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Building blocks of life: improving
nutrition and health outcomes
through fortification and
breastfeeding in the first 1000
days of a child’s life
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!PATH, New Delhi, India, ?National Institute of Public Cooperation and Child Development, New
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Micronutrient deficiencies continue to be an important concern in India, particularly
among mothers and young children. Food fortification and fortified rice as a
scalable and cost-effective solution, has been accepted as a critical intervention
to address these deficiencies. Our analysis examines how food fortification can
improve the health of mothers and children in India. Focusing on the vital window
of first 1,000 days since conception of a child, we examine the benefits of food
fortification, the incidence of micronutrient deficiencies, and the incorporation of
fortified foods into India’s social safety net program. The analysis emphasizes the
importance of successful public-private partnerships, local institutional commitment,
and long-term political commitment to the success of fortification programs.
We further emphasize that to ensure optimal nutrition during this critical stage,
it essential to support breastfeeding, establish human milk banks, and encourage
complementary feeding alternatives. Policymakers, program implementers, and
stakeholders committed to improving maternal and child health outcomes in
India will benefit from our findings.

KEYWORDS

food fortification, first 1000 days, rice fortification, breastfeeding, human milk
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1 Introduction

The first 1,000 days, from conception to a child’s second birthday, represent a crucial
window for impactful interventions in health and nutrition. During this period, children are
most vulnerable and in critical need of optimal nutrition to support healthy growth, brain
development, and long-term health (1). This stage lays the groundwork for the foundations of
a child’s physical, cognitive, and emotional development, with nutrition playing a vital role in
these outcomes (1). By the age of 2 years, 80% of a child’s brain is developed. Optimal nutrition
of mother during pregnancy, post-partum period and of a child during early years of life plays
a critical role to develop, learn and thrive (1).

The SDG report 2024 (2) emphasizes that more countries are off-track than on-track for
the seven global nutrition targets. Key indicators such as low birthweight, exclusive
breastfeeding, stunting, overweight in children under 5 years, wasting, anemia in women aged
15-49, and obesity show significant challenges. The chart reveals the stark reality that a
majority of countries fall into the “off-track” category, particularly for both anemia and obesity
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(191 countries). A small number of countries have managed to achieve
“on-track” status for targets like exclusive breastfeeding and low
birthweight, but these remain exceptions rather than the norm.
Hunger continues to pose a significant challenge globally, with Africa
having the highest percentage of its population affected at 20.4%,
which translates to 298.4 million people in 2023. Although the
prevalence is lower in Asia at 8.1%, it accounts for 384.5 million
people, making it the region with the largest absolute number of
individuals facing hunger—more than half of the global total. Latin
America and the Caribbean face hunger rates of 6.2%, affecting
41 million people, while Oceania, with a hunger rate of 7.3%, has
3.3 million people affected (3). The inability to assess progress in some
areas further underscores the complexities in addressing global
nutrition challenges (Figure 1) usually characterized by persistent
undernutrition and micronutrient deficiencies that impact the
population’s overall health and development (4). Despite several
strategies that have been proposed to provide target nutrients to
infants and young children, optimal nutrition during the first
1,000 days since conception remains a significant public health
challenge (Figure 2). The strategies include diversified diets, fortified
complementary foods, fortified animal milk, micronutrient powders,
and small quantities of lipid-based nutrient supplements (4).

During the first 1,000 days of life, eight key nutrients namely
carotenoids (lutein and zeaxanthin), choline, folate, iodine, iron,
omega-3 fatty acids, and vitamin D play essential roles. Other
important nutrients for maternal, newborn, and toddler health
include magnesium, vitamin A, B vitamins, and additional trace
minerals. Iron fortification led to a significant increase in serum
ferritin and hemoglobin levels in women of reproductive age and
pregnant women. Folate fortification significantly reduced the
incidence of congenital abnormalities like neural tube defects without
increasing the incidence of twinning (5).

In 2020, approximately 149 million children under the age of five
worldwide were impacted by stunting, and 49 million suffered from

10.3389/fnut.2025.1517247

wasting (6, 7). The prevalence of maternal and child undernutrition
in low-income and middle-income countries (LMICs) has remained
unacceptably high (8). Stunting often begins in utero and increases,
on average, for at least the first 2 years after birth (9). Evidence
indicates that stunting becomes largely irreversible after the first
1,000 days of a child’s life, perpetuating an intergenerational cycle of
impaired growth and development (10). Folic acid and iodine are
particularly critical for fetal neurodevelopment but are often lacking
in the diets of pregnant women (11). India has made substantial
strides in reducing child mortality and improving child survival (12).
The Government of India has implemented various programs that
target childhood illnesses, lower mortality rates, and promote early
childhood development (13).

The latest National Family Health Survey (NFHS-5) (2019-21)
(14) demonstrates some progress, with stunting reduced by 2.9%,
wasting by 1.7%, and underweight prevalence by 3.7% compared to
NFHS-4 (2015-16) (15). However, the prevalence of anemia remains
high (Figure 3) (14), with over half of Indian women still affected,
signaling an ongoing need for targeted nutritional interventions.
Addressing  this
undernutrition, micronutrient deficiencies, and rising levels of obesity

triple burden of malnutrition—including
in children—requires a timely, comprehensive, and scalable approach
to ensure adequate nutrition during the first 1,000 days. The quantity
of food consumed by an infant is limited, and hence it is imperative to
provide optimum nutrition in every meal. Home-based meals may not
be adequate, and can leave gaps especially when the diet is
predominantly vegetarian or if there is increased consumption of
nutrients that adversely affect iron absorption (16, 17).

The initial 1,000 days cover the period from pregnancy through a
child’s second year, requiring an adequate supply of macro-and
micronutrients for mothers and infants to promote proper fetal and
early childhood development (9). Adequate caloric intake and
nutrients such as iron, zinc, folate, iodine, and vitamin D are critical
in preventing malnutrition-related complications such as low birth
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FIGURE 1
SDG progress on nutrition.
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FIGURE 2

Global burden of nutritional deficiencies.
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FIGURE 3
India’s nutrition challenge.
weight, anemia, and impaired cognitive development (9). Nutritional Multiple interventions contribute significantly to child

supplementation during the first 1,000 days of life have shown
improvements in birth and growth outcomes and newborn stunting
(9). Compared to supplementation with iron alone or with iron and
folic acid, multiple-micronutrient supplementation that includes iron
and folic acid lowers the risk of small-for-gestational-age births, low
birth weight, and stillbirth (18).

Frontiers in Nutrition

development, including ensuring optimal maternal nutrition during
pregnancy, iron and folic acid supplementation, early initiation of
breastfeeding, and exclusive breastfeeding for the first 6 months of life
(18). For small and sick newborns, access to donor human milk when
needed and fortification of human milk as per clinical
recommendations are crucial (19). When Mother’s Own Milk (MOM)
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is unavailable or insufficient, donor human milk (DHM) is considered
the optimal alternative, as reccommended by the American Academy
of Pediatrics, the European Society for Paediatric Gastroenterology,
Hepatology and Nutrition, and the World Health Organization (20).
Introducing nutritionally adequate and safe complementary (solid)
foods at 6 months, alongside continued breastfeeding up to 2 years or
beyond, further supports growth and development (18). Additionally,
food fortification and addressing broader social determinants play
essential roles in fostering child health (21, 22).

Fortifying staple foods with vital vitamins and minerals is an
effective strategy for combating common nutritional deficiencies,
ensuring that pregnant women and infants receive the essential
nutrients needed for optimal development (18). This proactive
approach significantly reduces the risk of malnutrition-related issues,
supports healthy fetal growth, and promotes overall childhood
development, ultimately leading to better health outcomes later in life.

In this review, we will explore interventions focused on achieving
optimal nutrition during the crucial first 1,000 days of life, with a
particular emphasis on food fortification.

2 Methodology

To explore the role of food fortification as a public health strategy
to address nutritional challenges during the first 1,000 days of a child’s
life we used a structured methodology of focused literature search
conducted across databases such as PubMed, Google Scholar, Scopus
and organizational repositories, including WHO, UNICEFE, and

»

FAO. Keywords such as “food fortification,” “maternal nutrition,”
“child nutrition,” “nutritional challenges,” “policy review;” “breast
feeding,” “donor human milk” and “first 1,000 days” were used in
various combinations to refine the search results. Studies related to
both global and Indian fortification programs, policy notes, and
opinion articles were included in addition to randomized controlled
trials (RCTs), cohort studies, systematic reviews, case-control studies,
and programmatic evaluations that addressed food fortification
interventions and their impact on maternal and child health outcomes.
Studies and guidelines related to human milk banks and programmatic
experiences were also included to provide a comprehensive
perspective. Studies that were not relevant to the target population
group (mothers and children) or government programs were excluded
along with studies focused on disease populations or conditions
unrelated to the core topic of food fortification and maternal and
child health.

The inclusion process also involved an initial screening of titles
and abstracts to identify relevant sources, followed by a detailed
review of full-text articles to extract information on strategies,
implementation, outcomes, and challenges. Reference lists from key
articles were cross-referenced to identify additional relevant materials.
Expert consultations complemented the literature review, offering
practical insights into the implementation, challenges, and policy
implications of food fortification interventions. These consultations
captured expert opinions of program implementers, public health
professionals, and policymakers engaged in maternal and child health
programs. The findings from the literature and expert insights were
co-analyzed to identify gaps, highlight successful practices, and
provide recommendations for strengthening food fortification policies
and programs.
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3 Results

3.1 Food fortification as a nutritional
intervention

Food fortification involves the deliberate addition of essential
vitamins and minerals to widely consumed foods to combat nutritional
deficiencies (23). This intervention is both cost-effective and scalable
(23), making it particularly relevant for public health improvement in
low-resource settings where micronutrient deficiencies are prevalent
(23). The practice of food fortification has a rich history, with early
initiatives such as the iodization of salt in the 1920s aimed at reducing
the incidence of goiter (23). The primary rationale behind fortification is
to increase the intake of micronutrients in populations where dietary
deficiencies are widespread (24-26), without necessitating significant
alterations to individual food consumption patterns. Fortification is
especially beneficial when applied to staple foods, as it guarantees that a
large segment of the population receives the intended health benefits. A
review of micronutrient fortification studies highlights notable
improvements in nutrient levels and health indicators (5). Iron
fortification, studied in 13 trials, increased hemoglobin concentration
(Standardized Mean Difference SMD: 0.64, 95% Confidence Interval CI:
0.30-0.97), serum ferritin (SMD: 0.41, 95% CI: 0.23-0.60), and reduced
anemia prevalence (Relative Risk RR: 0.68, 95% CI: 0.49-0.93),
particularly benefiting iron-deficient populations (5). Zinc fortification
(10 studies) improved serum zinc levels (SMD: 1.28, 95% CI: 1.06-1.51),
while vitamin D fortification (13 RCTs) raised serum vitamin D (SMD:
1.23,95% CI: 1.03-1.43) and decreased parathyroid hormone (SMD:
-0.40, 95% CI: —0.78 to —0.02) (5). Vitamin A fortification improved
serum retinol (SMD: 0.61, 95% CI: 0.34-0.89) and hemoglobin (SMD:
0.48, 95% CI: 0.17-0.80), while iodine fortification (16 studies) showed
a significant rise in urinary iodine levels (SMD: 6.39, 95% CI: 4.85-7.93)
and a reduction in hypothyroidism (RR: 1.42, 95% CI: 1.11-1.82). Dual
iron and iodine fortification improved hemoglobin (SMD: 0.53, 95% CI:
0.16-0.89) and reduced anemia by 53% (RR: 0.47, 95% CI: 0.29-0.78).
Multiple micronutrient (MMN) fortification increased hemoglobin
(SMD: 0.75, 95% CI: 0.38-1.13) and reduced anemia (RR: 0.55, 95% CI:
0.42-0.72). Folate fortification, examined across 31 studies, notably
reduced neural tube defects by 43% (RR: 0.57, 95% CI: 0.45-0.73) (5).
Fortification is especially beneficial when applied to staple foods, as it
guarantees that a large segment of the population receives the intended
health benefits (27). The selection of natural fortificants in the
fortification method depends upon various factors, like, (a) diverse
micronutrients available in food, (b) quantity of micronutrients present
in food, (c) types of micronutrient-rich foods, (d) influence of food
vehicle on sensory characteristics and (e) consumer acceptability (27).
Additionally, micronutrient fortification considers food preferences
based on the dimensions of a culturally sustainable diet. Thus,
we re-emphasize that investing in micronutrient fortification, which is
also environmentally, culturally and economically sustainable, could play
a significant role in preventing and controlling micronutrient
deficiencies, improving diets (28).

A systematic review and meta-analysis encompassing 50 studies
has addressed a crucial knowledge gap regarding the comprehensive
impact of large-scale fortification programs in low-and middle-income
countries (LMIC) (26). These programs, which focus on micronutrients
such as iodine, folic acid, vitamin A, and iron, have resulted in
significant health improvements in LMICs, as exemplified by:
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o A 34% reduction in anemia attributable to improved iron stores,
with findings indicating that all age groups benefited, particularly
vulnerable populations like women of reproductive age and
pregnant women (29).

o A 41% decrease in the odds of neural tube defects due to reduced
folate deficiency among women of reproductive age (29).

« A notable reduction in vitamin A deficiency (VAD), positively
impacting approximately 3 million children (aged 0-9 years) within
a single year and significantly lowering their mortality risk (29).

« A World Health Organization (WHO) meta-analysis revealing
that rice fortified with vitamins and minerals, including iron,
enhances iron status by potentially reducing the risk of iron
deficiency by 35% and increasing average hemoglobin
concentration by nearly 2 g/L (30). Measurable improvements in
the micronutrient and health status of women and children are
possible with large scale food fortification (LSFF) (29).

Despite adequate food production, India’s per capita nutrition intake
ranks among the lowest globally. Although the per capita availability of
various foods aligns with the Recommended Dietary Intake (RDI), the
distribution of these foods is disproportionately unfavorable to
vulnerable groups due to limited income and purchasing power. The
ordinary Indian population predominantly relies on plant-based diets,
which often lack essential nutrients. Micronutrient deficiency in the
Indian diet poses a significant health challenge, impacting millions
across the nation. The inadequate intake of essential vitamins and
minerals, such as iron, zinc, vitamin A, and iodine, can lead to severe
health issues, including anaemia, impaired cognitive development, and
compromised immune function (31). Plant based diet might negatively
impact iron absorption due to the presence of certain natural inhibitors
(32). Plant foods contain compounds such as phytates (found in grains
and legumes) and tannins (in tea and coffee), which can reduce the
body’s ability to absorb non-heme iron. Additionally, low bioavailability
of iron from plant sources poses challenges, as the absorption rate for
non-heme iron is significantly lower. Furthermore, uncalibrated
vegetarian and vegan diets may also lack key nutrients like vitamin C,
which helps enhance iron absorption, further compounding the issue
(32, 33). Micronutrient fortification of staple foods adds essential
vitamins and minerals without altering the taste, smell, or appearance of
the food, ensuring no organoleptic changes. This makes it an effective
and sustainable solution to prevent nutrient deficiencies across
populations without requiring considerable behavioral changes. It is cost-
effective and can significantly improve public health by proactively
addressing micronutrient gaps. The fortification process typically entails
the addition of minute quantities of nutrients—such as vitamin A, iron,
and iodine—to staple foods like rice, wheat flour, oil, and milk (34).
Therefore, increasing consumption of a variety of plant-based foods, in
combination with food fortification and supplementation where needed,
is recommended for children and adolescents to have sustainable and
nutritionally adequate diets (35).

Globally, food fortification programs have been implemented with
great success. For example, in the United States, the fortification of
flour with folic acid has significantly reduced the incidence of neural
tube defects (36). In South Africa, the fortification of maize and wheat
with vitamins A and D has contributed to the reduction of
micronutrient deficiencies (37, 38). These case studies highlight the
effectiveness of fortification in improving public health outcomes (39).
India has managed to scale the rice fortification program to feed nearly
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800 million people (40). Since rice is a staple diet in many Indian states,
fortifying rice is seen as one of the most affordable and sustainable
ways to enhance health outcomes. Research has demonstrated that
adding fortified rice to the diet is effective in improving hemoglobin
levels, thereby reducing the prevalence of anemia and enhancing
cognitive performance (41). However, despite its success, in places,
large scale food fortification (LSFF) faces several challenges. Certain
foods can be particularly challenging to fortify due to their unique
characteristics, how they are processed, and the way people expect
them to look, taste, and feel. For example, adding nutrients to
beverages like soft drinks or juices can easily affect their taste or cause
unwanted sediment, making them less appealing (42). Rice, which is a
staple food in many parts of the world, is difficult to fortify consistently,
especially in areas where small-scale milling is common. Dairy
products, like milk, often face issues with sensory changes or nutrient
stability, as added nutrients can interact with milk’s natural components
and reduce their effectiveness (42). Cereal-based foods, such as snacks
or breakfast cereals, risk changes in texture or flavor when fortified,
while condiments like soy sauce or fish sauce require careful attention
to avoid altering their distinct and familiar tastes (42). Similarly, baked
goods present a unique challenge because the high baking temperatures
can break down heat-sensitive vitamins like thiamine (42).

3.2 Donor human Milk and fortification for
vulnerable babies

Feeding premature, LBW, and small-for-gestational-age babies
comes with additional challenges, such as prolonged separation of
mothers and babies, delay in attachment to breast, low priority given
to breastfeeding by physicians, and lack of skilled counselling and
hands on support to mothers to breastfeed and express milk (54, 55).
Moreover, a large number of babies do not receive mother’s milk due
to reasons, such as mother’s illness, death, abandonment, delay in milk
production, leaving them vulnerable, especially if they are born
premature. Technological advances in human milk banking have
revolutionized the way donor milk is collected, processed, stored, and
distributed, ensuring higher safety and quality standards. Innovations
such as automated pasteurization systems and real-time milk testing
devices have significantly improved the efficiency and accuracy of
pathogen elimination while preserving the essential nutrients and
bioactive components of human milk (56).

As per a landscape study conducted by PATH and Lokmanya
Tilak Municipal Medical College and General Hospital (LTMMC and
GH), 30 to 50 percent of vulnerable babies admitted in the neonatal
intensive care units (NICU) and 10 to 20 percent of term (healthy)
babies in India do not have access to mother’s own milk (MOM) to
meet their short-or long-term needs (57). Alternatively, these babies
are given formula milk or cow’s milk. For such vulnerable infants,
donor human milk is the next best option when a mother’s own milk
is unavailable, offering critical support in reducing the risk of
infections, necrotizing enterocolitis, and other complications in these
vulnerable infants. By ensuring access to safe, pasteurized human
milk, milk banks play a crucial role in bridging nutritional gaps,
promoting healthy development, and improving survival rates in this
high-risk population, laying the foundation for a healthier start in
life, especially newborns admitted in sick newborn care units (SNCU)
or NICU.
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Also to prevent extrauterine growth restriction (EUGR), which
is linked to poor neurocognitive outcomes and specific nutrient
deficiencies, nutrient fortification of human milk (HM) is
recommended for very low birth weight (VLBW) infants (58).
Current fortification methods include: 1. Standard fortification, and
2. Individualized fortification, which encompasses “Adjustable
fortification” and “Targeted fortification” (59). Despite standard
fortification, many very VLBW infants still experience suboptimal
growth, highlighting the need for optimized human milk fortification.
Adjustable fortification has been shown to enhance protein intake,
support somatic and head growth, and appears to be a practical
method for optimizing HM fortification. While targeted fortification
has demonstrated feasibility and effectiveness in some trials, further
improvements are needed. Additionally, enhancing the quality of
human milk fortifiers (HMF) is crucial. Although HM-based
fortifiers show promise, with some studies indicating benefits in
morbidity and mortality for infants fed an exclusively human milk-
based diet, concerns remain regarding their efficacy, safety, and
ethical implications (19, 59).

As current evidence does not provide strong support for the use
of multi-nutrient fortified breast milk in pre-term infants, more
studies specially in LMICs are required for robust evidence generation
(60) (Figure 6).

3.3 Navigating nutritional complexity in
combined interventions

In low-resource settings, inadequate monitoring and evaluation
mechanisms, along with limited awareness among consumers, can
reduce the efficacy of fortification programs. The experience with
fortification varies for different age groups and sub-groups in the
population due to variations in baseline nutrient adequacy (or
inadequacy), per capita consumption of different food vehicles and
physiological needs (43). In India, the Food Safety and Standards
Authority of India (FSSAI) followed a robust procedure to identify the
optimum dosage of the fortificants that deliver only 30-50% of the
Recommended Dietary Allowance (RDA). Considerations with
respect to the RDA, and Tolerable Upper Limits as defined by Indian
Council of Medical Research (ICMR) were also kept in mind. The
analysis revealed that the current standards will only provide 30-50%
of RDA given average per capita consumption levels, to fill the missing
nutrient gap with no risk of overload (43).

As per global evidence interventions such as supplementation,
consumption of fortified foods, and exclusive breastfeeding are safe
and effective in improving nutrition outcomes among women and
children (44, 45). The fortification of foods with essential vitamins and
minerals is recognized as a critical priority within international
development agendas (46). Correcting iron deficiency yields benefits
in increased cognitive ability for children as well as greater endurance
and work capacity for adults, with an estimated 8:1 cost-benefit ratio
(47). These effective interventions not only combat malnutrition but
also promote overall health, enhance cognitive development, and
boost productivity, contributing to the nations socioeconomic
progress. Food fortification can significantly enhance the nutritional
content of additional food provided to beneficiaries under India’s
Mission Poshan 2.0 (48), particularly benefiting children under 6 years
old, pregnant women, and breastfeeding mothers.
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4 Discussion

4.1 Importance of fortification for mother
and child in the first 1,000 days

Fortification plays a pivotal role during the first 1,000 days, a
critical period for ensuring the long-term health and development of
both mother and child. Pregnant women have increased nutritional
requirements, especially for iron and folic acid (49), and ensuring their
access to fortified foods such as wheat flour and cooking oil can
significantly reduce the risk of complications like anemia
during pregnancy.

For infants, particularly those born prematurely or with low birth
weight (LBW), breastmilk alone may not meet their nutritional needs.
In such cases, breastmilk fortification with additional protein, fat, and
minerals becomes necessary to support optimal growth (19). This
highlights the importance of fortification efforts, which should
be complemented by promoting dietary diversity. Ensuring access to
a variety of nutrient-dense foods, including fruits, vegetables, legumes,
and animal-source foods, is crucial to reducing malnutrition and
supporting overall health.

4.2 Maternal nutrition and breast feeding

Maternal nutrition plays an essential role during pregnancy and
lactation. Maternal malnutrition during pregnancy represents a
pervasive global health concern (50). A well-nourished mother is
more likely to give birth to a healthy child with fewer risks of
complications such as pre-term birth or underweight infants.

In LMICs, more than 43% of children under the age of five are at
risk of not reaching their full developmental potential due to the
impacts of poverty and stunting (51). Proper prenatal nutrition not
only supports immediate fetal health but also has long-term benefits,
such as lowering the risk of chronic diseases and enhancing cognitive
function and educational outcomes.

The early months of life are critical for establishing healthy
growth patterns. Key practices include initiating breastfeeding within
the first hour to provide colostrum, exclusively breastfeeding for the
first 6 months to support immunity, and gradually introducing
nutrient-dense complementary foods from six to 24 months (52).
Responsive feeding, which involves recognizing and responding to
hunger cues, fosters healthy eating habits. Interventions during this
critical window can significantly improve developmental outcomes,
especially in vulnerable populations, helping to mitigate stunting and
other nutrition-related deficits (Figure 4).

As infants reach 6 months, their nutritional requirements
outgrow what breastmilk alone can provide, necessitating the
introduction of complementary foods. The four pillars of
complementary feeding are timing, quality, quantity, and safety
(Figure 5). However, poor-quality complementary feeding practices
can lead to growth faltering, with children failing to meet
developmental milestones. Ensuring nutrient-dense foods rich in
iron, protein, and essential fats during this transition is critical to
avoid stunting and other forms of undernutrition (53). The
complementary feeding period is a sensitive time window that can
influence growth, development, food preferences, and short-and long-
term health outcomes.
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4.4 Strengthening the ICDS framework and
innovative approaches

The Anganwadi Services Scheme, Poshan 2.0 and Saksham
Anganwadi formerly known as India’s Integrated Child Development
Services (ICDS), is a comprehensive program designed to combat
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malnutrition and promote child health through supplemental
nutrition, health services, and early childhood education. Key
nutritional interventions, such as staple food fortification and
breastfeeding promotion, are critical for protecting the health of
mothers and young children throughout this crucial
developmental period.

ICDS provides essential support to millions of children and
mothers, improving their access to nutrition and healthcare, thus
contributing to child development outcomes in vulnerable
populations. However, changes in ICDS utilization and underweight
prevalence varied considerably across states, socioeconomic, and
demographic characteristics (61).

A study found that ICDS coverage was higher among younger
children and the poorest households in rural areas. Multilevel logistic
regression results indicated a significant association between age and
the outcome variable. Severely malnourished (SAM) children living
in rural areas had significantly higher odds of being covered under
ICDS services (Odds Ratio 1.57; Confidence Interval: 1.35, 1.82) than
their urban counterparts (62).

Pregnant and lactating mothers who received ICDS services were
significant determinants of SAM coverage under the program.
However, there is no evidence that ICDS is more efficient in identifying
and covering SAM children compared to non-SAM children.

The ICDS program plays a pivotal role in promoting food
fortification, particularly by integrating fortified foods into the
supplementary nutrition provided at anganwadi centers. With its vast
reach across rural and urban areas, ICDS serves as a critical
distribution platform for fortified foods, especially for pregnant
women, lactating mothers, and young children, who are most
vulnerable to nutrient deficiencies. Fortified rice, enriched with
essential vitamins and minerals, provides a reliable source of nutrition
for mothers and young children, supporting their dietary needs and

reducing the risk of anaemia and other deficiencies. By incorporating
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fortified rice into the ICDS framework, the program aims to address
micronutrient deficiencies that can adversely affect health and
development during this crucial window. This strategic intervention
not only enhances the overall nutritional intake of beneficiaries but
also aligns with the broader goals of the ICDS program to improve
maternal and child health. By focusing on nutrition during the first
1,000 days, the ICDS initiative significantly contributes to long-term
health outcomes and development, laying a strong foundation for the
future of children in India.

4.5 Policy and implementation strategies

India has launched several nutrition initiatives (Figure 7) and
launched fortification of staples such as rice, wheat flour, salt, milk
and edible oil with key nutrients (40, 63). These initiatives are critical
for addressing widespread micronutrient deficiencies across the
population. Effective monitoring and evaluation are necessary to
track the impact of fortification programs and ensure compliance
with fortification standards. Digital tools and community-based
monitoring can enhance the efficiency of these processes. Fortification
efforts should be integrated with other public health programs, such
as those addressing maternal and child health, water sanitation, and
hygiene (WASH), to maximize impact. Coordinating these programs
can lead to more comprehensive solutions for malnutrition.

Public-private partnerships (PPPs) can play a crucial role in
scaling up fortification efforts. By leveraging private sector expertise
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and resources, the ICDS can improve the reach and sustainability of
nutrition interventions. Childhood stunting incurs substantial
economic losses for the private sector in LMICs, amounting to
billions of dollars annually in foregone sales and reduced workforce
earnings. The economic rationale for investing in childhood nutrition
is supported by evidence from various nutrition interventions, which
highlight the dual justification for such investments—both moral and
financial—pertaining to the public and private sectors. Specifically,
interventions aimed at reducing stunting demonstrate returns on
investment that range from US$2 to US$81 for each dollar invested
per year, representing an impressive return of 100 to 8,000% across
different countries (64, 65). Collaboration with local academic and
research institutions can provide the ICDS program with the
expertise needed to design and implement innovative nutrition
interventions. Such partnerships can also support capacity building
at the local levels. Food fortification has become relevant in both
developing and developed countries due to the changes in dietary
patterns, particularly with increase in the consumption of processed
foods (66). Figure 8 presents a detailed overview of the challenges
and potential solutions associated with fortification.

4.6 Future directions and
recommendations

Advances in fortification technologies, such as biofortified
crops and improved techniques that do not alter the taste or
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texture of food, offer great promise for addressing malnutrition.
Scaling up fortification in low-resource settings, however, requires
sustained political commitment, capacity building, and
community engagement. The use of innovative financing
mechanisms and support from international organizations will
also be essential for the successful implementation of
fortification programs.

Leveraging digital technology to monitor fortification efforts and
track nutritional outcomes in real time can enhance the transparency
and efficiency of programs like ICDS. Mobile apps and data analytics
tools, for example, can play a critical role in improving program
monitoring and evaluation.

Though food fortification is recognized as a highly effective
approach for addressing dietary deficiencies in micronutrients like
iodine, iron, and B vitamins, the success of fortification within ICDS and
similar frameworks largely depends on strategic advocacy and behavior
change interventions. These efforts should emphasize the importance of
fortification to program beneficiaries, raising awareness around the
specific nutritional needs of young children, pregnant women, and other
vulnerable populations. Educational efforts should highlight the role of
fortification in promoting health, covering its benefits, appropriate
usage, and the practices required for different age groups.

To facilitate this awareness, comprehensive training and capacity
building of Anganwadi Workers (AWWSs) and other program
functionaries is essential. These workers need resources, such as
Information, Education, and Communication (IEC) materials and
advocacy toolkits, tailored to fortification programs. Training modules
should cover the nutritional importance of food fortification, detailed
information on fortificants used, and specific guidelines on fortified
supplementary nutrition. These resources should be accessible to both
beneficiaries and program implementers, enhancing community
knowledge and engagement.
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Monitoring and regulatory mechanisms play a pivotal role in
ensuring the quality and efficacy of fortified food distribution. Essential
actions include mandatory spot checks of fortified supplementary
foods, procedures for sample collection, and laboratory testing.
Policymakers must also establish clear guidelines on the frequency and
process for these checks. Providing spot-testing kits for qualitative
assessment could be instrumental for field workers, enabling them to
verify the presence of fortificants directly in communities and ensuring
the integrity of the rice fortification program.

4.7 Recommendations for policy and
practice

« Continued Nutritional Interventions — A sustained focus on
foundational nutritional components, such as maternal nutrition,
breastfeeding, and complementary feeding, remains crucial.
Additionally, there is a growing recognition of the need for
fortified food to address micronutrient deficiencies, alongside the
continuous provision of supplementary nutrition. Such efforts are
vital for ensuring both food and nutrition security. These
interventions should prioritize vulnerable populations,
particularly mothers and children, and be implemented
consistently to address malnutrition and improve overall health
outcomes. Ensuring an adequate balance in the number and mix
of health workers is essential for the proper functioning of health
system (67). Human resources must be carefully employed at all
levels, from national to community, with a particular emphasis
on guaranteeing the availability of competent health professionals,
nutritionists, and program administrators. Furthermore, local
community leaders and volunteers can help promote and
implement these interventions. Budgets must be allocated to
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Challenges and potential solutions associated with fortification.

cover not only the direct costs of nutrition services, but also
administrative expenditures such as program administration,
monitoring, and evaluation, to ensure the long-term viability of
the projects. While allocating resources, policymakers should pay
particular attention to influencing factors. The population
covered in each region and the infrastructure available in each
region were identified as key and important criteria in the
resource allocation process. It is suggested that these factors
be considered while allocating resources to different regions of
the country (68). To monitor these interventions effectively, clear
indicators should be established to measure progress and impact,
such as the number of health workers trained, coverage rates of
nutritional services, and improvements in nutritional outcomes
among target populations. Regular evaluations should
be conducted at national, regional, and community levels to
assess the efficiency and effectiveness of resource utilization and
service delivery.

Enhanced Delivery Systems — The integration of public-private
partnerships is essential for improving the delivery of nutritional
services to beneficiaries, especially mothers and children. By
leveraging the strengths of both sectors, these partnerships can
enhance programmatic support and extend outreach to
underserved communities. This model ensures that the delivery
systems are not only efficient but also sustainable, providing long-
term support to the populations most in need of
nutritional interventions.

Policy and Technological Innovations — There is an urgent need
to align nutrition policies with comprehensive regulatory

frameworks to address the multifaceted challenges of
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malnutrition. Technological innovations play a pivotal role in this
process, with digital tools and monitoring systems offering
opportunities for improved tracking and implementation. The
establishment of human milk banks, for example, represents a
significant advancement in maternal and child health, ensuring
that newborns receive optimal nutrition. Digitalization further
facilitates transparency and accountability, enabling policymakers
and practitioners to track progress and respond to emerging
needs more effectively. By creating tracking systems and real time
data, sustainability and long term impact can be seen. Therefore,
digital technologies and Al are promising tools for health
promotion and disease prevention and management, but some
issues still need to be addressed, mainly those connected with
patient privacy. Thus, close collaboration between healthcare
institutions and research is desirable in the future (69).

Building Capacity of Local Institutes — Strengthening the local
nutrition ecosystems requires a concerted effort to build the
capacity and capability of local institutions. This entails a
comprehensive approach, including the provision of tailored
training and educational programs for health professionals,
researchers, and policymakers. Collaborating with academic
institutions can further enrich the local workforce by enhancing
their knowledge and skills. In addition, technical assistance and
mentorship from national and international experts can facilitate
the development of context-specific solutions, which are crucial
for effective program implementation. Infrastructure
development is another key element, with the provision of
research facilities, digital tools, and access to up-to-date resources
enabling local institutions to improve data collection, foster
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innovation, and contribute to evidence-based interventions. The
sustainability of these efforts hinges on leadership training and
policy advocacy, empowering local institutions to influence
national nutrition policies. Moreover, building collaborative
networks with non-governmental organizations (NGOs),
international agencies, and the private sector will promote
knowledge sharing and collective action, ultimately enhancing
the capacity of local institutions to address malnutrition. A focus
on sustainability is essential, ensuring that local institutions
gradually assume leadership and management responsibilities,
fostering long-term impact. With local support it is possible to
create and sustain fieldwork for an extended period with
meaningful outputs and impact. Central Sector Rice Fortification
Scheme (40) demonstrates that it is possible to use healthcare
professionals, students and volunteers with low-intensity training
and a low-cost approach to produce action research with
considerable impact and results in rapid, reliable and robust
manner (70).

« Global South Cross-Pollination — Cross-pollination of ideas and
best practices within the Global South is critical for advancing
shared development goals, particularly in the areas of nutrition
and food security. A key focus should be placed on the health of
pregnant mothers and first 1,000 days of life, a crucial period for
child’s growth and development, during which nutritional
interventions can have a profound and lasting impact. Regional
collaboration is vital for facilitating the exchange of successful
strategies to address maternal and child nutrition, with particular
emphasis on combating anemia and micronutrient deficiencies
through the scale-up of fortified rice and other nutrition
programs. The creation of knowledge-sharing platforms, as well
as exchange programs for health professionals, researchers, and
policymakers, will enable countries in the Global South to learn
from one another’s experiences and adapt these strategies to local
contexts. Establishing regional centers of excellence and
organizing South-South learning events will further promote
joint efforts to address shared nutritional challenges. Such
initiatives will not only improve maternal and child health
outcomes but also contribute to broader efforts to promote
breastfeeding, human milk banking, and the expansion of
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fortified foods. By fostering partnerships and pooling resources,
countries in the Global South can enhance their capacity to
address malnutrition and food insecurity in a more effective and
sustainable manner. The ongoing joint project between China
and South Africa demonstrates the benefits of collaboration in
developing robust remote sensing techniques for improved food
security monitoring and decision making in the Global
South (71).

o To address the critical health needs of LBW and preterm infants,
establishing a national framework for human milk banking is
essential. HMBs provide safe, pasteurized donor milk, offering
life-saving benefits for infants who lack maternal milk due to
medical complications. A policy for expanding HMBs should
focus on integrating these banks into neonatal and public health
facilities, particularly where LBW cases are high. Figure 9
provides a comprehensive summary of the article.

5 Conclusion

Addressing the nutritional needs of mothers and children during
the first 1,000 days is key to improving long-term health outcomes and
reducing malnutrition in India. Fortification programs, integrated
with broader public health initiatives and supported by technological
innovations, offer a promising solution for addressing micronutrient
deficiencies. The success of these efforts, however, hinges on continued
political commitment, effective public-private partnerships, and the
engagement of local institutions. Strengthening the ICDS framework
and promoting breastfeeding and human milk banking are critical
steps toward ensuring that every child receives the nutrients they need
for a healthy start in life.
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