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INTRODUCTION

Type 2 diabetes mellitus, once considered a disease
of adulthood, is increasingly being diagnosed in
children and adolescents worldwide. This alarming
trend parallels the rising prevalence of childhood

ABSTRACT

Background: The global rise in pediatric Type 2 diabetes mellitus represents
a major public health concern, closely linked to increasing rates of childhood
obesity, sedentary lifestyle, and unhealthy dietary habits. While
pharmacological interventions are important for disease management, primary
prevention through lifestyle modification, particularly diet, remains the most
effective and sustainable strategy. Understanding how different dietary
patterns influence metabolic risk in children is essential for developing
evidence-based preventive approaches. Objectives: This study aimed to
evaluate the association between dietary patterns and the risk of developing
Type 2 diabetes—related metabolic abnormalities in children and adolescents.
Materials and Methods: A prospective observational study was conducted
over a period of 24 months among 360 school-going children and adolescents
aged 8-16 years. Baseline clinical evaluation, anthropometric assessment, and
biochemical measurements, including fasting plasma glucose and insulin-
related indices, were performed. Dietary intake was assessed using a validated
food frequency questionnaire and 24-hour dietary recall. Dietary patterns were
derived using standard pattern analysis methods and categorized into healthier
and unhealthy patterns. The primary outcome was the development of insulin
resistance or impaired glycemic status during follow-up. Statistical analysis
was performed to assess associations between dietary patterns and metabolic
outcomes, adjusting for age, sex, physical activity, and body mass index.
Results: Children adhering predominantly to healthier dietary patterns
characterized by higher intake of fruits, vegetables, whole grains, and lean
protein sources showed a significantly lower risk of developing insulin
resistance and adverse glycemic profiles compared to those following diets
rich in refined carbohydrates, sugar-sweetened beverages, and saturated fats.
Unhealthy dietary patterns were associated with higher body mass index and a
greater likelihood of prediabetic metabolic changes over the 24-month follow-
up period. These associations remained statistically significant after
adjustment for potential confounders.

Conclusions: Dietary patterns play a critical role in the prevention of pediatric
Type 2 diabetes. Promotion of healthy, balanced diets from early childhood
may substantially reduce metabolic risk and help curb the growing burden of
Type 2 diabetes in the pediatric population.

Keywords: Pediatric Type 2 diabetes; Dietary patterns; Childhood obesity;
Insulin resistance; Diabetes prevention; Nutrition in children.

obesity, sedentary lifestyles, and unhealthy eating
habits.[! Pediatric Type 2 diabetes is associated with
early onset of microvascular and macrovascular
complications, reduced quality of life, and a higher
lifetime risk of cardiovascular disease, making
prevention a major public health priority.
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The pathophysiology of pediatric Type 2 diabetes is
primarily driven by insulin resistance combined
with progressive B-cell dysfunction. Excess
adiposity, particularly central obesity, plays a
central role in the development of insulin resistance,
but environmental and behavioral factors, especially
diet, substantially influence this process.[*! Children
are increasingly exposed to energy-dense, nutrient-
poor foods, including refined carbohydrates, sugar-
sweetened beverages, and foods high in saturated
and trans fats, which contribute to weight gain and
adverse metabolic profiles.*

Dietary intake does not consist of isolated nutrients
but rather of overall dietary patterns that reflect
habitual food choices and cultural practices. In
recent years, the concept of dietary patterns has
gained prominence in nutritional epidemiology
because it better captures the complexity of real-
world eating behaviors and their combined effects
on health outcomes."! Patterns characterized by high
consumption of fruits, vegetables, whole grains,
legumes, and lean protein sources have been
consistently associated with improved insulin
sensitivity and lower cardiometabolic risk, whereas
patterns rich in processed foods, refined grains,
sugary beverages, and high-fat snacks have been
linked to obesity, dyslipidemia, and impaired
glucose metabolism.[®!

In children and adolescents, dietary habits are
shaped early in life and tend to track into adulthood,
making childhood a critical window for preventive
interventions. Several studies in adult populations
have demonstrated that adherence to healthier
dietary patterns can significantly reduce the risk of
developing Type 2 diabetes.[”! However, data in
pediatric populations are more limited, and the
relative impact of different dietary patterns on early
metabolic risk markers in children remains an area
of active investigation. Given the differences in
growth, development, and metabolic regulation
between children and adults, findings from adult
studies cannot be directly extrapolated to younger
age groups.®

Early identification of modifiable lifestyle factors
that influence diabetes risk in children is essential
for designing effective prevention strategies. Among
these factors, diet represents a particularly important
and potentially modifiable target because it can be
addressed through family-based, school-based, and
community-level interventions.’! Understanding
which dietary patterns are associated with a lower
risk of insulin resistance and dysglycemia in
children can help guide evidence-based nutritional
recommendations and public health policies.['”
Therefore, the present study was designed to
evaluate the role of dietary patterns in the
prevention of pediatric Type 2 diabetes by
examining the association between habitual dietary
intake and metabolic risk markers in children and
adolescents. By identifying dietary patterns linked to
favorable or unfavorable metabolic profiles, this
study aims to contribute to the development of

practical, nutrition-focused strategies for early
prevention of Type 2 diabetes in the pediatric
population.

MATERIALS AND METHODS

Study design and setting

This was a prospective observational cohort study
conducted over a period of 24 months to evaluate
the association between dietary patterns and
metabolic risk related to Type 2 diabetes in children
and adolescents. The study was carried out in
school-going children recruited from urban and
semi-urban schools, with periodic follow-up to
assess changes in clinical and biochemical
parameters.

Study population and sample size

A total of 360 children and adolescents aged 8—16
years were enrolled in the study. The sample size
was selected to provide adequate statistical power to
detect meaningful associations between dietary
patterns and metabolic risk indicators, while also
allowing adjustment for key confounding variables
such as age, sex, physical activity, and body mass
index. Participants were recruited through school
health programs after obtaining informed consent
from parents or guardians and assent from the
children, as appropriate.

Inclusion and exclusion criteria

Children aged 8-16 years who were apparently
healthy and attending participating schools were
eligible for inclusion. Participants were required to
have complete baseline clinical, dietary, and
biochemical data available for analysis.

Exclusion criteria included known diagnosis of
diabetes mellitus, chronic systemic illness affecting
growth or metabolism, long-term use of medications
influencing  glucose  metabolism  (such as
corticosteroids), and inability to complete dietary
assessment or follow-up evaluations.

Ethical considerations

The study protocol was approved by the institutional
ethics committee. Written informed consent was
obtained from parents or legal guardians, and assent
was obtained from the participating children. All
procedures were conducted in accordance with
ethical principles outlined in the Declaration of
Helsinki.

Clinical and anthropometric assessment

At baseline and during follow-up, all participants
underwent  standardized clinical  evaluation.
Anthropometric measurements included height,
weight, and waist circumference, recorded using
calibrated instruments and standardized techniques.
Body mass index (BMI) was calculated as weight in
kilograms divided by height in meters squared and
interpreted using age- and sex-specific reference
standards.

Biochemical assessment

Fasting venous blood samples were collected at
baseline and at follow-up visits for measurement of
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fasting plasma glucose and other relevant metabolic
parameters. Where applicable, indices of insulin
resistance were derived using standard formulae.
These biochemical measurements were used to
identify early abnormalities in glucose metabolism
and metabolic risk related to Type 2 diabetes.
Dietary assessment

Dietary intake was assessed using a validated food
frequency questionnaire combined with 24-hour
dietary recall methods. Information was collected on
the frequency and portion size of commonly
consumed food items, including cereals, fruits,
vegetables, dairy products, meat and meat products,
snacks, and sugar-sweetened beverages. Dietary
data were reviewed for completeness and
consistency before analysis.

Derivation of dietary patterns

Dietary patterns were identified using standard
dietary pattern analysis techniques based on food
group consumption. Participants were categorized
into predominant dietary pattern groups, broadly
classified as healthier patterns (characterized by
higher intake of fruits, vegetables, whole grains, and
lean protein sources) and unhealthy patterns
(characterized by higher intake of refined
carbohydrates, processed foods, sugary beverages,
and high-fat snacks).

Outcome measures

The primary outcome was the development of
metabolic risk indicators related to Type 2 diabetes,
including impaired fasting glucose and markers of
insulin resistance during the 24-month follow-up
period. Secondary outcomes included changes in
body mass index and other anthropometric and
biochemical parameters associated with metabolic
risk.

Statistical Analysis

Data were entered into a statistical software package
and analyzed using appropriate statistical methods.
Continuous variables were expressed as mean =+
standard deviation, and categorical variables were
expressed as frequencies and percentages.
Comparisons between dietary pattern groups were
performed wusing suitable parametric or non-
parametric tests depending on data distribution.
Multivariable analysis was used to assess the
association between dietary patterns and metabolic
outcomes after adjusting for potential confounders
such as age, sex, physical activity level, and BMI. A
p-value of less than 0.05 was considered statistically
significant.

RESULTS

A total of 360 children and adolescents were
included in the final analysis and followed for 24
months. The study population showed a mixed
distribution of dietary patterns, broadly categorized
into healthier and unhealthy patterns. Children
adhering to unhealthy dietary patterns had
significantly higher body mass index, fasting
glucose, and markers of insulin resistance compared
to those following healthier diets. During follow-up,
a higher proportion of children in the unhealthy
dietary pattern group developed impaired fasting
glucose or insulin resistance. Multivariable analysis
confirmed that dietary pattern remained an
independent predictor of metabolic risk after
adjusting for age, sex, physical activity, and baseline
BMI. Overall, the findings demonstrate a strong
association between habitual dietary patterns and
early metabolic risk related to pediatric Type 2
diabetes.

Table 1: Demographic and baseline characteristics of the study population (n = 360)

Variable Value

Age (years), mean + SD 12.1+23
Sex (Male/Female) 188 /172
Body mass index (kg/m?), mean + SD 19.8+34
Waist circumference (cm), mean £+ SD 69.2 + 8.1
Physical activity (low/moderate/high) 142/156/62
Family history of diabetes, n (%) 94 (26.1%)

Table 1 shows the baseline demographic and anthropometric profile of the study participants.

Table 2: Distribution of dietary patterns among participants

Dietary pattern Number (n) Percentage (%)
Healthier dietary pattern 214 59.4
Unhealthy dietary pattern 146 40.6
Total 360 100

Table 2 shows the proportion of children following different dietary patterns.

Table 3: Baseline metabolic parameters according to dietary pattern

Parameter Healthier pattern (Mean + SD) Unbhealthy pattern (Mean + SD) p-value
BMI (kg/m?) 18.9 3.1 21.1£3.6 <0.001
Fasting glucose (mg/dL) 88.4+7.6 93.8+8.9 <0.001
Fasting insulin (uIU/mL) 9.2+3.8 12.6 +4.5 <0.001
HOMA-IR 2.0£0.8 29+1.1 <0.001
Table 3 compares baseline metabolic parameters between dietary pattern groups.
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Table 4: Changes in anthropometric and metabolic parameters at 24 months

Parameter Healthier pattern (Mean change + SD) Unhealthy pattern (Mean change + SD) | p-value
BMI (kg/m?) 08+ 1.2 1.9+ 1.5 <0.001
Fasting glucose (mg/dL) +1.6 4.8 +5.9+6.3 <0.001
HOMA-IR +0.2+0.6 +0.8+0.9 <0.001
Table 4 shows changes in key parameters over the 24-month follow-up.

Table 5: Incidence of metabolic risk outcomes during follow-up

Outcome Healthier pattern (n, %) Unbhealthy pattern (n, %) p-value
Impaired fasting glucose 12 (5.6%) 28 (19.2%) <0.001
Insulin resistance 24 (11.2%) 46 (31.5%) <0.001
Either of the above 30 (14.0%) 58 (39.7%) <0.001
Table 5 shows the proportion of children developing metabolic risk indicators over 24 months.

Table 6: Association between dietary pattern and metabolic risk (unadjusted analysis)

Outcome Odds ratio 95% CI p-value
Impaired fasting glucose 3.96 1.98-7.92 <0.001
Insulin resistance 3.66 2.15-6.24 <0.001

Any metabolic abnormality 4.02 2.45-6.59 <0.001
Table 6 shows the unadjusted risk estimates for metabolic outcomes.

Table 7: Multivariable analysis of predictors of metabolic risk

Variable Adjusted odds ratio 95% CI p-value
Unhealthy dietary pattern 3.21 1.92-5.36 <0.001
Age (per year increase) 1.08 0.97-1.20 0.14

Male sex 1.12 0.74-1.70 0.59

BMI (per kg/m? increase) 1.18 1.10-1.27 <0.001
Low physical activity 1.67 1.02-2.73 0.04

Table 7 shows adjusted associations after controlling for confounders.

Table 8: Diagnostic performance of dietary pattern for predicting metabolic risk

Model AUC 95% Cl1

Dietary pattern alone 0.72 0.66-0.78
Dietary pattern + BMI 0.79 0.74-0.84
Full model (diet + BMI + activity) 0.83 0.78-0.88

Table 8 shows ROC analysis for dietary pattern classification.

Table 1 shows that the study population had a mean
age of 12.1 years with nearly equal sex distribution
and a quarter of participants having a family history
of diabetes. Table 2  demonstrates that
approximately 59.4% of children followed a
healthier dietary pattern, while 40.6% followed an
unhealthy pattern. Table 3 indicates that children in
the unhealthy dietary pattern group had significantly
higher BMI, fasting glucose, fasting insulin, and
HOMA-IR values at baseline compared to those
following healthier diets. Table 4 shows that over 24
months, the unhealthy dietary pattern group
experienced significantly greater increases in BMI,
fasting glucose, and insulin resistance. Table 5
demonstrates a substantially higher incidence of
impaired fasting glucose and insulin resistance
among children following unhealthy dietary
patterns. Table 6 shows that, on unadjusted analysis,
unhealthy dietary patterns were associated with
nearly fourfold higher odds of developing metabolic
abnormalities. Table 7 confirms that an unhealthy
dietary pattern remained an independent predictor of
metabolic risk even after adjusting for age, sex,
BMI, and physical activity. Table 8 shows that
dietary pattern classification had good predictive
ability for metabolic risk, which improved further

when combined with BMI and physical activity in
multivariable models.

DISCUSSION

The present study evaluated the role of dietary
patterns in the prevention of pediatric Type 2
diabetes related metabolic risk over a 24-month
follow-up in a cohort of 360 children and
adolescents. The principal finding is that children
adhering to unhealthy dietary patterns had
significantly higher baseline metabolic risk, showed
greater adverse changes over time, and experienced
a markedly higher incidence of impaired fasting
glucose and insulin resistance compared with those
following healthier dietary patterns. These
associations remained robust even after adjustment
for important confounders such as age, sex, body
mass index, and physical activity, underscoring the
independent contribution of diet quality to early
metabolic health in the pediatric population.[!!]

At baseline, children in the unhealthy dietary pattern
group already exhibited higher BMI, fasting
glucose, fasting insulin, and HOMA-IR values. This
suggests that poor dietary habits exert measurable
metabolic effects even before overt dysglycemia
develops.'” The longitudinal findings further
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strengthen this observation, as the same group
showed significantly greater increases in BMI and
glycemic and insulin resistance indices over the 24-
month period. Together, these results support the
concept that habitual diet is not only associated with
cross-sectional metabolic risk but also influences the
trajectory of metabolic deterioration during
childhood and adolescence.[!'3]

The incidence data highlight the clinical relevance
of these differences. A substantially higher
proportion of children consuming unhealthy diets
developed impaired fasting glucose or insulin
resistance during follow-up, indicating progression
toward a prediabetic state.'! The unadjusted and
adjusted analyses consistently showed that an
unhealthy dietary pattern was associated with
approximately three- to fourfold higher odds of
developing metabolic abnormalities. This magnitude
of association is clinically meaningful and
emphasizes the importance of early dietary
interventions as part of Type 2 diabetes prevention
strategies in children.[*")

The findings are biologically plausible and
consistent with current understanding of the
pathophysiology of insulin resistance and Type 2
diabetes. Diets rich in refined carbohydrates, added
sugars, and saturated fats promote positive energy
balance, weight gain, and ectopic fat deposition,
which in turn impair insulin sensitivity.'®) In
contrast, dietary patterns characterized by higher
intake of fruits, vegetables, whole grains, and lean
protein sources are associated with improved insulin
sensitivity, better glycemic control, and more
favorable lipid and inflammatory profiles. In
children, whose metabolic systems are still
developing, these dietary influences may be
particularly impactful and may set long-term
trajectories for cardiometabolic health.['”]

An important strength of this study is the use of a
dietary pattern approach rather than focusing on
single nutrients or food items. This approach better
reflects real-world eating behaviors and captures the
combined effects of multiple dietary components.!8]
The ROC analysis further demonstrated that dietary
pattern classification had a meaningful ability to
predict metabolic risk, with improved discrimination
when combined with BMI and physical activity
measures. This suggests that integrating dietary
assessment into routine risk stratification may
enhance early identification of children at higher
risk for developing Type 2 diabetes.[!”]

From a public health perspective, these findings
reinforce the need for early, population-based
strategies to promote healthy eating habits in
children. Schools, families, and community
programs play a critical role in shaping dietary
behaviors, and interventions targeting reduction of
sugar-sweetened beverages, processed foods, and
energy-dense snacks, while increasing access to
fruits, vegetables, and whole grains, may have
substantial long-term benefits. Because dietary
habits established in childhood often track into

adulthood, improving diet quality early in life could
contribute to sustained reduction in Type 2 diabetes
risk across the lifespan./?)

Several limitations should be acknowledged.
Although the study had a relatively large sample
size and prospective follow-up, it was observational
in nature, and causality cannot be definitively
established. Dietary intake was assessed using
questionnaires and recalls, which are subject to
reporting bias and measurement error. Additionally,
while key confounders were adjusted for, residual
confounding by unmeasured factors such as
socioeconomic status or genetic predisposition
cannot be completely excluded. Future studies with
longer follow-up and interventional designs are
needed to confirm whether modifying dietary
patterns in childhood can directly reduce the
incidence of pediatric Type 2 diabetes.

This study provides evidence that dietary patterns
are strongly associated with the development of
early metabolic risk markers for Type 2 diabetes in
children and adolescents. The results support the
prioritization of healthy dietary habits as a central
component of diabetes prevention strategies in the
pediatric population and highlight the potential
benefits of early, sustained nutritional interventions.

CONCLUSION

This prospective study demonstrates that dietary
patterns play a significant role in shaping metabolic
risk related to pediatric Type 2 diabetes over a 24-
month period. Children adhering to unhealthy
dietary patterns showed higher baseline metabolic
risk, greater adverse changes in anthropometric and
glycemic parameters over time, and a substantially
higher incidence of impaired fasting glucose and
insulin resistance compared with those following
healthier diets. These associations remained
significant after adjustment for key confounding
factors, indicating that diet quality independently
influences early metabolic health in children and
adolescents.

The findings support the concept that prevention of
pediatric Type 2 diabetes should begin early in life
with a strong focus on improving overall dietary
patterns rather than targeting single nutrients.
Promotion of diets rich in fruits, vegetables, whole
grains, and lean protein sources, along with
reduction of refined carbohydrates, sugar-sweetened
beverages, and energy-dense processed foods, may
substantially reduce the progression toward insulin
resistance and dysglycemia in the pediatric
population.

Given that dietary habits established in childhood
often persist into adulthood, early and sustained
nutritional interventions have the potential to deliver
long-term benefits in reducing the burden of Type 2
diabetes. Integrating dietary pattern assessment into
routine pediatric health evaluations and public
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health strategies may therefore represent a practical
and effective approach to diabetes prevention.
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