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ABSTRACT

Anemia remains a major public-health burden in Nigeria, especially among children under five and women of
reproductive age. Large-scale food fortification (LSFF), adding iron and other micronutrients to widely consumed
staples and condiments, is recommended by WHO as a cost-effective population intervention to prevent and reduce
micronutrient deficiencies, including iron deficiency anemia. Nigeria has enacted mandatory and voluntary
fortification policies for staples (wheat and maize flour) and other vehicles, but program impact has been uneven due
to low coverage of fortified products, compliance gaps, variable bioavailability of iron compounds used, dietary
inhibitors, infection burden (notably malaria and helminths), and monitoring constraints. A growing body of
evidence from efficacy trials, program evaluations, and reviews shows that appropriately designed fortification
(correct iron compound, sufficient fortification level, high coverage, and robust monitoring) can raise iron stores and
hemoglobin in target populations; however, real-world effectiveness depends on implementation quality. This
review synthesizes current evidence from national surveillance, program assessments, trials conducted in Nigeria
and the region, and international guidance, identifies key barriers and enabling factors, and proposes programmatic
and research priorities to maximize LSFI’s contribution to anemia reduction in Nigeria.

Keywords: Micronutrient fortification, anemia reduction, iron deficiency, large-scale food fortification (LSFT),
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INTRODUCTION

Anemia, defined as a condition characterized by a reduced concentration of hemoglobin in the blood, represents a
significant public health challenge worldwide, particularly in low- and middle-income countries. Hemoglobin, a
crucial protein in red blood cells, is responsible for transporting oxygen from the lungs to tissues throughout the
body. Reduced hemoglobin levels impair the body’s capacity to deliver oxygen efficiently, leading to a variety of
health consequences [1-57. In children, anemia contributes to cognitive deficits, impaired physical development, and
reduced school performance, which can have long-term effects on educational attainment and human capital
development. Among women of reproductive age, anemia increases the risk of maternal morbidity and mortality and
is associated with adverse perinatal outcomes, including preterm birth, low birth weight, and neonatal mortality.
The multifaceted impact of anemia underscores its relevance not only as a health concern but also as a broader socio-
economic issue [6-97].

In Nigeria, the burden of anemia remains persistently high despite numerous public health interventions. National
surveys, including the Nigeria Demographic and Health Surveys (DHS), indicate that over 60% of children under
five and more than 40% of women of reproductive age are affected by some degree of anemia. Spatial analyses further
reveal that anemia prevalence varies significantly across regions, often reflecting disparities in dietary intake, socio-
economic status, and access to health services [10-147]. These trends highlight the urgent need for effective, scalable,
and sustainable strategies to mitigate anemia, particularly among vulnerable populations. The persistence of high
anemia prevalence despite ongoing interventions points to the complex interplay of nutritional, infectious, and socio-
economic determinants that influence iron status and hemoglobin levels [15-207.
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Iron deficiency is recognized as the leading cause of anemia globally, accounting for approximately 50% of all cases.
In Nigeria, dietary inadequacies, particularly low consumption of iron-rich foods and inhibitors of iron absorption,
contribute significantly to the high anemia burden. Other factors, such as malaria, parasitic infections (including
hookworm), and chronic illnesses, exacerbate the condition, creating a multifactorial challenge for health authorities
[21-267. Given the scale of the problem, population-level interventions that can reach large segments of the
population are considered essential. Among these, large-scale food fortification (LSFF) has emerged as a
recommended strategy by international organizations, including the World Health Organization (WHO) and the
Food and Agriculture Organization (FAO). LSFF involves the systematic addition of essential micronutrients,
including iron, to commonly consumed staple foods, such as wheat flour, maize meal, salt, and sugar, to improve
population-level micronutrient intake without requiring major behavioral changes [27-327.
Despite the theoretical promise of LSFF, its implementation in Nigeria faces numerous challenges. Policies for
micronutrient fortification have been established over the past two decades, but compliance and monitoring remain
inconsistent. Variability in fortification levels, differences in production quality among food manufacturers, and
limited public awareness of fortified products have been cited as key barriers. Moreover, empirical evidence on the
effectiveness of LSFTF in reducing anemia in Nigerian populations is still evolving, with some studies reporting
modest reductions in anemia prevalence and others showing limited impact [33-377. These findings suggest the
need for a comprehensive assessment that synthesizes existing data, identifies gaps in implementation and research,
and informs policy refinements to optimize the impact of fortification programs.
Anemia remains a critical public health issue in Nigeria, severely impacting health outcomes, education, and
economic productivity. Despite the implementation of various interventions, the prevalence of anemia among
children under five and women of reproductive age remains alarmingly high [39-437. This ongoing challenge is
driven by several factors, including poor dietary diversity, the prevalence of infectious diseases, and socio-economic
barriers. Micronutrient deficiencies, particularly iron, are central contributors to anemia, and large-scale food
fortification (LSFF) has been globally recognized as an effective strategy to address these deficiencies. However,
there is limited evidence on the effectiveness of food fortification programs in Nigeria, particularly regarding their
coverage, quality, and impact. The absence of a clear, consolidated understanding of these factors limits the potential
for fortification programs to achieve substantial reductions in anemia rates. This review seeks to assess the burden
of anemia in Nigeria, evaluate the policies and strategies governing food fortification, and critically examine the
available evidence on its impact [44-487. Additionally, it aims to identify the challenges hindering the successful
implementation of fortification programs, including regulatory, operational, and socio-economic factors. The study
will also highlight research gaps and propose policy recommendations to enhance the design, coverage, and impact
of food fortification efforts, ultimately contributing to improved health outcomes and socio-economic development
in Nigeria.
METHODOLOGY

This narrative review synthesizes a broad range of sources, including peer-reviewed articles, systematic reviews,
international guidelines, and grey literature (such as program reports and national policy documents) up to 2025.
To ensure a comprehensive and relevant selection of data, I conducted extensive electronic searches in
PubMed/PMC, WHO databases, and program-specific repositories, with a focused effort on Nigeria-specific
evaluations like GAIN (Global Alliance for Improved Nutrition) and reports from the Federal Ministry of Health.
The review process was guided by several key priorities: (1) national surveys and spatial analyses that offer insight
into the prevalence and distribution of anemia; (2) systematic reviews and meta-analyses examining the effectiveness
of food fortification strategies, particularly in low-resource settings; (3) randomized controlled trials or program
evaluations from Nigeria and surrounding regions, to capture context-specific findings; and (4) reports detailing
national policies, fortification compliance, and their practical implementation. Emphasis was placed on recent
program evaluations and reports due to their direct relevance in assessing the quality of implementation, which
plays a pivotal role in determining the success of large-scale food fortification (LSFF) interventions. Throughout
the review, representative sources are cited to substantiate findings and provide a balanced overview of the existing
evidence.

Current burden and drivers of anemia in Nigeria
Anemia remains a significant public health issue in Nigeria, particularly among children under five and women of
reproductive age. National survey data reveals a concerning prevalence of anemia in children, often exceeding 60—
67%, with substantial rates also found among women, reflecting a widespread health burden [49-557. The
distribution of anemia shows notable geographic variation, with differences between urban and rural areas,
indicating the influence of local socio-economic and environmental factors. The drivers of anemia in Nigeria are
multi-faceted, including nutritional deficiencies, particularly iron, folate, and vitamin A, which are critical for the
development of healthy red blood cells. In addition, infectious diseases like malaria, intestinal parasites, and chronic
infections contribute to the high anemia rates by disrupting normal blood cell production and increasing iron
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depletion [56-607. Hemoglobinopathies, such as sickle cell disease, also exacerbate the situation by leading to the
breakdown of red blood cells. Furthermore, socio-economic determinants, such as poverty, limited access to
healthcare, and poor dietary practices, play a significant role in shaping individuals' vulnerability to anemia. These
proximate and distal factors underscore the complexity of anemia in Nigeria, highlighting the need for
comprehensive interventions that go beyond simply addressing dietary iron deficiencies to include improved
healthcare access and the management of underlying diseases [61-647].
Fortification policies and implementation in Nigeria
Fortification policies and their implementation in Nigeria have aimed to improve public health by enhancing the
nutritional value of commonly consumed foods, such as wheat and maize flours, sugar, vegetable oil, and salt
(iodization). These efforts are largely driven by mandatory standards for fortification, especially for products like
wheat flour [11, 65-67]. While large producers often claim to comply with these regulations, recent assessments
reveal significant gaps in compliance. Factors such as fragmented supply chains, limited laboratory testing capacity,
and poor consumption of fortified foods in certain populations have hindered the success of these initiatives. As a
result, the intended population-level impact has not been fully realized. National guidelines acknowledge that
fortified products may only reach a fraction of the population, particularly in specific states, and that fortification
alone has been insufficient to address widespread health issues like anemia. Despite the government's efforts, more
targeted and comprehensive measures are required to bridge these gaps, ensuring that fortified foods reach the
intended beneficiaries and improve overall public health outcomes [127. This challenge underscores the need for
stronger enforcement, improved infrastructure, and greater consumer education to make fortification programs
more effective and impactful in Nigeria.
Evidence on effectiveness: what do trials and reviews say?
Evidence from trials and systematic reviews highlights the potential effectiveness of large-scale flour fortification
(LSFF) programs in improving iron status biomarkers, such as ferritin, and, in some cases, increasing hemoglobin
levels and reducing anemia prevalence. The success of fortification largely depends on the type of iron compounds
used, with bioavailable forms proving more effective [137]. Regular consumption of fortified foods is also a key factor
in these positive outcomes. However, while the biochemical indicators of iron status show consistent improvement,
the evidence on anemia reduction remains more mixed. The variability in results can be attributed to several factors,
including the baseline prevalence of iron deficiency, local dietary patterns, infection burdens, and the quality of the
fortification programs. Furthermore, reviews emphasize that fortification efforts are more effective when integrated
into broader public health strategies, such as deworming, malaria control, and targeted supplementation. In Nigeria,
randomized trials and program evaluations have demonstrated that fortified products, like dairy-based drinks and
flours, can increase hemoglobin levels and reduce anemia in specific vulnerable populations, particularly when
supervised consumption and adequate dosing are ensured [147]. However, national evaluations indicate that the
scale-up of fortification programs has not yet led to significant reductions in national anemia prevalence. This is due
to factors like low market penetration, inconsistent compliance, and challenges related to the bioavailability of the
iron used.
Implementation challenges that limit impact in Nigeria
In Nigeria, several interrelated barriers limit the effectiveness of fortification programs in reducing anemia at scale.
One significant challenge is the coverage and consumption patterns of fortified foods, as fortification only benefits
individuals who consume adequate amounts of the fortified vehicle. In rural areas, where home milling and informal
markets dominate, industrially fortified products may not reach many households [157]. Additionally, weak
regulatory enforcement, a lack of routine testing capacity, and cost pressures often result in under-fortification or
inconsistent fortification practices by producers. This has been repeatedly highlighted in program reviews. Another
issue is the choice of fortificant and its bioavailability; certain iron compounds, such as elemental iron powders or
ferrous sulfate, may not be well absorbed in diets rich in phytates, reducing their effectiveness. Some alternative
compounds, such as NaFeEDTA, have shown stronger effects in trials. Moreover, high malaria and helminth
burdens in Nigeria can negatively impact hemoglobin levels, independent of iron intake, while inflammation can
distort iron biomarkers, making it difficult to measure fortification's impact. Lastly, the lack of effective monitoring
and surveillance systems hampers timely corrections and accountability, further limiting the success of fortification
programs [167].
Programmatic enablers and best practices
Several programmatic enablers and best practices have been identified to enhance the effectiveness of Large-Scale
Food Fortification (LSFF) in reducing anemia. First, selecting appropriate vehicles is crucial; foods widely consumed
by the target population, considering both rural and urban diets, ensure broad reach and impact. Secondly, the use
of bioavailable iron compounds is essential, especially in regions where diets are high in inhibitors such as phytates.
In such cases, compounds like NaFeEDTA or encapsulated ferrous salts may improve absorption and outcomes.
Third, the establishment of mandatory standards and strict enforcement of compliance can significantly strengthen
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fortification programs. Clear national standards, regular industry audits, and accessible quality control testing
ensure market adherence, with multi-stakeholder approaches, including government, industry, and donors, helping
sustain these efforts [177. Additionally, integrating fortification with other health interventions, such as malaria
control, deworming, and targeted supplementation for high-risk groups like pregnant women, addresses multiple
anemia drivers simultaneously. Lastly, robust monitoring and impact evaluation are key to assessing progress.
Routine fortification level monitoring, dietary intake surveys, and biomarker evaluations allow for ongoing
assessment and inform necessary adjustments to improve effectiveness.
Research and data gaps relevant to Nigeria
In Nigeria, optimizing fortification as a strategy for anemia reduction requires bridging several research and data
gaps to ensure its effectiveness across diverse populations. First, there is a need for nationally representative impact
evaluations that link fortification coverage and iron dosing to observable changes in hemoglobin and iron status
across different age groups. Such studies would provide a clearer understanding of fortification's actual impact.
Additionally, operational research is crucial to determine effective ways to extend fortification efforts to populations
that rely on informal or home-milled staples. Innovations such as point-of-use fortification or community-level
consolidation could help address these gaps by ensuring that fortification reaches even the most remote or
underserved groups. Comparative effectiveness studies are also essential to evaluate the performance of various iron
compounds and formulations in the context of Nigeria's specific dietary patterns and high infection rates, as these
factors can influence the bioavailability and absorption of iron [187. Finally, conducting cost-effectiveness analyses
that compare fortification with supplementation and integrated intervention packages is important for identifying
the most efficient strategy for anemia reduction, tailored to Nigeria's regional epidemiology and economic realities.
Such research is critical to developing evidence-based policies for anemia control.
Policy implications and recommendations for Nigeria
Policy implications and recommendations for Nigeria’s nutrition strategy focus on strengthening the regulatory
framework, enhancing food fortification, and targeting vulnerable populations. First, regulatory capacity must be
prioritized by improving the infrastructure of laboratories and training inspectors. Additionally, creating incentives
for industry compliance, such as offering technical support or subsidies for premixes, would ensure better industry
participation in fortification efforts (GAIN) [197]. Second, fortification vehicles should be tailored to local dietary
needs. This includes expanding or diversifying the fortification vehicles (e.g., maize, wheat, or rice) and using
bioavailable iron forms in diets high in phytates, which are common in Nigeria (ScienceDirect). Third, fortification
must be integrated into a broader health package, incorporating malaria control, deworming, antenatal iron/folic
acid supplements, and behavioral interventions to enhance dietary diversity (World Health Organization).
Furthermore, monitoring and transparency should be enhanced by publishing regular compliance and coverage
reports, alongside conducting sentinel biomarker surveys to track the impact and address disparities in coverage
(GAIN). Finally, complementary approaches like community-level fortification, home fortification (micronutrient
powders), or targeted supplementation are essential to reach populations that are not covered by industrial
fortification (CDC Stacks) [207].
CONCLUSION
Micronutrient fortification holds considerable promise as an effective public health strategy to reduce anemia rates
in Nigeria. Despite its theoretical benefits, the impact of large-scale food fortification (LSFF) has been hindered by
challenges such as incomplete coverage, non-compliance, and the choice of fortificant, particularly in regions with
high levels of dietary inhibitors and infectious diseases like malaria. While evidence from trials and evaluations
supports the effectiveness of fortification in improving iron status, achieving substantial reductions in anemia
requires robust program implementation. To maximize LSFF's impact, efforts should focus on using bioavailable
iron compounds, ensuring widespread access to fortified foods, and integrating fortification with broader public
health strategies. Additionally, strengthening monitoring, regulatory enforcement, and targeting vulnerable
populations through tailored interventions are crucial to overcoming the current barriers. Ongoing research is
needed to address data gaps and refine fortification efforts, ensuring long-term success in reducing anemia across
Nigeria.
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