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Abstract

:

Deficiencies in one or more micronutrients such as iron, zinc, and vitamin A are widespread in low- and middle-income countries and compromise the physical and cognitive capacity of millions of people. Food fortification is a cost-effective strategy with demonstrated health, economic and social benefits. Despite ongoing debates globally and in some countries regarding the performance and safety of food fortification, the practice offers significant benefits across each of the main vehicles for food fortification (large-scale food fortification, biofortification and point-of-use or home fortification) ranging from reducing the prevalence of nutritional deficiencies and economic benefits to societies and economies. Using Sight and Life’s global and national experiences in implementing food fortification efforts, we demonstrate how different programs in LMICs have successfully addressed challenges with food fortification and in doing so, find that these efforts are most successful when partnerships are formed that include the public and private sector as well as other parties that can provide support in key areas such as advocacy, management, capacity building, implementation and regulatory monitoring.
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1. Introduction


Maternal and child undernutrition cause 45% of all deaths in children under five in low- and middle-income countries (LMICs) [1]. A particularly widespread problem in LMICs is hidden hunger, or a chronic lack of essential vitamins and minerals in the diet [2]. Deficiencies in one or more micronutrients such as iron, zinc, and vitamin A compromise the physical and cognitive capacity of millions of people. Overall, it has been estimated that micronutrient deficiencies account for about 7.3% of the global burden of disease, and iron and vitamin A deficiency rank among the 15 leading causes of the global disease burden [3], contributing to the deaths of over one million children annually [1]. The World Health Organization (WHO) estimates that 42 percent of children less than 5 years of age and 40 percent of pregnant women worldwide are anemic [4]; pregnant women with severe anemia are twice as likely to die during or shortly after pregnancy than non-anemic women, and for their children, micronutrient deficiencies in utero can lead to low birth weight and brain and spinal defects [5].



There have been a few attempts to quantify micronutrient malnutrition globally, but this has been hampered by insufficient intake and status data at the population level. While Schmidhuber et al. (2018) reported a generally increased supply of micronutrients between 1980 and 2013, Ruel-Bergeron et al. (2015) observed only a slight improvement of the Hidden Hunger Index (HHI) [6] from 1995 to 2011, globally (−6.7 net change on the HHI), and in Africa—particularly Sub-Saharan Africa—a deterioration in hidden hunger (+1.9 on the HHI) over the same period [7,8].



Micronutrient deficiencies are due primarily to inadequate intake of nutrient dense foods and nutrient losses due to poor diets, infections and blood loss during menstruation (women of reproductive age). Metabolic requirements for micronutrients are especially high during early development, pregnancy and lactation. The World Health Organization (WHO) and the United Nations Food and Agriculture Organization (FAO) have adopted four main strategies for improving dietary intake: food fortification, micronutrient supplementation, nutrition education, and disease control measures. The fortification of staple foods is one strategy that has a proven history in improving dietary diversity and effectively decreasing micronutrient deficiencies.



This review systematically synthesizes the available evidence on the advantages and disadvantages of food fortification vehicles (industrial fortification, biofortification and point-of-use or home fortification) and provides an overview of three dimensions by which fortification impacts individuals and societies—social, health and economic. It also provides examples and lessons learned from Sight and Life programs and projects that have worked to address barriers and enablers to food fortification across multiple dimensions.




2. What Is Food Fortification?


Food fortification is defined as the practice of adding vitamins and minerals to commonly consumed foods during processing to increase their nutritional value. It is a proven, safe and cost-effective strategy for improving diets and for the prevention and control of micronutrient deficiencies. In 2008 and 2012, the Copenhagen Consensus ranked food fortification as one of the most cost-effective development priorities [9,10]. While mandatory food fortification has been used as a strategy to prevent micronutrient deficiencies in high-income countries (HIC)—dating as far back as the 1920s in Europe and North America when the first salt was iodized—it is still less common in LMICs where food systems are not delivering nutritionally adequate diets due the production and consumption of just a few major starchy food crops (maize, rice, wheat) with low micronutrient content and/or bioavailability (phytate). In the past two decades, food fortification has become increasingly popular in LMICs for several reasons, including rapid urbanization and increasing household purchasing power, leading to a greater proportion of the population relying on processed foods [11,12].



There is strong evidence that food fortification in HICs is effective in addressing micronutrient deficiencies. In LMICs, the evidence is still being established, but research, including a recent systematic review and meta-analysis of large-scale food fortification (LSFF) programs, confirmed the impact of fortification on nutritional outcomes including reductions in vitamin A deficiency, iodine deficiency, anemia, and iron deficiency among women and children; declines in goiter and neural tube defects (NTDs) among children; and improved serum folate among women of reproductive age [13]. However, certain fortification approaches, such as iron fortification of staple foods like flour, provided mixed results. For example, Field et al. (2020) found that fortifying wheat flour with iron had little or no effect on anemia [14] and had little to no impact on iron deficiency compared to unfortified wheat flour; and that the addition of other micronutrients also had little impact on iron deficiency and hemoglobin concentrations compared to wheat flour alone [15]. Similarly, Pachon et al. (2015) found limited evidence to support the reduction of anemia with large-scale flour fortification [16]. In contrast, Barkley et al. (2015) found that among countries with national flour programs, there was a 2.4% reduction in the (odds) of anemia for non-pregnant women in each year of fortification in comparison to the previous year [17].



The type of fortification that will be most appropriate and effective in a given country depends on several factors including: the prevalence of certain micronutrient deficiencies, the population(s) most affected, dietary compositions, available infrastructure, capacities for food processing and production systems, as well as national regulation and governmental leadership. The main fortification vehicles are as follows.



2.1. Large-Scale Food Fortification


Industrial or large-scale food fortification (LSFF) is the addition of micronutrients during processing to commonly consumed foods such as salt, flours, oil, sugar and condiments. LSFF programs can be categorized as either mandatory—meaning they are initiated and regulated by the government—or voluntary where food processors add nutrients to their foods on their own volition but is still governed by regulatory limits. Mandatory fortification programs are increasingly common, especially when it comes to fortified flour and iodized salt. Salt iodization is perhaps the most common form and between 1990 and 2008, the number of households globally consuming iodized salt rose from 20 percent to 70 percent [18]. Currently, over 130 countries have mandated iodized salt [19].



Mandatory wheat flour fortification was first introduced in 1942 and currently 85 countries have since mandated its use. In North and South America, addition of folic acid to wheat flour is mandatory to lower the risk of birth defects. Edible oils are an increasingly common vehicle for fortification, and thus far 27 countries have mandated oil fortification with Vitamin A; and 14 countries have mandated milk fortification, 11 countries fortify milk with both Vitamin A and D, one country (Costa Rica) is additionally fortifying with iron and folic acid, and two countries (China and Canada) are adding calcium, in addition to Vitamin A and D [20].



Sugar fortification with vitamin A began in the 1970s in Latin America and was first implemented in Guatemala in 1975 becoming a model for other countries because it resulted in a near tripling of vitamin A intake and a decrease in vitamin A deficiency from 22 to 5% in only one year [21]. In Africa, there are mandatory sugar fortification programs in Malawi, Mozambique, Nigeria, Rwanda, Zambia and Zimbabwe.



Currently, over 140 countries globally have guidance or regulations in place for fortification programs, the majority of which are mandatory, and almost 140 countries are implementing national salt iodization programs of which 102 are mandatory, 85 countries mandate at least one kind of cereal grain (maize, rice or wheat) be fortified with iron and folic acid, and over 40 countries mandate the fortification of edible oils, margarine and/or sugar with vitamin A and/or vitamin D [22].



Food fortification can also be achieved by harnessing the expertise of the private sector to produce and distribute fortified foods. Voluntary fortification is the process by which a food manufacturer chooses to add one or more micronutrients to processed foods in compliance with government regulations and standards. An example of this is Olam in Ghana who is fortifying long-grain rice with micronutrients including iron, zinc, and B-complex vitamins, providing more than 15% of the minimum RDA (recommended dietary allowance) per serving [23]. In India and Kenya, voluntary fortification initiative were drivers of more exhaustive legislation and a strong enabling environment [24].




2.2. Biofortification


In contrast to LSFF where nutrients are added during post-harvest processing, biofortification is the process by which food crops are grown to improve their nutritional value. Biofortification projects mainly concentrate on boosting iron, zinc and provitamin A carotenoid in different food crops through plant breeding or agronomically (mineral fertilizer); some projects have also biofortified with amino acids and protein. Examples of biofortification projects include iron biofortification of rice, beans, maize and sweet potato; zinc biofortification of wheat, rice, beans, sweet potato and corn; and Vitamin A biofortification of sweet potatoes, corn and cassava.



Research on biofortification has identified the advantages of this approach, specifically it targets poor families living in remote rural areas with no or limited access to industrially fortified foods. These families often rely on subsistence farming and can grow, consume and sell their own fortified crops. Additionally, when targeted correctly, biofortification can enable food systems to deliver more nutritious foods cost-effectively [25]. In northern Mozambique, a 2019 study [26] found that the introduction of orange sweet potatoes (OSP) to farmers increased vitamin A intake among women of reproductive age and children, and improved vitamin A intake (with long-term impacts on vitamin A intake). Nutrient poor diets based on staple crops (tubers and cereals) typically lead to multiple micronutrient deficiencies, but biofortification can increase a crop’s nutritional value using traditional breeding and agronomic biofortification techniques. However, biofortification via genetic engineering—which allows for simultaneous introduction of multiple micronutrients in a single crop—could support increased levels of multiple micronutrients in a single food crop and high-level accumulation of micronutrients [27].




2.3. Point-of-Use or Home Fortification


Point-of-use fortification is the addition of vitamins and minerals to food that has been cooked and is ready to be eaten. Formerly known as “home fortification”, the WHO adopted the term “point-of-use” in 2012 to reflect the many settings where this type of intervention can take place such as in schools and refugee camps; and in 2016, recommended point-of-use fortification of complementary foods with micronutrient powders (MNPs) as a key intervention for improving micronutrient intake (to improve iron status and reduce anemia in particular) in children aged 6–24 months [28].



MNPs are single-dose packets containing multiple vitamins and minerals in powder form that can be sprinkled onto food without affecting the taste or color [29]. The original purpose of “Sprinkles” (original branding) was to provide iron and other nutrients for treating anemia and iron deficiency but the formulations have since changes to address the multiple nutrient needs of children under five [30]. Currently, most countries use a 15 micronutrients MNP formulation designed to provide one Recommended Nutrient Intake (RNI) of each micronutrient per dose for children 6–59 months old [31]. Each sachet costs approximately USD 0.2, [31] and is recommended in settings where children have low dietary diversity, locally available foods have low nutritional value, or when a child has infectious diseases (malaria, diarrhea, worms) [30].



A recent Cochrane review has established that MNPs are effective in reducing anemia and iron deficiency for children 6–24 months [30]. Home fortification with MNP reduced anemia by 31% and iron deficiency by 51% in infants and young children when compared with no intervention or placebo but did not find an effect on growth [32]. Research by the World Food Programme, using Save the Children’s Cost of Diet tool, also found that the addition of two sachets of MNPs to the diet in Indonesia could reduce the amount that families would need to spend to obtain an adequately nutritious diet by 20% [33].



Malnutrition in all its forms affects millions of women worldwide, but women in LMICs are particularly vulnerable to deficiencies in essential vitamins and minerals such as iron, folic acid, zinc and iodine due to poor quality diets. These nutritional deficiencies not only affect their health but also that of their children. Latest estimates reveal that 154 million women of reproductive age are too thin and 520 million women are anemic, two conditions that are linked to the birth of 20 million low birth weight (LBW) babies annually [34]. Maternal micronutrient supplements (MMS) are a safe and cost-effective solution to improve the nutritional status of pregnant women in LMICs [35]. Studies show that MMS reduces LBW up to 13% and SGA by 9% [36].





3. Advantages and Disadvantages of Food Fortification


3.1. Health


According to WHO mortality data, around 0.8 million deaths (1.5% of the total) can be attributed to iron deficiency each year, and a similar number to vitamin A deficiency [37], and contributes to a significant number of lives lost [38]. A significant body of literature shows that LSFF can have public health impacts in HICs as well as in LMICs. A recent analysis of 50 studies in LMICs has shown that fortification with iodine, folic acid, vitamin A and iron have led to dramatic reductions in serious disease [36]. A 2019 review attempted to estimate the real-world impact of industrial food fortification on health and nutrition outcomes in LMICs, and found that it had a positive impact on some health outcomes, including goiter, anemia, and NTD prevalence [36]. Fortification programs implemented population-wide were associated with a 34% reduction in anemia from improved iron stores, with greater benefits realized by those most at risk of deficiency; 74% reduction in the odds of goiter; and a 41% reduction in the odds of NTDs [14]. Figure 1 shows the potential benefits of food fortification across the life cycle.



Numerous country-level studies on the impact of food fortification on micronutrient status have shown very positive results. For example, in Indonesia, a study conducted in two districts of West Java from 2011 to 2012 assessed the effects of large-scale fortification on the vitamin A status of women and children and found that fortified oil increased vitamin A intake close to the recommended nutrient intakes, contributing on average 26% of daily need for children aged 12 to 23 months, 38–40% among older children, and 29–35% for women [39]. Not only did the vitamin A status of all beneficiaries improve and vitamin A deficiency dropped significantly, but so the vitamin A content of breast milk of lactating mothers also increased. In Costa Rica, an evaluation of the impact of iron fortification on anemia prevalence found a significant decrease at the national level in the prevalence of anemia among children aged 1–7 years and women of reproductive age. Anemia was reduced from 19 to 4% in children and from 18 to 10% in women; and in children, iron deficiency was also reduced from 27 to 7% [40].



Despite the enormous benefits of food fortification strategies on nutritional status, some studies have identified opposite results in terms of no impact of food fortification programs and of guaranteeing safe upper limits. For example, a study conducted among Brazilian children under the age of six found no effect of iron-fortified flour on anemia prevalence. The study consisted of four population-based surveys conducted over a four-year period, and it measured dietary intake and hemoglobin levels. The findings showed an unexpected increase in anemia among children. Despite the average intake of fortified flour detected by the study amounting to 100 g per day, the poor diets quality of children with low bioavailability of iron compromised the benefits of fortified flour [41].



Furthermore, a systematic review performed in both HICs and LIMCs did not find any significant association between the effect of multiple micronutrient fortification on child growth outcomes such height/length-for-age z-score (HAZ/LAZ)) (MD 0.09, 95% CI 0.01 to 0.18; 8 studies, 2889 participants; low-quality evidence) and zinc deficiency (RR 0.84, 95% CI 0.65 to 1.08; 5 studies, 1490 participants; low-quality evidence) [20]. Fortified complementary foods had a small effect on children’s anemia but had no impact on their growth and in some cases, they were associated with more diarrhea episodes [42].



There are also ongoing debates globally and in some countries regarding the performance and safety of fortification efforts (whether or not the consumption of micronutrient fortified foods may cause adverse health effects due to the accumulation of these nutrients in the human body). To ensure success in food fortification, the micronutrients’ Tolerable Upper Intake Level (UL) must be established. The WHO proposed a methodology for calculating and defining the safe upper limit in the Guidelines on Food Fortification with Micronutrients, which vary depending on the local context. However, challenges can arise in case of large consumption of the fortified food among the same population and utilization of multiple food vehicles [41]. In Guatemala it was shown that the consumption of wheat flour fortified with acid folic varied massively among people from different socioeconomic status (women from wealthy groups consumed 15 times more than women from no wealthy groups) rising concerns on the safe limits [43]. In Cameroon, the consumption of multiple Vitamin A fortified vehicles such as sugar or wheat flour with edible oil resulted in a possible excess of UL among children. This was the case in urban settings due to the high consumption of such foods [44].



While some evidence suggests that while multiple exposures of micronutrients including fortified foods for a long period of time may result in adverse effects, when properly regulated, fortification carries a minimal risk of toxicity [45]. For example, Vitamin A fortification safety is often cited as a concern in food fortification programs, but a recent review indicated that the risk of excessive vitamin A consumption from fortified foods in women and young children is likely negligible [46].




3.2. Economic


Food fortification is a cost-effective strategy to improve the nutrition status of populations [47,48,49], and it associated with high economic benefits [50,51,52,53]. Reviews such as the Copenhagen Consensus have consistently ranked micronutrients as the most cost-effective development intervention and provides significant returns for a low cost [11]. For example, iodizing salt can cost as little as USD 0.05 and wheat and maize fortified with iron and folic acid as little as USD 0.12 annually. Lifetime costs for these two fortified commodities are less than USD 15 per person and can provide a return on investment of more than USD 26 in increased productivity and health care savings; and every dollar spent on fortification results in USD 9 in benefits to the economy [10].



A feasibility and cost-effectiveness study in the Philippines using fortified powdered milk to increase micronutrient intake amongst children found it as a cost-effective tool for addressing iron deficiency [54]. The results indicated that for iron deficiency, food fortification was the most cost-effective method with a cost of USD 66 per disability adjusted life years (DALY), whereas supplementation and dietary diversification had estimated costs of USD 179 and 103 per DALY, respectively. In the case of biofortification, the estimated health benefit-to-cost ratio was USD 17 of benefits for every USD 1 invested [11].



Despite the enormous economic potential of food fortification, several barriers are not conducive to creating an enabling environment for global food fortification scale-up. These constraints include low private-public partnership and lack of national regulations on food fortification. A recent systematic review addressed the challenges of LSFF programs in LMICs, in addition to the effectiveness of food fortification programs. The authors identified engagement with Small and Medium Enterprise as a bottleneck to expanding food fortification programs, as well as their low technological and economic capacity; lack of regulations and food laws were also cited as barriers [47]. For example, despite mandatory salt iodization in the Philippines, more than two-thirds of the salt is imported and not fortified due to low production capacity. Furthermore, the national production of salt is carried out by producers without a license, thereby avoiding any official controls; and the absence of high-quality laboratories prevent control and monitoring to assess the quality of fortified food [55]. Luthringer et al. provide a comprehensive analysis of regulatory monitoring on fortified foods. The paper emphasized conflicts and best practices for governments and the food industry in LMICs. Key aspects of successful fortification strategies include partnership between Governments and food industries and developing the economic and human capacities of small industries [56].




3.3. Social


As outlined in the 1996 declaration of the World Food Summit: “Everyone to have access to safe and nutritious food, consistent with the right to adequate food and the fundamental right of everyone to be free from hunger” [57]. The right to food is also recognized in the 1948 Universal Declaration of Human Rights and is enshrined in the 1966 International Covenant on Economic, Social and Cultural Rights. As such, combatting hunger and malnutrition in many countries is more than a moral duty but is a legally binding part of national law under human rights obligation. Unfortunately, guaranteeing the right to food and nutrition is a complex and often overwhelming challenge in many LMICs. Particularly in the context of the COVID-19 pandemic in which mandatory lockdowns and economic slowdowns are leading to increases in food insecurity and malnutrition. Therefore, food fortification can be a crucial intervention to decrease the risk of malnutrition—before, during, and after pandemic.



The Sustainable Development Goals (SDGs) and the 2030 Agenda for Sustainable Development (2030 Agenda) aim to achieve a world free of hunger and malnutrition in all its forms, and to use data and global partnerships to realize the goals. In fact, SDG17 encourages “the global partnership for sustainable development, complemented by the use of multi-stakeholder partnerships” as a means of implementation of the 2030 Agenda [58]. Food fortification is a key element to strengthen the public and private partnership with beneficial multi-sectoral impacts on society.



While private sector partners from the food industry are the main actors within food fortification programs, governments and civil society also have a role to play. Civil society in particular can help improve accountability and commitment to standards, etc. Public-private partnerships (PPPs) are important for food fortification programs as most/all programs have some link between the public and private sector, as well as engagement with consumers, civil society, donors, etc.



Finally, food fortification, when combined with social safety net programs (SSNP), such as school feeding programs, distributions to the poor or to vulnerable groups, food for work programs, and food aid during emergency situations, have been effective tools to deliver fortified food to vulnerable people but also disseminate information on diets [59]. In Gujarat, India, the government used three social safety net programs—Gujarat’s Public Distribution System (PDS), Integrated Child Development Scheme (ICDS), and Mid-Day Meal (MDM) Programme—as platforms for introducing wheat flour fortification among beneficiaries. In doing so, they found that by substituting wheat grain for fortified wheat flour dramatically increased the intake of micronutrients among its SSNP beneficiaries, and that it was a very cost-effective approach [60].



A challenge for school feeding and other SSNP programs is their long-term effectiveness. In South Africa, in nearly four years of implementation of a Vitamin A fortified biscuits in school program, vitamin A deficiency has not been eradicated despite the biscuits provided 50% of daily RDA for carotene and 10% of the daily RDA for vitamin A [61]. Another challenge emerged during the recent lock-downs due to the COVID pandemics when SMEs faced increased difficulties to access to the vitamins and mineral premix for the fortification procedures, particularly from the international premix supply [62].





4. Lessons from Sight and Life Projects and Partnerships


Global and national experiences show that food fortification accomplishments are most promising when partnerships are formed not only between the public and private sectors, but also with parties/organizations that can contribute in the following critical areas: advocacy, management, capacity building, implementation and regulatory monitoring. Sight and Life is a global humanitarian organization that works to end malnutrition in all its forms. The projects are grounded in evidence and build strategic and long-lasting partnerships to implement sustainable solutions to improve the lives of those in most need, and include several projects focused on food fortification. Sight and Life works as a catalyst in bringing key stakeholders together to address multidisciplinary challenges related to food fortification strategies. The following section will highlight some of key lessons learned from Sight and Life projects and its partners.



4.1. India—Mandatory Rice Fortification


Micronutrient deficiencies are common among women and children in the Indian state of Andhra Pradesh. In recognition of this challenge, in early 2018, the Prime Minister’s office launched the National Nutrition Mission where staple food fortification as a cost-effective approach to control vitamin and mineral deficiencies. Among the various staples available in Andhra Pradesh, rice is the most effective vehicle to reach the poorest and only one of two staples, which when fortified well, can carry a range of minerals and vitamins. It is delivered to the most nutritionally vulnerable population through the government’s three main food supplementation programs: (1) Mid-day Meal scheme (MDM), (2) Integrated Child Development Scheme (ICDS), and (3) Public Distribution System (PDS).



The Food Safety and Standards Authority of India (FSSAI) developed specifications for fortified rice after expert consultations which included strong clinical evidence from leading academic institutions in India. Since then, rice fortification has gained momentum and currently fifteen states have drawn up plans to start implementing it through MDM, ICDS and PDS. To strengthen these programs, Sight and Life, in collaboration with Tata Trust and the local Government, has instituted a promising, cost-effective blending process known as continuous blending. This is the first time that this type of approach has been implement in India for fortify rice under large-scale government programs.




4.2. Rwanda—Example of Industrial Fortification


In October 2019, the Government of Rwanda, through its Ministry of Health started a food fortification program of five staple foods, namely maize and wheat flour (fortified with vitamin A, iron, zinc, folic acid, niacin, vitamin B1 and vitamin B12), edible oils (fortified with vitamin A), sugar (fortified with vitamin A) and salt (fortified with iodine). Together with partners like Sight and Life, Rwanda has developed mandatory food fortification standards and have supported the process of passing new food fortification regulations making it mandatory for all locally and imported food products among the five food staples. Currently, some food processors like African Improved Foods, MINIMEX, and SOSOMA have introduced in the market fortified flours and some imported edible oils from neighboring countries are also fortified.



In 2019, Rwanda established their own Food and Drug Administration (FDA) and in collaboration with Sight and Life has established a food fortification platform where all stakeholders meet to discuss matters related to the implementation of the food fortification regulation. For example, through the Rwanda National Fortification Alliance, members identified VAT taxation as one of their biggest challenges, and key stakeholder groups such as the private sector, CSOs and NGOs supported discussions with the Ministry of Finance to reduce or wave VAT taxes on fortified flour as a key fortification incentive.




4.3. Ghana—Voluntary Fortification Example


In Ghana, micronutrient deficiencies among women and child remain high—a recent micronutrient survey conducted by the Ghana Health Service (GHS) revealed deficiencies in key micronutrients including vitamin A, iron and folate, particularly in pregnant women including that approximately 50 and 66% of non-pregnant and pregnant women and pre-school age children, respectively, suffer from anemia, and 30% of pre-school children suffer from iron and vitamin A deficiency [63].



In 2013, a partnership between Sight and Life, DSM, the German Federal Ministry for Economic Cooperation and Development, the Children’s Investment Fund Foundation (CIFF), Bill and Melinda Gates Foundation (BMGF), Association of Ghanaian Industries (AGI) and Ghana Standards Authority (GSA) was launched.



The program is a demand driven approach to addressing micronutrient malnutrition among women of reproductive age by creating a distinctive front-of-package seal that guarantees nutrition quality, while easily identifying fortified food products that provide a good source of 18 vitamins and minerals designed for women of reproductive age. The OBAASIMA Seal does not provide clear assurance to consumers of a high quality, safe, and nutritious food that adheres to the minimum fortification standards, but it also serves as a good model for engaging the private sector in LMICs to alleviate micronutrient deficiencies.



Moreover, the OBAASIMA project was used as case study to advocate for the importance of suitable nutrient profiling methods in LMICs. Sight and Life in collaboration with Professor Adam Drewnoski recently published a study calling for new nutrient profiling models appropriate for LMIC nutritional needs. The study showed that current nutrient profiling methods adopted in HIC fail to capture benefit of nutrient dense food such as fortified foods that meet the nutritional needs of people in the Global South. Guidelines for developing a Nutrient Profiling system in LMICs were [64].





5. Conclusions


Food fortification is a cost-effective intervention with the potential to address malnutrition globally. Studies on the fortification of foods have shown positive results not only in the control and prevention of micronutrient deficiencies among vulnerable populations, especially women and children, but also along social, economic and environmental dimensions. Sight and Life projects offer successful examples to address micronutrient deficiencies through fortification from several LMICs and emphasize the importance of multidimensional partnerships in addressing the many challenges of food fortification strategies. This paper aimed to demonstrate advantages and disadvantages of food fortification strategies, as well as to provide some key examples of ways in which different programs in LMICs have systematically addressed the issues identified, demonstrating that there is no one-size-fits-all solution.







Author Contributions


Conceptualization, R.O. and K.K.; methodology, R.O. and C.F.; formal analysis, R.O. and C.F.; investigation, R.O. and C.F.; writing—original draft preparation, R.O. and C.F.; writing—review and editing, R.O. and C.F.; supervision, K.K.; project administration, R.O.; All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Black, R.E.; Victora, C.G.; Walker, S.P.; Christian, P.; de Onis, M.; Ezzati, M.; Grantham-McGregor, S.; Katz, J.; Martorell, R.; Uauy, R.; et al. Maternal and child undernutrition and overweight in low-income and middle-income countries. Lancet 2013, 382, 427–451. [Google Scholar] [CrossRef]

	



Muthayya, S.; Rah, J.H.; Sugimoto, J.D.; Roos, F.F.; Kraemer, K.; Black, R.E. The global hidden hunger indices and maps: An advocacy tool for action. PLoS ONE 2013, 8, e67860. [Google Scholar] [CrossRef] [PubMed]

	



Ahmed, T.; Hossain, M.; Sanin, K.I. Global burden of maternal and child undernutrition and micronutrient deficiencies. Ann. Nutr. Metab. 2012, 61, 8–17. [Google Scholar] [CrossRef] [PubMed]

	



WHO. Anemia; WHO: Geneva, Switzerland, 2021; Available online: https://www.who.int/health-topics/anaemia#tab=tab_1 (accessed on 18 August 2020).

	



Young, M. Maternal anaemia and risk of mortality: A call for action. Lancet 2018, 6, 5. [Google Scholar] [CrossRef]

	



Von Grebmer, K.; Torero, M.; Olofinbiyi, T.; Fritschel, H.; Wiesmann, D.; Yohannes, Y.; Schofield, L.; von Oppeln, C. The Challenge of Hunger: Taming Price Spikes and Excessive Food Price Volatility. In 2011 Global Hunger Index; Deutsche Welthungerhilfe, International Food Policy Research Institute, and Concern Worldwide: Bonn, Germany; Washington, DC, USA; Dublin, Ireland, 2011; GHI English, Spring. [Google Scholar]

	



Schmidhuber, J.; Sur, P.; Fay, K.; Fay, K. The Global Nutrient Database: Availability of macronutrients and micronutrients in 195 countries from 1980 to 2013. Lancet Planet. Heatlh 2018, 2, e353–e368. [Google Scholar] [CrossRef]

	



Ruel-Bergeron, J.C.; Stevens, G.; Sugimoto, J.D.; Roos, F.R.; Ezzati, M.; Black, R.E.; Kraemer, K. Global Update and Trends of Hidden Hunger, 1995-2011: The Hidden Hunger Index. PLoS ONE 2015, 10, 12. [Google Scholar] [CrossRef]

	



Horton, S.; Mannar, V.; Wesley, A. Best Practice Paper Food Fortification with Iron and Iodine; Copenhagen Consensus Center Working Paper October; Copenhagen Consensus Center: Copenhagen, Denmark, 2008. [Google Scholar]

	



Hoddinott, J.; Rosegrant, M.; Torero, M. Investments to Reduce Hunger and Undernutrition; Copenhagen Consensus Center Working Paper March; Copenhagen Consensus Center: Copenhagen, Denmark, 2012. [Google Scholar]

	



Spohrer, R.; Larson, M.; Maurin, C.; Laillou, A.; Capanzana, M.; Garrett, G.S. The growing importance of staple foods and condiments used as ingredients in the food industry and implications for large-scale food fortification programs in Southeast Asia. Food Nutr. Bull. 2013, 34 (Suppl. 2), S50–S61. [Google Scholar] [CrossRef]

	



Ahn, R.; Burke, T.F.; McGahan, A.M.; Rowe, L.A.; Dodson, D.M. Addressing Micronutrient Malnutrition in Urban Settings: Innovating for Healthy Urbanization; Springer: New York, NY, USA, 2015. [Google Scholar]

	



Keats, E.; Neufeld, L.; Garrett, G.S.; Mbuya, M.; Bhutta, Z. Improved micronutrient status and health outcomes in low- and middle-income countries following large-scale fortification: Evidence from a systematic review and meta-analysis. Am. J. Clin. Nutr. 2019, 109, 1696–1708. [Google Scholar] [CrossRef]

	



Kraemer, K.; van Zutphen, K.G. Translational and Implementation Research to Bridge Evidence and Implementation. Ann. Nutr. Metab. 2019, 75, 144–148. [Google Scholar] [CrossRef]

	



Field, M.S.; Mithra, P.; Estevez, D.; Peña-Rosas, J.P. Wheat flour fortification with iron for reducing anaemia and improving iron status in populations. Cochrane Database Syst. Rev. 2020. [Google Scholar] [CrossRef]

	



Pachon, H.; Spohrer, R.; Mei, Z.; Serdula, M.K. Evidence of the effectiveness of flour fortification programs on iron status and anemia: A systematic review. Nutr. Rev. 2015, 73, 780–795. [Google Scholar] [CrossRef] [PubMed]

	



Barkley, J.S.; Wheeler, K.S.; Pachon, H. Anaemia prevalence may be reduced among countries that fortify flour. Br. J. Nutr. 2015, 114, 265–273. [Google Scholar] [CrossRef]

	



UNICEF. Sustainable Elimination of Iodine Deficiency: Progress since the 1990 World Summit for Children; UNICEF: New York, NY, USA, 2008. [Google Scholar]

	



Iodine Global Network. Global Scorecard for Iodine Nutrition in 2016. Available online: https://www.ign.org/newsletter/idd_nov16_global_scorecard_2016.pdf (accessed on 6 September 2020).

	



Osendarp, S.J.M.; Martínez, H.; Garrett, G.S.; Neufeld, L.; de Regil, L.; Vossenaar, M.; Darnton-Hill, I. Large-Scale Food Fortification and Biofortification in Low- and Middle-Income Countries: A Review of Programs, Trends, Challenges, and Evidence Gaps. Food Nutr. Bull. 2018, 39, 315–331. [Google Scholar] [CrossRef] [PubMed]

	



Meija, L.A.; Bower, A.M. The global regulatory landscape regarding micronutrient fortification of condiments and seasonings. Am. Acad. Sci. 2015, 1357, 1–7. [Google Scholar] [CrossRef]

	



Global Fortification Data Exchange. Available online: http://www.fortificationdata.org (accessed on 7 July 2019).

	



FAAPA. Olam Launches Ghana’s First Brand of Fortified Rice for Good Health. Press Release. 22 November 2020. Available online: http://www.faapa.info/blog/olam-launches-ghanas-first-brand-of-fortified-rice-for-good-health/ (accessed on 12 August 2020).

	



Lalani, B.; Bechoff, A.; Bennett, B. Which Choice of Delivery Model(s) Works Best to Deliver Fortified Foods? Nutrients 2019, 11, 1594. [Google Scholar] [CrossRef] [PubMed]

	



Harvest Plus. Biofortification: The Evidence: A Summary of Research Informing Scaling up of Biofortification to Improve Nutrition and Health Globally; Harvest Plus: Washington, DC, USA, 2019. [Google Scholar]

	



De Brauw, A.; Moursi, M.; Munhaua, M. Vitamin A Intakes Remain Higher among Intervention Participants 3 Years after a Biofortification Intervention in Mozambique. Br. J. Nutr. 2019, 122, 1175–1181. [Google Scholar] [CrossRef]

	



Van Der Straeten, D.; Bhullar, N.K.; de Steur, H.; Gruissem, W.; MacKenzie, D.; Pfeiffer, W.; Qaim, M.; Slamet-Loedin, I.; Strobbe, S.; Tohme, J.; et al. Multiplying the efficiency and impact of biofortification through metabolic engineering. Nat. Commun. 2020, 11, 5203. [Google Scholar] [CrossRef]

	



WHO. WHO Guideline: Use of Multiple Micronutrient Powders for Point-of-Use Fortification of Foods Consumed by Infants and Young Children Aged 6–23 Months and Children Aged 2–12 Years; WHO: Geneva, Switzerland, 2016. [Google Scholar]

	



De-Regil, L.M.; Suchdev, P.S.; Vist, G.E.; Walleser, S.; Peña-Rosas, J.P. Home fortification of foods with multiple micronutrient powders for health and nutrition in children under two years of age (Review). Evid. Based Child Health 2013, 8, 112–201. [Google Scholar] [CrossRef]

	



Home Fortification Technical Advisory Group. Programmatic Guidance Brief on Use of Micronutrient Powders (MNP) for Home Fortification. Available online: https://sites.unicef.org/nutrition/files/HFTAG_Micronutrient_Powder_Program_Guidance_Brief.pdf (accessed on 8 September 2020).

	



UNICEF. Multiple Micronutrient Powder Price Data. June 2020: UNICEF Supply Division; UNICEF: New York, NY, USA, 2020. [Google Scholar]

	



De Pee, S.; Irizarry, L.; Kraemer, K.; Jefferds, M.E.D. Micronutrient powder interventions: The basis for current programming guidance and needs for additional knowledge and experience. In Home Fortification with Micronutrient Powders; Sight and Life, Home Fortification Technical Advisory Group: Geneva, Switzerland, 2013; pp. 51–56. [Google Scholar]

	



World Food Programme. The Cost of the Diet Study in Indonesia; World Food Programme: Rome, Italy, 2017. [Google Scholar]

	



United Nations Children’s Fund, Global Databases, 2015–2020. Available online: https://www.unicef.org.uk/donate/yemen/?gclid=Cj0KCQjw0oCDBhCPARIsAII3C_GvFTNdni4kUAyEgi-I3hwZHRs6d6Gvtth73LXkG0g0Z0KUdMVkPRcaAgvDEALw_wcB (accessed on 8 September 2020).

	



Bourassa, M.W.; Osendarp, S.J.M.; Adu-Afarwuah, S.; Ahmed, S.; Ajello, C.; Bergeron, G.; Black, R.E.; Christian, P.; Cousens, S.; de Pee, S.; et al. Review of the evidence regarding the use of antenatal multiple micronutrient supplementation in low- and middle-income countries. Ann. N. Y. Acad. Sci. 2019, 1444, 6. [Google Scholar] [CrossRef]

	



Mkambula, P.; Mbuya, M.N.N.; Rowe, L.A.; Sablah, M.; Friesen, V.M.; Chadha, M.; Osei, A.K.; Ringholz, C.; Vasta, F.C.; Gorstein, J. The Unfinished Agenda for Food Fortification in Low- and Middle-Income Countries: Quantifying Progress, Gaps and Potential Opportunities. Nutrients 2020, 29, 354. [Google Scholar] [CrossRef]

	



WHO. World Health Report 2013: Research for Universal Health Coverage; WHO: Geneva, Switzerland, 2013. [Google Scholar]

	



WHO; FAO. Guidelines on Food Fortification with Micronutrients; WHO: Rome, Italy; FAO: Rome, Italy, 2006. [Google Scholar]

	



Jus’at, I.; Jahari, A.B.; Htet, M.K.; Tilden, R.L.; Soekarjo, D.; Utomo, B.; Moench-Pfanner, R.; Korenromp, E.L. Vitamin A-fortified cooking oil reduces vitamin A deficiency in infants, young children and women: Results from a program evaluation in Indonesia. Public Health Nutr. 2016, 18, 2511–2522. [Google Scholar]

	



Martorell, R.; Ascencio, M.; Tacsan, L.; Alfaro, T.; Young, M.F.; Addo, O.Y.; Dary, O.; Flores-Ayala, R. Effectiveness evaluation of the food fortification program of Costa Rica: Impact on anemia prevalence and hemoglobin concentrations in women and children. Am. J. Clin. Nutr. 2015, 101, 210–217. [Google Scholar] [CrossRef] [PubMed]

	



Assunção, M.; Santos, I.; Barros, A.; Gigante, D.; Victora, C.G. Flour fortification with iron has no impact on anaemia in urban Brazilian children—Corrigendum. Public Health Nutr. 2013, 16, 188. [Google Scholar] [CrossRef]

	



Heidkamp, R.A.; Piwoz, E.G.; Gillespie, S.; Keats, E.; D’Alimonte, M.R.; Menon, P.; Ruel, M.T. Mobilising evidence, data, and resources to achieve global maternal and child undernutrition targets and the Sustainable Development Goals: An agenda for action. Lancet 2021. [Google Scholar] [CrossRef]

	



Dary, O. Establishing safe and potentially efficacious fortification contents for folic acid and vitamin B12. Food Nutr. Bull. 2008, 29 (Suppl. 2), S214–S224. [Google Scholar] [CrossRef]

	



Engle-Stone, R.; Vosti, S.A.; Luo, H.; Kagin, J.; Tarini, A.; Adams, K.P.; French, C.; Brown, K.H. Weighing the risks of high intakes of selected micronutrients compared with the risks of deficiencies. Ann. N. Y. Acad. Sci. 2019, 1446, 81–101. [Google Scholar] [CrossRef]

	



Bruins, M.J.; Mugambi, G.; Verkaik-Kloosterman, J.; Hoekstra, J.; Kraemer, K.; Osendarp, S.; Melse-Boonstra, A.; Gallagher, A.M.; Verhagen, H. Addressing the risk of inadequate and excessive micronutrient intakes: Traditional versus new approaches to setting adequate and safe micronutrient levels in foods. Food Nutr. Res. 2015, 59, 26020. [Google Scholar] [CrossRef] [PubMed]

	



Allen, L.H.; Haskell, M. Estimating the potential for vitamin A toxicity in women and young children. J. Nutr. 2002, 132, 2907S–2919S. [Google Scholar] [CrossRef] [PubMed]

	



Hoddinott, J.; Rosegrant, M.; Torero, M. Hunger and malnutrition. In Global Problems, Smart Solutions: Costs and Benefits; Lomborg, B., Ed.; Cambridge University Press and Copenhagen Consensus Center: New York, NY, USA, 2013; pp. 332–367. [Google Scholar]

	



Horton, S. The economics of food fortification. J. Nutr. 2006, 136, 1068–1071. [Google Scholar] [CrossRef]

	



Baltussen, R.; Knai, C.; Sharan, M. Iron fortification and iron supplementation are cost-effective interventions to reduce iron deficiency in four subregions of the world. J. Nutr. 2004, 134, 2678–2684. [Google Scholar] [CrossRef]

	



Viteri, F.E.; Gonzalez, H. Adverse outcomes of poor micronutrient status in childhood and adolescence. Nutr. Rev. 2002, 60, S77–S83. [Google Scholar] [CrossRef] [PubMed]

	



Semba, R.D. The historical evolution of thought regarding multiple micronutrient nutrition. J. Nutr. 2012, 142, 143S–156S. [Google Scholar] [CrossRef] [PubMed]

	



Victora, C.G.; Adair, L.; Fall, C.; Hallal, P.C.; Martorell, R.; Richter, L.; Sachdev, H.S.; Maternal and Child Undernutrition Study Group. Maternal and child undernutrition: Consequences for adult health and human capital. Lancet 2008, 371, 340–357. [Google Scholar] [CrossRef]

	



Boy, E.; Mannar, V.; Pandav, C.; de Benoist, B.; Viteri, F.; Fontaine, O.; Hotz, C. Achievements, challenges, and promising new approaches in vitamin and mineral deficiency control. Nutr. Rev. 2009, 67, S24–S30. [Google Scholar] [CrossRef] [PubMed]

	



Detzel, P.; Wieser, S. Food Fortification for Addressing Iron Deficiency in Filipino Children: Benefits and Cost-Effectiveness. Ann. Nutr. Metab. 2015, 66, 35–42. [Google Scholar] [CrossRef]

	



Van den Wijngaart, A.; Bégin, F.; Codling, K.; Randall, P.; Johnson, Q.W. Regulatory monitoring systems of fortified salt and wheat flour in selected ASEAN countries. Food Nutr. Bull. 2013, 34, S102–S111. [Google Scholar] [CrossRef] [PubMed]

	



Luthringer, C.; Rowe, L.A.; Vossenaar, M.; Garrett, G.S. Regulatory Monitoring of Fortified Foods: Identifying Barriers and Good Practices. Global health Sci. Pract. 2015, 3, 446–461. [Google Scholar] [CrossRef] [PubMed]

	



FAO. Rome Declaration on World Food Security; FAO: Rome, Italy, 1996. [Google Scholar]

	



Sustainable Development Goals Knowledge Platform. Sustainable Development Goal 17: Strengthen the Means of Implementation and Revitalize the Global Partnership for Sustainable Development. 2018. Available online: https://sustainabledevelopment.un.org/sdg17 (accessed on 6 September 2020).

	



World Food Programme and Sight and Life. Scaling up Rice Fortification in Asia. 2017. Available online: https://sightandlife.org/wp-content/uploads/2017/02/SAL_WFP_Suppl.pdf (accessed on 10 October 2020).

	



Fiedler, J.; Babu, S.; Smitz, M.F.; Lividini, K.; Bermudez, O. Indian social safety net programs as platforms for introducing wheat flour fortification: A case study of Gujarat, India. Food Nutr Bull. 2012, 33, 11–30. [Google Scholar] [CrossRef]

	



Van Stuijvenberg, M.E. Using the school feeding system as a vehicle for micronutrient fortification: Experience from South Africa. Food Nutr. Bull. 2005, 26, S213–S219. [Google Scholar] [CrossRef]

	



Carducci, B.; Keats, E.C.; Ruel, M.; Haddad, L.; Osendarp, S.J.M.; Bhutta, Z. A Food systems, diets and nutrition in the wake of COVID-19. Nat. Food 2021, 2, 68–70. [Google Scholar] [CrossRef]

	



University of Ghana, GroundWork, University of Wisconsin-Madison, KEMRI-Wellcome Trust, UNICEF. Ghana Micronutrient Survey 2017. Accra, Ghana, June 2017. Available online: https://www.unicef.org/ghana/reports/ghana-micro-nutrient-survey (accessed on 12 October 2020).

	



Drewnowski, A.; Amanquah, D.; Gavin-Smith, B. Perspective: How to Develop Nutrient Profiling Models Intended for Global Use: A Manual. Adv. Nutr. 2021. [Google Scholar] [CrossRef] [PubMed]








[image: Nutrients 13 01118 g001 550] 





Figure 1. Potential benefits of food fortification across the life cycle. Source: Irizarry, L, Prost, MA, Murillo, D, Lopez de Romaña Daniel et al. 2017. Scaling Up Rice Fortification in Latin America and the Caribbean. World Food Programme and Sight and Life: 2017. WRA = Women of Reproductive Age. 
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