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Abstract 
Smart nutrition is the evidence-based practice of selecting balanced foods from a diverse range of dietary sources to supply the 
essential macro- and micronutrients required for maintaining physiological homeostasis and preventing deficiency disorders. 
Micronutrients, such as iron, iodine, zinc, calcium, magnesium, phosphorus, vitamins D, A, B12, and C, as well as folate, serve critical 
biochemical roles within the body. They function as enzyme cofactors, antioxidants, hormone regulators, gene expression 
modifiers, and structural constituents of tissues. When these nutrients are insufficient, key physiological processes become 
compromised, including oxygen transport, thyroid hormone synthesis, immune defence, bone mineralization, collagen formation, 
epithelial integrity, and neurodevelopmental function. A well-balanced diet ensures that all required nutrients are delivered in 
appropriate proportions, making smart nutrition both a personal dietary discipline and a broader public health strategy for 
alleviating hidden hunger and promoting lifelong well-being. 
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1. Introduction 
Smart nutrition involves making scientifically informed food choices to 
maintain physiological equilibrium, prevent nutrient deficiencies, and 
support optimal long-term health. Beyond caloric intake, it emphasises 
adequate consumption of both macronutrients and micronutrients, 
which are essential for growth, metabolic function, immune defence, 
tissue repair, and cellular integrity. Macronutrients, such as 
carbohydrates, proteins and fats, serve as the body’s primary energy 
substrates, while micronutrients like vitamins, minerals and trace 
elements regulate countless biochemical reactions that sustain life at 
the cellular level. A deficiency in any of these compounds can cascade 
into impaired immunity, hormonal disruption, cognitive decline, and 
increased susceptibility to infectious diseases.    

According to the World Health Organization (WHO), a healthy diet 
should be rich in fruits, vegetables, legumes, nuts, seeds, and whole 
grains, with limited salt, added sugars, saturated fats, and trans fats. 
This type of diet reduces the risk of undernutrition and chronic 
diseases, such as cardiovascular disease, type 2 diabetes, and certain 
cancers. Smart nutrition, therefore, is not a luxury but a daily 
physiological necessity1.  
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2. Recommended Dietary Allowance of   
Major Micronutrients 

The amount of nutrients nearly all people need to meet their 
requirements is defined as the recommended dietary allowance (RDA). 
In 2020, the National Institute of Nutrition (NIN), Hyderabad, a 
constituent institute of the Indian Council of Medical Research (ICMR), 
proposed the RDA of major micronutrients for Indians (Table 1)2. 

3. Major Micronutrients and their Function 

Micronutrients have a wide range of functions in the body. For example, 
iron is needed to synthesize both hemoglobin and myoglobin, and is 
critical for oxygen transport throughout the body, supporting cellular 
respiration. Iodine is necessary for the synthesis of thyroid hormones that 
regulate basal metabolic rate (BMR) and brain development. Zinc is a 
structural and catalytic cofactor for numerous enzymes and zinc finger 
transcription factors, thereby supporting immune function, DNA 
replication and repair, growth, wound healing, and tissue repair. 
Calcium, phosphorus, magnesium, and vitamin D work together to 
provide the structural framework for bones, enable muscles to contract 
and relax, and provide coordinated responses to nerve stimulation in 
skeletal muscles. Specifically, vitamin D acts at the molecular level to 
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increase calcium and phosphate absorption by increasing the levels of 
calcium-binding proteins and their receptors in the intestine. Increased 
bio-availability of calcium strengthens bones and improves bone 
mineral density3. 

Table 1: Recommended dietary allowances in Indian men and women 

Micronutrient RDA for adult men RDA for adult women 

Calcium 1000 mg/day 1000 mg/day 

Magnesium 440 mg/day 370 mg/day 

Iron 19 mg/day 29 mg/day 

Zinc 17 mg/day 13 mg/day 

Iodine 150 µg/day 150 µg/day 

Thiamine 1.8 mg/day 1.7 mg/day 

Riboflavin 2.5 mg/day 2.4 mg/day 

Niacin 18 mg/day 14 mg/day 

Vitamin B6 2.4 mg/day 1.9 mg/day 

Folate 300 µg DFE/day 220 µg DFE/day 

Vitamin B12 2.2 µg/day 2.2 µg/day 

Vitamin C 80 mg/day 65 mg/day 

Vitamin A 1000 µg/day 840 µg/day 

Vitamin D 600 IU/day 600 IU/day 

4. Smart Plate and Dietary Diversity 
Consuming a diverse range of foods is an effective way to ensure 
individuals receive adequate amounts of all necessary nutrients 
through their diets. According to the Food and Agriculture 
Organization (FAO), an individual’s ability to consume a variety of 
foods (dietary diversity) is a good indicator of whether they are 
consuming a nutritious diet, as no single food source provides all the 
necessary nutrients. A smart plate should have a wide variety of foods 
(Figure 1)4. The main reason cereals and millets are included on a smart 
plate is to provide both energy and B vitamins. However, cereals and 
millets contain very little vitamin C. Pulses are added to the smart 
plate, primarily to add plant proteins to the meal, along with additional 
sources of iron and zinc. However, high levels of phytic acid in pulses 
reduce the availability of these minerals5. Fruits that contain high levels 
of vitamin C, increase the absorption of non-heme iron when 
consumed before or after meals containing pulses. In addition to 
providing energy for metabolism, dietary fats enhance the absorption 
of the fat-soluble vitamins A, D, E, and K. 

5. Hidden Hunger and Nutritional 
Information 

Hidden hunger refers to a deficiency in micronutrients. Even if a 
person’s calorie intake appears sufficient, they may be lacking 
essential micronutrients. Many people eat enough calories from 
refined cereals, sugar, fried foods, processed snacks, and other low-
nutrient foods to have adequate energy but lack iron, zinc, iodine, 
vitamin A, folate, vitamin B12, vitamin D, and other important 
micronutrients6. Several vulnerable populations can experience 
hidden hunger, including children, adolescents, pregnant women, 
lactating mothers, and economically disadvantaged families in 

developing countries. This arises from limited availability of nutritious 
food7. Additionally, there is a lack of food diversity, nutrition literacy, and 
affordability. Labeling helps consumers understand the nutritional 
content of packaged foods and make informed decisions. The Codex 
Alimentarius Commission (CAC), an intergovernmental body established 
by WHO and FAO in 1963, provides common principles for global food 
regulatory systems and supports nutritional labeling of packaged food, 
enabling wise food selection8. In India, the Food Safety and Standards 
Authority of India (FSSAI) regulates food package labeling through the 
Food Safety and Standards (Labeling and Display) Regulations, 2020. 
These regulations mandate appropriate labeling of pre-packaged foods 
and disclosure of necessary nutrient-related information on packaging, 
allowing consumers to identify the amounts of various nutrients in the 
products9. The FSSAI has also established mandatory guidelines for 
fortified foods and developed public health strategies to enhance 
nutrient-rich foods10. 

6. Major Micronutrient Deficiency Disorders 
Deficiency of micronutrients can lead to a wide variety of disorders, 
some more serious than others. These are briefly highlighted below.  

6.1. Iron Deficiency 
Deficiency of iron leads to decrease in the production of hemoglobin, 
resulting in smaller, paler red blood cells (RBC), referred to as microcytic 
hypochromic anemia. This leads to decreased transport of oxygen to 
tissues, exhibiting symptoms such as fatigue, pallor, lack of focus, lower 
productivity at work or school, and adverse effects during pregnancy11.  

6.2. Folate Deficiency 
This primarily affects DNA replication in rapidly dividing cells, such as 
those in the bone marrow. When a deficiency occurs before conception, 
it can cause defects in neural tube closure due to interference with 
nucleotide production and methylation reactions12. Thus, folate-
deficient mothers have an increased risk of giving birth to children with 
congenital defects of the central nervous system (CNS), including spina 
bifida and anencephaly.  

6.3. Vitamin B12 Deficiency 
Vitamin B12 deficiency can lead to anemia, similar to that caused by 
folate deficiency. It is much more likely to be associated with 
neurological dysfunction, since it interferes with both methylation and 
fatty acid metabolism, resulting in demyelination, numbness or tingling 
sensations, and problems with balance and memory, among others. 
Severe deficiency may even involve the spinal cord13. 

6.4. Vitamin A Deficiency 
Vitamin A plays a critical role in maintaining the integrity of mucus 
membranes and in immunoregulation. Retinal, which is a derivative of 
vitamin A, is essential for the synthesis of rhodopsin in the retina. 
Therefore, if there is insufficient retinal pigment in the eye, it will not be 
possible to see in dim light, a condition known as night blindness. 
Furthermore, the failure of epithelial cells to differentiate properly due 
to the lack of retinoic acid, another derivative of vitamin A, will 
compromise their function as barriers to infection. Xerophthalmia refers 
to dryness of the conjunctiva, which is the membrane lining the surface 
of the eyes. Corneal ulcers are open sores on the cornea. Blindness from 
vitamin A deficiency occurs when corneal ulcers perforate. Impaired 
immune function increases susceptibility to various infections14. 

6.5. Vitamin D Deficiency 
Inadequate levels of vitamin D have been shown to significantly reduce 
the absorption of calcium and phosphorus into the intestines. As a result, 
bone mineralization is impaired. Rickets occurs in children with vitamin 
D deficiency, and osteomalacia occurs in adults15. Although long-term 
dietary insufficiency of vitamin D and calcium does not directly increase 
the risk of osteoporosis, impaired bone mineralization makes bones 
weaker and more susceptible to fracture. Bone pain, bone deformity, 
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muscle weakness or myopathy, fractures, and reduced skeletal 
strength are among the clinical signs that may appear16.  

6.6. Iodine Deficiency 
Iodine is required for the proper functioning of the thyroid gland. 
Triiodothyronine (T3) and thyroxine (T4) are important thyroid 
hormones. The pituitary gland detects low levels of these hormones 
and produces more thyroid stimulating hormone (TSH). An 
overproduction of TSH results in excessive stimulation of the thyroid 
gland, leading to its enlargement (goitre). Severe iodine deficiency 
causes hypothyroidism. Additionally, pregnant women who do not 
consume sufficient amounts of iodine during pregnancy place their 
fetus at risk of impaired cognitive function and lower intelligence17. 

6.7. Zinc Deficiency 
Zinc deficiency can lead to impairment of cell division, gene 
expression, and immune functions. Barrier functions may also be 
compromised, increasing susceptibility to infections. Response to 
oxidative stress may also be hampered. Thus, zinc deficiency 
negatively impacts overall health18. As a consequence, zinc-deficient 
individuals experience stunted growth or growth retardation, delayed 
wound healing, skin lesions, alopecia (hair loss), decreased appetite, 
and an increased frequency of infections.  

 
 

Figure 1: Essential components of a balanced smart plate  

6.8. Vitamin C Deficiency 
Vitamin C is necessary for hydroxylating collagen, which is a key 
component of connective tissue. Connective tissue provides support 
to muscles, bones, lungs, and other organs of the body. Stabilizing 
connective tissue prevents blood vessel rupture and bone fracture. 
Vitamin C deficiency can lead to a condition called scurvy19. Its primary 
manifestations include bleeding gums, subcutaneous hemorrhage, 
joint pain, arthritis, lethargy, delayed wound healing, enhanced 
oxidative stress, and increased vulnerability to oxidative injury. 

7. Food Fortification and Supplementation 
The global nutritional recommendations encompass dietary diversity, 
dietary supplementation, and food fortification. All these target 
different population subgroups with some form of micronutrient 
deficiency. The United Nations organizations, most notably, WHO and 
FAO, advocate for food fortification as a public health measure for 
reducing and eliminating micronutrient deficiencies commonly found 
worldwide. These include iodine, iron, vitamin A, and folic acid. For 
example, iodized salt is a significant tool for preventing iodine 
deficiency-related disorders like goitre and hypothyroidism, due to its 
ability to provide essential iodine for normal thyroid hormone 
production20. Additionally, the WHO advocates for pregnant women 
to take iron and folic acid supplements to help protect against 
maternal anemia and ensure safe pregnancy outcomes21. WHO also 
recommends vitamin A supplements for young children aged 6-59 
months in regions where there is sufficient evidence that vitamin A 
deficiency represents a significant public health risk22. Fortified foods 
and supplementation for identified high-risk populations will not 
replace a well-balanced diet but serve as additional layers of 
protection. There needs to be a science-driven approach to nutritional 
management23,24. Many individuals living in low- and middle-income 
countries (LMICs) may not be able to regularly purchase a variety of 
foods rich in multiple nutrients and may also have limited knowledge 
of proper nutritional practices. Therefore, food fortification and need-
based supplementation represent justifiable public health 
approaches25,26. Nonetheless, it is imperative to avoid unnecessary or 
excessive intake of vitamins and minerals since overconsumption can 
result in toxicity. When making nutritional decisions, practitioners 
should consider the patient’s medical and dietary history, clinical 
symptoms, relevant risk factors, and lab test reports documenting 
basal biochemical parameters27,28. 

8. Conclusion 
Smart nutrition is both an evidence-based and socially important 
method that maintains micronutrient homeostasis through various ways. 
Advocacy is a very effective tool and may involve promotion of 
nutritional diversity, balanced diet, nutrition literacy, safe food 
processing, food package labeling, food fortification, and evidence-
based micronutrient supplementation. Through smart nutrition, it is 
possible to ensure that adequate essential vitamins and minerals are 
present in the diet at bioavailable levels, so that hidden hunger and 
deficiency disorders can be prevented. Therefore, smart nutrition has 
the potential to promote healthy aging, better pregnancy outcomes, 
improved learning and productivity, and better immune resilience, 
among many other health benefits. 

Disclosure of AI Use 
The AI tool, Claude (Sonnet 4.6) was used to enhance the quality of 
Figure 1 during the editorial phase. 
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Smart Plate
Micronutrient

Balance

Cereals / millets
energy & B vitamins
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protein, iron & zinc

Vegetables
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Fruits
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Milk / curd
calcium & quality protein

Egg / fish / lean meat
or suitable substitutes

Nuts & seeds
healthy fats & trace minerals

Healthy oils
fat-soluble vitamin support

Adequate water
hydration & nutrient transport
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