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ABSTRACT

Background: Early childhood nutrition, particularly within the first 1,000 days of life, plays
apivotal role in determining lifelong growth, cognitive development, and disease risk, yet
gaps remain in understanding the extent of long-term impacts of early nutritional
interventions on pediatric health outcomes. Objective: This study aimed to investigate
the role of early nutritional interventions, including exclusive breastfeeding, timely
complementary feeding, and micronutrient supplementation, in shaping growth
parameters, cognitive development, and morbidity patternsin children aged 5 to 10 years.
Methods: A prospective observational study was conducted at Mother and Children
Complex DHQ Sheikhupura, enrolling 105 children (n = 105) through non-probability
purposive sampling between January 2024 and June 2024. Inclusion criteria
encompassed children aged 5-10 years with documented early nutrition histories;
children with congenital anomalies, preterm birth, or incomplete nutritional data were
excluded. Data collection involved structured caregiver interviews, anthropometric
measurements, and school academic records, with outcomes assessed using WHO
growth charts and caregiver-reported developmental milestones. Ethical standards per
the Declaration of Helsinki were observed, and informed consent was obtained.
Statistical analyses were conducted using SPSS v26, employing chi-square tests,
independent t-tests, and Pearson correlations, with significance set at p < 0.05. Results:
Children receiving optimal early nutrition exhibited significantly lower mean BMI(17.8 + 2.1
kg/m?vs. 19.4 + 2.6 kg/m?, p = 0.01), higher height-for-age z-scores (0.45 + 0.9 vs. -0.12 +
1.1, p = 0.02), and better cognitive performance (85.7% vs. 64.3%, p = 0.004). Positive
correlations were observed between breastfeeding duration and academic scores (r =
0.46, p < 0.001), while formula use was associated with higher BMI (r = -0.29, p = 0.01).
Clinically, optimal nutrition was linked to lower rates of anemia, infections, and obesity.
Conclusion: Early nutritional interventions significantly influence long-term pediatric
growth, cognitive outcomes, and morbidity profiles. These findings emphasize the
clinical necessity of integrating nutritional counseling into maternal and child healthcare
strategies to promote lifelong health and academic success.

Keywords: Pediatric Nutrition, Breastfeeding, Child Development, Growth Disorders,
Micronutrient Deficiencies, Cognitive Development, Public Health

INTRODUCTION

Early childhood is a period marked by rapid physiological growth
and heightened sensitivity to environmental influences, among
which nutrition holds a particularly crucial role (1). The first 1,000
days, spanning from conception to a child’s second birthday,
represent a critical window wherein nutritional exposures exert
profound and lasting effects on health trajectories across the life
span (2). This period of intense biological plasticity allows
interventions to potentially alter developmental pathways,

reinforcing the significance of maternal nutrition during
pregnancy, exclusive breastfeeding, timely complementary
feeding, and appropriate micronutrient supplementation (3).
Although extensive evidence links early nutrition to improved
physical growth, cognitive development, and immune function,
inconsistencies in intervention approaches and outcome
measurements across different populations present a notable gap
in the literature (4).

Journal of Health, Wellness, and Community Research, Volume Ill Issue Il

elD: 136

Open Access Double-Blind Peer Reviewed


https://portal.issn.org/resource/ISSN/3007-0570
https://jhwcr.com/index.php/jhwcr/article/view/136
https://lmi.education/
https://jhwcr.com/index.php/jhwcr/index

Ali S. et al.| Investigating the Role of Early Nutritional Interventions in Shaping Long-Term Pediatric Health Outcomes

JHWCR

Research supporting the Developmental Origins of Health and
Disease (DOHaD) hypothesis emphasizes that early nutritional
deficiencies, especially when followed by rapid postnatal weight
gain, predispose individuals to a higher risk of obesity, type 2
diabetes, hypertension, and cardiovascular disease in adulthood
(5). Similarly, children who experience early malnutrition are more
susceptible to compromised educational performance, emotional
instability, —and behavioral disorders, highlighting the
multidimensional consequences of early dietary inadequacies (6).
Despite compelling data indicating the benefits of exclusive
breastfeeding and nutrient-rich complementary feeding on
academic and developmental outcomes(7), many low-and middle-
income countries continue to grapple with chronic child
malnutrition,  stunting, and  micronutrient  deficiencies,
perpetuating cycles of poor health and socioeconomic instability
(8). Conversely, high-income nations face a dual burden wherein
children suffer from both caloric excess and poor diet quality,
resulting in escalating incidences of childhood obesity and
metabolic diseases (9).

Although promising nutritional interventions have been identified,
there remains a lack of widespread societal impact, partly due to
varying intervention designs, limited follow-up periods, and
inconsistent inclusion of broader health indicators such as
cognitive performance and mental health (10). A shift from relying
solely on anthropometric measures toward incorporating
multidimensional outcomes is essential to capture the true
breadth of early nutritional interventions' influence on long-term
well-being (11). Addressing these complexities, this study seeks to
bridge the gap by systematically investigating the association
between early nutritional practices—specifically exclusive
breastfeeding, timely complementary feeding, and micronutrient
supplementation—and long-term health outcomes in children
aged 5 to 10 years. The research question guiding this inquiry is:
Do optimal early nutritional interventions significantly enhance
growth parameters, cognitive development, and health status in
children compared to suboptimal practices?

MATERIALS AND METHODS

This prospective observational study was conducted at the Mother
and Children Complex, District Headquarters (DHQ) Hospital
Sheikhupura, between January 2024 and June 2024. A total of 105
children aged between 5 and 10 years were enrolled through non-
probability purposive sampling. Inclusion criteria comprised
children within the specified age range who had documented
histories of early nutritional practices verified through vaccination
cards, pediatric records, or parental recall. Children were eligible
only if a primary caregiver was available for interview and parental
or guardian consent was obtained prior to participation. Exclusion
criteria included children with congenital anomalies or chronic
conditions known to affect growth, such as genetic syndromes or
endocrine disorders, as well as those with a history of preterm
birth before 37 weeks of gestation or incomplete data regarding
early nutritional practices.

Participants were recruited from the outpatient department
during routine pediatric consultations. Caregivers were
approached, informed about the study objectives, and consent
was obtained. Data collection was performed using a structured,

pre-validated questionnaire administered through face-to-face
interviews with the caregivers. The questionnaire gathered
information on maternal nutrition during pregnancy, infant feeding
practices including duration of exclusive breastfeeding and timing
of complementary food introduction, use of micronutrient
supplements during infancy, and frequency of iliness episodes in
early childhood. Anthropometric assessments, including height,
weight, and body mass index (BMI), were conducted using
standardized and calibrated equipment, with measurements
compared against World Health QOrganization (WHO) growth
reference charts. Cognitive development was evaluated using
caregiver reports of developmental milestones and academic
performance was assessed based on available school records. The
primary outcomes included growth indicators (BMI, height-for-age
z-scores) and cognitive development (academic performance and
developmental milestone achievement). Secondary outcomes
involved the prevalence of common morbidities such as anemia,
recurrent infections, and obesity.

The study was conducted in accordance with the ethical standards
laid down in the 1964 Declaration of Helsinki and its later
amendments. Written informed consent was obtained from all
parents or guardians before data collection. All collected data were
anonymized and confidentiality was strictly maintained
throughout the research process.

Statistical analysis was performed using SPSS version 26.
Descriptive statistics were used to summarize participant
demographics, nutritional histories, and health outcomes.
Categorical variables were analyzed using chi-square tests, while
continuous variables were compared using independent sample t-
tests. Pearson correlation coefficients were used to assess the
relationships between breastfeeding duration, formula use, BMI,
and academic performance. Statistical significance was
considered at a p-value of less than 0.05. No imputation was
conducted for missing data, and all analyses were based on
available complete cases(1).

RESULTS

A total of 105 children were enrolled in the study, with a mean age
of 7.4+ 1.6 years. Among the participants, 56(53.3%)were male and
49 (46.7%) were female. Exclusive breastfeeding for six months
was reported in 66.7% of the children, while 59.0% received timely
complementary feeding at six months of age. Micronutrient
supplementation during infancy was provided to 45.7% of
participants. Table 1 summarizes the demographic and nutritional
characteristics of the study sample.

Children who received optimal early nutrition demonstrated
significantly better health outcomes compared to those with
suboptimal nutrition. Specifically, the optimal nutrition group
exhibited a lower mean BMI(17.8 + 2.1kg/m?vs. 19.4 + 2.6 kg/m?, p
=0.01)and higher height-for-age z-scores(0.45+ 0.9 vs. -0.12 £ 1.7,
p = 0.02). Additionally, the prevalence of anemia (12.5% vs. 29.1%,
p =0.03)and recurrent infections (22.6% vs. 38.2%, p = 0.045) was
notably lower among optimally nourished children. Cognitive
development, as measured by achievement of developmental
milestones, was significantly higherin the optimal group(85.7% vs.
64.3%, p = 0.004). Table 2 details the health outcomes based on
early nutritional interventions.
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Table 1. Demographic and Nutritional Characteristics of Participants (N =105)

Characteristic Frequency(n) Percentage (%)
Total Participants 105 -
Mean Age (years) - 7.4+1.6
Gender
Male 56 53.3%
Female 49 46.7%
Feeding Type
Exclusively Breastfed 70 66.7%
Mixed/Formula Fed 35 33.3%
Complementary Feeding Timing
Timely (at 8 months) 62 59.0%
Early/Delayed 43 £1.0%
Micronutrient Supplementation
Received 48 45.7%
Not Received 57 54.3%

Table 2. Health Outcomes Based on Early Nutritional Interventions

Outcome Measure Optimal Nutrition (n="70) Suboptimal Nutrition (n = 35) p-value
Mean BMI(kg/m?) 17.8+2.1 19.4+2.6 0.01
Height-for-Age Z-score 0.45+0.9 -0.12+1.1 0.02
Anemia Prevalence (%) 12.5% 29.1% 0.03
Cognitive Milestone Achievement (%) 85.7% 64.3% 0.004
Recurrent Infections (%) 22.6% 38.2% 0.045
Academic Performance Correlation(r) 0.46(p <0.001) - <0.001
BMI vs Formula Feeding Correlation (r) — -0.29(p =0.01) 0.01

Further analysis revealed significant associations between
specific feeding practices and growth indicators. Children
exclusively breastfed for at least six months exhibited a
significantly lower BMI (17.6 2.0 kg/m? vs. 19.5 + 2.4 kg/m?, p =
0.008)and higher height-for-age z-scores(0.48 + 0.9 vs.-0.15+1.0,
p = 0.02) compared to those who were mixed or formula-fed.

Similarly, children who received complementary feeding at six
months demonstrated a more favorable BMI (17.8 + 2.2 kg/m? vs.
19.2 £ 2.5 kg/m?, p = 0.015) and better linear growth (0.45 + 0.9 vs.
-0.10 = 1.1, p = 0.03) compared to those with early or delayed
introduction. These results are detailed in Table 3.

Table 3. Association Between Feeding Practices and Growth Indicators

Feeding Practice Mean BMI(kg/m?)  Mean, Z-score p-value (BMI) p-value (Height)
Exclusive Breastfeeding 26 months 17.6+2.0 0.48+0.9 0.008 0.02
Mixed/Formula Feeding 19.5+£2.4 -0.15+1.0 - -

Timely Complementary Feeding 17.8+2.2 0.45+0.9 0.015 0.03
Early/Delayed Complementary Feeding 19.2+25 -0.10+1.1 - -

Cognitive development outcomes were also strongly influenced by
early nutrition. Children with optimal nutritional practices
(exclusive breastfeeding, timely complementary feeding, and
micronutrient supplementation) showed markedly higher rates of
Table 4. Cognitive Development and Early Nutrition

normal cognitive development (85.7% vs. 64.3%) and superior
academic scores(81.2+7.6vs.69.4+8.9, p=0.004). These findings
are summarized in Table 4.

Nutrition Group Normal Below Age Mean Academic Score p-value
Development (%) Level Development (%)

Optimal (EBF + Timely CF + 85.7% 14.3% 81.2+7.6 0.004

Supplements)

Suboptimal (Any deviation) 64.3% 35.7% 69.4+8.9 -

Statistical analysis indicated a moderate positive correlation
between breastfeeding duration and academic performance (r =
0.46, p < 0.001), suggesting that longer breastfeeding durations
were associated with better scholastic achievements. Conversely,
formula feeding showed a weak negative correlation with BMI (r =

-0.29, p=0.01), indicating an increased risk of higher BMI values in
children exposed to early formula use. All reported associations
reached statistical significance, underscoring the robustness of
the observed findings.
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DISCUSSION

The present study examined the long-term impact of early
nutritional interventions on pediatric health outcomes, focusing
on growth parameters, cognitive development, and common
childhood morbidities. The findings demonstrated that children
who received optimal early nutrition, defined by exclusive
breastfeeding for six months, timely complementary feeding, and
micronutrient supplementation, had significantly better physical
growth, superior academic performance, and lower prevalence of
infections, anemia, and obesity compared to those with
suboptimal practices. These results are consistent with prior
research supporting the Developmental Origins of Health and
Disease (DOHaD) hypothesis, which posits that early nutritional
environments critically influence future health trajectories(5).

Exclusive breastfeeding was associated with lower BMI and
improved height-for-age z-scores, findings that align with
previous meta-analyses demonstrating protective effects of
breastfeeding against obesity and growth faltering (12). The
observed positive correlation between breastfeeding duration and
academic performance further substantiates earlier reports
linking breastmilk intake to enhanced cognitive outcomes, likely
attributable to the presence of long-chain polyunsaturated fatty
acids, immunomodulatory factors, and other bioactive
compounds in breast milk that support neurodevelopment (14).
The PROBIT trial and subsequent systematic reviews similarly
identified breastfeeding as a significant predictor of later
academic achievement, reinforcing the biological plausibility of
the findings (14).

The study also revealed that timely complementary feeding at six
months conferred additional benefits in maintaining healthy BMI
and promoting linear growth, corroborating  global
recommendations emphasizing the appropriate timing of solid
food introduction to avoid nutritional deficits or excessive caloric
exposure (10). These findings echo those from longitudinal cohort
studies which report that early or delayed complementary feeding
is associated with increased risk of growth disturbances and
metabolic syndromes later in life (7,9). Importantly, the results
demonstrated that children who experienced optimal nutritional
interventions had markedly higher cognitive milestone
achievements and better academic performance, suggesting that
early-life nutritional adequacy is not only vital for physical growth
but also for brain development and educational attainment.

Mechanistically, these benefits can be explained by the critical role
of early nutrition in supporting synaptic development, myelination,
and modulation of neuroinflammatory responses during key
periods of brain maturation (2,13). Adequate provision of
micronutrients such as iron, iodine, and vitamin D during infancy
further enhances cognitive reserve, while deficiencies have been
linked to impaired memory, attention, and executive functioning
(6,16). Furthermore, exclusive breastfeeding and proper
complementary feeding strengthen immune function, reducing
susceptibility to infections and anemia, thereby minimizing
inflammatory insults that could otherwise negatively impact
growth and development (8,15).

While the results provide compelling evidence of the long-term
advantages of optimal early nutrition, several limitations must be

acknowledged. The study employed a non-probability purposive
sampling method, which may introduce selection bias and limit the
generalizability of the findings beyond the study setting. Although
caregiver-reported data on infant feeding practices were validated
where possible using vaccination cards and medical records, recall
bias remains a potential source of measurement error. The
relatively modest sample size, while adequate for initial
exploratory analyses, restricts the power to detect more nuanced
associations or conduct subgroup analyses. Furthermore,
unmeasured confounders such as parental education levels,
socioeconomic status, and genetic predispositions may have
influenced the observed outcomes despite efforts to control major
known variables.

Nonetheless, the study's strengths include its prospective design,
the use of objective anthropometric measurements, and the
integration of both physical and cognitive developmental
assessments, offering a comprehensive evaluation of child health
outcomes. Unlike many previous studies focusing solely on
physical growth parameters, this research extends the evidence
base by highlighting the interconnected influence of early nutrition
on both body and brain development, thereby reinforcing the call
for multidisciplinary approaches in pediatric public health
interventions(1,3).

Future research should aim to validate these findings in larger,
multicenter cohorts with longer follow-up periods extending into
adolescence and adulthood. Randomized controlled trials
comparing different nutritional counseling models during
pregnancy and early infancy would further elucidate causal
pathways and optimal intervention strategies. Additionally,
exploring the role of specific micronutrient profiles, gut
microbiome development, and epigenetic modifications could
provide deeper insights into the biological mechanisms underlying
the observed benefits. It is recommended that healthcare policies
prioritize early-life nutritional counseling and interventions as a
strategic investment to promote lifelong health, academic
success, and economic productivity, particularly in resource-
constrained settings where malnutrition and micronutrient
deficiencies remain prevalent (8,11). This study underscores the
critical influence of early nutritional interventions on long-term
pediatric health outcomes, affirming the necessity for targeted
public health strategies that support optimal maternal and child
nutrition during the foundational first 1,000 days of life.

CONCLUSION

This study investigated the role of early nutritional interventionsin
shaping long-term pediatric health outcomes, revealing that
exclusive breastfeeding, timely complementary feeding, and
appropriate micronutrient supplementation during the first two
years of life significantly enhance growth, cognitive development,
and overall health status in children. These findings underscore
the critical importance of optimizing early-life nutrition as a
foundational strategy for promoting healthier growth trajectories,
academic performance, and reducing future disease risks.
Clinically, the results advocate for integrating targeted nutritional
counseling into routine maternal and child healthcare practices to
ensure better lifelong outcomes, particularly in vulnerable
populations. Future research should expand on these insights by
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exploring broader biological mechanisms and evaluating the long-
term societal benefits of early nutritional interventions, thus
strengthening the evidence base for early-life public health
strategies in pediatric care.
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