
https://pub.dhe.org.in/ Page 1 
 

 

 
 

Viksit India 
2025 | Volume: 03 | Issue: 02 | Article: 51 

 

 

 

 

Article Info 
Received: 8th December 2024 

Revised: 15th March 2025 

Published: 30th June 2025 

Associate Editor: Dr. Krishna 

Pandey 

 

*Corresponding author 
Email:  sharmapritu@yahoo.com 
 

Open Access 

 

DOI 

 
This is an Open Access article 

distributed under the terms of the 

Creative Commons Attribution License 

(http://creativecommons.org/licenses/b

y/4.0/), which permits unrestricted use, 

distribution, and reproduction in any 

medium, provided the original work is 

properly cited. 

 
 

 
 

 

https://pub.dhe.org.in/ 

ISSN: 2278-1757 

Copyright © DHE 

 

 

 

 

 

 

Abstract 
Micronutrient deficiency, often termed "hidden hunger," is a prevalent global health issue, 

particularly in developing countries. Essential vitamins and minerals like iron, iodine, zinc, and 

vitamin A are crucial for cognitive function, growth, and overall development in children. 

Inadequate intake of these micronutrients can impair cognitive abilities, attention, and memory, 

leading to poor scholastic performance. This review aims to examine the impact of micronutrient 

deficiencies on the cognitive development and academic performance of school-aged children, 

exploring existing evidence to highlight the importance of addressing nutritional deficiencies for 

improving educational outcomes. A comprehensive review was conducted by screening relevant 

databases, including PubMed, Google Scholar, and Scopus, using relevant search terms 

Observational and Interventional studies were included for review. The review highlights strong 

evidence linking deficiencies in iron and iodine to diminished cognitive function, decreased 

attention span, and poor academic performance. Zinc deficiency was associated with impaired 

memory and slower information processing, while vitamin A was crucial for visual development, 

impacting reading and learning abilities. Intervention studies showed significant improvements in 

cognitive performance and school outcomes following micronutrient supplementation. These 

findings emphasize that addressing micronutrient deficiencies in school-aged children is critical 

for optimizing cognitive function and enhancing scholastic achievements. Nutritional 

interventions, including school-based supplementation programs, can improve academic 

outcomes. Incorporating nutrition education and food-based strategies in schools is essential to 

combat hidden hunger and promote better scholastic performance. 

 

Keywords: Micronutrient Deficiency, Scholastic Performance, Cognitive Development, Iron 

Deficiency, Iodine Deficiency, Nutrition Intervention. 

 

Introduction 
Micronutrient deficiency, often referred to as "hidden hunger," is a widespread public health 

concern that significantly affects the growth, development, and well-being of children worldwide 

[1,2]. Unlike macronutrient deficiencies, which present with overt signs of malnutrition such as 

stunting or wasting, micronutrient deficiencies often go unnoticed until their consequences 

manifest as developmental delays, cognitive impairments, and poor health outcomes [3]. Essential 

vitamins and minerals such as iron, iodine, zinc, and vitamin A play critical roles in brain 

development, cognitive function, and academic performance [4]. A lack of these nutrients in the 

diet during key developmental periods can lead to lasting deficits in cognitive abilities, memory, 

attention, and problem-solving skills, ultimately affecting a child's scholastic performance [5]. 

 

Micronutrient deficiencies disproportionately affect children in low- and middle-income countries 

(LMICs), where dietary diversity is often limited, and access to fortified foods and supplementation 

programs remains inadequate [6]. According to the World Health Organization (WHO), iron 

deficiency is the most prevalent nutritional disorder globally, affecting an estimated 40% of 

children under the age of five [7]. Similarly, iodine deficiency remains a leading cause of 

preventable intellectual disability, with millions of children worldwide at risk due to inadequate 

iodine intake. Zinc deficiency has been linked to growth retardation, weakened immune function, 

and cognitive impairments, while vitamin A deficiency is a major cause of visual impairment and 

learning difficulties. These deficiencies can have severe implications for school-aged children, 

particularly in regions where food insecurity and malnutrition are widespread. 
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Fig. 1: Impact of Micronutrient deficiency on cognitive function (Retrieved from [8]) 

 

As shown in Fig. 1, micronutrient deficiencies interfere with 

several cognitive and neurological processes, such as 

neurotransmitter synthesis, myelination, and synaptic plasticity. 

This diagram highlights the biological basis of the observed 

cognitive impairments reported across the studies reviewed, and 

aligns with the intervention outcomes discussed in subsequent 

sections. 

The brain undergoes rapid growth and development during 

childhood, with key nutrients playing vital roles in 

neurogenesis, synaptic plasticity, and neurotransmitter 

function. Iron is essential for oxygen transport and 

neurotransmitter synthesis. Iodine is necessary for thyroid 

hormone production, which regulates brain development and 

cognitive function. Zinc contributes to synaptic transmission 

and neuronal signalling, while vitamin A supports visual 

processing and learning. Deficiencies in these micronutrients 

can disrupt neurodevelopmental pathways. 

 

Objectives  

This review aims to comprehensively examine the relationship 

between micronutrient deficiencies and scholastic performance 

in school-aged children. It explores the existing scientific 

evidence linking deficiencies in iron, iodine, zinc, and vitamin 

A to cognitive impairments and academic difficulties. 

Furthermore, it highlights the effectiveness of various 

nutritional interventions in improving cognitive function and 

educational outcomes, emphasizing the need for policy-level 

actions to combat hidden hunger and promote better learning 

environments for children. 

 

Methodology 

A comprehensive review was conducted to examine the impact 

of micronutrient deficiencies on cognitive development and 

scholastic performance in school-aged children.  

1. Study Design: This review followed a structured approach to 

identify and analyse peer-reviewed studies. Randomized 

controlled trials (RCTs), quasi-experimental studies, and 

observational studies (cohort, case-control, and cross-sectional) 

were included that assessed the relationship between 

micronutrient deficiencies and cognitive function, learning 

abilities, and academic performance in children aged 5–18 

years. Only studies published between January 2010 and March 

2024 in English language were included to ensure relevance to 

current nutritional and educational strategies. 

2. Data Sources and Search Strategy: Relevant studies were 

retrieved from the Google Scholar, Scopus and Web of Science. 

The following search terms and Boolean operators were 

applied: 

• "Micronutrient deficiency" AND "cognitive 

development" AND "children" 

• "Iron deficiency" OR "iodine deficiency" OR "zinc 

deficiency" OR "vitamin A deficiency" AND 

"academic performance" 

• "Nutritional interventions" AND "school children" 

AND "learning outcomes" 

• "Hidden hunger" AND "cognitive impairment" AND 

"school performance" 

The search was further refined using filters for human studies, 

full-text availability, and research published in English. 

References from relevant articles were also screened manually 

to identify additional studies that met the eligibility criteria. 

The study selection process was conducted following PRISMA 

2020 guidelines, and the flow of identified, screened, and 

included studies is presented in Fig. 2. 

The extracted data were synthesized narratively and categorized 

into the following themes: 

1. The impact of iron deficiency on cognitive 

development and school performance. 

2. The role of iodine deficiency in intellectual and 

academic outcomes. 

3. The effects of zinc deficiency on memory and 

information processing. 

4. The importance of vitamin A in visual learning and 

reading abilities. 

5. Intervention studies on micronutrient supplementation 

and academic performance. 
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Fig. 2: PRISMA flow diagram 
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Findings 

The results are categorized based on specific micronutrients 

(iron, iodine, zinc, and vitamin A) and their respective effects. 

A synthesis of observational and intervention studies is 

provided. 

 

1. Iron Deficiency and Cognitive Function 

Iron is essential for oxygen transport, neurotransmitter 

synthesis, and myelination of neurons, all of which are critical 

for cognitive function [9]. Iron deficiency, particularly in early 

childhood, has been linked to impaired attention span, reduced 

memory, and decreased IQ scores. 

 

Table 1: Summary of Key Studies on Iron Deficiency and 

Cognition 

Sample 

Size 

Study Design Key Findings 

1000 

children 

[10] 

Longitudinal Iron-deficient infants showed 

lower IQ at school age. 

13 

Articles 

[11] 

Systematic 

Review and 

Meta-Analysis 

Iron supplementation 

improved attention and 

cognitive performance. 

562 

children 

[12] 

Longitudinal The need for iron during 

rapid brain development in 

infants must be balanced 

against the risks of high-dose 

supplementation in 

nonanemic infants. 

 

The above Table 1 included observational and longitudinal 

design studies evaluating the impact of iron status or 

supplementation on memory, attention, and school 

performance. 

 

2. Iodine Deficiency and Intellectual Development 

Iodine is crucial for thyroid hormone production, which 

regulates brain development and cognitive abilities. Iodine 

deficiency during pregnancy and early childhood is a leading 

cause of preventable intellectual disability. 

 

The following Table 2, summaries differences in timing of 

iodine supplementation (prenatal vs. postnatal) as they were 

noted as key influencing factors. 

 

Table 2: Summary of Studies on Iodine Deficiency and 

Cognition 

Sample 

Size 

Study Design Key Findings 

207 

Children 

[13] 

Observational 

Study 

Head circumference improved in 

children whose mothers’ received 

iodine during pregnancy vs. those 

supplemented at age 2. 

Earlier iodine supplementation 

(before the 3rd trimester) led to 

higher psychomotor test scores. 

Height was not significantly 

affected by iodine 

supplementation. 

Cognitive development 

differences were observed 

3. Zinc Deficiency and Memory Function 

Zinc plays a role in neuronal communication, synaptic 

plasticity, and learning processes. A lack of zinc has been linked 

to deficits in short-term memory and information processing. 

 

Table 3: Studies on Zinc Deficiency and Cognitive 

Performance 

Sample 

Size 

Study 

Design 

Key Findings 

300 

children 

[14] 

RCT, 

double 

blind 

Zinc supplementation may support 

normal information processing and 

attentional development in the first 

2 years of life 

200 

infants 

[15] 

RCT Zinc supplementation effects may 

vary by birth weight. Longer-term 

follow-up is needed to assess its 

impact on school-age performance. 

Table 3 summaries the variability in effect size observed due to 

differences in participant age, birth weight, and 

supplementation period. 

 

4. Vitamin A and Visual Learning 

Vitamin A is essential for vision, and its deficiency can lead to 

poor visual processing, night blindness, and difficulty in 

reading. 

 

Table 4: Studies on Vitamin A and Scholastic Performance 

Sample 

Size 

Study Design Key Findings 

11,950 

children 

[16] 

Follow-up study 

of children from 

two previous 

double-blind, 

placebo-

controlled, 

cluster-

randomized 

trials 

While vitamin A 

supplementation did not 

improve intelligence, 

memory, or motor skills, it 

positively impacted 

scholastic performance and 

aspects of executive function 

when provided both 

antenatally and at birth 

Table 4 shows combined antenatal and early childhood 

supplementation showed better outcomes than postnatal alone. 

 

Impact of Micronutrient Supplementation on Scholastic 

Performance 

Micronutrient Deficiency → Impaired Cognitive Function → 

Poor Academic Performance 

                   ↓                                               ↓                                                ↓   

Nutritional Interventions → Improved Cognition → Enhanced 

Scholastic Achievement 

 

The cognitive impact of different micronutrients varied across 

specific domains, as illustrated in Fig. 4. Iron was most 

frequently associated with improvements in attention and IQ, 

aligning with its role in oxygen transport and neurotransmitter 

function. Zinc supplementation showed consistent associations 

with enhanced memory and information processing. Iodine was 

linked to improvements in executive function, likely due to its 

critical role in thyroid hormone production and brain 

development. Vitamin A, while not directly linked to traditional 

cognitive metrics like IQ, contributed to visual learning and 

reading performance through its role in retinal and neural 

development. This bar diagram highlights the nutrient-specific 
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influences on distinct aspects of cognition and supports the 

targeted use of micronutrients in improving scholastic 

outcomes. 

 

 

Fig. 3: Cognitive Domains Improved by Specific Micronutrient Interventions 

 

Various strategies have been employed to address micronutrient 

deficiencies in children, each with its own advantages and 

limitations: 

• Supplementation Programs:  

Pros: Targeted delivery of specific nutrients in therapeutic 

doses; rapid correction of deficiencies; easy to monitor 

individual compliance. 

Cons: Requires sustained supply chains and follow-up; may 

face issues with adherence, especially in large populations; risk 

of over-supplementation if not well-regulated [17]. 

• Food Fortification: 

Pros: Cost-effective and scalable; reaches a broad population 

passively through commonly consumed foods (e.g., iodized 

salt, fortified flour). [18,19] 

Cons: May not be effective in populations with very low food 

intake; requires government regulation and industry 

compliance; does not address dietary diversity.[20] 

• School-Based Meal Programs: 

Pros: Integrates nutrition directly into children's daily routines; 

can improve both nutrient intake and school 

attendance/performance; opportunity for multi-micronutrient 

delivery.[21] 

Cons: Requires infrastructure, funding, and political support; 

variability in quality and consistency across regions; may not 

meet the full spectrum of nutritional needs.[22] 

 

The choice of strategy often depends on contextual factors such 

as population size, resource availability, dietary patterns, and 

existing public health infrastructure. A multi-pronged approach 

that combines these strategies may offer the greatest impact in 

addressing hidden hunger and supporting cognitive 

development in school-aged children.[23] 

 

It may also be crucial to note and take record that micronutrient 

status and its impact on cognitive development are shaped by a 

complex interplay of biological and contextual factors. 

Socioeconomic status (SES) plays a critical role, as children 

from low-income households often have limited access to 

nutrient-rich foods, healthcare services, and educational 

resources—all of which influence both nutritional status and 

cognitive stimulation [24]. 

 

Dietary diversity is another important determinant. Diets low in 

animal-source foods, fruits, and vegetables may lack key 

micronutrients such as iron, zinc, vitamin A, and iodine, 

especially in low- and middle-income countries [25]. Cultural 

practices, food taboos, and seasonal food availability further 

influence dietary intake. 

 

Genetic factors also modulate how nutrients are absorbed, 

metabolized, and utilized by the brain. For example, 

polymorphisms in genes related to iron regulation (e.g., HFE 

gene) or iodine metabolism can influence individual 

susceptibility to deficiency and its cognitive consequences [26]. 

 

Environmental exposures, such as chronic infections, parasitic 

load, and exposure to toxins like lead or arsenic, can impair 

nutrient absorption and directly impact cognitive development. 

Additionally, children living in unsafe or unstimulating 

environments may experience compounded developmental 

delays due to both nutritional and psychosocial deprivation. 

 

Understanding these interacting factors is essential for 

designing context-specific, equitable interventions aimed at 

improving cognitive and academic outcomes in children. 

 

Conclusion 

Micronutrient deficiencies, particularly in iron, iodine, zinc, 

and vitamin A, have a profound impact on children's cognitive 

development and scholastic performance. Deficiencies in these 

essential nutrients lead to impairments in memory, attention, 

problem-solving abilities, and overall intellectual growth, 

ultimately affecting academic outcomes. Evidence from 

observational and interventional studies underscores the 

effectiveness of targeted nutritional interventions, such as 

supplementation programs, fortified foods, and school-based 

meal plans, in mitigating these adverse effects. Addressing 
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micronutrient deficiencies through policy-driven initiatives, 

nutrition education, and community-based interventions is 

crucial for fostering optimal cognitive function and improving 

learning outcomes in school-aged children. A multi-sectoral 

approach involving healthcare, education, and government 

agencies is essential to combat hidden hunger and ensure that 

every child has the opportunity to reach their full academic 

potential. 
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