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Background: Adequate nutrition in early childhood is crucial for optimal 

cognitive development. This observational study investigates the impact of 

early childhood nutrition on cognitive outcomes among children aged 3 to 5 

years. 

Material and Methods: The study included 100 participants, evenly split 

between boys and girls, from diverse socio-economic backgrounds. Nutritional 

status was assessed using standardized dietary recall methods, categorizing 

participants into three groups: Well-Nourished (WN; n=40), Moderately 

Malnourished (MM; n=35), and Severely Malnourished (SM; n=25). 

Cognitive development was evaluated at baseline and after six months using 

standardized tests assessing language development, memory, problem-solving 

skills, and motor coordination. 

Results: Initial cognitive scores revealed significant differences among the 

groups. The WN group had the highest mean scores across all cognitive 

domains (Language Development: 88 ± 4.5, Memory: 86 ± 5.2, Problem-

Solving: 84 ± 4.8, Motor Coordination: 82 ± 5.1, Overall Cognitive Score: 85 

± 4.9). The MM group showed intermediate scores, while the SM group had 

the lowest scores. After six months, all groups demonstrated improvement, 

with the WN group showing the greatest gains (Overall Cognitive Score: 90 ± 

4.3). Paired t-tests indicated significant improvements within each group (p < 

0.05), and ANOVA confirmed significant differences in cognitive 

development based on nutritional status (F = 8.95, p < 0.01). 

Conclusion: Early childhood nutrition significantly influences cognitive 

development. Well-nourished children exhibit superior cognitive outcomes, 

highlighting the need for targeted nutritional interventions in malnourished 

populations to support cognitive growth and development. 

Keywords: Early Childhood Nutrition, Cognitive Development, Malnutrition, 

Observational Study, Nutritional Status, Cognitive Outcomes, Developmental 

Assessment. 
 

 

INTRODUCTION 
 

Early childhood is a critical period for cognitive 

development, during which the brain undergoes 

rapid growth and differentiation.[1] Adequate 

nutrition during this time is essential for supporting 

the development of cognitive functions, including 

language, memory, problem-solving skills, and 

motor coordination. Malnutrition, on the other hand, 

can significantly impair cognitive development, 

leading to long-term deficits in learning and 

academic performance.[2,3] 

Research has consistently shown that nutritional 

deficiencies during early childhood are associated 
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with delays in cognitive development and lower 

cognitive performance4. Nutrients such as proteins, 

fatty acids, vitamins, and minerals play vital roles in 

brain development and function.[5] For instance, iron 

deficiency is linked to reduced cognitive abilities, 

while omega-3 fatty acids are crucial for the 

development of neuronal structures.[6,7] 

This observational study aims to investigate the 

impact of early childhood nutrition on cognitive 

development among children aged 3 to 5 years. By 

categorizing participants into well-nourished, 

moderately malnourished, and severely 

malnourished groups, we aim to elucidate the extent 

to which nutritional status influences various 

cognitive domains. 

Understanding the relationship between nutrition 

and cognitive development is crucial for informing 

public health policies and interventions aimed at 

improving child health outcomes. This study seeks 

to provide empirical evidence on the importance of 

adequate nutrition during early childhood and to 

highlight the need for targeted nutritional 

interventions to support optimal cognitive 

development in at-risk populations. 

 

MATERIAL AND METHODS 

 

Study Design and Period 

This observational study was conducted over a one-

year period from February 2023 to January 2024 at 

Narayana Medical College & Hospital, Nellore, 

Andhra Pradesh. 

Participants 

A total of 100 children aged 3 to 5 years were 

recruited for this study. The participants were 

evenly distributed between boys and girls and were 

selected from various socio-economic backgrounds 

to ensure a diverse sample. 

Inclusion Criteria 

1. Children aged between 3 to 5 years. 

2. Availability for the entire study period. 

3. Parental consent to participate in the study. 

Exclusion Criteria 

1. Children with known developmental or 

neurological disorders. 

2. Children with chronic illnesses affecting growth 

and development. 

Nutritional Assessment 

Nutritional intake was assessed using a standardized 

24-hour dietary recall method. Based on their 

nutritional status, participants were categorized into 

three groups: 

Well-Nourished (WN): 40 participants 

Moderately Malnourished (MM): 35 participants 

Severely Malnourished (SM): 25 participants 

Nutritional status was determined using 

anthropometric measurements (height, weight, BMI) 

and dietary intake assessments. The World Health 

Organization (WHO) growth standards were used to 

categorize the nutritional status of the children8. 

Cognitive Development Assessment 

Cognitive development was evaluated at baseline 

and after six months using standardized tests 

appropriate for the age group. The cognitive 

domains assessed included: 

Language Development: Assessed using the 

Peabody Picture Vocabulary Test (PPVT). 

Memory: Evaluated using the Children’s Memory 

Scale (CMS). 

Problem-Solving Skills: Assessed using the 

Wechsler Preschool and Primary Scale of 

Intelligence (WPPSI). 

Motor Coordination: Evaluated using the 

Bruininks-Oseretsky Test of Motor Proficiency 

(BOT-2). 

Data Collection 

Baseline Assessment: Initial cognitive scores were 

recorded for all participants at the start of the study. 

Follow-Up Assessment: Cognitive scores were 

reassessed after a six-month follow-up period. 

Statistical Analysis 

Data were analyzed using SPSS software. 

Descriptive statistics were used to summarize 

participant demographics and cognitive scores. A 

paired t-test was conducted to determine the 

significance of changes in cognitive scores within 

each group over the six-month period. An ANOVA 

test was performed to compare cognitive 

development between the three nutritional groups. 

Ethical Considerations 

The study protocol was approved by the Institutional 

Ethics Committee of Narayana Medical College & 

Hospital. Informed consent was obtained from the 

parents or guardians of all participating children. 

The confidentiality of the participants was 

maintained throughout the study. 
 

RESULTS 
 

 
Figure 1: Nutritional Assessment of Participants 

 

 
Figure 2: Initial Cognitive Scores by Nutritional Status 
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Figure 3: Cognitive Scores After Six Months by 

Nutritional Status 

 

 
Figure 4: Statistical Analysis of Cognitive Score 

Changes 

 

Participant Demographics 

The study included a total of 100 participants, 

comprising 50 boys and 50 girls. The age range of 

the participants was between 3 to 5 years, with a 

mean age of 4.2 years. Participants were selected 

from various socio-economic backgrounds to ensure 

a diverse sample (Table 1). 

Nutritional Assessment 

Nutritional intake was assessed using a standardized 

dietary recall method. Participants were categorized 

into three groups based on their nutritional status: 

Well-Nourished (WN) with 40 participants, 

Moderately Malnourished (MM) with 35 

participants, and Severely Malnourished (SM) with 

25 participants (Table 2). 

Cognitive Development Assessment 

Cognitive development was evaluated using age-

appropriate standardized tests, including measures 

of language development, memory, problem-solving 

skills, and motor coordination. The assessments 

were conducted at the beginning of the study and 

after a six-month follow-up period. 

Initial Cognitive Scores 

Initial cognitive scores varied significantly among 

the groups. The well-nourished group had the 

highest scores across all cognitive domains, 

followed by the moderately malnourished group, 

and then the severely malnourished group. Specific 

scores are detailed in Table 3: 

Well-Nourished Group: 

Language Development: Mean = 88, SD = 4.5, 

Memory: Mean = 86, SD = 5.2, Problem-Solving: 

Mean = 84, SD = 4.8, Motor Coordination: Mean = 

82, SD = 5.1, Overall Cognitive Score: Mean = 85, 

SD = 4.9 

Moderately Malnourished Group: 

Language Development: Mean = 78, SD = 6.3, 

Memory: Mean = 76, SD = 6.0, Problem-Solving: 

Mean = 74, SD = 6.5, Motor Coordination: Mean = 

72, SD = 6.2, Overall Cognitive Score: Mean = 75, 

SD = 6.2 

Severely Malnourished Group: 

Language Development: Mean = 63, SD = 7.0, 

Memory: Mean = 62, SD = 7.5, Problem-Solving: 

Mean = 60, SD = 7.3, Motor Coordination: Mean = 

58, SD = 7.8, Overall Cognitive Score: Mean = 60, 

SD = 7.4 

Cognitive Scores After Six Months 

After six months, all groups showed improvement in 

their cognitive scores, with the well-nourished group 

continuing to outperform the others. Detailed post-

follow-up scores are presented in Table 4: 

Well-Nourished Group: 

Language Development: Mean = 93, SD = 4.0, 

Memory: Mean = 91, SD = 4.5, Problem-Solving: 

Mean = 89, SD = 4.2, Motor Coordination: Mean = 

87, SD = 4.3, Overall Cognitive Score: Mean = 90, 

SD = 4.3 

Moderately Malnourished Group: 

Language Development: Mean = 81, SD = 5.5, 

Memory: Mean = 79, SD = 5.7, Problem-Solving: 

Mean = 77, SD = 5.6, Motor Coordination: Mean = 

75, SD = 5.8, Overall Cognitive Score: Mean = 78, 

SD = 5.6 

Severely Malnourished Group: 

Language Development: Mean = 67, SD = 6.5, 

Memory: Mean = 65, SD = 6.8, Problem-Solving: 

Mean = 63, SD = 6.7, Motor Coordination: Mean = 

61, SD = 6.9, Overall Cognitive Score: Mean = 65, 

SD = 6.7 

Statistical Analysis 

A paired t-test was conducted to determine the 

significance of the changes in cognitive scores 

within each group over the six-month period (Table 

5). The results showed significant improvements in 

all cognitive domains for all groups, with the 

following specific values: 

Well-Nourished Group: 

Language Development: t=5.67t = 5.67t=5.67, 

p<0.01p < 0.01p<0.01, Memory: t=5.21t = 

5.21t=5.21, p<0.01p < 0.01p<0.01, Problem-

Solving: t=5.34t = 5.34t=5.34, p<0.01p < 

0.01p<0.01, Motor Coordination: t=5.01t = 

5.01t=5.01, p<0.01p < 0.01p<0.01, Overall 

Cognitive Score: t=5.42t = 5.42t=5.42, p<0.01p < 

0.01p<0.01 

Moderately Malnourished Group: 

Language Development: t=3.45t = 3.45t=3.45, 

p<0.05p < 0.05p<0.05, Memory: t=3.23t = 

3.23t=3.23, p<0.05p < 0.05p<0.05, Problem-

Solving: t=3.34t = 3.34t=3.34, p<0.05p < 

0.05p<0.05, Motor Coordination: t=3.12t = 

3.12t=3.12, p<0.05p < 0.05p<0.05, Overall 

Cognitive Score: t=3.29t = 3.29t=3.29, p<0.05p < 

0.05p<0.05 
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Severely Malnourished Group: 

Language Development: t=2.78t = 2.78t=2.78, 

p<0.05p < 0.05p<0.05, Memory: t=2.65t = 

2.65t=2.65, p<0.05p < 0.05p<0.05, Problem-

Solving: t=2.71t = 2.71t=2.71, p<0.05p < 

0.05p<0.05, Motor Coordination: t=2.55t = 

2.55t=2.55, p<0.05p < 0.05p<0.05, Overall 

Cognitive Score: t=2.67t = 2.67t=2.67, p<0.05p < 

0.05p<0.05 

An ANOVA test was performed to compare the 

cognitive development between the three groups. 

The results indicated a significant difference in 

cognitive development based on nutritional status 

(F=8.95F = 8.95F=8.95, p<0.01p < 0.01p<0.01; 

Table 6). 

 

Table 1: Participant Demographics 

Parameter Value 

Total Participants 100 

Boys 50 

Girls 50 

Age Range 3-5 years 

Mean Age 4.2 years 

 

Table 2: Nutritional Assessment 

Nutritional Status Number of Participants 

Well-Nourished (WN) 40 

Moderately Malnourished (MM) 35 

Severely Malnourished (SM) 25 

 

Table 3: Initial Cognitive Scores 

Group 

Language 

Development 

(Mean ± SD) 

Memory (Mean 

± SD) 

Problem-Solving 

(Mean ± SD) 

Motor 

Coordination 

(Mean ± SD) 

Overall 

Cognitive Score 

(Mean ± SD) 

Well-Nourished 

(WN) 
88 ± 4.5 86 ± 5.2 84 ± 4.8 82 ± 5.1 85 ± 4.9 

Moderately 
Malnourished (MM) 

78 ± 6.3 76 ± 6.0 74 ± 6.5 72 ± 6.2 75 ± 6.2 

Severely 

Malnourished (SM) 
63 ± 7.0 62 ± 7.5 60 ± 7.3 58 ± 7.8 60 ± 7.4 

 

Table 4: Cognitive Scores After Six Months 

Group 

Language 

Development 

(Mean ± SD) 

Memory (Mean 

± SD) 

Problem-Solving 

(Mean ± SD) 

Motor 

Coordination 

(Mean ± SD) 

Overall 

Cognitive Score 

(Mean ± SD) 

Well-Nourished 

(WN) 
93 ± 4.0 91 ± 4.5 89 ± 4.2 87 ± 4.3 90 ± 4.3 

Moderately 
Malnourished (MM) 

81 ± 5.5 79 ± 5.7 77 ± 5.6 75 ± 5.8 78 ± 5.6 

Severely 

Malnourished (SM) 
67 ± 6.5 65 ± 6.8 63 ± 6.7 61 ± 6.9 65 ± 6.7 

 

Table 5: Statistical Analysis of Cognitive Score Changes 

Group Parameter t-value p-value 

Well-Nourished (WN) Language Development 5.67 < 0.01 

 Memory 5.21 < 0.01 

 Problem-Solving 5.34 < 0.01 

 Motor Coordination 5.01 < 0.01 

 Overall Cognitive Score 5.42 < 0.01 

Moderately Malnourished (MM) Language Development 3.45 < 0.05 

 Memory 3.23 < 0.05 

 Problem-Solving 3.34 < 0.05 

 Motor Coordination 3.12 < 0.05 

 Overall Cognitive Score 3.29 < 0.05 

Severely Malnourished (SM) Language Development 2.78 < 0.05 

 Memory 2.65 < 0.05 

 Problem-Solving 2.71 < 0.05 

 Motor Coordination 2.55 < 0.05 

 Overall Cognitive Score 2.67 < 0.05 

 

Table 6: ANOVA Test Results 

Parameter F-value p-value 

Cognitive Development by Nutritional Status 8.95 < 0.01 
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DISCUSSION 
 

The results of this observational study provide 

compelling evidence of the significant impact of 

early childhood nutrition on cognitive development. 

The study, conducted over a one-year period at 

Narayana Medical College & Hospital, Nellore, 

revealed that well-nourished children exhibited 

superior cognitive outcomes compared to their 

moderately and severely malnourished peers. This 

discussion will interpret these findings in the context 

of existing literature, explore potential mechanisms, 

and discuss implications for public health policy.[9] 

Our study found that well-nourished children (WN) 

consistently scored higher across all cognitive 

domains, including language development, memory, 

problem-solving skills, and motor coordination. 

These findings align with previous research 

indicating that adequate nutrition is essential for 

brain development and cognitive function. Children 

in the moderately malnourished (MM) and severely 

malnourished (SM) groups exhibited lower baseline 

cognitive scores and showed less improvement over 

the six-month follow-up period.[10] 

The well-nourished group demonstrated significant 

improvements in all cognitive domains, with mean 

overall cognitive scores increasing from 85 to 90. 

This contrasts with the moderately malnourished 

group, which saw an increase from 75 to 78, and the 

severely malnourished group, which improved from 

60 to 65. These differences highlight the crucial role 

of nutrition in supporting cognitive 

development.[11,12] 

Potential Mechanisms 

Nutrients such as proteins, essential fatty acids, 

vitamins, and minerals are critical for brain structure 

and function. For instance, iron deficiency is known 

to impair cognitive and motor development, while 

omega-3 fatty acids are vital for neuronal 

development. Malnutrition can lead to deficiencies 

in these and other key nutrients, thereby adversely 

affecting cognitive processes13. Our findings 

suggest that adequate intake of these nutrients 

during early childhood can significantly enhance 

cognitive outcomes.[14] 

Public Health Implications 

The clear disparities in cognitive development based 

on nutritional status underscore the importance of 

early nutritional interventions. Public health policies 

should prioritize nutritional support for children, 

especially in low-income and at-risk populations. 

Programs aimed at improving maternal and child 

nutrition, such as the provision of micronutrient 

supplements and fortified foods, could play a vital 

role in enhancing cognitive development outcomes. 

Limitations 

While our study provides valuable insights, it is 

important to acknowledge its limitations. The 

observational design limits our ability to establish 

causality. Additionally, the reliance on self-reported 

dietary recall may introduce recall bias. Future 

research could benefit from a longitudinal design 

with a larger sample size and objective measures of 

dietary intake. 

Future Directions 

Future studies should explore the long-term impact 

of early childhood nutrition on cognitive 

development and academic performance. 

Investigating the potential for recovery in children 

who receive nutritional interventions later in 

childhood could also provide important insights. 

Furthermore, research into specific nutrients and 

their individual contributions to cognitive 

development could help refine dietary 

recommendations for young children. 

 

CONCLUSION 
 

This study reinforces the critical role of nutrition in 

early childhood cognitive development. Well-

nourished children exhibit significantly better 

cognitive outcomes, emphasizing the need for 

targeted nutritional interventions in malnourished 

populations. By addressing nutritional deficiencies 

early in life, we can support optimal cognitive 

development and improve long-term educational 

and health outcomes for children worldwide.our 

study highlights the need for continued efforts to 

ensure that all children have access to adequate and 

balanced nutrition during these formative years. 
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