publication of the 
findings from trials reporting the protective effect of folic acid supplements for 
the occurrence (  32  ) and recurrence of NTDs (  31  ) in the early 1990s. Shortly 
after these studies were published, the CDC recommended that all women of 
childbearing age consume 400 μg of folic acid daily to help prevent NTDs (  78  ). 
Similar recommendations followed shortly thereafter in many countries 
around the world. Commonly, this involved recommending a 0.4 mg folic acid 
supplement daily to all women planning pregnancy and 4 mg folic acid to 
those with a previous NTD-affected pregnancy. Voluntary folic acid fortifica-
tion was permitted in many countries at this time and in some countries where 
it was not permitted the regulations were reviewed so that staple foods could 
be fortified with the intention of increasing the availability of folic acid in the 
food supply, albeit at food manufacturers’ discretion (  79  ). 

 There was public, professional, and political debate in many countries 
during the mid-1990s about how best to respond to the epidemiological evi-
dence for the folic acid–NTD relationship. Although some initially questioned 
the quality of the evidence, most of the debate focused on what was the pre-
ferred policy response. Complicating the debate in several countries was its 
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intertwining with another vexed food policy debate — the use of health claims 
on food labels and in food marketing that were prohibited at that time (  75  ). 
Health claims are those claims that describe a relationship between a food and 
a health effect, such as ‘food product X can help reduce the risk of heart dis-
ease’. Removing the prohibition to enable the use of such claims for marketing 
purposes was a goal of many food manufacturers. In 1995 the Kellogg Company 
and the March of Dimes, (the mission of the latter is ‘to improve the health of 
babies by preventing birth defects, infant mortality, and premature birth’) (  80  ) 
jointly developed a folic acid health message for placement on Kellogg’s Product 
19 (  81  ). A related development in Australia in 1998 involved the Health 
Minister speaking at a Kellogg’s Nutrition Summit in which he referred to the 
need to review the existing prohibition on health claims and that the folic acid–
NTD health message needs to be communicated (  82  ). Subsequently a folic 
acid–NTD health claim that linked consumption of a folic acid-rich food with 
a reduced risk of NTDs was devised (  83  ). This health claim was established as 
a pilot project and created the exception to the existing prohibition on health 
claims in Australia. The appeal to food manufacturers was that it opened the 
door slightly on the existing prohibition on health claims. The appeal to food 
regulators was that an increased amount of folic acid would be available in the 
food supply. Curiously, a subsequent evaluation revealed that although food 
manufacturers did add folic acid to a wider range of their products only two of 
an eligible 128 products used the health claim (  84  ). 

 In 1996 Oman became the first country to implement MFFFA when it 
approved the addition of 5 mg/kg folic acid to white flour as a policy option to 
prevent NTDs (  85  ). It achieved this status by happening to be in the midst of a 
trial testing the feasibility of flour fortification when a regional workshop on 
health interventions was held. Oman was able to respond to the discussions by 
scaling up its trial to broader national coverage (  86  ). In the same year the US 
FDA issued regulations requiring all ‘enriched’ cereal grain products be forti-
fied with folic acid at 140  μ g/100 g cereal grain by 1 January 1998 (  87  ).     

   2000s   

 The impetus that the US MFFFA regulations created gave momentum for this 
policy option to be considered in many other countries, e.g. they provided a 
template for technical considerations such as the level of folic acid fortification. 
Over the next 16 years, national recommendations for MFFFA spread steadily 
throughout Latin and South America, the Middle East, and parts of Africa and 
the Western pacific. 

 During the 2000s there were also significant developments to secure support 
for MFFFA on the international stage. In 2004 the FFI, the CDC, and the 
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Mexican Institute of Public Health jointly convened in Cuernavaca, Mexico a 
technical workshop entitled ‘Wheat Flour Fortification: Current Knowledge 
and Practical Applications’, (  88  ). The workshop was supported by the CDC, 
March of Dimes, MI, and GAIN. Four years later the FFI hosted its Second 
Technical Workshop on ‘Wheat Flour Fortification: Practical Recommendations 
for National Application’ in Georgia, USA to provide advice for countries con-
sidering national wheat and/or maize flour fortification (  45  ). The technical 
papers presented at the workshop endorsed MFFFA as well as other food forti-
fication policies. The steering committee for this workshop consisted of repre-
sentatives from among other agencies, the CDC, MI, GAIN, FFI, and WHO. 
The following year the WHO issued a consensus statement endorsing fortifica-
tion of flour with iron, folic acid, vitamin B12, vitamin A, and zinc (  6  ). This 
guideline was prepared by the core group from WHO’s Department of Nutrition 
for Health and Development in close collaboration with the Food and Agriculture 
Organization, the nutrition section of UNICEF, GAIN, MI, and FFI. The WHO 
commented that the guideline was based on scientific reviews prepared for the 
FFI technical workshop held in Stone Mountain, GA, USA in 2008.     

   2010s   

 In 2010 a special supplement of the  Food and Nutrition Bulletin , entitled, ‘Flour 
fortification with iron, folic acid, vitamin B12, vitamin A, and zinc: Proceedings 
of the Second Technical Workshop on Wheat Flour Fortification’ (  89  ) was 
published and it again drew from the technical background documents 
that were presented at the FFI technical workshop held in Stone Mountain, 
GA, USA in 2008. The supplement repeated the technical workshop’s 
call for MFFFA. Later in 2010, the Sixty-third World Health Assembly and 
the 126th session of the Executive Board adopted a number of resolutions 
and decisions in relation to birth defects (  90  ). The World Health Assembly 
urged Member States to increase coverage of folic acid supplementation and 
requested the Director-General support Member States in developing national 
plans for implementation of food fortification strategies, for the prevention of 
birth defects, and promoting equitable access to such services. 

 As at 2012, 66 countries have recommended MFFFA as national policy —
 mostly in wheat flour and within the range 100–300 μg /100 g (  91  ). It is not 
always possible to ascertain if the primary motivation for MFFFA recommen-
dations has been NTD prevention or as a conventional food fortification policy 
responding to evidence of population-wide folate deficiency. Several countries 
(Ireland, New Zealand, UK) initially did recommend MFFFA but subsequently 
expressed concerns about their original recommendation and have since either 
reversed or deferred their recommendation. Also, the US is reviewing its 
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MFFFA policy to consider increasing the number of food products mandated 
to be fortified with folic acid.      

   Discussion      
   The public health benefits, risks and ethical 
considerations of MFFFA   

 MFFFA is associated with mixed public health benefits and risks and has a low 
ethical justification. Evaluative evidence consistently indicates that it is effec-
tive in helping prevent NTDs though the level of effectiveness varies with the 
baseline NTD prevalence, the national frequency of the 677 TT polymor-
phism, proportion of unplanned pregnancies and folate status of the target 
group. It is equitable as it has the practical advantage of passively increasing the 
folic acid intake of everyone who consumes products made from fortified 
flour. Paradoxically, its key practical advantage in achieving effectiveness and 
equity — that it passively exposes the target group to increased folic acid — is 
also its key disadvantage in that it indiscriminately exposes everyone in the 
population to novel levels of a synthetic vitamin for the rest of their lives. 

 The indiscriminate nature of MFFFA exposes this policy option to concerns 
about its public health risks. Some have likened its action in increasing the 
population’s folic acid intake to it being a form of ‘uncontrolled clinical trial’ 
(  92  ). In a similar vein, while acknowledging its effectiveness but equally draw-
ing attention to its public health risks, others have described the policy as a 
‘double-edged sword’ (  93  ). The ethical justification for MFFFA is weak as 
assessed against the five principles in this investigation. It is not proportional at 
the population level, it is not necessary, it has a high level of infringement and 
rarely has been publicly justified. 

 The assessment of public health benefits, risks and ethical considerations 
varied among the four alternative policy options. Relative to these alternative 
policy options with which it was compared MFFFA was generally more posi-
tively assessed for public health benefits. An exception being the special case of 
preventing recurrent NTDs for which supplementation was the most effective 
and equitable as the necessary 4–5-mg dose could be made available and 
intended recipients would be aware of the need to consume the supplement. 
One qualifier in comparing the relative public health benefits of the alternative 
policy options is that they have not been evaluated to the same extent as MFFFA 
for their effectiveness and cost-effectiveness in reducing NTD prevalence. All 
of the policy alternatives were associated with less public health risk than 
MFFFA. The ethical justification for all of the alternative policy options was 
stronger than for MFFFA. 
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 The primary lesson from the assessment of this case study was the critical 
importance of matching a potential policy option to the underlying cause of a 
policy problem. The degree of alignment of a potential policy option with the 
underlying cause of NTDs was predictive of the extent of public health benefit, 
risk and ethical considerations. This was demonstrated by the positive findings 
for supplementation which was the policy option most directly responding to 
the aetiological evidence for NTDs (Figure 6.2). 

 The assessment for this case study was unable to account for variations in 
local circumstances among countries. Countries with relatively high NTD 
rates, low folate status (especially if associated with anaemia), high national 
frequency of the  MTHFR  C677T polymorphism and high proportion of 
unplanned pregnancies, are likely to achieve a higher reduction in NTD preva-
lence (and anaemia prevention) from MFFFA than other countries. These dif-
ferential impacts will have a bearing on the assessment of public health benefits, 
risks and ethical considerations associated with each policy option for a par-
ticular country.      

   The policy process for MFFFA   

 Presented with the same epidemiological evidence, policy-makers in countries 
around the world have interpreted this evidence in different ways to formulate 
different policy responses. It is a highly contested and controversial public 

      Fig. 6.2    The major pros and cons of mandatory flour fortification with folic acid 
versus folic acid supplementation in preventing NTDs.     
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health policy topic. There are geographical clusters of countries that have rec-
ommended MFFFA and these include the Americas, the Middle East, parts of 
Africa, and the Western Pacific. There are other geographical clusters where 
MFFFA has not been recommended, most notably Europe where a diversity of 
voluntarily folic acid fortified food products are available and promotion cam-
paigns have been implemented, albeit usually on a short-term basis. 

 Few policy-makers question the epidemiological evidence for the folic acid–
NTD relationship. Instead the political debate is about to which policy option 
should this evidence be interpreted as supporting. The complicating circum-
stances associated with NTDs set up the policy-making process to confront 
some major evidential and ethical challenges in judging how best to translate 
the epidemiological evidence into a policy solution. In this regard MFFFA is a 
particularly rich case study to observe how and why food fortification policy is 
made. In this section, a description of how and why MFFFA is being promoted 
at the international level is provided. There are many actors within countries 
and globally who are involved in activities to promote MFFFA. A brief descrip-
tion of the role and influence of the more prominent global actors as identified 
in the earlier chronology of MFFFA developments is presented along with 
examples of their activities in promoting MFFFA and the relevant agendas 
within which food fortification policy-making is operating.    

   Actors   

 This description of the more prominent global actors is structured around 
their sophisticated advocacy for MFFFA and their network of interactions with 
other actors.    

   The US Centers for Disease Control and Prevention (CDC)     In 1992 it was 
the CDC that was among the first agencies to recommend that all women of 
childbearing age consume 400 μg of folic acid daily to help prevent NTDs (  78  ). 
Around this time the CDC, through the then Director of its Division of Birth 
Defects and Developmental Disabilities, Dr Godfrey Oakley, along with the 
March of Dimes, began advocating for folic acid to be added to the US stand-
ard for enriched flour (  94  ). It continues to be highly supportive of MFFFA, 
describing it as one of the ten great public health achievements in the US dur-
ing the decade 2001–2010 (  95  ). 

 Now the CDC’s National Center on Birth Defects and Developmental 
Disabilities has developed a ‘Global Initiative to Eliminate Folic Acid-
Preventable Neural Tube Defects’. The aim of the initiative is to expand the 
number of low- and middle-income countries (LMICs) with mandatory 
folic acid fortification of ‘high penetrance staples’ and among its strategic 
objectives are to work with the WHO and others ‘to establish a global policy to 
support and advance country-level fortification efforts (  96  ). 
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 The CDC has been a nurturer of many of the prominent global actors involved 
in promoting MFFFA. In 2004 it contributed to the formation of the FFI (  97  ) 
and it continues to fund FFI’s global secretariat as well as serving as a member of 
the FFI Executive Management Team (  97  ). Dr Godfrey Oakley has gone on to 
become one of the strongest advocates for MFFFA internationally. In addition, 
the current Coordinator of WHO Micronutrient’s Division, previously worked 
at the CDC where he was actively involved in the monitoring and evaluation of 
flour fortification programmes (  98  ).     

   Flour Fortification Initiative (FFI)     FFI is the world’s leading advocate for 
MFFFA. Formed in 2004, it is a network of public, private, and civic organiza-
tions that is working towards making fortification of wheat flour a standard 
practice globally. FFI’s goal is for ‘80 %  of the world’s roller miller flour to be 
fortified with at least iron or folic acid by 2015’ (  45  ). It has a well-developed 
and resourced strategy (  99  ) that guides it in working with national leaders to 
advocate for flour fortification, provide technical assistance and resources for 
putting fortification plans into practice, and to undertake monitoring and 
surveillance of performance against objectives. It has been very effective in 
placing MFFFA on the political agenda internationally with its series of techni-
cal workshops in the 2000s and in promoting recommendations to engage in 
MFFFA in many countries. FFI lists among its partners the CDC, MI, GAIN 
and the WHO.     

   Micronutrient Initiative (MI)     MI has been a strong supporter of both 
MFFFA and folic acid supplementation activities especially in Bangladesh, 
India and Nepal (  100  ). In 2003 it was the prime mover in establishing a coali-
tion of international organizations to advocate for worldwide action on 
increasing folic acid uptake to prevent NTDs (  101  ). It is involved in partner-
ships with FFI, GAIN and the WHO to promote MFFFA.     

   GAIN     GAIN’s goal is to reach 1.5 billion people with fortified foods including 
foods fortified with folic acid (  102  ). It is pursuing this goal with partnerships 
with the CDC, MI, FFI and the WHO and the private sector and is heavily 
supported by the Bill & Melinda Gates Foundation and USAID, amongst 
 others at lesser levels.     

   Champions for MFFFA advocacy     An important advocacy strategy is to have 
a champion who can represent the face of an advocacy programme by appear-
ing in the media, meeting with policy-makers and engaging in public, profes-
sional and political debate for an issue. Champions need to be committed 
to the issue, well networked and especially energetic in prosecuting a case. 
MFFFA has attracted a range of champions around the world. The most 



DISCUSSION 155

 energetic champion has been Professor Godfrey Oakley who has been 
described as the ‘folic acid ambassador’ for his advocacy role in encouraging 
countries to fortify flour with folic acid (  45  ) .  When Director of the CDC’s 
Division of Birth Defects and Developmental Disabilities, he joined with the 
March of Dimes to advocate for folic acid to be added to the US standard for 
enriched flour that then led to the US issuing this regulation in 1996. He has 
published many articles in professional journals advocating for MFFFA. In 
addition to his connections with CDC, in his current role as research professor 
of epidemiology at the Rollins School of Public Health at Emory University, he 
is linked with the FFI whose website has been hosted by this university.       

   WHO   

 The WHO’s support for MFFFA is strong and represented in its 2009 
Recommendations on wheat and maize flour fortification (  6  ). The WHO 
receives grants from MI, CDC and GAIN for this programme, and is actively 
engaged in partnerships with these organizations as well as FFI. As noted ear-
lier, the Coordinator of WHO Micronutrient’s Division, Dr Juan Pablo Pena-
Rosas, previously worked at CDC as an expert in monitoring flour fortification. 
In 2011 he was appointed as an Adjunct Assistant Professor at the Rollins 
School of Public Health at Emory University in the US where Professor Godfrey 
Oakley is based and where the FFI website has been hosted. 

 These actors are influential and well-resourced advocates for MFFFA as the 
preferred policy option to help prevent NTDs. There are no equivalent actors 
who overtly advocate on the international stage for alternative policy options to 
help prevent NTDs. There is a degree of ‘push-back’ questioning MFFFA in the 
scientific press, especially from European work, though this does not have the 
same advocacy impact. The actors present a strong united front complementing 
each other’s activities. As depicted in Figure   6.3   they participate in a network of 
interactions so as to form an effective coalition to advocate for MFFFA.     

   Activities   

 Advocacy has been a core activity in policy-making processes for MFFFA around 
the world. The influence of advocacy in shaping national MFFFA recommenda-
tions is described with reference to experiences in New Zealand and Fiji.    

   New Zealand — duelling advocacy campaigns and the MFFFA rollercoaster     
In the mid-2000s New Zealand was reviewing the policy options available 
to respond to the epidemiological evidence of the folic acid–NTD relation-
ship. At that time the NTD birth prevalence was relatively low by international 
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standards at approximately 6 per 10,000 (  103  ). Also at that time, foods includ-
ing bread and breakfast cereals were permitted to be voluntarily fortified with 
folic acid and were widely available. 

 Activities undertaken by the FFI and civil society advocates contributed to 
the country’s regulatory agency recommending MFFFA as the preferred policy 
option in 2007 (  104  ). It was estimated that this policy would reduce the number 
of NTD-affected pregnancies by 4–14 cases (up to 20 %  of the total cases). 
However, during the two-year-phase in period for the policy an advocacy cam-
paign undertaken by the baking industry, and in combination with a change in 
government, resulted in the policy being deferred until 2012 (  105  ). The change 
in policy position frustrated advocates for MFFFA with an FFI report com-
menting that ‘Sheep blocking a road on the South Island in New Zealand sym-
bolize the roadblocks faced in attempting to implement mandatory flour 
fortification in Ireland and New Zealand’ (  106  ). Further advocacy by FFI and 
civil society organizations again contributed to mandatory MFFFA being posi-
tioned as the proposed policy option by the New Zealand Ministry for Primary 
Industries in 2012 (  107  ). 

 In the five-year period 2007–2012, New Zealand has experienced a MFFFA 
policy rollercoaster — recommending, deferring and then finally choosing to 
reject this policy (108). The evidence to inform the policy has not changed 

      Fig. 6.3    The coalition of global advocates for mandatory folic acid fortification and 
their network of interactions.     
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significantly during this period. Instead the alternating policy positions reflect 
duelling advocacy campaigns by actors for and against MFFFA.     

   Fiji — the role of advocacy in MFFFA policy-making in the absence of evi-
dence     The following example of advocacy to regulate MFFFA in a country is 
taken from a review (  109  ) of the policy development process associated with 
regulating MFFFA in Fiji. 

 Advocacy for flour fortification in Fiji began in the late 1980s. Fiji, along 
with most Pacific Island countries, does not have a strong capacity to under-
take comprehensive nutrition monitoring and surveillance activities. 
Nevertheless, there was available at that time substantial evidence of significant 
and persistent iron deficiency anaemia among the Fijian population to support 
the case for mandatory iron fortification of flour. Evidence to support mandat-
ing other nutrient fortification was not available. According to the review, in 
1999 a UNICEF consultant undertook an assessment of the feasibility of iron 
fortification for Fiji and although he only reviewed the case for iron-deficiency 
anaemia, he recommended that wheat flour be fortified not just with iron 
but also zinc, folic acid, thiamin, riboflavin and niacin. The justification for 
recommending MFFFA was that it had been introduced in the US as a policy 
option to decrease NTD prevalence and that flour fortification offered 
an opportunity to add other micronutrients by using standard premixes. In 
2000 the Fijian Cabinet agreed that the Ministry of Health should proceed 
with flour fortification. Since 2004, Fiji has required all flour to be fortified 
with the micronutrients recommended by the consultant in 1999. This country 
example highlights that advocacy can be effective in bringing about the regula-
tion of MFFFA despite the absence of evidence of a population’s folic acid 
consumption, folic acid status and NTD prevalence rates. Instead the rationale 
was opportunistic, i.e. the flour was already being fortified with iron, so it 
was decided to extend the fortification to include other nutrients regardless of 
there being no evidence available to support such an approach. This lack of 
evidence to inform folic acid fortification is not unique to Fiji. The 
WHO Executive Board has noted that the magnitude of folate deficiency 
and folate status at national level for many countries is poorly known (  110  ). 
Of relevance to the MFFFA policy decision in Fiji are study findings from 
countries in the Western Pacific region. The findings indicate that following 
education and social socioeconomic levels, will purchase and consume vitamin 
supplements (  111  ). 

 Framing has been a significant strategy as a complement to the advocacy for 
MFFFA. NTDs are devastating and the need to prioritize their prevention gen-
erates much emotion in policy discussions. MFFFA variously has been 
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described as a ‘miracle’ (  112  ) and a policy that urgently needs attention (    113  ). 
Some have gone so far as to state that governments who delay introducing 
MFFFA are committing ‘public health malpractice’ (  114  ). 

 One common feature of MFFFA framing has been to accentuate its benefits, 
e.g. claiming that this policy option will prevent up to 70 %  of NTD cases (even 
in countries with a high folate status and low NTD prevalence) (  115  ). Others 
claim that MFFFA can reduce the risk of other birth defects (  6  ) despite there 
being no statistically significant evidence to support this claim (  33  ). Proponents 
often frame MFFFA as a simple, straightforward policy decision with almost all 
‘up-side’ and little if any ‘down-side’. For example, FFI and CDC are essentially 
as one in presenting the case for MFFFA when they state, ‘The need is abun-
dant, the strategy is effective, the costs are low, and the potential benefit is stag-
gering’ (  45  )  and  ‘Fortification of flour and other high-consumption, 
high-penetration staples with folic acid is a feasible, economical, safe, and 
effective public health policy to prevent NTDs worldwide’ (  97  ). 

 A second common feature of MFFFA framing is to diminish concerns about 
its risks and ethical considerations. Some advocates directly tackle concerns by 
stating outright that fortification of wheat flour with folic acid is safe (  45  ). 
Others shift the blame for excessive folic acid intakes and potential adverse 
effects in populations away from MFFFA and on to folic acid supplement use 
(  116  ). In Germany (  117  ) and Canada (  118  ) scientists have recommended that 
regulations be introduced to limit the use and marketing of such supplements. 
Elsewhere risks linked to MFFFA such as masking the symptoms of vitamin 
B12 deficiency are often described as ‘theoretical’ and by inference dismissed 
as being of concern. Such inferences overlook the existence of a UL based on 
such risks and, irrespective of one’s view about the risks, it is a dubious approach 
to be advocating for a policy if it knowingly increases the proportion of the 
population who exceed the UL. 

 A powerful form of framing relates to what is not presented in policy forums, 
in other words, framing by omission. The aetiological evidence for underlying 
cause(s) of NTDs is often not presented in policy forums. This situation means 
that there is lacking a frame of reference to understand public health risks and 
ethical considerations associated with different policy options. Complicating 
circumstances have necessarily framed the policy response as needing to be 
directed at a target group and not targeted at genetically predisposed women. 
However, this can confuse understanding of this topic; with some believing 
NTDs to be caused by a conventional population-wide folate deficiency rather 
than individuals within that group having an increased folic acid requirement. 
For example, MI does not differentiate between NTDs and anaemia when stating 
that both can result from folic acid deficiency (  100  ). Yet they are distinct — NTDs 
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most commonly result from a failure of at-risk individuals to meet an increased 
folic acid requirement whereas anaemia most commonly has a population-
wide prevalence resulting from folate (and not folic acid) deficiency. The dis-
tinction is important because it has a bearing on assessing public health 
benefits, risks and ethical considerations of different policy options.      

   Agendas      

   Global health governance     The global health governance agenda around PPPs 
has facilitated the ability of certain actors to gain privileged access to the UN 
system and to participate in key policy-making developments to promote 
MFFFA. The WHO’s involvement with PPPs has seen it actively engaged with 
CDC, FFI, MI, and GAIN in policy discussions that preceded and then included 
its 2009 Recommendations on wheat and maize flour fortification (  6  ). The 
Recommendation’s Report acknowledges that the WHO Micronutrients Unit 
receives grants from MI, CDC, and GAIN, among others. The report explains 
clearly that donors do not fund specific guidelines and do not participate in 
any decision related to the guideline development process.     

   International food trade     International food trade has not been an explicit 
influence on the MFFFA policy debate. The one notable exception arose 
immediately following the US decision to recommend MFFFA. Originally 
Canadian food regulators did not support MFFFA and urged the US FDA to 
not proceed with their MFFFA proposal. However, Canadian flour millers 
were not prepared to produce different flours for the domestic and US markets 
and they applied the political pressure that led Health Canada to recommend 
MFFFA for Canada (  119  ). 

 The analysis of this case study indicates that the policy-making process asso-
ciated with MFFFA internationally displays characteristics in common with all 
three political science theoretical frameworks reviewed in Chapter 2 (multiple 
streams, advocacy coalition framework (ACF) and network approach). In par-
ticular, characteristics of the policy-making can be described to a significant 
degree by drawing on features outlined in the ACF approach. When policy 
options have been recommended, a strong predictor of MFFFA has been the 
combination of actors, activities and agendas working in concert. Powerful 
actors with a shared belief in MFFFA as the preferred policy option have oper-
ated both independently and as part of a coalition of actors. They have been the 
dominant coalition in the absence of an alternative coalition with different 
beliefs towards policy options — those who believe in alternative policy options 
have operated more as individuals. The coalition has undertaken sophisticated 
and persistent advocacy to influence key events and policy outcomes. The way 
that evidence of benefits and risks of policy interventions to decrease NTD 
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prevalence has been framed has been instrumental in explaining how scientific 
uncertainties and ethical dilemmas have been rationalized. The global health 
governance agenda seeking out PPPs has elevated the influence of these 
 advocacy coalitions by facilitating their access to UN agencies and key policy-
making forums. 

 The advocacy for MFFFA can be compelling for governments wanting to be 
seen to be acting on the epidemiological evidence. MFFFA is attractive because it 
is a relatively straightforward policy response that can achieve demonstrable 
change in the target group and population’s folate status relatively quickly. 
In contrast, alternative policy options such as supplementation require more 
sophisticated approaches and a sustained investment to achieve similar changes in 
folate status. Some stress that this attractiveness is understandable but because of 
the complexity of folic acid–health relationships care must be taken so that policy 
decisions are based on scientific evidence rather than ‘political expediency’ (  93  ). 

 In their analysis of the MFFFA policy debate in Australia and New Zealand, 
Begley and Coveney conclude that a biomedical frame of reference dominated 
how MFFFA was represented in the media and professional journals. They 
comment that this observation reflected the traditional power and influence of 
the medical profession in framing the debate and influencing the policy proc-
ess and the ultimate decision to recommend MFFFA (  120  ). 

 The dominant role of medical views in shaping public health policy has been 
understood for many years (  121  ). What is unusual with the findings from this 
case study is that the exertion of the medical views is in a reverse orientation to 
that normally observed. Rather than advocacy focusing on the use of a medical 
intervention to help solve a public health problem as occurs when a nutrient 
supplement is proposed to correct a population-wide nutrient deficiency, in 
this case study a public health intervention is being appropriated to help solve 
a medical problem. 

 This description of how and why MFFFA has been adopted does not extend 
to cases where MFFFA has not (yet) been recommended. This is not to suggest 
that a decision to not recommend MFFFA is apolitical. Political processes and 
activities such as advocacy and framing can be just as relevant in explaining 
how and why a food fortification policy is made as well as how and why it is not 
made. However, there is a not an equivalent set of actors or extent of activities 
being undertaken, or agendas that are combining to promote supplementation 
or voluntary food fortification, in the way that these variables have come 
together to promote MFFFA internationally. 

 A national food regular’s recommendation for or against MFFFA reflects 
its judgement on the public health benefits, risks and ethical considerations 
of policy options. For some countries such as the UK concerns about 
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 public health risks have explained its policy response. In 2006, the Scientific 
Advisory Committee on Nutrition (SACN) that advises the UK Food Standards 
Agency and the UK Department of Health recommended that MFFFA should 
proceed (  122  ). Then a year later in response to emerging evidence, the Chief 
Medical Officer requested advice from SACN on potential adverse effects of 
folic acid on colorectal cancer risk (  123  ). In 2009, the SACN agreed that there 
were uncertainties but concluded that there were insufficient data to support 
the concerns that folic acid fortification promoted cancer and re-confirmed its 
previous recommendation for MFFFA (  123  ). In noting that approximately 
106,000 people in the UK were exceeding the UL for folic acid it also recom-
mended voluntary controls on folic acid supplement and voluntary folic acid 
fortified food marketing and consumption be implemented. The UK govern-
ment is yet to implement such voluntary controls or regulate MFFFA. 

 After initially recommending MFFFA, the Food Safety Agency of Ireland 
re-assessed their decision when evidence was provided indicating that volun-
tary folic acid fortification permissions were sufficient to achieve the folic acid 
policy recommendations. Similarly in Finland, it was decided that a relatively 
low NTD rate and the contribution of folate from the diet and voluntarily forti-
fied foods made the requirement for MFFFA redundant (  124  ). In New Zealand 
the government’s 2007 decision to regulate MFFFA was deferred shortly before 
it was to come into effect in 2009. After investing resources in advocating for 
MFFFA in New Zealand, the FFI undertook an analysis of the reason for this 
deferral (  106  ). Its analysis concluded that the deferral of the New Zealand gov-
ernment’s MFFFA recommendation was primarily the result of an advocacy 
campaign coordinated by local bakers and supported by a new government 
that was elected during the phase in period for the MFFFA regulation. 

 The different circumstances of high-income countries (HICs) and LMICs 
provide a point of difference to explain why some countries do or don’t recom-
mend MFFFA. In LMICs, the less developed primary health care delivery sys-
tems and the relatively higher cost of supplements for populations with less 
disposable income presents more challenges for the supplementation policy 
option relative to MFFFA. At the same time the substantial prevalence of con-
ventional folate deficiency-disease outcomes in LMICs such as anaemia, may 
displace NTDs as the primary folate related policy problem needing attention. 
In this situation the policy debate becomes far more complex, as multiple pol-
icy options need to be considered for multiple folate-related policy problems.       

   Future directions for preventing NTDs   

 Folic acid supplementation (as opposed to fortification) was used in the original 
clinical trials in the early 1990s that established the convincing epidemiological 
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evidence for the protective effect of folic acid in reducing the risk of NTDs. Into 
the future there is a strong case for this policy option being preferred for NTD 
prevention programmes. It is the policy option that most closely aligns with 
the cause of NTDs, it has the potential for the greatest reduction in NTD prev-
alence, it has a low level of public health risk and it is ethically justified. The 
primary constraint on folic acid supplementation’s acceptance is its reliance on 
political will. Whereas many governments have stated their commitment to 
NTD prevention they rarely have matched such statements with sufficient and 
sustained investment in folic acid supplementation promotion to enable it to 
achieve its full potential (  125 ,  126  ). Novel approaches to supplementation offer 
another opportunity to increase compliance. For example, the addition of 
folate in the form of metafolin or tetrahydrofolate to oral contraceptives is 
showing promise (  127  ). Though seemingly counterintuitive, this approach has 
the advantages of being directed at the target group, it can be complemented 
with information to increase awareness for when contraception is discontin-
ued, and as oral contraceptives are routinely not taken as prescribed, unplanned 
pregnancy rates can be significant. 

 There is important research that still needs to be conducted to address the 
existing scientific uncertainties associated with the folic acid–NTD relation-
ship. If the mechanism by which folic acid reduces the risk of NTDs could be 
elucidated, scientists would be closer to being able to design a screening tool to 
identify at-risk women, as well as gaining a greater understanding of the pre-
cise dose and timing, for folic acid to deliver a maximum protective effect. 
Ongoing research into the potential benefits and risks of folic acid for the tar-
get group and population as a whole will also help inform policy-making for 
NTD prevention. Given folate’s role in many important biochemical pathways 
there is much potential for additional benefits and risks to be identified with 
novel ways to increase the intake of this nutrient. Overall, this is a dynamic 
area with folic acid regularly linked to a variety of health outcomes. Should it 
be demonstrated that folic acid intake is related to the protection or promotion 
of a major disease such as cardiovascular disease then the assessment equation 
for MFFFA would need to be urgently re-addressed. 

 The aetiological evidence for NTDs suggests that they are caused by a com-
bination of environmental and genetic factors, and that increased folic acid 
intake may prevent up to 70 %  of cases. This means that even if an ideal folic 
acid intake were to be achieved, 30 %  of NTD cases would persist. Other policy 
interventions will be required for their prevention. 

 Monitoring and evaluation is a priority for future NTD prevention interven-
tions. Previously concerns have been expressed that systems for monitoring 
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MFFFA have not been adequate (  128  ). For example, many countries have com-
menced their implementation of MFFFA without adequate baseline measures 
being put in place to inform later evaluation. It is not just the impact of MFFFA 
on NTD rates that is important, more evidence on the relative  effectiveness, 
cost-effectiveness and equity implications of all policy options is required to 
better inform policy-making.

Monitoring of policy options also needs to be vigilant for additional public 
health benefits and risks that might arise for the target group and the wider 
population (  129  ). However, this presents a peculiar challenge. It can be pre-
dicted that as a consequence of MFFFA, the folic acid intakes of populations 
will be at novel levels and for novel periods of time (children will be exposed to 
a lifetime of raised levels of folic acid). It cannot be predicted what might be the 
impact of such novel intake patterns on public health benefits and risks, espe-
cially for a nutrient as metabolically influential as folic acid. In this situation, 
drawing on knowledge of the basic biological pathways with which folate is 
involved will help researchers anticipate where potential health outcomes 
might arise. A further challenge for monitoring and evaluation activities is that 
it will be difficult to detect potential benefits and risks of policy options because 
already there exists background exposure to folic acid, and in the case of 
MFFFA, there is no unexposed comparison group (  130  ). One research group 
unable to demonstrate a relationship between folic acid and stroke prevention 
have suggested that this outcome may be reversed if they were to repeat their 
study with a population that was not exposed to MFFFA (  131  ).     

   Lessons from the case study findings for the food 
fortification rationale   

 Adding a nutrient(s) to food to compensate for certain individuals having 
nutrient requirements higher than reference standards was proposed as one of 
three rationales for mandatory food fortification (Chapter 1, Table 1.1). In this 
section the case study findings are generalized to identify lessons regarding the 
plausibility of this particular food fortification rationale.  

 The case study findings indicate that MFFFA was associated with mixed 
public health benefits and risks and adverse ethical considerations. There are 
limitations in using food fortification as a policy solution for a policy problem 
that it is presumed is caused predominantly by a genetic polymorphism. Also, 
MFFFA is not relevant for addressing other NTD causes that account for 
approximately 30 %  of risk. NTDs are a peculiar policy problem in that compli-
cating circumstances provide a reason for MFFFA to be considered as a policy 
solution. Nonetheless the observations from assessing and analysing MFFFA 
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as a policy solution for NTDs indicate that it does not provide a strong case for 
accepting certain individuals having a nutrient requirement above reference 
standards as a rationale for food fortification. 

 There is another policy problem that falls within this food fortification 
rationale—micronutrient malnutrition when it is caused by a parasitic infec-
tion or a related medical condition in individuals, e.g. anaemia caused by 
worms and blood loss. Here food fortification, in the form of iron fortification 
of flour, could provide additional iron to help meet the raised iron require-
ment of affected individuals. In this situation, food fortification is not address-
ing the underlying cause of the policy problem, instead it is treating the 
symptoms. Based on the findings from this present case study (which also did 
not address the underlying cause of the problem) it would be predicted that the 
food fortification policy option may have limited public health benefits, some 
public health risks, and low ethical justification. In addition, and unlike the 
situation with NTDs, there is no apparent complicating circumstance that war-
rants its special consideration. However unlike NTDs, anaemia caused by  
parasitic infections and related conditions can be highly prevalent across pop-
ulations. This situation would result in greater ethical justification for food 
fortification within this rationale especially as a temporary or complementary 
solution until a policy option that directly and sustainably treats the underly-
ing cause of the problem is implemented. 

 The case study has raised the following ethics-related questions to consider 
when assessing whether ‘certain individuals having nutrient requirements 
above reference standards’ is a plausible rationale for food fortification:  

  1 What level of disease severity and prevalence resulting from a medical con-
dition in individuals justifi es food fortifi cation?     

 NTDs are severe congenital malformations in certain individuals but fortu-
nately they are not prevalent across the population. Anaemia resulting from 
parasitic infections and related conditions may not be as severe as NTDs but 
it is substantially more prevalent in some countries. Currently there are no 
guidelines on what level of disease severity and prevalence resulting from a 
medical condition in individuals justifies food fortification.  

  2 When formulating MFFFA interventions what proportion of a population 
exceeding the UL is acceptable?     

 A core challenge for formulating the technical conditions associated with 
MFFFA is that the policy needs to achieve a population folic acid consump-
tion profile that fits within the narrow window of exposure that is both 
effective and safe. Whereas the target group needs to consume an additional 
400 μg folic acid/day, the population as a whole needs to consume no more 
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than 1mg folic acid/day to avoid exceeding the UL for this nutrient. In several 
countries that are implementing MFFFA it is estimated that 4–5 %  of the pop-
ulation is exceeding the UL of folic acid intake. Is it appropriate to maintain a 
policy intervention that is known to be responsible for this degree of exces-
sive folic acid intake? Currently there are no guidelines for judging what 
proportion of the population exceeding the UL should be tolerated.      

   Conclusion   
 MFFFA as a policy option to decrease NTD prevalence has created a precedent 
for mandating the fortification of food. It was and remains the only example 
where mandatory food fortification has been recommended based on the 
rationale of adding a nutrient to a food(s) to help meet the predominantly 
genetically-mediated raised nutrient requirements of certain individuals, 
rather than tackling a population-wide nutrient deficiency. For this reason 
MFFFA is a complex and controversial policy option for decreasing NTD prev-
alence. The application of food fortification in this instance is not without 
reason. There is no policy option available to efficiently target all women who 
are genetically predisposed to having an NTD-affected pregnancy. In those 
countries where MFFFA has been recommended as the policy option in 
response to this peculiar situation, it generally has been effective in preventing 
almost one-half of NTD cases and usually in an equitable fashion. 

 Nevertheless, this novel application of mandatory food fortification — it is 
being co-opted to serve a medical treatment role — creates a precarious situa-
tion. MFFFA is delivering a synthetic form of a natural vitamin in relatively 
high amounts to the target group and it is doing so in an indiscriminate way so 
that everyone who consumes the fortified staple food(s) will have an increased 
intake of folic acid. For infants, children, men and older adults, this raised folic 
acid intake will occur without apparent benefit and often without their knowl-
edge. MFFFA is not a policy option that efficiently addresses the underlying 
cause of the policy problem. Public health risks are evident and it is a struggle 
to justify this policy option against the ethical principles adopted in this inves-
tigation. Overall, the observations from this case study do not provide strong 
support for mandatory food fortification when the rationale for adding nutri-
ents to food is that certain individuals have nutrient requirements higher than 
reference standards. 

 The need to formulate a policy response in the context of scientific uncer-
tainties, ethical dilemmas and complicating circumstances has brought many 
political dynamics to the surface. It has provided a valuable opportunity to how 
and why epidemiological evidence is translated into food fortification policy. 
There are five potential policy responses to the epidemiological evidence. 
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In many of those countries where MFFFA has been recommended, it is evident 
that a medical view towards food and health relationships has dominated 
 policy-making as a result of a compelling combination of powerful actors 
undertaking sophisticated advocacy and supported by global health govern-
ance agendas. 

 More than 20 years after the convincing epidemiological evidence that folic 
acid reduces the risk of NTDs was published approximately one-third of coun-
tries around the world have adopted MFFFA. Also during this period, few 
governments have invested substantially and sustainably in alternative policy 
options. The exciting prospect is that there is the potential for governments to 
do much more to reduce NTD prevalence if the political will exists for greater 
investment in alternative policy options such as folic acid supplementation 
interventions involving primary health care delivery services. Evaluations of 
this option have shown promising outcomes with the possibility of achieving 
levels of NTD prevention comparable with MFFFA while being associated with 
less public health risk and problematic ethical considerations. There remain 
many unknowns. Based on this case study’s findings, adding nutrients to foods 
to compensate for certain individuals having nutrient requirements above ref-
erence standards is a problematic rationale for mandatory food fortification 
policy and practice.      
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         Chapter 7  

 Case study 3: mandatory milk 
fortification with vitamin D      

 Vitamin D deficiency is the most common medical condition in the 
world (  1  ).

(Reproduced from Holick M, The vitamin D Solution: A three-step strategy to cure our most 
common health problem, Carlton North, Australia, Scribe Publications, Copyright © 2010)       

   Introduction   
 A conventional nutrition education axiom is that a person will receive all the 
nutrients they require in sufficient amounts so long as their diet follows 
three principles: variety, balance, and moderation. These three principles are 
at the core of advice provided in dietary guidelines and food selection guides. 
Yet, there is a nutrient exception. It is unrealistic to expect that sufficient vita-
min D for optimal health can be obtained from most diets around the world. 
The primary source of vitamin D for the body is sunlight via the action of 
ultraviolet B (UVB) radiation on the skin. 

 In contemporary times, humans’ lifestyles and living conditions have departed 
significantly from those that have existed for most of our evolutionary journey to 
date. People now spend more time indoors away from direct sunlight and for the 
first time in history the majority of people are living in urban environments so that 
when they do venture outside it is not uncommon for buildings and air pollution 
to filter out much UVB radiation. The effect of these lifestyles and living condi-
tions is to reduce the primary source of vitamin D for many people. Yet, human 
physiology in relation to vitamin D requirement has not been able to adapt to 
these changed circumstances. Vitamin D deficiency is reported to be prevalent in 
many countries around the world (  2  ) including those that have abundant sunlight 
(  3  ). Vitamin D deficiency has been described as now being a ‘pandemic’ 
(  4  ). Rickets, which occurs when the growing bone and cartilage fail to mineralize 
sufficiently, is the most recognized manifestation of vitamin D deficiency (  5  ). 
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 Mandatory fortification of food products with vitamin D to increase 
the intake of this nutrient is one potential policy solution to the vitamin D 
deficiency policy problem. In this investigation, mandatory milk fortification 
with vitamin D (MMFVD) has been selected as the case study for the food 
fortification rationale of adding a nutrient to a food to substitute for a reduc-
tion in exposure to the primary source of a nutrient (sunlight). Milk was 
selected as the food vehicle because it has been the most prominent vehicle for 
this purpose in the past, and is anticipated to continue as such into the future. 
In some countries the addition of vitamin D to margarine has been mandated 
but usually this is for reasons of achieving nutrient equivalence (Chapter 1) 
with butter and not as an explicit fortification intervention to compensate for a 
reduction in the primary source of vitamin D. MMFVD was selected as the 
representative case study of this food fortification rationale because it is the 
only case, i.e. it is the ‘revelatory’ case (  6  ). Although few countries currently 
recommend MMFVD, this appears set to change as attention towards the 
apparent substantial prevalence of vitamin D deficiency around the world 
increases. In addition, evidence about vitamin D and a variety of health rela-
tionships is rapidly accumulating (  7  ). In 2011 the US Institute of Medicine 
(IOM) released a controversial report on vitamin D reference intakes that is 
likely to influence future global MMFVD activities. 

 The purpose of the chapter is to present the findings of the investigation into 
the MMFVD case study. The chapter starts by outlining the case study’s back-
ground. Then an assessment of the case study’s public health benefits, risks, 
and ethical considerations relative to alternative policy options is presented. 
An analysis of how and why the 2011 IOM report on vitamin D reference 
intakes was made will be used to analyse policy-making for this case study as it 
is a likely portent of future MMFVD recommendations. A discussion of the 
assessment and analysis findings is provided. Emerging from the discussion 
are proposed future directions for preventing vitamin D deficiency. Finally the 
case study findings are generalised to construct lessons regarding the food 
fortification rationale that adding nutrients to food is evidence-informed and 
ethically justified in circumstances where there is a reduction in exposure to 
the primary source of a nutrient.     

   Background      
   Vitamin D and health   

 Vitamin D is a fat soluble vitamin that actually behaves more as a hormone 
than as a conventional nutrient in the human body. The term vitamin D 
refers to two prohormones: ergocalciferol (vitamin D2); and cholecalcif-
erol (vitamin D3). Vitamin D2 is produced by ultraviolet irradiation of the 
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plant steroid ergosterol. Vitamin D3 is produced in the skin following exposure 
to ultraviolet light that converts 7-dehydrocholesterol to cholecalciferol. 
Vitamin D2 and D3 are transported to the liver where they are metabolized to 
25-hydroxyvitamin D (25(OH)D), the major circulating form. Further hydrox-
ylation occurs in the kidney to form the biologically active 1,25-dihydroxyvita-
min D (1,25(OH)2D) which binds to the vitamin D receptor (VDR) found on 
the nuclear membrane of cells of at least 38 human tissues and organs (  8  ). The 
different forms have different biological activity, with the vitamin D3 form 
being approximately 87 %  more effective in raising and maintaining the circu-
lating serum 25(OH)D form, and produces two to three times greater storage 
of vitamin D than does equimolar D2 (ergocalciferol) (  9  ). 

 A number of years before vitamin D was identified and isolated, it was the 
unrecognized active ingredient in several interventions that successfully pre-
vented and treated rickets. Rickets most commonly presents in infants and 
children and is characterized by weak bones, bowed legs and growth retarda-
tion. The adult equivalent of rickets is osteomalacia and is characterized by 
bone discomfort and aches and pains in joints. Both Mellanby and McCollum 
in separate experiments induced rickets in animals and then demonstrated the 
efficacy of cod liver oil as a cure (  10  ) and a couple of years later it was observed 
that exposure to a mercury arc lamp or sunlight could cure infantile rickets 
(  11  ). Subsequently, vitamin D was identified and demonstrated to be essential 
for healthy bone maintenance and growth. It serves this physiological function 
by promoting absorption of calcium and phosphate from the small intestine, 
extracellular calcium homeostasis, and mineralization of the skeleton (  12  ). 

 The identification of VDR sites throughout the body has led to interest in 
investigating other possible physiological functions for vitamin D. An emerging 
evidence base, drawing on consistent findings from a number of observational 
studies, is indicating that vitamin D is associated with a variety of physiological 
systems and may have a role in mediating many health outcomes. In addition to 
its well-established relationships with the intestine and bone, vitamin D may 
generate biological responses in five physiological systems, namely, the immune, 
pancreas and metabolic homeostasis, heart and cardiovascular, muscle and 
brain, as well as controlling the disease process of cancer (  8  ). The relationships 
between vitamin D and physiological systems, biological responses and 
vitamin D deficiency related diseases are represented in  Figures  7.1   and   7.2  .       

   Sources of vitamin D   

 Vitamin D originates from three sources:  

  1 Sunlight exposure: vitamin D3 is synthesized directly when human skin is 
exposed to sunlight. Th is is the main source of vitamin D for most people. 
Commercial tanning beds and solaria that emit 2–6 %  UVB radiation are also 
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      Fig. 7.1  Contribution of vitamin D to good health and diseases related to its deficiency.
Reproduced with permission from Norman AW, Bouillon R. Vitamin D nutritional policy needs a vision for the future.  Experimental Biology and Medicine  2010; 235(  9  ):1034–45, 
Copyright  ©  2010 Royal Society of Medicine Press, UK.     
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      Fig. 7.2  Production, metabolism, and functions of vitamin D.
Reproduced with permission from the Sultan Qaboos University Medical Journal and the author. 
Alshistawy MM. Vitamin D deficiency: This clandestine disease is veiled no more.  Sultan Qaboos University 
Medical Journal  2012; 12:140–152.  ©  Copyright 2012, Sultan Qaboos University Medical Journal, 
All Rights Reserved.     
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eff ective in mimicking sunlight in the synthesis of vitamin D3 in the skin (  7  ), 
though as discussed later, they are associated with increased risk of early-onset 
melanoma and their prudent use is recommended by health authorities.  

  2 ‘Natural’ food sources in the diet: small quantities of vitamin D3 occur in 
foods of animal origin with the richest sources being fi sh oils, fl esh of fatty 
fi sh, eggs, and liver. Small quantities of vitamin D2 occur in some fungi 
especially if they are exposed to the sun.  

  3 Supplements and fortifi ed foods: vitamins D2 and D3 are available from 
supplements and fortifi ed foods (most commonly milk, margarine, fruit 
juices, bread, and breakfast cereals).         

   Recommended intake levels   

 It is broadly agreed that vitamin D levels in the body are best measured using 
the concentration of 25(OH)D in blood serum — it reflects the total ‘intake’ of 
vitamin D2 and D3 from sunlight and dietary sources. However, there is less 
agreement on what constitutes optimal, insufficient and deficient 25(OH)D 
concentrations because there are uncertainties about the quantity and quality 
of epidemiological evidence for a range of vitamin D and health relation-
ships. Without an agreed cut-off level for optimal 25(OH)D concentration in 
blood serum, it is a challenge to set recommended vitamin D intake levels. 
As one reference point, the 2011 IOM Dietary Reference Intakes for Calcium 
and Vitamin D concluded that persons are at risk of vitamin D deficiency, 
inadequacy and sufficiency at serum 25(OH)D concentrations of <30 nmol/L 
(<12 ng/mL), 30–50 nmol/L (12–20 ng/mL) and  ≥ 50 nmol/L ( ≥ 20 ng/mL) 
respectively, and serum concentrations  > 125 nmol/L ( > 50 ng/mL) are associ-
ated with potential adverse effects (  13  ). 

 Among most European countries, a Recommended Dietary Allowance 
(RDA) which is the ‘average daily dietary intake level that is sufficient to meet 
the nutrient requirements of nearly all (97.5 % ) healthy individuals in a particu-
lar life stage and gender group’ (  13  ) is used and ranges from 0–15  μ g/day 
for adults in different population groups (  14  ), where 15  μ g equates 
to 600 International Units (IU) of vitamin D. In Australasia the reference val-
ues are an Adequate Intake (AI) (5–15  μ g/day) which is used when there is 
insufficient evidence available to determine an RDA; in its place an AI is the 
‘average daily nutrient level based on observed or experimentally-determined 
approximations or estimates of nutrient intake by a group (or groups) of appar-
ently healthy people that are assumed to be adequate’ (  15  ). Until recently an AI 
was the reference value approach in North America. Then with the release of 
the 2011  IOM Dietary Reference Intakes for Calcium and Vitamin D , a marked 
change occurred. Although an AI (10  μ g/day) was still recommended for 
infants (0–12 months), an RDA of 15  μ g/day was set for children, adolescents, 
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and adults (including pregnant and lactating women) and an RDA of 20  μ g/day 
for older adults ( > 70 years). 

 Vitamin D is a fat-soluble vitamin and has a potential for toxicity if it is chroni-
cally consumed at very high doses from fortified foods or dietary supplements. 
A Tolerable Upper Intake Level (UL) is defined as ‘[the] highest average daily 
nutrient intake level that is likely to pose no risk of adverse effects to almost 
all individuals in the general population’ (  13  ) and for adults has been set at 50 μg/
day in Europe (  16  ), 80  μ g/day in Australasia (  15  ), and 100  μ g/day in North 
America (  13  ). People with certain medical conditions including sarcoidosis, tuber-
culosis, lymphoma, and kidney stones should only take vitamin D-containing 
supplements under medical supervision. It is unlikely that sufficient naturally 
occurring vitamin D in food could be consumed to cause toxicity concerns.     

   Epidemiological evidence for the policy problem   

 It has been estimated that 1 billion people worldwide have vitamin D defi-
ciency or insufficiency (  7  ). However, it is difficult to estimate absolute vitamin 
D prevalence precisely as it will vary depending on what cut-off levels for 
serum vitamin D concentration are used to determine deficiency. What appears 
to be happening in some countries is that the prevalence is increasing (  17  ). 
It has also been observed that in some countries where rickets was thought to 
have been eradicated it is now re-emerging (  18  ). 

 Vitamin D deficiency is not spread evenly among or within populations. 
Population groups at high risk of vitamin D deficiency include (  19  ):  

   ◆  Infants who are exclusively breastfed: breastfeeding is the healthiest start for 
infants as it confers protection against infection and some chronic diseases, 
and contributes to improved cognitive development (  20  ). Nevertheless, 
vitamin D is the exception to the nutrition guideline that breast milk is a 
complete food for infants as ordinarily it alone cannot meet requirements 
for this nutrient (  21  ). Th e risk will be increased if the breastfeeding mother 
is herself vitamin D defi cient.  

   ◆  Older adults: aging is associated with decreased concentrations of 
7-dehydrocholesterol, the precursor of vitamin D3 in the skin and therefore 
has a reduced capacity to make vitamin D3 in the skin (  22  ). In  addition 
older adults have reduced food intakes and so may have a correspond-
ing  reduced vitamin D intake but diet is not normally a factor in reduced 
 vitamin D intakes, even in the elderly. Th ey also tend to spend more time 
indoors, especially if they live in a nursing home or residential care. Th is is 
also the population group that is most at risk of falls and fractures.  

   ◆  People with dark skin: greater amounts of the pigment melanin in the epi-
dermal layer result in darker skin and melanin acts as a natural sunscreen 
reducing the skin’s ability to produce vitamin D from sunlight (  13  ). Th is presents 
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 challenges for dark-skinned populations moving from tropical areas with 
plenty of exposure to sunlight to more temperate climates e.g. Indian sub-
continent populations migrating to the northern cities of England.  

   ◆  People with gastrointestinal disease: people with gastrointestinal disease of-
ten suff er from fat malabsorption — a condition that will interfere with the 
metabolism of fat-soluble vitamins such as vitamin D.  

   ◆  People who are obese or who have undergone gastric bypass surgery: be-
cause vitamin D is fat soluble, it is readily taken out of circulation by fat 
cells, a process that is more pronounced in people who are obese.         

   Cause of the policy problem   

 The primary cause of vitamin D deficiency is inadequate sunlight exposure. 
Dietary behaviour is not a significant contributing factor to vitamin D defi-
ciency prevalence. With the exception of Inuit populations following tradi-
tional dietary practices characterized by high oily fish consumption (  23  ), diet 
is a secondary source of vitamin D. 

 Although it is impossible to be certain about the lifestyles of human ances-
tors when they first evolved in central Africa, they were exposed to substantial 
amounts of sunlight and they wore few coverings. The vitamin D was synthe-
sized through the action of UVB radiation on their skin although the melanin 
(responsible for dark skin pigmentation) tended to moderate this synthesis as 
it is highly efficient in absorbing UVB radiation. As people migrated from 
central Africa to regions of the world far from the equator, the strength of the 
available sunlight diminished in proportion to the latitude’s distance from the 
equator. This phenomenon occurs because as the angle at which the sun reaches 
the earth lessens, progressively more UVB radiation is absorbed by the earth’s 
atmosphere to the extent that, during wintertime in some countries, there may 
be little if any vitamin D3 synthesis (  24 ,  25  ). Selective pressures on migrating 
peoples meant that adaptation to lighter skin colour was an advantage for sur-
vival as it enabled more efficient synthesis of vitamin D (  26  ). The relationship 
between sunlight exposure and vitamin D status has been proposed as an 
explanation for the evolution of lighter skin colouration as an adaptive response 
to less sunlight for those humans who migrated from Africa to regions of the 
world far from the equator, such as the Scandinavian countries (  27  ). 

 Now vitamin D deficiency is believed to be prevalent in populations living in 
countries with plentiful sunshine (  28  ) as well as in populations that have 
adapted to less sunshine (  29  ). In both situations a variety of lifestyle circum-
stances and living conditions have resulted in decreased sunlight exposure for 
large sections of the population. Various cultural, religious and social customs 
may require people to cover their bodies extensively by wearing clothing such 
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as robes, head coverings and/or long-sleeved garments that have the effect of 
decreasing sunlight exposure. Extensive swaddling on infants is common in 
some cultures. Urbanization is a powerful predictor of low levels of vitamin D 
in populations around the world. It is associated with crowded cities, tall build-
ings, air pollution and people working in offices, all being characteristics miti-
gating sunlight exposure, as well as fresh air and physical activity more broadly. 
In addition, many people are unlikely to obtain adequate vitamin D from sun-
light because their living conditions mean they spend inordinate periods of 
time indoors — UVB radiation does not penetrate glass, so exposure to sun-
shine indoors through a window does not produce vitamin D (  30  ). These 
people include those who are housebound, hospitalized, institutionalized, 
employed as shift workers, as well as people with a disability and office workers 
who spend most of their daylight hours in front of a computer. Risks for 
 vitamin D deficiency can be cumulative, e.g. an individual with dark skin who 
lives in a country far from the equator and who covers most of their body with 
clothing will be presented with multiple risk factors for vitamin D deficiency.     

   Challenges with translating the epidemiological 
evidence for the policy problem into a policy solution   
 It might be anticipated that increased sunlight exposure is the logical policy 
response to the epidemiological evidence for vitamin D deficiency. However 
there exist scientific uncertainties and complicating circumstances that chal-
lenge the likely effectiveness of a policy based solely on promoting increased 
sunlight exposure. 

 The major scientific uncertainties affecting the policy formation process are the:  

   ◆  Dispute about the quality and quantity of the evidence for the range of 
potential vitamin D–health relationships.  

 ◆    Lack of consensus on cut-off  levels for serum 25(OH)D concentrations to 
determine defi ciency, insuffi  ciency, optimal, and excessive status.  

 ◆    Lack of consensus on recommended vitamin D intake levels (in addition to 
the uncertain cut-off  levels for determining vitamin D status, there is the 
challenge of having to account for the uncertain contribution of sunlight, 
variation with diff erent skin colour, diff erent sun exposure behaviours, and 
variation with geographical location).  

 ◆    Diffi  culty in reliably measuring the vitamin D composition of certain 
foods (  31  ).     

 The complicating circumstances affecting the policy formation process are 
twofold. First is the variety of lifestyle circumstances and living conditions that 
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have resulted in decreased sunlight exposure for large sections of the popula-
tion. These circumstances and conditions often are not immediately amenable 
to change and require investment to plan and provide options for increased 
sun exposure, e.g. identifying opportunities to include time periods for 
sun exposure within a daily routine such as walk during lunchtime when 
at work. 

 The second complicating circumstance is that there exists an opposing 
health message in relation to sunlight exposure. The UVB radiation that enables 
vitamin D to be synthesized in the skin also is a risk factor for skin cancer (malig-
nant melanoma) (  32  ). The use of tanning beds is also a risk factor for melanoma 
(  33  ). In response many cancer prevention agencies have promoted messages 
encouraging people to avoid sun exposure, to cover up when outdoors and to 
apply sunscreen to block out UVB radiation. Some have suggested that such 
messages have contributed to vitamin D deficiency (  5  ). Sunscreens with a sun 
protection factor of 15 or more when applied properly absorb 99 %  of the inci-
dent UVB radiation and will decrease the synthesis of vitamin D in the skin by 
a corresponding amount (  34  ). Because people generally do not apply sufficient 
amounts or cover all exposed skin the significance of the role that sunscreen 
may play in reducing vitamin D synthesis is uncertain. 

 The challenge for public health agencies is to achieve a prudent balance with 
sun exposure advice so as to promote a sufficient vitamin D status for the 
population while protecting against risk of melanoma. Some believe that until 
recently the advice has been skewed too far towards avoidance to the denial of 
the health benefits to be gained from sun exposure. The argument has been 
made that in attempting to protect against skin cancer public health agencies 
have inadvertently created an environment of increased risk for a range of 
other cancers associated with vitamin D deficiency (  35  ).      

   Assessing the public health benefits, risks, and ethical 
considerations of policy options   
 There are six policy options available to respond to the epidemiological evi-
dence of vitamin D deficiency:  

  1 Mandatory milk fortifi cation with vitamin D.  

  2 Voluntary milk fortifi cation with vitamin D.  

  3 Public health measure — promote sunlight exposure.  

  4 Vitamin D supplementation.  

  5 Nutrition education.  

  6 Maintaining the status quo.     
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 Each of these policy options is described and examined in terms of how they 
relate to the cause of the policy problem — vitamin D deficiency being a policy 
problem resulting from reduced sunlight exposure that is the primary source 
of vitamin D. The case for each policy option as a solution to NTDs is assessed 
in relation to its public health benefits (effectiveness, costeffectiveness, equity, 
and practical advantages), risks (primary and secondary and practical disad-
vantages), and ethical considerations—in terms of its adherence to five justifi-
catory conditions (effectiveness, proportionality, necessity, least infringement, 
public justification). Table   7.1   summarizes the public health benefits, risks and 
ethical considerations of the six policy options.  

 The policy options are context dependent. In other words, the assessment of 
each policy option will vary depending on the local circumstances associated 
with vitamin D deficiency, including:  

 ◆    Th e national vitamin D defi ciency prevalence.  

 ◆    Th e level of political commitment for the policy option.  

 ◆    Th e latitude, season, and degree of urbanization.  

 ◆    Whether other policy interventions will be introduced to complement a 
particular policy option.     

 Therefore, the assessment of each policy option is based on four assump-
tions. First, that vitamin D deficiency is prevalent in the local setting where 
the assessment is based; second, that the level of political commitment for each 
policy option is comparable with the current norms as reported in the scien-
tific literature, i.e. not necessarily the ideal (this assumption is necessary 
because evidence is only available for current norms); third, that the latitude 
and season and degree of urbanization do not preclude the ability to obtain 
sufficient sunlight to achieve adequate vitamin D status; and fourth, that each 
policy option would be implemented as a stand-alone policy response.    

   Mandatory vitamin D fortification of milk      

   Description   

 MMFVD is not a common policy option, but based on practice in Canada, the 
original country that adopted this policy option, fluid milk is fortified to pro-
vide 44 %  of the recommended daily intake (of 400 IU or 10  μ g) per 250-mL 
serving (  36  ). Milk is a particularly suitable vehicle because vitamin D is fat 
soluble and milk is a good source of calcium consistent with bone health mes-
sages. However, it is not ideal for countries where the population does not 
drink milk, either because it is not customary or because they are lactose sensi-
tive. For example, in India, bread might be a preferred food vehicle for vitamin 
D fortification (  37  ) .      
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   Relationship of this policy option to the cause 
of the policy problem   

 MMFVD does not directly address the cause of the policy problem.     

   Public health benefits      

   Effectiveness     In those countries where MMFVD has been implemented and 
evaluation has been undertaken, the results offer mixed support for the effec-
tiveness of this policy intervention. Shortly after MMFVD was introduced in 
Canada in 1975 childhood rickets was virtually eliminated; however, cases of 
childhood rickets reappeared in the 1990s in association with the replacement 
of milk with plant-based beverages that were not fortified with vitamin D in 
children’s diets (  38  ). More recently it has been reported that in spite of 
MMFVD one-quarter of Canadians did not meet the vitamin D RDA (  39  ). 
Similarly in Finland, MMFVD has been reported as having had a positive 
impact on the vitamin D status of young men, especially during winter, but 
one-third of this population group remained vitamin D insufficient (  40  ). 

 These findings indicate that MMFVD is increasing vitamin D intakes in 
those countries where it is being implemented but not sufficiently for all popu-
lations groups to achieve recommended intakes or sufficient vitamin D status. 
Some researchers conclude that current levels of mandatory vitamin D fortifi-
cation in permitted foods such as milk are likely to be inadequate to satisfy 
physiological requirements (  41  ). Other researchers have commented that 
because milk consumption behaviours differ among population groups there is 
a need to not only consider increasing the amount of vitamin D added to 
milk but also increasing the range of foods eligible for fortification (  36 ,  42  ). 
Vitamin D fortification interventions for a range of foods including those with 
a relatively low fat content (orange juice, wheat bread, skim milk powder) have 
been reported to increase serum 25(OH)D concentrations in community-
dwelling adults (  43  ).     

   Cost-effectiveness     There is a lack of data available on the cost-effectiveness 
of MMFVD.     

   Equity     MMFVD increases the intake of vitamin D for all people who consume 
milk. However, milk consumption patterns differ among populations.     

   Practical advantages     MMFVD can deliver a dose of vitamin D to all people in 
the population who consume milk without the need for dietary behaviour 
change. Also it has the effect of reducing seasonal variation in vitamin D status.     

   Public health risks   

 The non-uniform milk consumption patterns among population groups 
means that there are practical challenges in designing a MMFVD  intervention 
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to achieve a Gaussian intake distribution for vitamin D with a narrow disper-
sion so that most people meet nutrient intake recommendations without 
exceeding the UL for this nutrient.      

   Ethical considerations      

   Effectiveness     MMFVD has mixed effectiveness.     

   Proportionality     Although there is potential to increase the vitamin D intake 
of relatively small segments of populations beyond the UL surveys indicate 
that, vitamin D deficiency is prevalent among populations. In addition, dis-
eases with which it is associated, such as rickets, are severe. These circum-
stances support MMFVD as a proportional policy option.     

   Necessity     Alternative policy options are available to help prevent vitamin D 
deficiency.     

   Least infringement     MMFVD is the most coercive of the policy options avail-
able to prevent vitamin D deficiency. It has a high degree of infringement on 
an individual’s free choice.     

   Public justification     The degree to which people are made aware of the 
impact of MMFVD on their nutrient intake and have the opportunity to 
have the policy explained will vary among countries and with a range of 
 circumstances.       

   Voluntary vitamin D fortification      
   Description   

 Whereas only a handful of countries have recommended MMFVD, voluntary 
vitamin D fortification is widely available in many countries. The food vehicles 
most commonly fortified with vitamin D on a voluntary basis are milk, yoghurt, 
cheese, fruit juices, and breakfast cereals.     

   Relationship of this policy option to the cause of the policy 
problem   

 Voluntary vitamin D fortification does not directly address the cause of the 
policy problem.     

   Public health benefits   

 The public health benefits for voluntary vitamin D fortification are similar 
to those for MMFVD with the distinction that a variety of food products 
will contain raised levels of vitamin D. Therefore, relative to MMFVD, volun-
tary vimtain D fortification is more likely to increase the spread of vitamin D 
exposure and hence dietary intakes across population groups.     
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   Public health risks   

 The ability of voluntary vitamin D fortification to spread exposures and dietary 
intakes across population groups is both a public health benefit and a public 
health risk as people who consume large amounts of a variety of foods may be 
placed at risk of exceeding the vitamin D UL. 

 Practical disadvantages The design and implementation of the intervention —
 which foods are fortified, at what levels and when — are at the discretion of food 
manufacturers. Despite vitamin D deficiency apparently being prevalent in 
many populations, it cannot be assumed that food manufacturers would, or 
should, be responsible for controlling and treating this public health problem.     

   Ethical considerations   

 As for MMFVD, though voluntary vitamin D fortification is a less coercive 
policy option because an individual will likely be able to choose non-fortified 
food products.      

   Public health measure — promote sunlight exposure      
   Description   

 Modest sunlight exposure is being promoted by health authorities in a number 
of countries. In the UK modest sunlight exposure is described as an exposure 
of 10–15 minutes daily of sunshine (  44  ). Elsewhere it has been estimated that 
exposure to arms and legs for five to 30 minutes in the middle of the day is 
adequate to meet vitamin D requirements, though this will vary with seasonal-
ity, latitude, clothing, sunscreen use, skin pigmentation and age, and some 
cultural practices (  45  ). Modest sunlight exposure means avoiding baking or 
burning of the skin.     

   Relationship of this policy option to the cause of the policy 
problem   

 This policy option is directly related to the cause of the policy problem.     

   Public health benefits      

   Effectiveness     In the absence of clear impact of vitamin D fortification and 
supplementation as well as an increased intake of vitamin D-rich foods, 
sunlight exposure has been demonstrably effective in providing sufficient 
vitamin D for positive health outcomes throughout human evolution. Similarly, 
it has been observed that during periods when sunlight has been less accessible 
such as the industrial revolution and modern urbanization, rickets has become 
prevalent.     
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   Cost-effectiveness     There is a lack of data available on the cost-effectiveness 
of sunlight exposure.     

   Equity     Sunlight is free, and with the exception of those individuals who are 
housebound, hospitalized, or institutionalized, it is widely available to people. 
However, a person’s geographical location (latitude and seasonality), culture 
and exposure to air pollution will affect the quality and quantity of the avail-
able sunlight.     

   Practical advantages     Sunlight exposure is natural, and in addition to being 
effective in maintaining an adequate vitamin D status to prevent rickets, the 
behaviour itself is associated with broader health and well-being benefits 
because it takes place in fresh air and is generally accompanied by a level of 
physically activity.      

   Public health risks      

   Primary public health risk     Sunlight exposure does not result in vitamin D 
toxicity even if undertaken for extended periods of time because its action is 
self-limiting with the sustained heat on the skin being thought to photo-
degrade previtamin D3 and vitamin D3 as it is formed (  7  ).     

   Secondary public health risk     The UVB radiation present in sunlight is a risk 
factor for melanoma. Excessive sunlight exposure is the main cause of melano-
ma in most populations (  46  ). 

Practical disadvantages Sunlight exposure cannot reduce the seasonal 
 variation in vitamin D status. However, Holick has estimated that sufficient 
sunlight exposure during summer, spring and autumn can provide for an 
adequate body fat reserve of vitamin D3 which can then be released during 
winter when vitamin D3 synthesis is less efficient (7).     

   Ethical considerations      

   Effectiveness     Sunlight exposure is effective when accessible.     

   Proportionality     Sunlight exposure is associated with public health benefits, but 
also public health risks when ‘taken’ in excessive amounts. It is a proportional 
policy option if modest sunlight exposure is practised. In Norway it has been 
estimated that the predicted increased cutaneous malignant melanoma deaths 
associated with raised sunlight exposure would be compensated 10-fold by the 
reduction in other cancer deaths from achieving elevated vitamin D status (  47  ).     

   Necessity     It is possible to prevent vitamin D deficiency without sunlight 
exposure if particular food selections are undertaken, including foods fortified 
with vitamin D, or vitamin D supplements are consumed. However, given 
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 sunlight’s history of effectiveness, free availability and secondary health benefits 
it is an important component of a vitamin D deficiency prevention policy.     

   Least infringement     Individuals are not obliged to be exposed to sunlight and as 
such this policy option has a minimal infringement on an individual’s free choice.     

   Public justification     Sunlight exposure is natural and is of benefit to everyone, 
its promotion is publicly justified.       

   Vitamin D supplementation      
   Description   

 Multivitamin supplements that contain 400 IU vitamin D3 and supplements 
containing vitamin D3 only in amounts ranging from 400–50,000 IU are now 
available (400 IU vitamin D3 = 10  μ g vitamin D3 = 1 teaspoon of cod liver oil).     

   Relationship of this policy option to the cause 
of the policy problem   

 Vitamin D supplementation does not address the cause of the policy problem.     

   Public health benefits   

 Effectiveness Supplementation can be effective when implemented as a tar-
geted policy option for high-risk population groups.

Cost-effectiveness A lack of evidence of cost-effectiveness.

Equity Not equitable.

Practical advantages Delivers a precise vitamin D dose to individuals with-
out exposing everyone in the population to raised levels of this nutrient. It is 
particularly suitable for increasing the vitamin D intake of individuals in 
population groups at particular risk of vitamin D deficiency.     

   Public health risks   

 Primary risk Caution is indicated with vitamin D supplementation because 
vitamin D toxicity can be caused by excessive oral intake through too frequent 
and/or too high dosage of vitamin D supplements. 

Practical disadvantages Requires an individual to be aware of the need to 
take a supplement and to comply with this behaviour. As a fat soluble vitamin, 
vitamin D can be taken monthly and still be effective (48). This will improve 
compliance relative to daily supplement usage recommended for other nutri-
ent supplements because cost and respondent burden are lower.    

   Ethical considerations      

   Effectiveness     Effective as a targeted policy option for high-risk population 
groups.     
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   Proportionality     As a targeted policy option, supplementation is a propor-
tional policy option as the benefits it provides to high-risk population groups 
outweigh the small potential risk of excessive vitamin D intake.     

   Necessity     Supplementation is not necessary, though in those circumstances 
where alternative policy options are not adequately increasing the dietary intake 
and status of this nutrient, it provides benefits, especially for high-risk groups.     

   Least infringement     Supplementation is a low coercive policy option as indi-
viduals can choose whether or not to consume supplements.     

   Public justification     Supplementation needs to be complemented with public 
education approaches to promote compliance and to inform targeted individ-
uals about potential benefits and risks.       

   Nutrition education      
   Description   

 Nutrition education refers to the provision of programmes and materials 
designed to raise the public’s awareness and skills in selecting, preparing and 
consuming a healthy diet containing adequate vitamin D in accordance with 
nutrient reference standards. In this instance, nutrition education is being 
interpreted to be exclusive of promoting prudent exposure to sunlight.     

   Relationship of this policy option to the cause of the policy 
problem   

 Nutrition education does not relate to the cause of the policy problem.     

   Public health benefits   

 With the exception of the traditional marine diet of Inuit populations, it is not 
possible to consume adequate vitamin D from a non-vitamin-D fortified diet. 
Nutrition education has the secondary benefit of raising the public’s awareness 
and knowledge about vitamin D deficiency and rickets. From this perspective 
it is a complementary option to alternative policy options.     

   Public health risks   

 There are no public health risks.     

   Ethical considerations   

 Nutrition education is a proportional policy option in the sense that there are 
no substantive risks to negate the potential benefit that arises from informing 
the public of the policy problem, it has minimal infringement and it is publicly 
justified through its explicit action in informing people about rickets and vita-
min D deficiency. However, it is unlikely to be effective as a stand-alone policy 
option and is only necessary as a complement to alternative policy options.      
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   Maintaining the status quo      
   Description   

 Maintaining the status quo refers to deliberately deciding to not respond to 
epidemiological evidence of vitamin D deficiency. This policy option may be 
chosen to allow the policy maker more time to obtain additional evidence to 
inform an alternative policy response.     

   Relationship of this policy option to the cause of the policy 
problem   

 No relationship to the cause of the policy problem.     

   Public health benefits   

 There are no public health benefits of not responding to evidence of vitamin D 
deficiency because there will be no increase in vitamin D synthesis or availabil-
ity in the food supply to prevent this policy problem.     

   Public health risks   

 There are no public health risks associated with a decision to maintain the 
status quo as there is no policy intervention. 

 When maintaining the status quo means choosing to discontinue a previ-
ously implemented policy option that had effectively prevented vitamin D 
deficiency, this policy problem may re-emerge.     

   Ethical considerations   

 Maintaining the status quo is the policy option which infringes the least on 
individuals and the population but it fails to meet the other four ‘justificatory 
conditions’ to support the case for this policy option — it is not effective, pro-
portional, necessary or publicly justified. Given the estimated prevalence of 
vitamin D deficiency globally it is negligent to maintain the status quo pending 
the findings of long-term clinical trials (  45  ).       

   Analysing the policy process: chronology of the making 
of MMFVD policy   
 A chronology of key milestones in the making of MMFVD as a policy solution 
to help prevent vitamin D deficiency and, in particular its manifestation as 
rickets, is outlined as follows.    

   1920s   

 Milk ‘fortification’ with vitamin D was being practised before vitamin D had 
been identified and synthesized. In the mid-1920s it was found that milk irra-
diation helped stimulate bone calcification in children because the irradiation 
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     Table 7.1  Summary of public health benefits, risks, and ethical considerations of policy options available to respond to the epidemiological 
evidence for vitamin D deficiency  

  Policy option    Public health benefi t    Public health risk    Ethical considerations  

  Mandatory 
vitamin D 
fortification 
of milk  

 Moderate effectiveness  

 Moderately equitable 

 Reduces seasonal variation in vitamin D 
status 

 Does not require dietary behaviour change 
to increase vitamin D intake 

 Challenge to design MMFVD so that it delivers 
sufficient amount of vitamin D without 
increasing the vitamin D intake of certain 
groups beyond the UL 

 Proportional given the apparent high 
prevalence of vitamin D deficiency 
and severity of rickets. Not necessary 
if adequate investment in other, less 
coercive policy options 

  Voluntary vitamin 
D fortification 
of milk  

 Potential to spread vitamin D exposure 
and intakes efficiently across the 
population 

 The potential to spread vitamin D exposure 
and intakes efficiently across the population 
may result in individuals with high food 
intakes exceeding the vitamin D UL 

 The food industry is responsible for 
implementation so difficult to control timing, 
level and extent of fortification 

 As for MMFVD though less coercive 
because maintains freedom of 
choice 

  Public health 
measures —
 promote sunlight 
exposure  

 High effectiveness in increasing vitamin D 
status and preventing rickets 

 Equitable 

 Associated with broader health and well-
being benefits 

 Excessive sun exposure is the main risk factor 
for melanoma 

 High ethical justification as it meets 
all evaluative criteria, it is effective,  
 proportional, has minimal 
infringement, necessary and publicly 
justified 

(Continued)
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     Table 7.1  (continued) Summary of public health benefits, risks, and ethical considerations of policy options available to respond to the 
epidemiological evidence for vitamin D deficiency  

  Policy option    Public health benefi t    Public health risk    Ethical considerations  

  Supplementation   Effective as a targeted policy option for 
high risk populations 

 Vitamin D toxicity if consumed in excessive 
amounts 

Practical disadvantage of requiring awareness 
and compliance to be effective 

 Ethically justified when used as a 
targeted policy option for high risk 
population groups 

  Nutrition 
education  

 Not effective in providing sufficient 
vitamin D for health 

 Nil  Ethically justified in the context of 
being a complement to other policy 
options as it can help raise the 
public’s awareness and knowledge 
about vitamin D deficiency and 
rickets 

  Maintaining the 
status quo  

 Nil  Vitamin D deficiency and rickets may 
re-emerge if previously controlled 

 Not ethically justified as it is 
negligent to not respond to the 
substantial body of evidence 
regarding the prevalence of vitamin 
D deficiency and re-emergence of 
rickets 
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practise inadvertently converted inactive ergosterol into physiologically active 
vitamin D2 (  49 ,  50  ).     

   1930s   

 In 1932, vitamin D was purified and isolated and shortly afterwards fluid milk 
in the US was required to have vitamin D added if the label declared it was 
fortified — in practice almost all milk sold in the US has been fortified with 
vitamin D since that time (  49  ). Milk fortified with 100 IU vitamin D 2  per 
8 ounces has been attributed as effectively eradicating rickets in the US and 
Europe during the 1930s (  4  ). The involvement of the medical profession in 
promoting the benefits of milk during this period even led some to query 
whether milk was a medicine or a food (  51  ). 

 Also in the 1930s, the US government provided recommendations to parents 
about the beneficial effect of sunlight exposure for the prevention of rickets 
(  52  ) and in Europe it was government policy to promote fresh air and outdoor 
recreation and holidays (  10  ).     

   1950s   

 Milk was in short supply at the end of the Second World War and into the 
1950s and in a misguided attempt to extend the shelf-life of milk many local 
stores that sold milk added vitamin D to it if it was not purchased by the expiry 
date. This action led to a rise in the incidence of hypercalcaemia in infants in 
the 1950s and resulted in European governments prohibiting vitamin D forti-
fication of dairy products (  4  ).     

   1970s   

 In 1975, MVDF was introduced in Canada (  39  ).     

   2000s   

 In the 2000s, researchers observed a re-emergence in the presentation of clas-
sical, nutritional rickets, particularly among dark-skinned, breastfed infants 
(  5  ). Throughout the decade many epidemiological studies were published 
reporting evidence of a relationship between vitamin D status and a range of 
health outcomes. 

 During this period both Finland and Israel introduced MVDF (  36  ).     

   2010s   

 In 2011, the US IOM released its report on Dietary reference Intakes for cal-
cium and vitamin D (  13  ). The vitamin D reference intakes are a significant 
change from the previous version of the document. Reference intakes that had 
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been expressed as AIs are now expressed as RDAs and the values for most chil-
dren and adults are triple those of the previous version while the UL for most 
children and all adults has doubled.       

   Discussion      
   The public health benefits, risks, and ethical considerations 
of MMFVD   

 In principle, MMFVD passively increases the vitamin D intake of the popula-
tion and thereby helps to increase vitamin D status and prevent rickets. It is 
moderately equitable and does not require dietary behaviour change on the 
part of high risk groups or the population in general. There is a public health 
risk because differing milk consumption patterns present a challenge for 
policy-makers to set a fortification level that will help increase the population’s 
vitamin D intake sufficiently without exceeding the UL for some groups. In 
terms of ethical justification, the apparent high prevalence of vitamin D defi-
ciency and the severity of rickets support the proportionality of MMFVD 
though its necessity will diminish with adequate investment in other, less coer-
cive policy options. In practice, in the few countries where it has been imple-
mented, MMFVD is not achieving the level of health outcome improvement 
anticipated, though this most likely is a consequence of conservative fortifica-
tion levels rather than an inherent flaw in the intervention. 

 The public health benefits, risks and ethical considerations vary among the 
policy options. The public health measure to promote sunlight exposure is the 
policy option that is associated with the greatest level of public health benefit 
and ethical justification of all policy options, including MMFVD. However its 
potential for promoting malignant melanoma if inappropriately ‘consumed’ 
requires caution in its implementation. Voluntary fortification broadly mimics 
MMFVD but at more moderate levels of public health benefit, risk and ethical 
justification. Vitamin D supplementation provides a public health benefit, risk 
and ethical consideration profile that is especially suited for a policy option 
targeted to individuals in high risk populations. Nutrition education has low 
public health benefits and risks though it is ethically justified as a complement 
to other policy options. Maintaining the status quo is not indicated as a viable 
policy option. 

 The assessment reveals that there is a relationship between the degree of 
public health benefits, risks and ethical considerations associated with each 
policy option and how closely it addresses the aetiological evidence for the 
underlying cause of vitamin D deficiency. The cause of vitamin D deficiency is 
inadequate sunlight exposure. The public health measure to promote sunlight 
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exposure is the policy option that most directly addresses this cause. It increases 
sunlight exposure and in so doing increases vitamin D synthesis in the skin. An 
ancillary consideration is that many people living in modern urban environ-
ments would benefit from a lifestyle that incorporates increased exposure to 
fresh air and physical activity.

The alternative policy options to increased sunlight exposure do not address 
the underlying cause of the policy problem and have varying effectiveness in 
increasing vitamin D status. In addition, these alternative policy options 
are associated with a diversity of public health risks and adverse ethical 
 considerations.     

   The policy process for MMFVD   

 Few countries have recommended MMFVD. In the absence of many examples 
for this case study, the IOM report on calcium and vitamin D Dietary Reference 
Intakes (  13  ) was used as a proxy to analyse how and why MMFVD might 
be formulated. This report was selected because it is anticipated that it will be 
influential in shaping MMFVD debates into the future. This anticipation is 
based on North American Dietary Reference Intakes carrying substantial 
weight in influencing not just domestic food regulation policies but also refer-
ence standards and regulation policies in many countries around the world. 
This influence is a result of the capacity of the US and Canada to undertake 
high quality food and nutrition research to inform the development of such 
reference standards and the proportion of global food trade that originates and 
is managed by these countries. 

 Against the background of a growing body of evidence, the US and Canadian 
governments asked the IOM to assess the current data on health outcomes 
associated with calcium and vitamin D and to update the 1997 Dietary 
Reference Intakes for these nutrients. In undertaking this task the IOM work 
programme was informed primarily by two commissioned systematic reviews 
of scientific evidence (  53 ,  54  ). 

 The report’s recommendations included changing the AI values to RDAs, 
tripling the vitamin D reference intake for most children and adults (from 5 to 
15  μ g vitamin D/day) and doubling the UL for most children and all adults. 
The IOM committee based their recommendations on evidence of the rela-
tionship between vitamin D and bone health. They concluded that there was 
no convincing evidence from intervention trials of a causal role for vitamin D 
on health outcomes beyond bone health and as such potential additional phys-
iological functions did not inform their recommendations. The committee also 
cautioned against the notion of ‘more is better’ in regard to vitamin D intake. 
Curiously, when preparing these recommendations the IOM committee 
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assumed there was no contribution from sun exposure to vitamin D status. 
This assumption effectively meant that the potential influence of variables 
such as latitude, seasonality and skin colour on vitamin D status was not 
 considered. 

 The report’s recommendations proved to be controversial. In April 2011 the 
journal  Public Health Nutrition  published a series of invited letters critical of 
the IOM report, followed by rebuttal letters in the following issue of the jour-
nal, including one from the chair of the IOM committee (  55  ). The criticisms 
ranged from concerns about procedural matters to the reference intake values 
themselves. A common criticism was that the report had failed to account for 
the accumulating evidence for potential vitamin D–health relationships. Critics 
were concerned that despite the values being set significantly higher than in 
the previous version of the recommendations, they were too conservative and 
not consistent with levels needed for optimal health. 

 This experience exposed the tensions and competing views when using evi-
dence to inform nutrient reference standards which will in turn, have a bearing 
on food fortification policy-making. The debate centres on the question ‘What 
counts as evidence?’ when formulating policy recommendations. The answer 
to this question depends on how the relationship between vitamin D and health 
is framed and in particular the dichotomy between a holistic and a reductionist 
frame of reference (Chapter 2). 

 A holistic frame of reference conceptualizes the vitamin D–health relation-
ship from the perspective that vitamin D status is a biomarker of a broad and 
complex relationship between sunlight exposure and health and ‘well-being’. 
Because VDRs are spread throughout the tissues and organs of the body, it is 
likely that vitamin D derived from sunlight is associated with multiple health 
outcomes. The relationship between sunlight and health and well-being is the 
epitome of a holistic relationship. An anthropological perspective has been 
proposed to provide a method for estimating optimal vitamin D status. 
According to this perspective what would count as evidence for determining 
optimal vitamin D status for health is that measured in healthy people who 
spend most of their time outdoors wearing a modest amount of clothing and 
receiving sensible sunlight exposure (  56  ). For example, it has been estimated 
that healthy men who completed a summer season of outdoor work had a 
mean serum 25(OH)D of 45 ng/mL (122 nmol/L), with some men exceeding 
80 ng/mL (200 nmol/L) (  57  ). By its nature this estimate would have high exter-
nal validity but low internal validity in terms of controlling for potentially 
multiple confounding factors that affect relationship components such 
as measuring what is ‘sensible’ sunlight exposure and what is meant by 
well-being. 
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 A reductionist frame of reference reduces the broad sunlight-health and well 
being relationship into a collection of single linear relationships. What counts 
as evidence in this approach is the evidence that is drawn from research meth-
ods that investigate the relationship between vitamin D status and individual 
physiological outcomes. Procedures for such investigations are well developed 
and represented by systems that appraise the quality of evidence by ranking the 
ability of the research method, for the study from which the evidence is derived, 
to control for bias and to demonstrate causality (Chapter 1). These procedures 
rank experimental studies such as RCTs, where an exposure is carefully con-
trolled by the researcher, as providing high quality evidence. Observational 
studies, such as cohort and case-control studies, where the researcher observes 
and measures exposure, are ranked as providing lower quality evidence as they 
are unable to demonstrate causality and are vulnerable to bias. This approach 
provides evidence of high internal validity but low external validity — particu-
larly as it does not capture the over-arching nature and scope of the relation-
ship between sunlight and health. 

 The IOM report recommendations represent the outcomes of a reductionist 
approach to evidence-informed practice. It discounted evidence for vitamin 
D–health relationships that was derived from observational studies. Some 
researchers have commented that the evidence for such relationships is impres-
sive but until clinical trials are conducted and causality and safety are estab-
lished, it is premature to use the evidence from observational studies to inform 
nutrient reference standards (  45 ,  58  ). These researchers highlighted previous 
problems with antioxidant vitamin supplements in which results from obser-
vational studies indicated an inverse association between several vitamins and 
the risk of cancer and cardiovascular disease. Evidence derived from RCTs 
subsequently showed they had no such effect and even increased mortality 
(  59  ). The transferability of previous experiences of safety concerns is not rele-
vant to sunlight exposure but is relevant to MMFVD. 

 From a policy implication perspective, the adoption of this reductionist 
approach has the effect of denying sunlight exposure as a policy option to 
address vitamin D deficiency. The approach was unable to account for the con-
tribution of sunlight exposure to vitamin D status and health and its response 
essentially was to remove it from consideration. The resulting IOM recommen-
dations, expressed as dietary intake amounts, predetermined that vitamin D be 
obtained only from dietary sources (natural diet, fortified foods, supplements) 
and not sunlight exposure. Some have suggested that the IOM’s failure to coun-
tenance the contribution of sunlight to vitamin D status and health outcomes 
reflects a process driven by the need for the evidence to fit within the design of 
a reductionist orthodoxy at the expense of common sense (  23  ).     
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   Future directions for preventing vitamin D deficiency   

 Formulating a future policy for preventing vitamin D deficiency safely, effectively, 
and ethically is complex. Three priority activities are indicated: research; a two-
stage policy response; and monitoring and evaluation.    

   Research   

 Ongoing research into food and health relationships is needed to help address 
the scientific uncertainties that are clouding understandings of this policy 
topic and the ability to formulate policy solutions. The research needs to 
encompass the full scope of potential sunlight and health relationships so that 
measures of excessive, optimal, insufficient and deficient vitamin D status can 
be better defined and vitamin D reference intake levels established.     

   A two-stage policy response   

 First stage Undertake a policy intervention to increase vitamin D intake for 
promoting bone health while ongoing research proceeds. The intervention 
would involve a combination of promoting sunlight exposure, supplementa-
tion, and nutrition education implemented in the following complementary 
manner to deliver increased levels of vitamin D to all population groups:  
   ◆  Promotion of sunlight exposure: the promotion of sunlight exposure should 

be the foundation to the policy intervention. It directly addresses the cause of 
the policy problem and other policy options could then be built around it to 
target identifi ed need in some population groups or individuals. Th is compo-
nent of the intervention requires the promotion of sensible sunlight exposure 
while avoiding sun baking leading to sunburn and increased risk of melano-
ma. Sensible sunlight exposure means managing the time of sun exposure, 
the length of time exposed and what parts of the body are exposed (the face is 
particularly sensitive to excessive exposure).  

 ◆    Supplementation: vitamin D-containing supplements are indicated for 
people in high-risk population groups and those who are housebound, hos-
pitalized, institutionalized, as well as people with a disability, and where 
cultural norms involve extensive covering-up of the body, including infant 
swaddling. In addition supplementation may be indicated at critical life 
stages such as during pregnancy and lactation. Th ere is an assay available 
to measure vitamin D status and this could be used as a screening tool for 
individuals within high risk population groups. Caution is required in in-
terpreting the results of such tests as concerns have been raised regarding 
the assay’s reliability (  60  ). Nevertheless, in several high income countries it 
has become a frequently requested test. For example, in Australia, the num-
ber of people taking tests to measure their vitamin D status increased more 
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than 50-fold between 2001–2011 so that in 2011 nearly 3 million tests were 
undertaken costing the Australian government almost $100 million (  61  ).  

 ◆    Nutrition education: obtaining suffi  cient vitamin D from natural food sources 
alone is unlikely for most people. Instead the purpose of nutrition education 
is to inform people about this policy topic and the policy options available.     

 Second stage Enacted if the findings emerging from the ongoing research 
indicate that increased vitamin D intakes across the population was required 
to achieve additional beneficial health outcomes. This stage would extend the 
first stage by introducing mandatory fortification of several commonly eaten 
foods with low doses of vitamin D to modestly increase dietary vitamin D 
intake evenly across the population while minimizing risk of excessive intake. 

 This two-stage policy intervention is intended to be a generic approach to 
thinking about policy options. It needs to be applied with flexibility because 
policy responses to evidence of vitamin D deficiency are context-dependent. 
Contexts such as a country’s geographical location will have a bearing on the 
case for different policy options. For example, populations living in countries in 
Northern Europe generally have less access to sufficient sunlight to achieve 
vitamin D status recommendations than populations living in countries in 
Southern Europe. In this context the case for food fortification with vitamin D 
as a policy response to evidence of vitamin D deficiency is stronger in Northern 
Europe than in Southern Europe.     

   Monitoring and evaluation   

 Monitoring and evaluation will be an integral component of vitamin D defi-
ciency prevention interventions into the future. Given the presence of VDRs in 
tissues throughout the body there is a high possibility that novel intakes of 
vitamin D will have a range of health impacts. Monitoring and evaluation 
activities will need to be sufficiently sensitive to detect the contributions of all 
dietary sources (natural foods, fortified foods and supplements), as well as 
sunlight, to total vitamin D intake. 

Lessons from the case study findings for the food 
fortification rationale

Adding a nutrient to food to substitute for a reduction in exposure to the pri-
mary source of that nutrient was proposed as one of three rationales for man-
datory food fortification (Chapter 1, Table 1.1). In this section the MMFVD 
case study findings are generalized to identify lessons regarding the plausibility 
of this particular food fortification rationale. 
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This rationale for food fortification is peculiar. It is the only one of the three 
rationales that is associated with one identified policy problem (vitamin D 
deficiency) and one underlying cause (lack of sunlight exposure). Therefore 
the case study findings provide direct lessons for the rationale’s plausibility. 
Whereas the assessment findings indicate that promoting sunlight exposure is 
the best performed policy option to address the policy problem, MMFVD was 
assessed as having relatively modest public health benefits and risks and a 
modest ethical justification. However, modern lifestyles and living conditions 
militate against the likely effectiveness of promoting sunlight exposure in con-
temporary society. There may be no definitive policy option to respond to the 
policy problem. A pragmatic approach involving a combination of policy 
options is indicated (see ‘Future directions’, above). In these circumstances 
there is qualified support for MMFVD and consequently the plausibility of the 
food fortification rationale.      

   Conclusion   
 The MMFVD case study is unique in that it is the only example of using food 
fortification to substitute for a reduction in exposure to the primary source of 
a nutrient (sunlight). This situation arises because of the peculiarity that vita-
min D’s synthesis and its action in preventing rickets, along with stimulating a 
range of biological responses in many physiological systems throughout the 
body, is more typical of a hormone than that of a conventional nutrient. This 
peculiarity presented a valuable opportunity to assess and analyse unique char-
acteristics of food fortification policy. 

 The principal lesson for food fortification policy-making that emerges from 
this case study is the profound influence of the framing of a public health pol-
icy problem on the shaping of the scope of the scientific inquiry and what 
counts as evidence. Currently, a reductionist approach is dominating the way 
that vitamin D deficiency is framed in the scientific literature and policy-
making settings. Research inquiries are focused on investigating specific lin-
ear relationships between vitamin D and health outcomes. This approach is 
problematic in that lines of inquiry (at least those followed in the IOM report) 
are not only unable to account for the contribution of sunlight in explaining 
vitamin D-health relationships but they are actively excluding this factor. In 
this context it is not surprising that scientific uncertainties such as the determi-
nation of optimal vitamin D status persist. Consequently, there are challenges 
in precisely defining the policy problem and then formulating a policy 
 solution. 

 A guiding principle for navigating such scientific uncertainties is to consider 
the causation of the policy problem. Vitamin D deficiency primarily is caused 
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by a lack of sunlight exposure. The assessment undertaken in this investigation 
has shown that promoting sunlight exposure is the policy option associated 
with the best performance against public health benefits, risks and ethical con-
siderations. However, the existence of two complicating circumstances (living 
conditions/lifestyle circumstances and an opposing health message that pro-
motes the avoidance of sunlight exposure) presents challenges to the immedi-
ate effectiveness of this policy option. Currently, a simple and rational policy 
solution to the policy problem is not forthcoming. There are two particular 
policy dilemmas that are associated with MMFVD:  
  1 What quantity and quality of evidence is necessary to inform policy 

recommendations?  

  2 To what extent should policy recommendations be aspirational (promote 
sunlight exposure) and/or pragmatic (promote MMFVD and vitamin D 
supplements)?     

 In the immediate time frame, a staged policy response is suggested. Longer 
term there is much fertile territory for researchers to explore to better under-
stand vitamin D deficiency and the potential ‘sunlight–vitamin D–health’ rela-
tionships. With the resulting rapidly accumulating evidence base, the nature 
and scope of this case study is likely to dramatically evolve. In the context of the 
current scientific uncertainties, the case study offers qualified support for the 
food fortification rationale of adding a nutrient to a food to substitute for a 
reduction in exposure to the primary source of a nutrient.      
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         Section 3  

 Insights from the past 
and present, and a view 
to the future    

 This third section of this book provides the final step in this food fortification 
investigation. Its purpose is to present the combined research observations 
from the case studies to draw insights from the past and present practice of 
food fortification, and then to pose a view to the future of food fortification 
policy and practice. 

 Chapter 8 brings together the three sets of findings from the case studies 
presented in Section 2, and interprets and discusses them against the eviden-
tial, ethical, and political frameworks outlined in Section 1. This combining 
and interpreting helps build a coherent narrative about what has been observed 
regarding the relationship between the food fortification technology and policy 
objectives to protect and promote public health. This narrative provides answers 
to the investigation’s two research questions in the form of descriptions of the 
public health benefits, risks, and ethical considerations of food fortification as 
well as the political dimension to how and why it is being made. 

 Chapter 9 presents a view to the future for food fortification. It discusses 
three of the more powerful drivers behind an anticipated increased food forti-
fication presence in the food supply into the future: new agendas, new invest-
ments, and new technologies. The chapter then suggests priority activities for 
managing food fortification into the future as a technology for protecting and 
promoting public health.         
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 Chapter 8  

 Insights for food fortification 
and public health      

 . . . there is an inextricable interrelationship between facts and 
values, both in the search for causes of disease and in the process 
of developing the best preventive policy. I argue . . . that their 
inevitable presence be revealed and their worth be publicly 
 discussed (  1  ). 

(Reproduced from Sylvia Noble Tesh, Hidden Arguments: Political Ideology and Disease 
Prevention Policy, New Brunswick, N.J. and London, Rutgers University Press, 

Copyright © 1988.)      

   Introduction   
 This investigation began with the posing of two research questions about food 
fortification:  

   1  What are the public health benefi ts, risks, and ethical considerations associ-
ated with food fortifi cation?  

   2  How and why are food fortifi cation policies made?     

 The research approach to answer these questions involved breaking the broad 
scope of food fortification into the three plausible public health rationales for 
adding nutrients to food. This breaking down of the topic was necessary to 
help uncover the diversity of issues with which food fortification is involved. 
One representative case study for each of the three rationales was selected. 

 The assessment and analysis of each case study was presented in the previous 
section of this book. Each case study provided a distinct cluster of findings of 
the public health benefits, risks, and ethical considerations of using food forti-
fication for a particular public health rationale, and the processes that help 
explain how and why it is being recommended in certain countries. Each clus-
ter of findings was set against peculiar evidential, ethical, and political circum-
stances with which policy-makers and practitioners must contend when 
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formulating, implementing, and evaluating food fortification interventions to 
promote and protect public health. 

 In this chapter, the findings from all three case studies are combined to pro-
vide a coherent assessment and analysis of mandatory food fortification. 
Combining the three clusters of findings enables patterns among the case stud-
ies to emerge, and provide more robust insights into the interplay of evidence, 
ethics, and politics in food fortification than might be obtained from a single 
case study. The chapter starts with a discussion of the answer to research ques-
tion 1, followed by an overview of the implications that arise from this answer 
for informing food fortification policy and practice. An answer for research 
question 2 is then presented and is discussed in relation to its implications for 
food fortification policy and practice. Then, the chapter discusses the strengths 
and limitations of the research.     

   What are the public health benefits, risks, and ethical 
considerations associated with food fortification?   
 All mandatory food fortification case studies were associated with convincing 
epidemiological evidence for the nutrient–policy problem relationship under 
investigation. Yet, the assessment of mandatory food fortification as a policy 
solution for the different policy problems was associated with varying levels of 
public health benefits, risks, and ethical considerations. Similarly, alternative 
policy options to address the policy problems varied in their public health 
benefits, risks, and ethical considerations across the case studies. Here, the 
findings for each case study are combined and organized for their perform-
ance against the assessment criteria that were adopted for this investigation. 
The purpose of this activity is to help identify the existence of a pattern across 
the case studies to help explain the findings.    

   Performance against public health benefits criteria   

 Universal salt iodization (USI) was the mandatory food fortification case study 
that performed to the highest level against the criteria for public health bene-
fits. This case study aligned closely with the underlying cause of the policy 
problem: micronutrient malnutrition caused by an inherent nutrient defi-
ciency in the food supply. When micronutrient malnutrition is caused by 
 poverty and food insecurity, mandatory food fortification performed less 
strongly against the public health benefits criteria. Mandatory flour fortifica-
tion with folic acid (MFFFA) performed at a low–high level against the criteria, 
it did not align closely with the cause of the policy problem: neural tube defects 
(NTDs) caused primarily by genetic polymorphisms affecting nutrient metabo-
lism in certain at-risk individuals. Mandatory milk fortification with vitamin D 
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(MMFVD) performed at a moderate level, it did not align closely with the 
cause of the policy problem: vitamin D deficiency caused by certain living 
conditions, social, religious, and cultural customs. 

 Among the alternative policy options available to tackle micronutrient mal-
nutrition caused by an inherent nutrient deficiency in the food supply, none 
performed as well against the public health benefits criteria as USI, and none 
aligned with the underlying cause as closely as USI. Public health, social, and 
agricultural development measures are anticipated to perform better than 
mandatory food fortification when micronutrient malnutrition is caused by 
poverty and food insecurity. These measures are more aligned with this cause 
than mandatory food fortification. Among the alternative policy options avail-
able to tackle the policy problem of NTDs, folic acid supplementation per-
formed to the highest level and approached, but did not exceed, the performance 
of MFFFA. It was the option most closely aligned with the cause of the policy 
problem. Among the alternative policy options available to tackle the policy 
problem of vitamin D deficiency, public health measures to promote sunlight 
exposure performed to the highest level and exceeded the performance of 
MMFVD. It was the option most closely aligned with the cause of the policy 
problem.     

   Performance against public health risks   

 All case studies were associated with a moderate level of public health risk (USI 
was low–moderate), although the prevalence of vitamin B12 deficiency and 
lingering concerns that it might promote the progression of colorectal cancer, 
mean that risks associated with MFFFA are potentially the most serious. A clear 
pattern linking the performances of the case studies against public health risks 
with their alignment with the cause of a policy problem was not immediately 
apparent. Among the alternative policy options available to tackle each policy 
problem, all were assessed as having a lower level of risk than the comparable 
mandatory food fortification policy option. The alternative policy option that 
most closely aligned with the cause of general micronutrient malnutrition, 
NTDs, or vitamin D deficiency, was consistently assessed as having the lowest 
or equal lowest public health risk among all available policy options.     

   Performance against ethical justification criteria   

 USI was assessed as having a strong ethical justification and it aligns closely 
with the cause of the policy problem it is addressing. When mandatory food 
fortification is used as a policy option to address micronutrient malnutrition 
caused by poverty and food insecurity, and with which it is not aligned, its 
ethical justification is weaker than that for USI. MFFFA was assessed as having 
a low ethical justification, it is not aligned with the cause of the policy problem. 
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MMFVD was assessed as being moderately ethically justified, it is not aligned 
with the cause of the policy problem. 

 Among the alternative policy options available to tackle micronutrient mal-
nutrition caused by an inherent nutrient deficiency in the food supply, none 
had as strong an ethical justification as USI, and none aligned with the under-
lying cause as closely as USI. Public health, social, and agricultural develop-
ment measures are anticipated to have a stronger ethical justification than 
mandatory food fortification when micronutrient malnutrition is caused by 
poverty and food insecurity. These measures are more aligned with this cause 
than mandatory food fortification. All alternative policy options to tackle 
NTDs (except, ‘maintaining the status quo’) were assessed as being more ethi-
cally justified than MFFFA, and folic acid supplementation, which is the option 
most closely aligned with the cause, was the most ethically justified. Public 
health measures promoting sunlight exposure were assessed as being the most 
ethically justified of all policy options available to tackle vitamin D deficiency, 
and is the option most closely aligned with the cause of this policy problem.     

   The insight that emerges   

 The insight that emerges from these case study findings is that generally the 
strongest predictor of high public health benefits, low public health risks, and 
ethical justification is the positive alignment of a policy option with the underly-
ing cause of the policy problem. This is a valuable insight because it points to the 
important role of causation in providing guidance when considering potential 
policy solutions to address public health nutrition policy problems to optimize 
public health benefits and ethical justification and minimize public health risks. 

 The corollary of this insight is that caution is indicated when using food 
fortification for policy problems that are caused by social, religious, cultural, 
economic, environmental, or genetic circumstances. Food fortification alone 
cannot be expected to provide efficient or sustainable solutions for public 
health problems arising from these circumstances. Some have expressed frus-
tration that using food fortification in such circumstances equates it to being a 
‘techno-fix’ (  2  ).      

   Implications of the case study findings for food 
fortification evaluative frameworks   
 Chapter 2 explained that protecting public health and safety is the primary 
objective of food regulatory systems when planning food fortification inter-
ventions. This objective takes on meaning in the context of evidential and 
ethical evaluative frameworks. The findings from the case study assessments 
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raise questions about many assumptions and procedures within these evalua-
tive frameworks. They indicate that in their current form, there are limitations 
for providing an evidence base that can fully and accurately inform policy-
makers about the public health benefits, risks, and ethical considerations of 
mandatory food fortification (and alternative policy) interventions. 
Implications from the case study findings for the four evaluative frameworks 
that provide outputs to inform food fortification policy-makers are briefly 
discussed.    

   Implications for evaluative frameworks for promoting 
public health   

 Public health and food regulatory authorities have invested in the establish-
ment of frameworks that evaluate evidence of the ability of a food fortification 
intervention to promote public health. These frameworks have rigorous proce-
dures for guiding evidence retrieval, assessment, synthesis, and profiling 
 particularly through the application of the grading of recommendations, 
assessment, development, and evaluation (GRADE) system, e.g. the WHO 
evidence-informed guideline development process (Chapter 2). Typically, 
these procedures have evolved from the evidence-based medicine movement, 
and evidence obtained from experimental studies is highly ranked. This 
approach is well-suited for evaluating precise linear relationships between 
micronutrient interventions and specific health outcomes as evidence from 
randomized controlled trials (RCTs) may be forthcoming. These relationships 
were illustrated in the case studies in the instances of USI and reduced preva-
lence of goitre, MFFFA and folic acid supplementation and reduced risk of 
NTDs, and vitamin D supplementation and reduced prevalence of rickets. 

 Conversely, the approach is less well suited to evaluating complex relation-
ships between social, economic, and environmental interventions and multiple 
potential health outcomes. Such relationships do not lend themselves to the 
research design of RCTs, they are better evaluated using observational studies. 
These relationships were illustrated in the case studies in the instances of sun-
light exposure as an intervention to prevent vitamin D deficiency and possibly 
promote other health outcomes, and poverty alleviation as an intervention to 
tackle micronutrient malnutrition and promote social well-being. What this 
means in food fortification practice is that when faced with evaluating the evi-
dence available for different policy options, the design and procedures of the 
evaluative frameworks tend to privilege micronutrient policy options over 
alternative policy options. 

 The case study findings give thought to query the design and procedures of 
the current dominant frameworks for evaluating policy options available to 
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promote public health outcomes. Is the observation that evaluative evidence 
for social, economic, and environmental interventions tends not to be rated 
highly by evaluative framework procedures a true shortcoming of the interven-
tions, or is it more a shortcoming in the ability of the framework design and 
procedure to appropriately specify and measure the evidence from such inter-
ventions? The lesson from the case studies about the importance of consider-
ing causation to help guide the way that the relationship between a policy 
problem and a policy solution might be viewed as insightful to this situation. 
Greater accounting for causation of the policy problem is necessary in evalua-
tive frameworks, because the procedure for determining what constitutes suit-
able evidence for informing a food fortification policy decision extends beyond 
rating the quality of evidence. It is also about taking into account the context 
for which the evidence is to be used (  3  ). Being cognizant of the cause of a 
 policy problem helps identify the nature and scope of the relationship that 
needs to be investigated, and therefore which type of research method should 
be used to evaluate a policy intervention. 

 Integrating causation into evaluative frameworks, at least to a greater extent 
than usually is practised, will require a reform of most frameworks’ design and 
procedure. From a design perspective, assessing the cause of a policy problem 
needs to be confirmed as a necessary preliminary step in evaluative frame-
works. WHO has recognized that this limitation exists with its guideline devel-
opment process, and has indicated that activities are underway to attempt to 
remedy this situation (  4  ). From a procedural perspective, the ranking of the 
quality of evidence needs to be reformed so that quality is assessed in relation 
to the context of the topic under investigation. In this regard, some are suggest-
ing typologies rather than hierarchies as a way to better conceptualize the 
strengths and weaknesses of different methodological approaches (  26  ). 
A typologies approach emphasizes the importance of matching research meth-
ods to the research question so that it is not just the quality but also the  rele-
vance  of the research method that is critical in appraising evidence. By 
incorporating the concept of ‘relevance of evidence’ into appraisal approaches 
greater weighting in policy-making will be directed towards considering the 
appropriateness of a policy intervention in addressing the underlying cause of 
a policy problem. 

 A number of nutritionists are calling for such reforms to support an 
 evidence-based nutrition movement to determine what constitutes evidence 
to inform policy and programmes in a nutrition context (  5 ,  6  ). From an 
evidence-based nutrition perspective, what constitutes evidence to inform 
policy- making is the totality of the available evidence (  7  ) or a so-called ‘port-
folio’ approach which takes into account all types of relevant evidence in the 
process of informing policy and practice (  8  ).     



215IMPLICATIONS OF CASE STUDY FINDINGS FOR EVALUATIVE FRAMEWORKS

   Implications for evaluative frameworks for evidence 
of cost-effectiveness   

 The evaluation of the cost-effectiveness of food fortification policy interven-
tions is not a common practice. The challenges for these frameworks primarily 
relate to the assumptions and methods that are used in their planning and 
implementation and the interpretation of their findings. For example, the 
MFFFA case study demonstrated that the cost-effectiveness of different policy 
options in response to the folic acid–NTD evidence varies among research 
studies, depending on what assumptions were made regarding what costs and 
health outcomes were included/excluded in the studies. Critically, the ethical 
considerations associated with MFFFA are rarely included in the evaluation 
frameworks for evidence of this intervention’s cost-effectiveness. 

 Greater investment in the evaluation of the cost-effectiveness of food fortifi-
cation interventions is required to help inform policy-making processes. As 
part of this investment, the assumptions and methods of the evaluative frame-
works need increased scrutiny and standardization. Inclusion of an assessment 
of the cause of policy problems as a preliminary step in such frameworks will 
help conceptualize the nature and scope of the relationship that needs to be 
investigated and hence help guide decisions about relevant assumptions and 
methods for studies.     

   Implications for evaluative frameworks for evidence 
of protecting public health   

 Risk analysis frameworks are used to evaluate evidence for protecting public 
health in the planning and implementation of public health policy interven-
tions (Chapter 2). There is a conceptual and a technical challenge in using 
these frameworks for food fortification interventions. The conceptual chal-
lenge is that the frameworks are based on the premise that all risks associated 
with food fortification can be identified, assessed, managed, and communi-
cated. The difficulty with this premise is that often food fortification interven-
tions are novel, ie they have no history of use and in the case of MFFFA have 
been equated with intractable challenges (  9  ). Inevitably, they are associated 
with scientific uncertainties, and the possibility of unforeseen risks arising 
from novel exposures to folic acid, iodine, or vitamin D cannot be discounted. 
Moreover, the case study assessments indicated that despite the significant 
ethical considerations associated with mandatory food fortification, these 
 considerations were rarely if ever included in risk analysis activities. 

 The technical challenge for risk analysis frameworks relates to their histori-
cal roots as frameworks that were developed primarily within the discipline 
of toxicology for application to analyse toxicological risks. The frameworks 
have been adapted to a nutrition context by including a nutritional problem 
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formulation stage and extending risk assessment to include both inadequate 
and excessive exposure to nutrients (Chapter 2). However, the uncertainty that 
arises relates to unknowns associated with the transferability of frameworks 
originally intended for toxicological applications to food fortification interven-
tions. Nutrients behave differently to toxins, not least being that they are essen-
tial for health. It is not just relatively immediate safety concerns that need to be 
anticipated, but also frameworks need the capacity to analyse the longer-term 
and cumulative nature of nutrient risks, as well as possible dietary imbalances 
resulting from the food vehicles that carry the nutrients (  10  ). For example, 
with USI the potential risks associated with excessive sodium intake on popu-
lation blood pressure profiles resulting from the use of salt as a vehicle for 
iodine (this consideration is especially relevant to voluntary food fortification 
where often it is high  sugar- and salt-containing foods that are the vehicles for 
the fortificant). This challenge is likely to increase into the future. The increas-
ing number of food fortification interventions in the marketplace with over-
lapping micronutrient risks and benefits to analyse requires increasingly 
complex risk analysis approaches (  11  ). 

 Faced with these conceptual and technical challenges, some have suggested 
an alternative approach to protect public health and safety in the context of 
food fortification—the application of the precautionary principle to decision-
making processes. This principle seeks to avoid the creation of new problems 
while attempting to solve existing ones by anticipating unintended health con-
sequences of public health interventions (  12  ). A challenge with adopting the 
precautionary principle approach is that in the neoliberal political environ-
ment (Chapter 3) that currently frames food regulatory systems, it is likely to 
be viewed as stifling innovation. For both the conceptual and the technical 
challenges in using a risk analysis framework, the introduction of a prelimi-
nary step to conceptualize the cause of the policy problem being addressed by 
a food fortification intervention will enable key elements of the precautionary 
principle to be integrated into the risk analysis procedure. This will help place 
the risk analysis in context and more fully and accurately inform the identifica-
tion, assessment, management, and communication of risks.     

   Implications for evaluative frameworks for ethical 
justification   

 The case studies have highlighted that mandating the addition of nutrients to 
food is an act with ethical implications. There were important effectiveness, 
proportionality, necessity, infringement, and public justification considera-
tions associated with each case study and the strength of the argument for the 
ethical justification varied among the case studies. Yet, the ethical reasoning 
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and moral values informing policy-making processes for food fortification 
interventions rarely are made explicit. Given the identification of scientific 
uncertainties with all the case studies, there is an added importance to include 
ethical reasoning in the evaluation of food fortification interventions. Ethical 
reasoning shares an iterative relationship with evidence-based practice with 
each complementing the other in policy-making processes (  13  ). The inclusion 
of an assessment of the cause of a policy problem will help conceptualize the 
ethical justification of a policy intervention.      

   How and why are food fortification policies made?   
 The idealized notion of evidence-informed food fortification policy-making is 
one in which evidence is translated via rational processes to inform a policy 
outcome. The assessment of the evidence available for USI indicates that it is 
widely supported, and on balance it is associated with high public health ben-
efit, low-moderate public health risk, and it is ethically justified. It is broadly 
consistent with a rational policy-making process. Conversely, in the instances 
of MFFFA and MMFVD, the assessment reveals that there are alternative poli-
cy options available that are associated overall with a higher public health 
benefit, lower public health risk, and higher ethical justification. An immediate 
explanation of the policy-making process for MFFFA and MMFVD is that 
both of these case studies are also associated with complicating circumstances 
that mitigate the likely effectiveness of non-food fortification policy options. 
For example, the proportion of unplanned pregnancies complicates the rational 
policy response of recommending folic acid supplements as a policy response 
to the epidemiological evidence for the NTD–folic acid relationship. 

 The adoption of MFFFA and MMFVD varies among countries around the 
world. Policy-makers are interpreting and responding to the public health ben-
efits, risks, ethical considerations, and complicating factors in different ways. 
This variance in policy outcomes suggests that there are other factors at play, 
beyond complicating circumstances, which help explain how and why food 
fortification policies are, or are not, being made. In this section the findings 
from each case study, including the use of mandatory food fortification to 
address micronutrient malnutrition beyond iodine deficiency disorders (IDD), 
are combined to identify and discuss the interplay among actors, their activi-
ties, and agendas to help explain the food fortification policy process.    

   Actors   

 Each case study was associated with a range of actors with competing values, 
beliefs, and interests towards the available evidence for a policy problem and 
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a policy response. USI to prevent IDD is the mandatory food fortification 
intervention that has received the highest consensus among actors as the rec-
ommended policy solution to a policy problem. This consensus is a key factor 
in explaining its wide adoption by countries around the world. However, 
micronutrient malnutrition more broadly is a policy problem that captures 
diverse views among actors towards the merits of mandatory food fortification 
as a policy solution. Many actors are now actively supporting low- and middle-
income countries (LMICs) around the world to mandate the fortification of 
various foods, such as wheat flour and cooking oils, as a policy solution to 
micronutrient malnutrition. Examples of several prominent actors involved in 
such activities include:  

   ◆  Helen Keller International has promoted  private–public partnerships 
(PPPs) for wheat fortifi cation with zinc, iron, and B-group vitamins, as well 
as oil fortifi cation with vitamin A as part of its ‘Fortify West Africa’ pro-
gramme (  14  ).  

   ◆  Micronutrient Initiative (MI) has supported the government of Nepal in 
 issuing a decree that all fl our processed at roller mills must contain iron, 
folic acid, and vitamin A (  15  ).  

   ◆  GAIN has provided fi nancial support to the Ghanaian government for its 
national food fortifi cation programme that involves fortifying vegetable 
oil with vitamin A, and wheat fl our with vitamin A and B, iron, and folic 
acid (  16  ).     

 However, other actors express concern that mandatory food fortification is a 
limited and potentially harmful policy response to micronutrient malnutrition 
in many countries. For example, in her review of the ‘Fortify West Africa’ pro-
gramme, Sterken argues that mandatory food fortification interventions (  17  ) 
are not addressing the social and agricultural causes of micronutrient malnu-
trition in these countries. She believes they threaten local food systems and 
existing food cultures as the population becomes reliant on technologies 
imported into the country. She also points out that those most at risk of micro-
nutrient malnutrition are the same people least able to afford fortified foods, 
and questions whether public interests are being represented in decision- 
making processes. Others express concern that there has been a narrowing of 
the nutrition agenda through the international community’s focus on micro-
nutrients, at the expense of more fundamental food-based approaches (  18  ). 
Food-based approaches are encouraged for helping deliver sustainable solu-
tions to multiple nutrient deficiency problems (  19 ,  20  ). 

 Actors have different resources and capacity to represent their views. The 
varying influence of different actors with competing interests is recognized in 
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policy-making theory as an important determinant of policy processes and 
outcomes (  21  ). For instance, powerful actors such as the Centers for Disease 
Control and Prevention (CDC), the Flour Fortification Initiative (FFI), GAIN, 
and MI have established strategic links with WHO, and have had access 
to critical policy activities. These activities include supporting meetings of the 
WHO’s Nutrition Guidance Expert Advisory Group (NUGAG) and its sub-
group dealing explicitly with micronutrients to update and develop new nutri-
tion guidelines (  22  ), co-authoring Cochrane systematic reviews, and 
contributing to WHO guideline development in general, as well as conducting 
strategic workshops and publishing reports (  23  ) (Chapter 3). In the case of 
MFFFA, this powerful coalition of actors was particularly influential in shap-
ing the policy-making process that resulted in WHO’s 2009 recommendations 
on wheat and maize flour  fortification (  24  ). 

 These observations that there is differential capacity among actors to access 
policy-making processes are critical to helping explain evidence-informed 
practice in the policy process associated with mandatory food fortification 
case studies. As Marston and Watts comment (  25  ): ‘Being in a position to speak 
the “truth” can therefore be as important as what constitutes the truth’. This 
situation is common in the planning and implementing of policy interventions 
to tackle micronutrient malnutrition, where the people making policy deci-
sions are not the same people who are experiencing the problems (  26  ).     

   Activities   

 A variety of advocacy and framing activities were observed with each case 
study. The MFFFA case study in particular demonstrated the extensive and 
sophisticated advocacy of actors, such as the FFI, in promoting the adoption of 
flour fortification with folic acid around the world. FFI has a substantial 
amount of resources available to support people wanting to advance the case 
for MFFFA, and to support national governments in developing the relevant 
legislation for, and subsequent implementation of, this policy intervention. 
The ability of actors to visit individual countries and meet with key policy-
makers has been decisive in the success of MFFFA advocacy. In the example 
of  advocacy for MFFFA in Fiji, it was observed that this advocacy has been 
successful despite the lack of local evidence to inform this policy response. 
Some advocacy activities raise questions about the presence of ‘white hat bias’ 
in the policy process. White hat bias refers to the situation that arises when 
an actor pursues an action in the absence of evidence because they believe 
that the ends justify the means. They are convinced that they know the inter-
vention will deliver the benefit and they have a moral right to undertake the 
implementation (  27  ). 
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 The framing of policy problems and policy options was prominent in all case 
studies. In the instance of USI, an important strategic action was to frame the 
policy problem as IDD, and not just goitre. With MFFFA, framing was 
 frequently observed in the accentuation of the benefits of mandatory food 
fortification while diminishing its risks and ethical considerations. When the 
US Institute of Medicine (IOM) report on dietary reference intakes for calcium 
and vitamin D expressed its vitamin D recommendations as dietary intake 
amounts, it effectively framed the policy response as one that required vita-
min D requirements to be met from dietary sources (natural diet, fortified 
foods, supplements) and not sunlight exposure. Some framing is subtle and 
may be unintentional, but nonetheless can have a decisive impact on what 
policy options are considered for a policy problem. For example, the WHO 
explains that a lack of essential nutrients in the diet characterizes malnutrition. 
Curiously, it includes folic acid as a particular nutrient of concern (  28  ). Yet folic 
acid is a synthetic form of the vitamin folate, it is not found naturally in food. 
By framing the problem as a lack of synthetic folic acid, the WHO has inad-
vertently constrained the possible policy responses to this problem as being 
either folic acid supplementation or food fortified with folic acid. 

 Framing took many forms. It was exercised through the use of language, how 
benefits and risks were defined, and highlighting or obscuring the views of one 
group of actors over those of other actors. Framing was also observed in rela-
tion to what was not said or presented in policy debates. For example, ethical 
considerations associated with mandatory food fortification policy options 
were rarely identified or discussed.     

   Agendas   

 In Chapter 3, three particular agendas that influence the operation of food 
regulatory systems were described: dominant political ideology, global food 
trade and international obligations, and global health governance arrange-
ments. The case study investigations focused primarily on global health 
 governance arrangements, and the pursuit of PPPs in particular. This agenda 
has exerted a strong influence over the implementation of USI and its success-
ful expansion to cover approximately two-thirds of countries around the world. 
Also, PPPs were observed to be prominent in micronutrient malnutrition 
activities more broadly, and in promoting the uptake of MFFFA in an increas-
ing number of countries. The investigation into MMFVD with its focus on the 
IOM report did not explicitly analyse the influence of global health governance 
arrangements on this case study. 

 The case study observations lend support to the review presented in 
Chapter 3 about the influence of PPPs in affecting power relationships in the 
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development and implementation of food fortification interventions. FFI and 
GAIN were observed to play a prominent role, not just in supporting the 
implementation of food fortification interventions, but also in actively shaping 
policy-making processes that led to food fortification recommendations such 
as those associated with MFFFA. It was commonly observed that among the 
variety of potential policy solutions to tackle a policy problem, the PPPs con-
sistently expressed a preference for food fortification. By their nature many 
PPPs are designed to engage the private sector in helping provide market-
based solutions and resources for policy problems. Food fortification is a par-
ticularly well-suited policy option for PPPs as it is a technology that can be 
developed, distributed, and marketed by food companies. Conversely, PPPs are 
often less inclined to seek out policy options that focus on the implementation 
of local food system interventions or social and economic development activi-
ties for poverty alleviation that can be especially relevant for addressing many 
micronutrient malnutrition problems. 

 Globally, PPPs are exerting a powerful influence over food fortification 
 policy-making processes and policy outcomes. This influence is affecting the 
nutrient intakes and health of many populations. Yet, they operate outside of 
national government and United Nation (UN) systems, and as such are subject 
to less stringent transparency requirements in conducting their activities than 
if they were within those systems. In addition, the resources they have available 
to undertake public health interventions can exceed those of certain govern-
ments in LMICs. Given these situations, it is especially important that the 
accountability of PPPs be adequately addressed in global health governance 
arrangements. For example, through its business alliance network, GAIN 
works with companies including Coca-Cola, Cargill, Danone, Mars Inc, 
PepsiCo, Unilever, and Kraft, who manufacture a range of food products 
including some that contain high levels of sugar and/or salt.

The implementation of robust transparency and evaluation activities for the 
business alliance network will help alleviate concerns that in promoting food 
fortification interventions to address micronutrient malnutrition, GAIN might 
not also inadvertently promote the creation of a food environment that fosters 
dietary imbalances that contribute to diet-related non-communicable diseases. 
Philanthropic partners that fund PPPs also need consideration. It has been 
reported that the Bill and Melinda Gates Foundation will soon become the 
largest stakeholder of Coca-Cola and Kraft in the world (  29  ) and faces similar 
challenges to GAIN in managing its food fortification policy and practice activ-
ities. The foundation has partnered with Coca-Cola in Uganda to increase 
production and distribution of mango and passion fruit juice (  30  ), though there 
is no indication of juice fortification being a component of this partnership. 
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These situations highlight the need for good governance and safeguards within 
the UN system in managing global health governance arrangements with indi-
vidual food manufacturers and other prospective partners including business 
interest non-government organizations (BINGOs) and public interest non-
government organizations (PINGOs).     

   The insight that emerges   

 The case study observations illustrate that food fortification policy-making 
does not occur in a vacuum. The policy process for each case study was associ-
ated with a number of actors, activities, and agendas. Collectively, there is 
a broad pattern of interplay among these variables that helps explain how 
and why mandatory food fortification is, or is not, being adopted in certain 
countries. 

 It was frequently observed that there are competing views among actors 
regarding the evidence and ethics associated with micronutrient malnutrition, 
NTDs, and vitamin D deficiency and the role of food fortification as a possible 
policy solution to tackle these policy problems. Actors undertook activities to 
promote their respective views and the effectiveness of these activities depend-
ed largely on an actor’s resources and capacity to have their views heard. In the 
instances of mandatory food fortification to address micronutrient malnutri-
tion and MFFFA, the coming together of actors to form coalitions with shared 
views was instrumental in the success of securing these policy outcomes in 
certain countries. The ability of actors to undertake these activities and to have 
their views promoted or obscured was influenced by the underpinning agen-
das. For example, global health governance arrangements in the form of PPPs 
bolstered the capacity of certain actors to undertake advocacy activities and to 
gain access to important policy-making processes. PPPs were especially effec-
tive in giving voice to those actors promoting USI, mandatory food fortifica-
tion to tackle micronutrient malnutrition more broadly, and MFFFA. 

 The insight that emerges from the case study analyses is that evidence and 
ethics do not speak for themselves in the policy process. Instead they are 
immersed in the inherently political nature of food fortification policy- 
making. What counts as evidence and ethics (and therefore what gets heard) is 
value-laden and varies among actors with competing views towards policy 
problems and solutions. For example, some actors may view it as unethical not 
to introduce MFFFA because it has been shown to reduce NTD birth preva-
lence substantially in many countries, whereas other actors may view it as 
unethical to introduce MFFFA because it is associated with potential risks and 
will increase the folic acid intake of everyone in the population who consumes 
the fortified foods. Whose view prevails and therefore what evidence and  ethics 
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is legitimized is predetermined to a large extent by underpinning agendas and 
the relative capacities of the actors engaged with the policy process. 

 Individually, the case studies displayed characteristics that were consistent 
with various aspects of the policy science frameworks reviewed in Chapter 2. 
The observation of the networking of actors involved with USI lends support 
to characteristics described by the network approach. USI is also associated 
with a strong evidence base, advocacy for expanding its coverage, and is repre-
sented on World Health Assembly policy agendas, illustrating how food forti-
fication policy can happen when there is strategic coordination between the 
respective ‘problem’, ‘policy’, and ‘political’ policy-making components charac-
terized by Kingdon’s multiple streams theoretical approach. MFFFA displays 
characteristics consistent with the advocacy coalition framework. Globally, it is 
being assiduously promoted by a powerful coalition of actors who are engaged 
with a variety of sophisticated advocacy activities. Actors with alternative views 
are not engaged in coalitions of comparable strength. 

 Collectively, the case study observations illustrated that evidence was an 
important input to inform the food fortification policy process. However, as 
with the public health policy process in general, the way the evidence is framed, 
interpreted, and applied to policy-making is subject to prevailing values and 
political priorities (  31  ). In this sense, it is itself an integral component of the 
political nature of mandatory food fortification policy-making. These observa-
tions are congruent with theory-informed policy science analyses of the use of 
evidence in the health policy process more broadly (  32  –  34  ).      

   Implications of the case study findings for food 
fortification policy and practice   
 Chapter 3 outlined the inherently political nature of the food fortification 
policy process. In particular, it explained the critical roles of actors, their activ-
ities, and agendas in influencing policy-making. The findings from the case 
study analyses revealed the interplay between these variables in influencing the 
policy process. Implications from the case study findings for global health gov-
ernance and implications of a deeper level of political activity for the scope of 
public health protection are briefly discussed.    

   Implications for global governance arrangements   

 Global health governance arrangements are having a profound impact on food 
fortification policy-making environment. In particular, the increasing pres-
ence of PPPs in the policy process is providing both opportunities and risks for 
food fortification activities. The case study observations highlight the need for 
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further management procedures to maximize the opportunities and minimize 
the risks. 

 Prospective partners for PPPs such as food manufacturers, BINGOs, and 
PINGOs operate outside of conventional food fortification governance arrange-
ments. Yet they are gaining significant influence in determining the nutrient 
composition of certain foods, the population’s nutrient intake, and nutritional 
health. They have their own agendas, funding, and business models. For exam-
ple, they are especially inclined to propose and implement market-based solu-
tions for nutrition problems. This presents the challenge of needing to ensure 
that non-market solutions such as local agricultural programmes are not 
 disadvantaged in the policy process. Certainly, food fortification offers an 
attractive technological solution to many nutrient inadequacy problems. With 
modern food processing and distribution systems in place it can rapidly 
increase a population’s nutrient intake. However, in their desire to identify a 
convenient solution for a policy problem, are policy-makers undertaking a 
 sufficient analysis of the circumstances and underlying causes associated with 
the problem? As Barker and Peeters comment: 

 . . . a greater degree of influence over policy can be gained by those offering advice to 
government about solutions to problems than can be gained by those offering a deep-
er understanding of the problem itself . . . . It may be that governments ultimately are 
problem-solving organizations and anything that can be made available to assist them 
in finding solutions will be more valued than abstract understandings of cause and 
effect . . . . producing some solution – even an ineffective one which is, in fact, no solu-
tion – may be better, at least in the eyes of the public, than doing nothing at all (  35  ).   

 Against this background there are implications about the legitimacy of deci-
sions associated with global health governance arrangements and the need for 
these arrangements to be accountable. As Held and Koenig-Archibugi ask 
at  the outset of their book on global governance and public accountability: 
‘To what extent are those who shape public policies accountable to those 
 affected by their decisions?’ (  36  ). 

 The WHO has certain safeguards for working with PPPs (Chapter 3) but 
there remain calls for strengthening accountability in such arrangements (  37  ) 
and the need to address what some have described as a ‘governance gap’ (  38  ). 
In addition, traditionally safeguards have appropriately received a relatively 
high level of attention when UN agencies have worked with food manufactur-
ers, but non-government organizations (NGOs) have tended to be less scruti-
nized. In recent times, it has been recognized that it is no longer sufficient to 
describe partnerships as being with NGOs, because NGOs is a broad term that 
might encompass NGOs representing business interests (BINGOs) or NGOs 
representing public interests (PINGOs). The case study observations indicate 
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that this distinction is important but in making the distinction it is relevant to 
not overlook that PINGOs also exert their own values, beliefs, and interests 
over policy processes. Indeed, sometimes it can be difficult to distinguish 
between a BINGO and a PINGO and safeguards such as codes of conduct need 
to apply sufficiently across both types of organization.     

   Implications of a deeper level of political activity for the 
scope of public health protection   

 The findings from the case study analyses highlight that food fortification is a 
complex and controversial technology for protecting and promoting public 
health. They draw attention to two levels of politics that affect food fortifica-
tion policy and practice. At one level of political activity food fortification is a 
technology to help protect and promote public health. At this level the political 
activity relates to the existence of competing views and activities among actors 
and the influence of underlying agendas, most prominently global health gov-
ernance arrangements, which collectively shape food fortification processes 
and policy outcomes.

At a second, and deeper, level of political activity, food fortification is a con-
duit to profound changes in how food and health relationships are understood 
and how food systems are structured. At this level, the political activity relates 
to a degree of power and control over determinants of nutritional health. For 
example, promoting fortified wheat flour as a public health intervention in 
countries where wheat flour is not a traditional food can result in a transforma-
tion of local food systems and/or increased reliance on imported foods with 
subsequent social, economic, and political implications. 

 In the absence of a succinct definition of the food regulation objective, ‘To 
protect public health and safety’, too often risk analysis has been structured 
narrowly to focus on immediate safety concerns with less consideration of the 
broader public health impacts of food regulation activities (  39  ). Earlier in this 
chapter, a suggestion was made to extend the scope of risk analysis to accom-
modate both the complex interactions of nutrient exposure changes resulting 
from multiple food fortification interventions, and the potential impact of 
food fortification on dietary imbalances. The deeper level of political analysis 
of food fortification highlights the need to further reform risk analysis frame-
works. The framework’s analysis should be extended to reflect a broader scope 
of how protecting public health is interpreted in a food fortification context. 
This means extending risk analysis beyond not only analysing changes in die-
tary intake (exposure) and potential health impacts, but also to encompass an 
analysis of the social, economic, and environmental impact of food fortifica-
tion interventions on food systems.      
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   Strengths and limitations of the research      

   Strengths      

   Originality   

 The research presented in this book is original and has been subject to peer 
review. It is especially strong for its novel policy science orientation. This orien-
tation has enabled the research to provide evidence and understandings of food 
fortification as a technology to protect and promote public health. This orienta-
tion is distinct from the usual food fortification research focus that aims to 
provide evidence for an intervention to address a particular policy problem.     

   Conceptualization of food fortification   

 The conceptual framework that informed the research design provided a logic 
for organizing how to strategically investigate the complex nature of food for-
tification. The representative case studies that were selected within the research 
design are topical and capture especially rich evidential and ethical issues. 
Their assessment has provided an insight into the importance of drawing on 
the evidence of the underlying cause of a policy problem to inform the selec-
tion of a policy solution. This insight highlighted practical implications for the 
reform of the evaluative frameworks that provide the evidence and ethics to 
inform food fortification.     

   Critical analysis orientation   

 Critical analysis of mandatory food fortification is rare. This research included 
an analytical component to obtain an insight into the food fortification process 
in the context of scientific uncertainties, ethical dilemmas, and complicating 
circumstances associated with each case study. This analytical component was 
theoretically driven drawing on policy science frameworks. The insight into 
the nature of the interactions among actors, their activities, and agendas 
and the position of evidence within these interactions had practical implica-
tions for the food fortification policy process. Previously, when the policy 
process has been analysed it has tended to focus on voluntary food fortification 
and the tensions that arise from the competing objectives of public health 
actors and food manufacturers have been identified (  2  ). Given mandatory food 
fortification is primarily motivated by public health objectives, it might be 
anticipated that there would be less tensions in its policy processes than those 
identified with voluntary food fortification. However, this research has dem-
onstrated that policy processes for mandatory food fortification have their own 
tensions as a result of competing views towards public health policy problem–
policy solution relationships among actors within the public health community.     
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   Attention to objectivity and rigour   

 When undertaking policy analysis, researchers are irrevocably present in the 
design and implementation of the research as well as in the conclusions that 
are drawn. Their past experiences and moral views inevitably will shape the 
research process. Greater reflexivity (being aware of one’s ‘voice’ and ‘position’ 
in research) on the part of researchers through an analysis of their involvement 
in defining research agendas and generating knowledge contributes to the 
strength of health policy analysis (  40  ). The strength of this present food forti-
fication research is illustrated through the procedures that were instigated to 
identify and manage this researcher’s voice and position in the research. 

 From the outset (see the book’s preface) the reader’s attention was drawn to 
the author’s presence in the research. This researcher attempted to adopt a 
stance of objectivity and neutrality with regard to the design, conduct, and 
interpretation of the research through the application of two particular actions. 
First, a conceptual framework was developed and applied to explicitly outline 
the logic that informed how the investigation was structured and the specific 
case studies were selected so as to each represent one of three plausible ration-
ales for food fortification. Second, when assessing and analysing the case stud-
ies, this researcher attempted to provide a balanced account by presenting all 
major views on a topic. In addition, particular attention was directed towards 
highlighting the scientific uncertainties, ethical dilemmas, and presence of 
complicating factors with each case study. In this way the reader was made 
aware of the complexity of the case studies. The purpose of this action was to 
encourage the reader not to think of case studies as being definitively good or 
bad policies, but to gain a deeper understanding of the reasoning behind the 
views and actions of all prominent actors involved with the case study.      

   Limitations   

 Food fortification is a broad and complex research topic. Necessarily certain 
parameters needed to be put in place and assumptions made so that the research 
could be managed efficiently. These actions meant that the following limita-
tions with the research could not be avoided.    

   Parameters placed on the selection of case studies and plausible 
rationales for food fortification   

 The parameters adopted in this research confined the investigation to select 
one case study for each of three rationales for mandatory food fortification. 
Each case study was selected to be representative of a policy problem linked to 
one food fortification rationale. Nevertheless, in the future this research approach 
would benefit from the inclusion of case studies to investigate different policy 
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problem–problem causation relationships. For example, an investigation of 
food fortification to address the policy problem of micronutrient malnutrition 
when the cause was not an inherent nutrient deficiency in the food supply was 
addressed in a secondary manner only and within the USI case study. A case 
study investigation for the policy problem of micronutrient malnutrition when 
the cause is a parasite infection or related medical condition was not included 
in the research. 

 It was judged that at the current point in time the three rationales captured 
all possible circumstances for food fortification. In the future this may not be 
the case as other circumstances might arise. Changing environmental circum-
stances may create new rationales for food fortification. For instance, in the 
context that concerns about the contribution of greenhouse gas emissions to 
climate change may promote a reduction in red meat and milk consumption, 
some have suggested food fortification with iron and calcium may be required 
(  41  ). From the other side of the food–environment relationship, other ration-
ales for introducing food fortification may emerge. Environmental changes 
such as climate change, soil degradation, and water availability may influence 
the yield (  42  ) and macronutrient composition (  43  ) of certain crops, and indi-
rectly reduce a population’s micronutrient intake by lowering the quality of 
micronutrient-rich perishable foods (  44  ).     

   Assumptions associated with the assessment of the case studies   

 The policy options available to address a policy problem are context-dependent. 
This means that their performance against assessment criteria may vary 
depending on local circumstances such as the prevalence of the policy prob-
lem, the level of political commitment, and resources invested in the imple-
mentation of the policy option, and whether other policy interventions will be 
available to complement the policy option. It was not realistic to assess each 
policy option under all contextual variations. Instead standard assumptions for 
each policy option in each case study were applied to the assessment process. 
These standard assumptions included that the policy problem was prevalent, 
that the level of political commitment to the option was modest, and that each 
policy option was implemented as a stand-alone option. 

 In practice, the assumptions might not be accurate and the performance of a 
policy option may vary from that reported in the research assessment if differ-
ent circumstances were at play. For example, as a policy option to tackle micro-
nutrient malnutrition, it is usually recommended that food fortification be 
implemented not as a stand-alone policy option but strategically as part of 
a broad based programme involving complementary policy options (  45  ). 
Implemented in this way, its performance against the assessment criteria may 
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vary to that reported. In relation to policy options such as promoting supple-
mentation or public health measures, a greater political commitment to their 
implementation than currently occurs in most countries would likely result in 
a significant increase in their effectiveness beyond that reported.     

   Assumptions associated with the analysis of the case studies   

 The policy process associated with each case study is multifaceted. Necessarily, 
this research made several assumptions in capturing the scope and detail of 
each case study’s policy process so that the data were sufficient to conduct the 
analyses. In  relation to scope, the assumption was made that analysing case 
studies primarily from an international perspective would provide a plausible 
explanation of how and why each case study was being made. Information 
available for processes at national levels was included, but overall the analysis 
focused on international actors, advocacy, and framing activities at the inter-
national level and the global health governance agenda. The research was lim-
ited in its ability to capture national level actors and their activities and the 
influence on national conditions of neoliberal ideology and global food trade 
agendas. 

 In relation to detail the assumption was made that setting out a chronology 
organized around the primary milestones, actors, activities, and agendas in the 
case study’s history was sufficient to make sense of how and why each case 
study was made. It was further assumed that sufficient data to prepare this 
chronology were available in food fortification policy-related documents such 
as scientific publications and official documentation available in the public 
domain. Therefore the research was limited in its ability to analyse intricate 
details of each case study and it was unable to collect data that might only be 
available from non-documentary sources.        
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         Chapter 9  

 A view to the future      

 Our [Flour Fortification Initiative] aspirational goal is for 80% of 
the world’s wheat flour from industrial mills to be fortified by 
2015 (  1  ). 

 (Reproduced from ‘Smarter, Stronger, Healthier’, Flour Fortification Initiative, available from: 
http://www.sph.emory.edu/wheatflour/whatisffi.php) 

 GAIN’s goal is to reach 1.5 billion people with fortified foods that 
have sustainable nutritional impact (  2  ). 

( Reproduced from About Gain, Global Alliance for Improved Nutrition (GAIN), Copyright © 
GAIN - Global Alliance for Improved Nutrition 2012, available from http://www.gainhealth.

org/about-gain )      

   Introduction   
 It is almost 100 years since a confluence of nutrition knowledge and food 
 science skills resulted in food fortification being developed as a technology to 
help prevent a public health problem (goitre). In the intervening years, a diver-
sity of mandatory food fortification interventions has been implemented in 
countries around the world for the purpose of protecting and promoting pub-
lic health. There has been a proliferation of mandatorily (and voluntarily)-
fortified food products in the modern food supply. The nutrient intakes of 
more and more people are being influenced by the availability of these food 
products. So, where is food fortification headed? 

 Attempting to predict the future of food fortification is a fraught exercise 
because the social, economic, environmental, technological, and political 
determinants of public health will inevitably change and result in non-linear 
paths into the future. Nevertheless, insights from the case studies suggest that 
the antecedents (the dominant actors, activities, and agendas) behind the pro-
gressive growth in food fortification over the past century will continue to have 
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an influential presence in public health policy deliberations into the future. 
Indeed, recent developments suggest that the ‘stars are lining up’ to facilitate a 
rapid expansion of food fortification interventions. 

 This chapter presents a brief overview of projections for food fortification 
interventions into the near future. This overview is followed by a discussion 
of three of the more powerful drivers behind this anticipated increased food 
fortification presence in the food supply into the future: new agendas, new 
investments, and new technologies. Drawing on findings from the research 
presented in this book, the chapter then suggests priority activities for managing 
food fortification as a technology for protecting and promoting public health.     

   Fortify, fortify, fortify   
 There are clear signs that the number of mandatory food fortification interven-
tions and their coverage across populations is set to rapidly expand into the 
future. These signs include the: consolidation of current interventions; goals 
of pro-food fortification actors; and increasing number of staple foods that are 
being fortified, the number of added nutrients they contain, and their reach.    

   Consolidation of current interventions   

 Universal salt iodization (USI) has now achieved coverage of 70 %  of the world’s 
population. Renewed efforts are underway to extend the proportion of the pop-
ulation covered by USI (  3  ). Mandatory flour fortification with folic acid (MFFFA) 
has now been legislated in 66 countries (  4  ). This number is set to almost cer-
tainly increase with the ongoing advocacy of the Flour Fortification Initiative 
(FFI) and the roll out of the Centers for Disease Control and Prevention’s Global 
initiative to eliminate folic acid-preventable neural tube defects (  5  ). Evidence 
associating vitamin D status with a range of potential health benefits is accumu-
lating. A number of academics and medical practitioners are drawing on the 
evidence for these various health associations to advocate for mandatory milk 
fortification with vitamin D (MMFVD) as an intervention to help prevent spe-
cific diseases beyond bone health. For example, certain academics are advocat-
ing for the implementation of MMFVD in Scotland as an intervention to help 
reduce the prevalence of multiple sclerosis in that country (  6  ).     

   Goals of pro-food fortification actors   

 FFI’s ‘aspirational goal’ is for, ‘80% of the world’s wheat flour from industrial 
mills to be fortified by 2015’ (  1  ). The Initiative reported in May 2012 a dou-
bling in the number of countries with legislation mandating wheat flour forti-
fication with at least iron or folic acid in eight years (  7  ). GAIN’s goal is to reach 
1.5 billion people with fortified foods that have sustainable nutritional impact 
and it is continuing to expand its programmes and countries with which it is 



235DRIVERS OF INCREASED FOOD FORTIFICATION POLICY AND PRACTICE 

engaged to work towards this goal (  2  ). These observations highlight the 
momentum that is underway for achieving the goals of these two prominent 
pro-food fortification actors.     

   Increasing number of staple foods that are being fortified, 
the number of added nutrients they contain, 
and their reach   

 Until recently the major food vehicles for wide-scale fortification programmes 
have been salt with iodine, oil with vitamin A, and wheat flour with iron and folic 
acid, and to a lesser extent foods such as milk and margarine with vitamin D. Now 
an increasing number of staple foods are being fortified. Wheat flour fortification 
interventions are being adapted for maize flour fortification and an increasing 
number of countries including the Philippines, Costa Rica, Papua, and Nicaragua 
are adopting rice fortification to tackle micronutrient malnutrition (  8  ). 

 The number of nutrients being added to staple foods also has increased in 
recent years. For example, countries are being encouraged to extend wheat flour 
fortification beyond iron and folic acid to also include: vitamin A, zinc, vitamin D, 
vitamin B12, and other B vitamins such as thiamine, riboflavin, and niacin (  9  ). 

 The ongoing growth in the industrial food system characterized by large-
scale and centralized production and processing components and extensive 
distribution networks is providing a highly efficient mechanism for preparing 
and delivering fortified food products to maximize population reach.      

   Drivers of increased food fortification policy 
and practice into the future      

   New agendas   

 The Scaling Up Nutrition (SUN) agenda sets out a bold vision to address 
undernutrition, hunger, food and nutrition insecurity, and their consequences, 
particularly in low- and middle-income countries (LMICs) (  10  ). As discussed 
in Chapter 8, SUN has high level support from governments around the world, 
United Nation (UN) agencies and leading public, private, and civil society 
organizations. In addition to encouraging governments to adopt national plans 
to scale up nutrition in their various sectoral policies, the SUN framework calls 
for the establishment of partnerships linking business, civil society, and gov-
ernment to foster scaling up nutrition through nutrition interventions at the 
country level. Such partnerships will provide increased capacity to expand 
global food fortification activities. 

 In relation to its investment in food fortification, the SUN agenda is faced 
with the challenge of balancing the expectations of actor’s aligned with two con-
trasting approaches: an approach which promotes micronutrient interventions 
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(supplementation and food fortification), and a human rights approach. The 
integral position of public–private partnerships (PPPs), and GAIN in  particular, 
in the SUN initiative, will exert influence for food fortification interventions to 
receive particular attention in SUN activities. By contrast, in his report (  11  ) sub-
mitted to the Human Rights Council in accordance with council resolution 13/4, 
the Special Rapporteur on the right to food stresses that the adoption of a human 
rights framework to promote adequate food should receive priority attention. 
This framework emphasizes investment in rebuilding and strengthening local 
food systems through diversified farming systems based on local knowledge and 
conditions, so that long term health and economic benefits can be achieved. 
Within this framework, food fortification is viewed as offering a short term solu-
tion to micronutrient malnutrition problems while local agrifood systems are 
being transformed to support local food production and economies.     

   New investments   

 The World Health Organization (WHO) is introducing new investments in 
technical and policy agendas to support food fortification interventions. 
Among its investments it is establishing a process for developing and updating 
evidence-informed guidelines for micronutrient interventions, preparing and 
commissioning systematic reviews of the evidence related to a particular inter-
vention undergoing evaluation, upgrading and expanding its Vitamin and 
Mineral Nutrition Information System, and initiating research studies. WHO’s 
investment in its electronic Library of Evidence for Nutrition Actions (eLENA) 
provides an expanding evidence catalogue for food fortification activities. The 
momentum underway is indicated by the outputs in the 2010–2011 biennium, 
a two-year period during which 16 evidence-informed guidelines for micronu-
trient interventions (mostly supplementation-related) were published, and 
new tools and resources were developed to support member states and their 
partners in implementing micronutrient interventions (  12  ). 

 The investment in an expanded evidence base is being accompanied by new 
investments in advocacy activities. WHO is actively involved in advocating for 
food fortification through its activities to influence public policy and resource 
allocation decisions in a range of systems and institutions (  12  ). In addition, a 
coalition of UN and private agencies has come together to advocate for 
increased investment in food fortification in a variety of settings (  13  ).     

   New technologies   

 Nutrition science knowledge and technological developments are likely to 
 continue to bolster the capabilities of scientists and food manufacturers to 
pursue food fortification on a large scale and with a variety of food vehicles. 
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Biofortification is a promising technology in this regard though more work 
is needed before its efficacy, effectiveness, and safety for humans and the 
 environment is established. Biofortification of staple foods such as cereals, 
legumes, and tubers involves traditional crop breeding practices or transgenic 
techniques to improve the nutrient content and/or absorption of plants (  14  ). 
A  benefit of biofortification over conventional food fortification interventions 
is that the additional nutrient exposure is integrated into the food matrix sug-
gesting physiological advantages (  15  ). As with more conventional food fortifi-
cation interventions a challenge will be the ability to manage such technologies 
so that they are a complement to public health programmes and not an imposi-
tion that might disrupt local food systems and economies.      

   Suggested priority activities for managing food 
fortification into the future   
 Into the future the momentum driving food fortification interventions shows 
little sign of abating. It is not possible to accurately predict the impact of bur-
geoning individual, and collective, food fortification interventions. However, 
planning can be put in place to manage potential benefits, risk and ethical con-
siderations. In this regard and drawing on the insights obtained from the 
research presented throughout this book, the following priority activities are 
suggested for managing food fortification into the future as a technology to 
help protect and promote public health.     

   Policy priorities      

   A conceptual framework for placing expectations for 
food fortification interventions into perspective   

 The conventional orthodoxy for food fortification policy and practice is that 
evidential and ethical evaluative frameworks are used to inform food fortifica-
tion policy-making (Chapter 2). These frameworks are important because they 
provide reasoning systems for decision-making. However, the case study find-
ings have demonstrated that the decision-making process for food fortification 
interventions is not always rational. For a given public health nutrition policy 
problem there may be a number of potential policy solutions, including food 
fortification. When selecting from among policy options often there are com-
peting views about what counts as evidence for assessing policy options and 
how ethical considerations might be justified. 

 A conceptual framework can strategically capture ways of thinking coher-
ently and proactively about public health nutrition policy problems and the 
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potential policy solutions available for their prevention and control. Central to 
a framework is the explicit identification of the underlying cause(s) of policy 
problems and how they relate to various policy options. Conceptualising a 
policy problem—policy solution relationship prompts policy-makers to think 
about evidence-informed policy in terms that extend beyond just considering 
the quantity and quality of evidence for a potential solution. Policy-makers are 
encouraged to also consider the ‘relevance’ of the evidence that is being used to 
inform policy. In this way a conceptual framework can place expectations 
about food fortification interventions and alternative policy options into per-
spective to help plan policy responses to the evidence of a policy problem. 
Politics and competing views are unlikely to be able to be removed from food 
fortification policy-making processes, but with a conceptual framework in 
place the thinking behind decisions is made more relevant and accountable.     

   Reform evidential and ethical evaluative frameworks   

 There has been much investment in developing the design and procedures for 
evidential evaluative frameworks. Yet the frameworks are not infallible. The 
case study investigations revealed that the frameworks have limitations in their 
nature and scope when applied to public health nutrition policy interventions, 
including food fortification. There is a need to reform how evidence of benefit 
is appraised, evidence of risk is analysed and ethics is considered in policy-
making processes for such interventions. 

 Reforming the evidential approaches that currently are used to evaluate the 
effectiveness of a potential policy solution for a public health problem is indi-
cated. Conventional approaches such as the ‘Grading of recommendations 
assessment, development, and evaluation’ methodology (Chapter 2) evolved 
from an evidence-based medicine background. Whereas these approaches are 
well suited to evaluating micronutrient interventions they struggle to accu-
rately evaluate interventions that tackle the social, environmental and political 
determinants of public health problems. Approaches need to have the capabil-
ity to extend beyond evaluating not just the quantity and quality of evidence 
for an intervention, but also the ‘relevance’ of the evidence for an intervention 
addressing a policy problem. 

 Reforming risk analysis frameworks also is indicated. The design of conven-
tional risk analysis frameworks applied to public health nutrition interventions 
is based on an extension of a design founded in toxicology. The design has 
been adapted to accommodate certain nutrition characteristics and is well 
suited to analysing for relatively immediate health risks resulting from exces-
sive nutrient intakes. However, its narrow scope restricts its ability to specify 
and measure the full range of potential public health implications associated 
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with food fortification interventions. Risk analysis frameworks could consider 
the potential broader impacts of food fortification interventions on dietary 
imbalances as well as on environmental, economic and social outcomes, 
e.g. the potential to disrupt local food systems.  

 Reforming ethical evaluative frameworks is indicated in the sense that this 
investigation found few instances where ethics appeared to have been explic-
itly applied to food fortification policy-making processes. The application of 
an ethical justification process could be introduced into food fortification 
policy-making.      

   Research priorities      

   Increasing the evidence base for existing case studies   

 All investigated case studies were associated with scientific uncertainties. For 
example, the epidemiological evidence that informed MFFFA was convincing, 
yet the actual mechanism by which folic acid helps reduce the risk of neural 
tube defects is uncertain as is the optimum folic acid dose to exert this protec-
tive effect. Ongoing research is required to gain more evidence to elucidate 
these scientific uncertainties to help refine the planning and implementation of 
the case study interventions.     

   Increasing research investment into food fortification 
policy alternatives   

 Currently, a relatively large research investment is being directed towards con-
ducting systematic reviews, cost-effective analyses and preparing policy guide-
lines for food fortification interventions. This is a positive development for 
informing policy processes for such interventions. However, an equivalent 
research investment to build the evidence base for alternative policy options, such 
as those consistent with a human rights approach, is required. Otherwise, policy-
makers will have a skewed evidence base to inform their decisions when selecting 
from among the policy options available to tackle public health problems.       

   Planning and implementation priorities      

   Food fortification democracy   

 Despite having their dietary intakes directly influenced by food fortification 
interventions, members of the public rarely are active participants in the deci-
sion-making processes that result in the proliferation of fortified foods in 
the marketplace. Instead they tend to be passive consumers of such products. 
The likelihood is that many people may be unaware of food fortification 
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 interventions affecting their nutrient intake as the presence of micrograms or 
even milligrams of added nutrients in fortified foods is not something that can 
be readily seen. Yet, with global health governance arrangements there is an 
increasing concentration of power over food fortification interventions and 
this power is resting with those with substantial resources to shape relevant 
policy-making processes. 

 Lessons can be drawn from Lang’s argument that there is a need to invigorate 
a food democracy movement in which the public has greater involvement in 
food policy decision-making (  16  ). Strengthening the democratic nature of 
governance arrangements that shape food fortification requires activities, con-
sistent with health democracy activities in general. Specifically, it will require 
greater transparency in decision-making processes and support to promote the 
literacy and capacity of the public to participate in such processes (  17  ). 
Ultimately the test of the success of such activities will be that food fortification 
is truly a demand-led and not supply-led, public health policy intervention.     

   Reforming global health governance arrangements   

 Complementing moves to democratize food fortification is the need to reform 
global health governance arrangements. In particular, PPPs are gaining more 
influence over policy-making processes and have changed the power relations 
between the public and private sectors in food fortification activities. Curiously, 
a relatively large amount of time is directed towards scrutinizing the formal 
mechanisms of the public sector in formulating food fortification interven-
tions. Yet, relatively less time is spent scrutinizing the less transparent activities 
of business interest non-government organizations (BINGOs) and public inter-
est non-government organizations (PINGOs) involved in food fortification 
activities. These organizations engage not only in various global health agen-
das with UN agencies but also enter into separate arrangements with individu-
al countries and regions. The democratic principles followed by these 
organizations and their accountability are not always clear (18). 

 Concerns that have been levelled at the involvement of PPPs in health policy 
deliberations include: power imbalances among partners, whether inherent 
conflicts of interest are effectively managed, and the frequent failure to estab-
lish strong safeguards to protect public health goals from being co-opted by 
commercial interests (  19  ). Important reforms that have been suggested to 
increase trust in PPPs include:  

  1 Separating policy formulation roles from policy implementation roles     

 Public health practitioners (  20 ,  21  ) have argued that whereas there are  benefits 
to be gained from involving BINGOs in policy implementation, it is not 
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 appropriate to involve them in policy formulation, especially in relation to the 
potential for a conflict of interest to arise. But it is not just BINGOs whose 
involvement in food fortification activities should be limited to policy imple-
mentation. A number of PINGOs engage with the private sector, e.g. the 
Micronutrient Initiative receives funding from Dow Chemical Company 
Foundation and Salt Institute, among others, and as such there can be a degree 
of overlap between how PINGOs and BINGOs might be managed in relation 
to issues such as potential conflicts of interest.  

  2 Evaluating the impacts of public–private partnerships     

 PPPs involved in food fortification activities are rarely independently  evaluated. 
An important activity into the future will be to have independently evaluated 
the food fortification activities of organisations such as GAIN and FFI. 
Evaluations need to be inclusive of process measures such as transparency and 
participation (ability of alternative voices to be heard) as well as their impacts on 
nutrient intakes and health, economic, social, and environmental  outcomes.  

  3 Strengthening accountability arrangements     

 Concerns have been expressed that current global health governance arrange-
ments do not hold actors sufficiently accountable for their activities and that 
there is a need to develop standards for measuring success, monitoring progress 
and enforcement (  22  ). A research team with whom the author is involved, 
examined the accountability of PPPs with food, beverage, and restaurant com-
panies to address global hunger, undernutrition, and obesity. This research 
developed a benefit–risk decision-making pathway tool for prospective part-
ners to assess partnership compatibility before engaging with industry and is a 
suggested priority activity for the public sector to incorporate into planning 
the involvement of PPPs with food fortification (  23  ). The research also recom-
mended that partners adopt systematic and transparent accountability proc-
esses to balance public health interests with private commercial interests, 
manage conflicts of interest, ensure that co-branded activities support food 
products that are consistent with dietary guidelines, comply with ethical codes 
of conduct, and monitor and evaluate partnership outcomes.      

   Monitoring and evaluation priorities      

   Undertaking food fortification monitoring 
and evaluation   

 The amount of work that is undertaken in researching, planning and imple-
menting a food fortification intervention is rarely matched by its subsequent 
monitoring and evaluation (  24  ). Without monitoring and evaluation activities 
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being undertaken, it is not possible to know if an intervention is achieving 
its objectives. If it is not known if an intervention is achieving its objectives it 
is difficult to inform the ongoing development of the intervention and to 
learn from the experience to inform other food fortification interventions. 
Critically, practitioners need to be able to learn from food fortification failures 
as well as successes (25).

Into the future increased investment in monitoring and evaluation activities 
is needed so that data are collected on health outcomes, nutrition status, food 
consumption and composition data, on a comprehensive and timely basis to 
adequately inform food fortification policy processes. Food fortification mon-
itoring and evaluation activities need to have the capacity to differentiate the 
relative contributions of mandatory food fortification, voluntary food fortifi-
cation, dietary behaviour change, and supplementation to nutrition status and 
health outcomes. In addition it may be that the monitoring and evaluation 
needs to account for those situations where multiple food fortification inter-
ventions might be being implemented simultaneously. For instance, it is not 
inconceivable that different organizations operating in the same country could 
implement separate, non-coordinated micronutrient interventions where a 
nutrient such as iron might be added to more than one staple food as well as 
being promoted in supplemental form. An increased investment in monitoring 
and evaluation activities might be secured by making the approval of food 
fortification interventions conditional on demonstrated commitment to such 
activities.     

   Food fortification information systems   

 Underpinning food fortification policy-making is the need for a comprehen-
sive and strategic food fortification information system. The case studies have 
revealed that it is not uncommon for a country to make a food fortification 
decision without sufficient evidence of the population’s baseline nutrient 
intake, nutrition status, or policy problem prevalence. This situation raises 
ethical concerns about the decision-making process and it will make it difficult 
to evaluate interventions into the future. A food fortification information sys-
tem should not only coordinate monitoring and evaluation activities, but also 
incorporate necessary mechanisms to enable collected information to be 
shared with the public, policy makers, and others involved in food fortification 
interventions in a timely and ongoing basis. An efficient information system 
should build in milestones and requirements for reviewing the evidence that 
emerges from the monitoring and evaluation to then increase accountability 
and feedback findings into the ongoing review of the intervention.       
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         Chapter 10  

 Conclusion     

 Food fortification can be a powerful technology for protecting and promoting 
public health. It has a history of successfully being used to tackle public health 
nutrition problems caused by an inherent nutrient deficiency in the food sup-
ply. In recent times, mandatory food fortification is increasingly being adopted 
in various countries to tackle public health nutrition problems caused by 
social-economic (micronutrient malnutrition) and primarily genetic (neural 
tube defects (NTDs)) circumstances, as well as those caused by certain living 
conditions and cultural, religious, and social customs (vitamin D deficiency). 
As a policy solution for these problems, the adoption of food fortification can 
be controversial.

Advances in nutrition knowledge and food science capabilities are contrib-
uting to mandatory food fortification becoming more widespread and being 
implemented using an increasing number of food vehicles and variety of nutri-
ent combinations. In lieu of the increasing use and presence of food fortifica-
tion interventions, public health policy-makers and practitioners need to be 
critically aware of how best to manage this technology to protect and promote 
public health. The research presented in this book has drawn attention to food 
fortification policy and practice being intertwined with debates about evi-
dence, ethics, and politics. In this conclusion to the book, the case study find-
ings are generalized to food fortification in total and then used to identify 
lessons for food fortification evidence and food fortification politics.    

   Generalizing the case study findings to food 
fortification in total   
 The frame of reference for the research presented in this book was food fortifi-
cation as a technology for public health nutrition policy. It is to food fortifica-
tion in total that the findings from each of the three case studies are generalized.  
Each case study was selected as being representative of a particular policy prob-
lem aligned with one of three plausible food fortification rationales. The case 
study findings showed that universal salt iodization (USI) ‘performed’ well as 
an intervention to help prevent and control iodine deficiency disorders. 
Therefore, it would be predicted that mandatory food fortification is a highly 
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recommended intervention when the food supply is unable to provide suffi-
cient nutrients because of an inherent nutrient deficiency in the food supply. 
Mandatory flour fortification with folic acid (MFFFA) and mandatory milk 
fortification with vitamin D (MMFVD) performed less well in preventing neu-
ral tube defects and vitamin D deficiency, respectively. Therefore, mandatory 
food fortification is generally not highly recommended when the rationale for 
adding nutrients to the food supply is that certain individuals have nutrient 
requirements higher than reference standards or when there is a reduction in 
exposure to the primary source of a nutrient. However, these findings were 
qualified for certain situations. In the situation of helping prevent and control 
anaemia resulting from a medical condition affecting a significant number of 
individuals, mandatory food fortification with iron is recommended. Also 
MMFVD is recommended when implemented strategically as a component of 
a multifaceted program. 

 Food fortification evidence and ethics 
 It might be asked that if the primary objective in food regulation is the protec-
tion of public health and safety, ‘Why might there be public health and ethical 
concerns with food fortification interventions if this objective is observed?’. 
The answer is that the objective is not clearly defined as such and takes on 
meaning through the application of evaluative frameworks that are designed to 
assess the evidence for public health benefits and risks of food fortification. 
What counts as evidence and how ethics is viewed is socially constructed. 
Typically, the frameworks are being constructed from a reductionist view of 
food and health relationships. This orthodoxy works well when assessing rela-
tionships between a single nutrient and a specific biological outcome, as is the 
case with USI. However, the relationships between public health nutrition 
problems and their potential solutions often are more complex, as is the case 
with most micronutrient malnutrition problems. The evaluative frameworks 
are not well designed to specify and measure complex relationships. For this rea-
son their assessment of public health benefits and risks tends to privilege micro-
nutrient interventions (supplementation, fortification) over alternative public 
health nutrition policy interventions. This research has highlighted that generally 
the management of food fortification is taking place in the absence of a concep-
tual analysis of the nature and causes of public health nutrition problems. 

 Into the future, it will be important that evaluative frameworks are reformed 
so that they are responsive to the nature of a public health nutrition problem 
being investigated. This means that the frameworks need to appraise all rele-
vant evidence for public health interventions and not just that which conforms 
with a rigid schema. The insight that emerged from this research was the need 



FOOD FORTIFICATION POLITICS 247

for evaluative frameworks to conceptualize a policy problem by considering its 
causation. Taking causation into account will result in the evaluative frame-
works’ assessment of policy responses being more relevant to the problem at 
hand. For example, the effectiveness of policy options to tackle micronutrient 
malnutrition will vary depending on whether the cause of this problem is pov-
erty or an inherent nutrient deficiency in the food supply. Evaluative frame-
works need flexibility to adapt to either circumstance. 

 Mandatory food fortification interventions increase the nutrient intake 
of everyone in the population who consumes the fortified food. This character-
istic raises significant ethical considerations. Yet, there were few instances 
where ethical justification was apparent in policy-making processes. It is 
 situations like this that highlight the need for greater inclusion of an ethical 
justification procedure in evaluative frameworks during the assessment of 
mandatory food fortification interventions.     

   Food fortification politics   
 Food fortification has a powerful impact on food composition, food systems, 
food economies and public health. Inevitably, many actors have a stake in the 
development of food fortification activities. The case study findings high-
lighted the inherently political nature of food fortification. Science and tech-
nology may provide the capability to fortify foods, but their use is frequently 
contested among actors with opposing values, beliefs, and interests towards 
food and health relationships. Ultimately, it is political processes and judge-
ments that determine if, when, how, and why this capability might be trans-
lated into food fortification policy and practice. 

 The policy process varied across the case studies, but for all case studies it 
was informed to a certain extent by evidence (and sometimes ethics). 
Nevertheless, the lesson that emerges for the food fortification policy process 
in general is that evidence and ethics do not speak for themselves in the policy-
making process. The way evidence and ethics are constructed, interpreted, and 
applied is political — it is influenced by the interplay of actors, their activities, 
and dominant political agendas. Fundamentally, food fortification policies and 
practices reflect the policy environment within which they are made. In the 
current global policy-making environment, powerful coalitions of actors are 
promoting food fortification with strategic advocacy and framing activities 
and supported by global health governance arrangements that in particular are 
privileging public–private partnerships and their food fortification agendas. 

 It is not the intention of this research to reject evidence- and ethics-informed 
food fortification policy because it is as an unattainable ideal. It remains an 
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ideal to which to aspire. Achieving this ideal will require improvements in the 
transparency of policy-making and the opportunity for those affected by food 
fortification activities to have a greater say in the policy processes. 

 Into the future, food fortification policy and practice will continue to be a 
dynamic area. As the evidence base evolves, the case for USI, MFFFA, and 
MMFVD may change. In the meantime there is momentum for increasing their 
population coverage globally, e.g. with the Scaling Up Nutrition initiative there 
is likely to be a greater investment in food fortification to tackle micronutrient 
malnutrition. In addition, calls for new food fortification applications are like-
ly to arise as evidence for public health nutrition problems emerges. As food 
progressively becomes more and more a carrier of novel amounts and mixtures 
of added nutrients its composition will depart further from that with which 
humans have evolved. Ongoing monitoring and evaluation of the impact of 
individual and collective food fortification activities on the nutrient composi-
tion of foods, population nutrient intakes, health outcomes, and food system 
operations, will be critical to inform policy and practice to protect and pro-
mote public health.       
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