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Abstract:
The initial years of life are a critical period for brain development, characterized by rapid growth and 
structural differentiation. Nutritional deficiencies during this phase may hinder cognitive advancement, 
contributing to long-term academic challenges and learning disabilities. This systematic review aims 
to evaluate and synthesize the evidence on various nutritional strategies (including breastfeeding, 
formula feeding, dietary supplements, and fortified foods) and their effects on cognitive performance 
and school readiness in preschool-aged children. The review was conducted following PRISMA 
guidelines and included studies published in English from PubMed, ScienceDirect, and Web of 
Science databases. Studies involving children aged 3–6 years were selected, focusing on randomized 
controlled trials, cohort studies, case-control studies, and cross-sectional designs. Outcomes of interest 
included changes in cognitive development and academic performance linked to early-life nutrition. 
Twelve studies met the inclusion criteria. Findings indicated a significant association between 
breastfeeding and improved cognitive outcomes (odds ratio: 2.35, 95% CI: 1.91–2.90; P<0.00001). 
No statistically significant correlation was found between formula feeding and cognitive outcomes 
(P=0.10). Furthermore, a strong relationship was observed between early nutritional interventions 
and improvements in overall cognitive development and school readiness (P=0.008). However, 
associations between early nutrition and cognitive literacy/numeracy were not statistically significant 
(P>0.05). Early-life nutrition positively influences cognitive development in preschool-aged children. 
Although improvements in general cognitive abilities were clear, no strong evidence was found linking 
early nutrition to literacy and numeracy outcomes. Continued research is essential to further clarify 
these relationships.
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Introduction:
Early childhood, particularly f rom 

birth to five years, represents a critical 

window for cognitive development due 

to the rapid expansion and differentiation 

of the brain during this period1. Proper 

nutrition is fundamental during these 

years, as it provides essential proteins, 

vitamins, minerals, and fatty acids required 

for the development of language, memory, 

problem-solving, and motor coordination 

skills. Omega-3 fatty acids, for example, 

play a key role in brain function and 

overall neurodevelopment. In contrast, 

inadequate nutrition negatively affects 

cognitive abilities, increases the risk of 

learning difficulties and reduced academic 

performance, and has been associated with 

lower IQ scores later in life1.

Malnutrition occurs when nutrient 

intake does not meet physiological needs 

and may manifest as undernutrition 

or overnutrition2. Undernutrition is a 

significant global public health concern, 

particularly among young children, as it 

impairs the intake of vital macronutrients 

and micronutrients necessary for proper 

growth and neurological development3. 

Early childhood malnutrition commonly 

results in stunting, wasting, weight loss, 

and cognitive impairments4. An estimated 

148 million children under the age of five 

worldwide experience stunted growth, and 

approximately 45 million are underweight 

due to chronic malnutrition3,4,5. Such 

nutritional deficits increase the risk of 

psychiatric disorders and lead to delayed 

developmental milestones and reduced 

functional capabilities5. Cognitive 

impairments are closely linked to inadequate 

weight gain, low height-for-age ratios, and 

insufficient nutritional intake6.

Optimal brain development requires a 

balanced intake of proteins, carbohydrates, 

vitamins, and essential minerals7. Specific 

nutrients such as iron, vitamin B12, and 

long-chain polyunsaturated fatty acids 

(LC-PUFAs) are crucial for brain growth 

and function⁸. Iron supports brain network 

formation and cognitive processing; its 

deficiency, particularly during the first two 

years of life, may lead to developmental 

delays and cognitive impairment7,9,10. 

Zinc plays a comparable role in 

neurodevelopment, memory, attention, 

and motor skills, and chronic deficiency has 

been associated with stunting and impaired 

neural transmission7,11-14. Choline supports 
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cell membrane integrity and cognitive 

function¹⁵.

Iodine, required for thyroid hormone 

synthesis, is essential for brain development 

and metabolism⁷. Iodine deficiency is 

a leading global cause of preventable 

intellectual disability and has profound 

effects on cognitive outcomes7,16. Folate 

supports DNA and RNA synthesis and 

nervous system development¹⁷, and 

maternal folate deficiency is linked to 

neural tube defects such as spina bifida and 

anencephaly¹⁸. Vitamin B12 is essential for 

neurotransmission and neuronal health; 

deficiency may cause neurological deficits 

and brain atrophy¹⁹. Vitamin A contributes 

to visual and neural development, while 

LC-PUFAs such as DHA and EPA are 

important for memory, visual processing, 

and cognitive performance7,20.

The first 1,000 days of life are regarded 

as the most critical for brain development, 

and deficiencies in key nutrients during this 

period can lead to long-term cognitive and 

developmental impairments²¹. Adequate 

iron and zinc intake during infancy has 

been shown to support healthy weight-

for-age and height-for-age outcomes²²,²³. 

Choline supplementation for mothers 

or children may also support healthy 

brain development²⁴. Although cognitive 

development continues beyond infancy, the 

second 1,000 days of life also represent a 

crucial phase marked by rapid acquisition 

of cognitive skills such as memory and 

attention control, yet this period receives 

less policy attention²⁵.

Cognitive development in preschool 

children strongly predicts later academic 

achievement²⁶. However, evidence on 

the long-term effects of early nutritional 

interventions remains limited. Childhood 

malnutrition and lack of proper stimulation 

increase the risk of poor academic 

performance, reduced cognitive function, 

and lower school attendance, ultimately 

leading to poorer socio-economic outcomes 

in adulthood²⁷,²⁸.

This systematic review aims to evaluate 

the effects of nutritional interventions—

including breastfeeding, formula feeding, 

micronutrient supplementation, dietary 

modifications, and fortified foods—

on cognitive development and physical 

growth among preschool-aged children. 

Additionally, it will examine the relationship 

between early nutritional status and early 

academic abilities such as literacy, numeracy, 
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and school readiness. The findings will 

help inform parents, caregivers, educators, 

policymakers, and healthcare professionals 

about the importance of adequate nutrition 

during early childhood to support optimal 

cognitive development and academic 

preparedness.

Methods:
Literature Search Strategy:

A systematic review was conducted in 

accordance with the Preferred Reporting 

Items for Systematic Reviews and Meta-

Analyses (PRISMA) guidelines. A 

comprehensive electronic search was 

performed using PubMed, ScienceDirect, 

and Web of Science, and only English-

language publications were included.

The search strategy incorporated a 

combination of relevant keywords and 

Medical Subject Headings (MeSH) aligned 

with the study objectives. Search terms 

included: nutrition, infant nutrition, toddler 

nutrition, preschool nutrition, breastfeeding, 

formula feeding, dietary supplements, 

fortified foods, micronutrient intake, 

cognitive development, IQ, intelligence, 

attention, memory, language skills, problem-

solving, executive function, academic 

performance, academic achievement, school 

readiness, literacy, numeracy, early literacy, 

early numeracy, and school performance, 

along with terms related to the target 

population such as preschool-aged children, 

preschoolers, early childhood, and young 

children aged three to six years. The search 

identified a total of 151 articles—38 from 

PubMed, 83 from ScienceDirect, and 30 

from Web of Science. Following initial 

screening, 12 distinct articles remained for 

full-text assessment.

Inclusion and Exclusion Criteria:
Studies were eligible if they examined the 

effects of early-life nutritional interventions 

on cognitive development or academic 

performance in preschool-aged children 

(3–6 years). Eligible designs included 

randomized controlled trials, cohort studies, 

case-control studies, and cross-sectional 

research. Only studies published in English 

were included.

Studies were excluded if they were 

published in languages other than 

English, did not focus on nutrition as an 

intervention, or failed to report outcomes 

related to cognitive development or 

academic performance.

Selection of Articles and Data Extraction:
Article screening and selection were 
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and consensus. Duplicate records were 

removed using Mendeley. This rigorous 

process ensured a comprehensive and 

unbiased synthesis of available evidence 

regarding the impact of early-life nutrition 

on cognitive and academic development in 

preschool-aged children.

Statistical Analysis:
Data analysis was conducted using 

Resource Manager (Version 5.4.1). 

Heterogeneity was assessed using the I² 

statistic and was considered statistically 

significant at p < 0.05. A fixed-effect model 

was applied when heterogeneity was low, 

whereas a random-effects model was 

used where substantial heterogeneity was 

observed (I² > 50%).

Results:
After searching through the electronic 

databases, 143 papers were obtained. The 

study titles and abstracts were screened 

whereby 116 papers were excluded, and 27 

publications that remained were assessed 

for full text eligibility. Fifteen of those 

studies were excluded. Finally, the meta-

analysis and systematic review involved 12 

studies (Figure 1). 

performed in multiple stages by four 

independent reviewers (N.S.J., S.K.A., 

Y.A.A., M.A.A.). Titles and abstracts were 

initially screened to determine relevance, 

followed by full-text review to assess 

eligibility based on predefined inclusion 

and exclusion criteria. Data extraction 

was conducted independently using a 

standardized data-collection form.

Extracted data inc luded study 

identification details (title, authors, 

publication year, journal), study 

characteristics (design, sample size, 

duration), participant information (age 

range, mean age, socioeconomic status, 

gender distribution, health status), 

nutritional exposure details (type and 

timing), and outcome measures (cognitive 

outcomes such as IQ, memory, language, 

attention; academic outcomes such as 

standardized testing, teacher-reported 

performance). Information on confounders 

(parental education, socioeconomic 

status, home environment), risk of bias, 

study conclusions, limitations, and 

recommendations for future research was 

also recorded.

Disagreements during screening or data 

extraction were resolved through discussion 
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Figure 1: PRISMA Flow Diagram.

Qualitative Synthesis:
Table 1 lists the publications included 

in the review; each article looked at the 
impact of early life nutrition on preschool-
aged children’s cognitive development and 
academic performance. The studies were all 
conducted in various parts of the world and 
published in English. Three of the included 

studies were conducted in the United 
States, two in China, two in India, and one 
each in Nigeria, Nepal, Ecuador, Poland, 
and Austria. A total of 24754 participants 
were included in the included research; the 
study with the lowest sample size had 230 
participants, while the one with the biggest 
sample size had 13500 participants.
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Quantitative Synthesis:
The results in the figure 2 indicate 

a statistically significant association 
(P<0.00001) between breastfeeding and 
cognitive development among the treated 
group, with odds ratio of 2.35 at 95% 
confidence interval (1.91-2.90). The test of 
heterogeneity of this factor was very low 
(Tau2=0.00, I2=0%).

In regards to formula feeding, the results 
shows that the association between formula 
feeding and cognitive development was 
not statistically significant (P=0.10) with 
odds ratio of 2.57 at 95% CI (0.84-7.90). 
There was also a low heterogeneity of the 
studies analyzed (I2=0%).

Dietary supplements also shown to have 
a statistically significant association with 
cognitive development (P<0.00001) with 
odds ratio of 2.85 at 95% CI (2.20-3.68). 
There was also a high heterogeneity of the 
included studies (I2=86%).

Moreover, there was a moderate 
statistically significant association of the 
fortified foods and cognitive development 
(P=0.5) with odds ratio of 2.07 at 95% 
CI (0.99-4.30). The heterogeneity of 
the studies analyzed was also very high 
(I2=86%).

Furthermore, a statistically significant 
correlation was observed between early 
nutrition and readiness and reading 
(P=0.008). However, the association 
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between early nutrition and cognitive 
literacy and cognitive numeracy was not 
statistically significant (P>0.05) though 

the overall effect was in favor of the treated 
group. 

Figure 2:Effect of Early Nutrition on  Cognitive Development and  Academic Performance.

Risk of Bias based on Quality Assessment 
of Cross-Sectional studies- Newcastle 
Ottawa Quality Assessment Scale (NOS)

The Newcastle Ottawa Quality 
Assessment Scale (NOS) was used to 
evaluate the quality of cohort, cross-

sectional, retrospective and prospective 
studies, as indicated in Table 2. Of the 
seven studies that were assessed, five were 
found to be of good quality [31, 32, 33, 34, 
and 37]. However, two of the seven studies 
[30, 38] were of moderate quality.
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Risk of Bias based on Quality Assessment 
of Randomized Control Trial-Cochrane 
Risk of Bias Tool:

Based on the findings presented in 
Figure 3, most of the items (5/7) in the 

Figure 4 depicts an asymmetrical fun-
nel, with most of the studies centered in 
the center. However, more studies were 
on the left side of the funnel than on the 

included randomized control trials showed 
minimal risk of bias. Nonetheless, random 
sequencing and allocation concealment 
generated a substantial risk of bias for two 
out of seven items.

Figure 3: Summary of risk of bias for the included RCTs.

right side. This demonstrates that there is 
a probability of risk of publication bias in 
favor of the treated group.

Figure 4: Assessment of the publication bias.
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Discussion:
This systematic review highlights 

the crucial role of early-life nutrition 
in shaping cognitive development and 
school readiness among preschool-aged 
children. Across the included studies, 
breastfeeding consistently emerged as a 
strong predictor of improved cognitive 
performance. These findings align with 
previous research suggesting that breast 
milk provides essential nutrients and 
bioactive components that support 
brain maturation, neural connectivity, 
and executive function development.¹ 
Breastfeeding also strengthens immunity 
and reduces infection-related interruptions 
to growth and learning, further supporting 
cognitive outcomes.²⁹

In contrast, formula feeding 
demonstrated mixed results. While some 
studies reported cognitive improvements 
among infants receiving enriched 
formulas, the overall evidence did not 
support a strong independent association 
between standard formula feeding and 
later cognitive ability. This variability may 
reflect differences in formula composition, 
timing of introduction, and maternal/
infant health factors.³⁰,³¹ Nevertheless, 
advancements in formula fortification 
— particularly with compounds such 
as lactoferrin and milk fat globule 
membrane — show emerging potential, as 
demonstrated by Colombo et al.³⁹

Micronutrient-based interventions 
and dietary supplements showed notable 

benefits for cognitive development. Studies 
reported improvements in memory, 
attention, and overall neurodevelopment 
following targeted nutritional programs, 
especially in malnourished or food-
insecure populations.³⁴,³⁵ These effects 
are likely mediated by nutrients such 
as iron, zinc, and essential fatty acids, 
which are well-established as critical for 
neuronal growth, synapse formation, and 
neurotransmitter activity.⁷,⁹,¹¹⁻¹⁵ Children 
exposed to nutrition-focused interventions 
also demonstrated better socio-emotional 
outcomes, suggesting that diet influences 
multiple dimensions of development, 
beyond cognition alone.⁴⁰

Fortified foods also supported cognitive 
gains, though effects varied depending on 
study duration and nutrient composition. 
Some studies emphasized the importance 
of sustained supplementation to 
observe meaningful changes, as short-
term interventions may not sufficiently 
address chronic nutritional deficiencies. 
³⁶ Consistent with this, Chen et al. found 
that children suffering from anemia or 
stunting exhibited impaired cognitive 
function, underscoring the detrimental 
effects of persistent undernutrition.³⁷

Early nutrition also contributed to 
improved school readiness and reading 
development, reinforcing evidence that 
foundational cognitive skills develop 
alongside adequate dietary intake.³⁸ 
However, associations with early literacy 
and numeracy were less consistent. These 
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skills may be influenced more strongly by 
home learning environments, stimulation, 
and early education access — factors that 
interact with, but are not solely determined 
by, nutrition.²⁶,²⁷

Collectively, these findings reaffirm 
that early nutrition is essential for 
optimal neurodevelopment. Nutritional 
deprivation in early childhood — 
especially in critical growth windows 
such as the first 1,000 days — can disrupt 
brain development and have lasting 
academic and cognitive consequences.³,⁵,²¹ 
While nutrition alone cannot address 
all developmental disparities, it forms 
a critical foundation upon which early 
learning and socio-emotional growth 
depend.

Limitations of the included studies 
must be acknowledged. Variability in 
assessment tools, intervention types, and 
follow-up durations may have introduced 
heterogeneity. Some studies relied on 
self-reported dietary intake, and the 
review included only English-language 
publications. Additionally, environmental 
and socio-economic factors may moderate 
nutritional effects, warranting further 
investigation.
Conclusion:

In the treated group specifically, a 
statistically significant relationship was 
observed between breastfeeding and 
cognitive development. Fortified diets and 
dietary supplements also demonstrated a 

strong correlation with cognitive growth. 
Furthermore, a statistically significant 
correlation between reading readiness and 
early nutrition was found. The link between 
early nutrition. and cognitive literacy and 
cognitive numeracy was not statistically 
significant, even though the treated group 
demonstrated overall improvements in 
reading and numeracy ability. Accordingly, 
this study highlights the need of ensuring 
that children receive adequate nutrients 
during their early infancy and the necessity 
for a healthy diet to raise awareness in 
order to support cognitive development in 
preschool-aged children.
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