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Abstract 
Adolescence is a critical stage of development in which there is rapid growth, nutritional demands and behavioural transformations. The role of eating behaviour in this age is critical in defining nutritional status and health-related outcomes in long-term. The current research paper focuses on the correlation between the Body Mass Index (BMI) and eating behaviour in adolescent girls and these are the effectiveness of a school-based nutrition education programme. The research was carried out on 400 adolescent girls (13-18 years) who were chosen by simple random sampling in government schools of the rural and urban areas within the Jhajjar district, Haryana. The participants were separated into the intervention (n=200) and control groups (n=200). Structured questionnaires, anthropometric measurements as well as a 24-hour dietary recall method were used to collect data. The intervention group was provided with a structured nutrition education program. Statistical tests were done mean, standard deviation, paired t-test, and ANOVA. There was a strong correlation existing between poor eating habits and deviant BMI groups (p < 0.05). The levels of nutrition knowledge improved greatly after the intervention with a difference between 42.5 ± 6.8 and 68.2 ± 5.4 (p < 0.001) which is a high level of intervention effect. Statistical significance was also witnessed on improvements in dietary habits such as intake of more fruits and less fast foods. The changes observed indicate a medium to high level of effect size, indicating the effectiveness of the intervention. The evidence highlights the significance of school-based nutrition education programs as an intervention to enhance dietary behaviours and nutritional status of adolescent girls. These interventions can be very important in achieving preventive health and avoiding nutritional disorders in the long-term.
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1. Introduction
Adolescence is a very crucial period between childhood and adulthood marked by intense physical development, hormonal changes, and a major psychological and social development. It is a critical time period in the lifelong health and nutrition status establishment, which is usually determined by the age of 10-19 (Patton et al., 2016; World Health Organization, 2020). During adolescence, nutritional needs are rapidly growing because of faster growth and growth, and sufficient nutrition is required to achieve an optimal physical, cognitive, and reproductive health (Spear, 2002; Lytle and Kubik, 2003).
The adolescent girls are a very susceptible group in terms of their nutritional status, particularly in the developing world like the Indian country. Household food allocation is usually affected by gender differences, socio-economic differences and cultural customs, which causes girls to have poor nutrient content (Kotecha, 2011; Black et al., 2013). Dietary habits such as eating habits are infrequently regular and inadequate intake of nutrients and micronutrients often leads to undernutrition, micronutrient deficiencies, and poor growth (Deshmukh et al., 2006; Gupta et al., 2012). Body Mass Index (BMI) represents one of the most popular and dependable measures of nutritional status of the population in study. It is an easy way to determine the composition of the body in relation to height and weight and is usually applied to categorize people into underweight, normal weight, overweight, and obese (World Health Organization, 2020). In adolescents, the BMI is a characteristic that is effective in detecting nutritional incompetence and related health hazards. Dieting patterns in the adolescents have experienced a tremendous change over recent decades owing to quick urbanization, globalization, and the exposure to the media and changing lifestyles. The changes have led to an increased consumption of high-energy and low-nutrition types of food, including fast food, sweet drinks, and processed snacks (Gupta et al., 2012; Popkin, 2017). These food consumption changes have been linked to poor dietary habits, such as eating habits (meal skipping, snacking, and abnormal food intake habits), and poor eating habits may negatively impact on nutritional status (Neumark-Sztainer et al., 2002; Story et al., 2002).
The eating behaviour is a complex interaction between biological, psychological, social and environmental factors. The dietary decisions of teenagers are greatly influenced by family environment, peer influence, exposure to educations, availability of food (Birch and Fisher, 1998; Story et al., 2002). These can cause undernutrition as well as overnutrition and this is a different facet of dual burden of malnutrition emerging in most developing nations (Popkin, 2017). Malnutrition in adolescent girls is one of the primary issues of the public health, and the short-term and long-term effects are severe. Being undernourished may cause low growth rates, even low immune status, and low academic performance, and being overweight or obese may predispose to non-communicable diseases, including diabetes, hypertension, and heart diseases (Black et al., 2013; Kelishadi and Azizi-Suleiman, 2014). Also, adolescent malnutrition has a generation effect, with undernourished adolescent girls more likely to have undernourished babies thus continuing with the malnutrition cycle (Black et al., 2013). Nutrition education has been cited as one of the important measures towards enhancing the dietary behaviour and healthy lifestyle habits among adolescents. Educational programs about nutrition in schools are especially beneficial because they offer a systematic environment where nutritional knowledge, attitudes, and healthy eating behaviors can be educated (Anderson et al., 2018; Kelishadi and Azizi-Soleiman, 2014). These interventions can achieve sustainable behavioural change, which will lead to better nutritional outcomes.
Due to the growing pressure of malnutrition as well as alterations in eating habits among adolescents, there is the need to study the relationship that exists between BMI and eating behaviours especially among adolescent girls. The knowledge of this relationship can be used to determine the key determinants of nutritional status and devise effective, evidence-based interventions to enhance the health of adolescents.
Objectives of the Study
1. To assess and analyze the nutritional status and eating behaviour of adolescent girls.
2. To develop effective teaching methods for imparting nutrition education.
3. To evaluate the impact of teaching methods on nutritional status and eating behaviour.
4. To identify factors affecting nutritional status and eating behaviour.


Hypothesis
Null Hypothesis (H₀): Nutrition education has no significant impact on the nutritional status and eating behaviour of adolescent girls.
Alternative Hypothesis (H₁): Nutrition education significantly improves the nutritional status and eating behaviour of adolescent girls.
[bookmark: _GoBack]Methodology
The research design used in the current study was a quasi-experimental research design to test the relationship between the Body Mass Index (BMI) and eating behaviour in adolescent girls, and to determine the effectiveness of the school-based nutrition education intervention. This design has been chosen because of practical limitations in applying random assignment in school contexts, and yet be able to compare intervention and control groups. The research was done in the state-owned schools in both rural and urban areas within Jhajjar district, Haryana, India. The number of adolescent girls that took part in the study was 400 aged 13-18 years. Simple random sampling was used to select the participants so as to make them representative and reduce selection bias. The sample was further categorized into two groups, namely an intervention group (n=200) and a control group (n=200).
The baseline data was taken in order to evaluate the nutritional status, dietary habit and knowledge of the participants in regards to nutrition. Structured nutrition education of the intervention group was then provided within specific time, after which the endline assessment was done to assess the changes in knowledge, dietary behaviour and BMI. To reduce bias, major possible confounding factors including socioeconomic status, parental education, and physical activity levels were also asked at the baseline assessment period and put into consideration in the interpretation of data. Questionnaires and interview schedules were used to collect data, and were pre-tested and structured, with subject experts reviewing the data to establish content validity and make them understandable. The instruments contained data on family profile, personal features, nutritional awareness, food habits, attitudes towards health and food myths. The anthropometric measurements were performed in standard procedures. Height was taken with the help of stadiometer and weight was taken with the help of digital weighing scale which was calibrated. To minimize the error, measurements were repeated twice and averaged. The BMI was computed by use of the standard formula (weight divided by height in meters squared). The method of dietary assessment was based on the 24-hour dietary recall technique, which is used as a reliable method of dietary assessment. Nutrition education intervention comprised of classroom lectures, counselling sessions at individual level and provision of educational resources like leaflets and PowerPoint presentations to enhance knowledge of balanced diet and healthy eating habits.
Microsoft Excel and relevant statistical procedures were used in the analysis of data. Mean and standard deviation are descriptive statistics that were calculated. Paired t-tests were used as inferential tests to evaluate differences in pre and post intervention, and the two-way ANOVA was used to test variation between variables. The significance level of 0.05 was established, and where possible, the 95% confidence intervals and interpretation of the effect sizes were taken into account to make the results stronger and more reliable.
8. Results and Analysis
The results of the study provide insight into the nutritional status, eating behaviour, and impact of nutrition education among adolescent girls. Data collected during the baseline and endline assessments were statistically analyzed to determine relationships between BMI and eating behaviour.
8.1 Distribution of Participants by BMI Category
Body Mass Index (BMI) was calculated using anthropometric measurements of height and weight. The distribution of participants across BMI categories during the baseline assessment is presented in Table 1.



Table 1: Baseline Distribution of Adolescent Girls According to BMI Categories
	BMI Category
	BMI Range
	Rural (%)
	Urban (%)
	Total (%)

	Underweight
	<18.5
	34
	22
	28

	Normal Weight
	18.5–24.9
	50
	58
	54

	Overweight
	25–29.9
	10
	14
	12

	Obese
	≥30
	6
	6
	6


The data reveal that 28% of the participants were underweight, indicating inadequate nutritional intake or poor dietary practices. A majority (54%) of the participants fell within the normal BMI category. However, 18% of participants were either overweight or obese, reflecting a growing trend of overnutrition among adolescents. The prevalence of underweight was notably higher among rural adolescents, while overweight and obesity were more prevalent among urban participants, possibly due to differences in lifestyle, food accessibility, and dietary patterns.
8.2 Dietary Behaviour Patterns
The study also examined eating habits and food consumption patterns among adolescent girls. Several unhealthy eating behaviours were observed, including:
· Skipping breakfast
· Frequent consumption of fast food
· High intake of sugary beverages
· Low consumption of fruits and vegetables
Table 2: Frequency of Selected Eating Behaviours among Participants
	Eating Behaviour
	Percentage of Participants

	Skipping breakfast regularly
	35%

	Consuming fast food more than twice per week
	42%

	Low fruit and vegetable intake
	48%

	Frequent consumption of sugary beverages
	38%


The findings indicate that nearly half of the participants consumed inadequate amounts of fruits and vegetables, which may contribute to micronutrient deficiencies. Furthermore, the frequent consumption of processed foods and sugary drinks was associated with increased BMI among several participants.
8.3 Relationship between Eating Behaviour and BMI
Statistical analysis demonstrated a clear relationship between eating behaviour and BMI categories. Adolescents who regularly skipped meals or consumed high-calorie processed foods were more likely to fall into either the underweight or the overweight BMI categories.
For instance:
· Participants who skipped breakfast regularly showed higher prevalence of underweight status.
· Participants consuming fast foods frequently showed higher prevalence of overweight or obesity.
These findings suggest that both inadequate food intake and unhealthy food choices contribute to nutritional imbalances among adolescents.
8.4 Impact of Nutrition Education Intervention
The nutrition education intervention was implemented only for the intervention group (200 participants). After the educational sessions, improvements were observed in both nutritional knowledge and eating behaviour.
Table 3: Changes in Nutritional Knowledge Scores (Intervention Group)
	Assessment Phase
	Mean Score
	Standard Deviation

	Pre-intervention
	42.5
	6.8

	Post-intervention
	68.2
	5.4


The paired t-test revealed a statistically significant increase in knowledge scores after the intervention (p < 0.05). This indicates that nutrition education effectively improved awareness regarding healthy dietary practices.
8.5 Changes in Dietary Behaviour after Intervention
Post-intervention assessment revealed several positive behavioural changes:
· Increased consumption of fruits and vegetables
· Reduction in fast food consumption
· Improved regularity of meals
· Increased awareness regarding balanced diets
Table 4:  Improvement in Selected Dietary Behaviours after Nutrition Education
	Behaviour
	Before Intervention (%)
	After Intervention (%)

	Regular breakfast consumption
	52
	74

	Daily fruit intake
	36
	62

	Reduced fast food consumption
	28
	55


These results highlight the effectiveness of educational interventions in promoting healthier dietary habits among adolescents.
9. Discussion
The current research analyzed the connection between Body Mass Index (BMI) and eating behaviour in adolescent girls and compared the effectiveness of nutrition education intervention in school. The results showed a dual burden of malnutrition where the undernutrition and overnutrition co-existed in the participants. This fact correlates with the world-wide nutrition shift in the work of Barry M. Popkin, in which the changes toward energy-dense foods and less active lives contribute to increasing overweight and obesity and long-term undernutrition (Popkin, 2017). Other world health organization reports have also raised similar concerns about adolescent health (World Health Organization, 2020).
The poorer food intake, food variety, and socio-economic issues might be considered the reasons leading to the higher prevalence of underweight among rural adolescents as it was found in this study. Other studies have found the same trends, with undernutrition in girls in their adolescence strongly predicted by the lack of socio-economic inequalities and poor quality of available nutritious foods (Kotecha, 2011; Black et al., 2013). Conversely, the fact that the percentage of overweight and obesity is higher in urban adolescents indicates a shift in dietary habits and lifestyle adopted, such as consumption of processed foods and little physical exercise. The trend is in-line with the results announced in developing nations that are rapidly urbanizing (Gupta et al., 2012; Popkin, 2017). The present study showed a strong relation between the unhealthy eating behaviours and abnormal BMI classes. Adolescents who missed meals especially breakfast were more likely to be underweight, whereas adolescents that took fast foods and sweet drinks were more probable to be overweight or obese. The previously conducted studies support these findings suggesting that abnormal eating habits and inappropriate nutrition are the major causes of nutritional imbalance in adolescents (Neumark-Sztainer et al., 2002; Story et al., 2002). Also behavioural influences (e.g. peer pressure, food conditions, and exposure to poor nutritious food) are also important in influencing eating habits in adolescents (Story et al., 2002). The findings of the current study also revealed that nutrition education intervention significantly impacted the nutritional knowledge and dietary behaviour of the participants as the outcome was statistically significant. This result aligns with the previous interventional research, which has demonstrated that the structured nutrition education programs have the potential to effectively influence the dietary habits and nutritional awareness of the adolescents (Anderson et al., 2018; Kelishadi and Azizi-Soleiman, 2014). In addition, the consumption of fruits and vegetables and lowered consumption of energy-dense food in this study also follows the evidence and findings that educational intervention can positively affect the choice of food and have weight management (Rolls et al., 2004).
It can be noted that the current research findings also validate the advice given by global health experts, in terms of the efficacy of school-based nutrition education. The World Health Organization also highlights the importance of nutrition education, including in school curriculum, as one of the strategies to enhance the health outcomes of adolescents (World Health Organization, 2021). Schools are structured and influential places where healthy behaviours can be encouraged successfully and will result in changes in lifestyle over the long term (Patton et al., 2016). Moreover, the dietary behaviour change after the intervention also points to the significance of knowledge-based behavioural change. Enlightened adolescents with regard to balanced food and nutritional needs are probable to practice healthier eating. This concurs with the previous results that support the importance of nutrition knowledge in determining food preferences and dietary habits among young people (Birch and Fisher, 1998; Lytle and Kubik, 2003).
Although these positive results were achieved, there are some weaknesses of the study to be mentioned. The quasi-experimental design though appropriate when working in the field has the limitation of not being able to obtain causality as a result of other possible confounding factors. Also, a method of 24-hour dietary recalls might also bring in the effect of recall bias because it is possible that the participants might not recollect their dietary consumption accurately. These are the same methodological drawbacks observed in the past studies of dietary behaviour in adolescents (Deshmukh et al., 2006). In addition, the intervention is relatively short, thereby restricting the possibilities of measuring long-term sustainability of behavioural changes.
All in all, the results of the current research would add to the existing literature in favor of the importance of nutrition education in enhancing the health of adolescents. The findings indicate that nutrition educational interventions are capable of causing a big change in terms of dietary behaviour and nutritional status. The implications of these findings on health policy in the population include the fact that there is a need to integrate extensive, school-based nutrition program to counter malnutrition dual burden and adolescent population.
10. Conclusion
[bookmark: _Hlk218868534][bookmark: _Hlk224728772][bookmark: _Hlk221624953]The current research indicates that there is indeed a great connection between eating behaviour and BMI in adolescent girls and poor eating habits lead to underweight and overweight. The results indicate the high rates of skipping meals, high consumption of fast-food, and low consumption of fruits and vegetables as the main determinants of the nutritional status. Nutrition education intervention produced meaningful gains in dietary awareness and eating behaviour which means that it functions in improving healthier food preference. These findings justify the need to incorporate school-based nutrition education programs as a potent intervention to enhance the nutritional status of adolescents. In general, the paper highlights the importance of the role of dietary behaviour improvements via specific educational interventions in solving the two-fold burden of malnutrition in adolescent girls.
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