[bookmark: _Hlk195473449]Original Research Article
Measurement of Malnutrition on their Dietary Practices and Food Consumption Pattern among Adolescent (10-19 Years) of Rural Area at Sarojini Nagar, Lucknow


Abstract
Adequate nutrition during school-age years is essential for growth, development, and long-term health. Poor nutrition can impact physical, cognitive, and social development. This study explored the eating habits, food consumption patterns, and nutritional status of school-going children in a village in Sarojini Nagar, Lucknow, Uttar Pradesh. A cross-sectional study was conducted on 225 children aged 10–19 years from five villages. Socio-demographic data were collected using a structured questionnaire, while dietary intake was measured using a food frequency questionnaire. Nutritional status was assessed using BMI for age, based on standard guidelines. We found that most of the students are in severe underweight (44.3%) and underweight (27.9%) conditions, while 26.6 % of students are of normal weight. A significant portion of respondents (48.9%) identified as non-vegetarian, 45.3% as vegetarian and a small portion of respondents (5.8%) identified as eggetarian. Most of the respondents (85.8%) reported irregular eating habits. 94.45% of respondents consume rice (4.96 ± 0.29) and chapati (4.91 ± 0.42) daily, while puri and paratha are eaten weekly or monthly. Pulses are a weekly staple for all. Fish (39.1%) and meat (32%) are less frequently consumed compared to chicken (41.3%) and eggs (49.3%). Milk, curd, and ghee are consumed by 72.45%, 79.6%, and 68.45% of respondents, respectively. Peanuts are a weekly snack, while other nuts (almond, walnut, and cashew nut) are an occasional snack. Tea is the favorite drink. Vegetables and some fruits (oranges and bananas) provided by the midday meal programme are eaten weekly. These findings underscore the need for targeted interventions, including nutrition education, promotion of balanced and regular meals, and the use of locally available nutrient-rich foods to improve dietary habits and overall health. 
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Introduction
School-going age is very significant because this is the main period of life to make the body store nutrients. These stores help in the rapid growth of children. Good nutrition means a stronger immune system, low illness, better health, and a productive society [8]. It is the active growing phase of childhood and dynamic period of growth when children undergo physical, mental, emotional and social changes. During this age, children establish habits of their choice in eating, selecting hobbies, sports and performing exercise that stick with them for their entire lives [5]. 
Nutrition plays a vital role in growth and development of children. Inadequate nutrition may lead to malnutrition, growth retardation, reduced work capacity and poor mental and social development [6]. The quality of children’s diets usually declines as they move from childhood to adolescence. Eating healthy is usually not a priority during childhood and poor eating pattern may thus add a risk for current and future health problems [7].
Under nutrition among children is prevalent in almost all the states in India [2]. Nutritional assessment is an important tool for the determination of the nutritional status. In developing countries malnutrition among children is a major problem affecting the health of children [1]. Malnutrition denotes impairment of health arising either from deficiency or excess or imbalance of nutrients in the body [3], causes a great deal of physical and emotional suffering and it is a violation of a child’s human rights. Good nutrition is a basic requirement for good health and a living organism is a product of nutrition [8]. 
The present study aims to assess dietary practices and food consumption patterns of adolescent rural school children and to determine the relationship between dietary practices and food consumption patterns with socio-demographic characteristics. Such data are essential for dietary counselling, providing a reference for dietary modification to prevent malnutrition, overweight, obesity and related long-term complications.

Methodology
The present study was conducted in 5 villages (Dadoopur, Chakoli, Aurawan, Ramachaura and Miranpur Pinvat) at Sarojini Nagar in Lucknow districts, Uttar-Pradesh which is adopted by Babasaheb Bhimrao Ambedkar University, Lucknow, UP. This is a cross-sectional, non-interventional study on school-going children.
A minimum sample size of 225 school-going children (10-19 years) was selected for study. The study was conducted from the month of February to April 2024. The information was collected through a pre-designed questionnaire. In this study, food consumption patterns of school-going children and their influence on their dietary behaviour and health status were measured. Food frequency questionnaires were used to assess food consumption patterns and dietary attitudes and behaviours of school-going children.
Body Mass Index (BMI): - BMI is a calculation based on the height and weight of the child and is recommended by the CHDP guidelines for all children older than two years of age. The formulas for the calculation of BMI in children are as follows:
                                 BMI = Weight (kg) / Height (m2)
Data Analysis: The collected data were coded and tabulated in the context of the objective of the study and relevant statistical techniques were used. Data were analysed using SPSS software.
Results
Table I: Depicts the demographic and socio-economic status of study participants
	Parameter
	Characteristics
	N
	%
	Total

	Gender
	Male
	119
	52.9
	225

	
	Female
	106
	47.1
	

	Age
	10
	23
	10.2
	                           225

	
	11
	14
	6.2
	

	
	12
	54
	24.0
	

	
	13
	48
	21.3
	

	
	14
	35
	15.6
	

	
	15
	28
	12.4
	

	
	16
	17
	7.6
	

	
	17
	6
	2.7
	

	Types of Family
	Nuclear
	147
	65.3
	225

	
	Joint
	78
	34.7
	

	Respondent’s Village
	Miranpur Pinvat
	49
	21.8
	225

	
	Dadoopur
	23
	10.2
	

	
	Ramachaura
	48
	21.3
	

	
	Chakoli
	58
	25.8
	

	
	Aurawan
	47
	20.9
	

	Education (Father)
	Illiterate
	20
	8.9
	225

	
	Class 1-5
	64
	28.4
	

	
	Class 6-9
	88
	39.1
	

	
	10th
	31
	13.8
	

	
	12th
	20
	8.9
	

	
	Graduate
	2
	0.9
	

	
	Post Graduate
	-
	-
	

	Occupation (Father)
	Farmer
	55
	24.4
	225

	
	Wage labour
	97
	43.1
	

	
	Skilled worker
	12
	5.3
	

	
	Self employed
	43
	19.1
	

	
	Government service
	1
	.4
	

	
	 Private service
	17
	7.6
	

	
	 Homemaker
	-
	-
	

	Economic Status
	 BPL (Below Poverty Line)
	29
	12.9
	225

	
	 APL (Above Poverty Line)
	196
	87.1
	



Table I shows the demographic and socio-economic characteristics of the 225 study participants. Of these, 119 (52.9%) were men and 106 (47.1%) were women, indicating a slightly higher male proportion. Participants ranged in age from 10 to 17 years (there were no respondents aged 18 or 19 in the study area), with the oldest age group being 12 years (24.0%), followed by 13 years (21.3%). The youngest age group was 17 years (2.7%), indicating that most participants were in their early teens. Regarding family type, most (65.3%) were from nuclear families, while 34.7% were from joint families. Based on geographic distribution, participants were from five villages, with the highest number coming from Chakoli (25.8%), followed by Miranpur Pinwat (21.8%), Ramchaura (21.3%), Aurawan (20.9%), and Dadupur (10.2%). The fathers' educational status revealed that most had studied up to grades 6-9 (39.1%), followed by grades 1-5 (28.4%). Some had completed grade 10 (13.8%), while 8.9% were illiterate and another 8.9% had completed grade 12. Only 0.9% of fathers were graduates, and none had postgraduate education, indicating generally low to medium educational attainment. In terms of occupation, most fathers were manual laborers (43.1%), followed by farming (24.4%) and self-employment (19.1%). Smaller portions were engaged in private service (7.6%), skilled work (5.3%), and government service (0.4%). In terms of economic status, most (87.1%) were in the above poverty line (APL) category, while 12.9% were in the below poverty line (BPL) category.
Table II. Distribution of BMI for age of study participants
	Age
	Severely Under-weight
	Under-weight
	Normal
	Over-weight
	Obese Class I
	Obese Class II
	Mean ± Std.

	
	N
	%
	N
	%
	N
	%
	N
	%
	N
	%
	N
	%
	

	10
	19
	8.4
	3
	1.3
	1
	0.4
	-
	-
	-
	-
	-
	-
	1.22 ± 0.52

	11
	13
	5.8
	1
	0.4
	-
	-
	-
	-
	-
	-
	-
	-
	1.07 ± 0.27

	12
	32
	14.2
	11
	4.9
	10
	4.4
	1
	0.4
	-
	-
	-
	-
	1.63 ± 0.71

	13
	27
	12.0
	12
	5.3
	9
	4.0
	-
	-
	-
	-
	-
	-
	1.63 ± 0.67

	14
	3
	1.3
	18
	8.0
	13
	5.8
	1
	0.4
	-
	-
	-
	-
	2.34 ± 0.67

	15
	1
	0.4
	11
	4.9
	16
	7.1
	-
	-
	-
	-
	-
	-
	2.54 ± 0.58

	16
	4
	1.8
	6
	2.7
	7
	3.1
	-
	-
	-
	-
	-
	-
	2.18 ± 0.73

	17
	1
	0.4
	1
	0.4
	4
	1.8
	-
	-
	-
	-
	-
	-
	2.67 ± 0.82

	Total
	100
	44.3
	63
	27.9
	60
	26.6
	2
	0.8
	-
	-
	-
	-
	1.77 ± 0.79


(BMI Codes- Severely Under-weight = 1, Under-weight = 2, Normal = 3, Over-weight = 4, Obese Class I = 5, Obese Class II = 6)
Table II shows the age-based BMI distribution of study participants across different age groups. The results indicate that a significant proportion of participants were affected by malnutrition. Overall, 44.3% were considered severely underweight, while 27.9% were underweight. Only 26.6% had a normal BMI, and a very small proportion (0.8%) were overweight. Notably, no participants fell into the Obese Class I or Class II categories. Analysis by age revealed that participants aged 10 years and older were significantly underweight (8.4%), while very few were in the normal category (0.4%). Among 11-year-olds, the majority were severely underweight (5.8%), with almost no representation in the high BMI category. In the 12- and 13-year-old age groups, the proportion of extremely underweight remained high (14.2% and 12.0%, respectively), although some participants fell into the normal category (4.4% and 4.0%). Slight improvements in nutritional status were observed in older age groups. Among 14-year-olds, the proportion of underweight (8.0%) and normal BMI (5.8%) increased compared to extremely underweight (1.3%). Similarly, among 15-year-olds, most participants were in the normal BMI (7.1%), followed by underweight (4.9%). In the 16- and 17-year-old age groups, the proportion of participants with normal BMI was significantly higher than in the extremely underweight and underweight categories, indicating a gradual improvement with age. Mean BMI scores also increased with age, from 1.07 ± 0.27 at 11 years to 2.67 ± 0.82 at 17 years, indicating a positive trend toward improved nutritional status with age. The overall mean BMI score of the study participants was 1.77 ± 0.79, which still falls closer to the underweight category.

Dietary practices and behaviour


Figure 1: Nature of diet and Timing of meal
Figure 1. Shows that a significant portion of the respondents (48.9%) identified as non-vegetarian, indicating a preference for including meat, fish, or poultry in their diet and 45.3% identified as vegetarian. A smaller proportion of respondents (5.8%) identified as eggetarian. The majority of respondents (85.8%) reported irregular meal habits, indicating a lack of consistency or schedule in their meal timings.













Table III: Food Consumption Pattern
	Food Groups
	Daily
	Weekly
	Monthly
	Occasionally
	Never
	Mean ± Std
	Total

	
	N
	%
	N
	%
	N
	%
	N
	%
	N
	%
	
	N
	%

	Cereals
	Bread
	53
	23.6
	84
	37.3
	43
	19.1
	16
	7.1
	29
	12.9
	3.52 ± 1.27
	225
	100

	
	Poori
	4
	1.8
	97
	43.1
	102
	45.3
	22
	9.8
	-
	-
	3.36 ± 0.74
	225
	100

	
	Chapatti
	210
	93.3
	11
	4.9
	2
	0.9
	-
	-
	2
	0.9
	4.91 ± 0.42
	225
	100

	
	Paratha
	12
	5.3
	131
	58.2
	51
	22.7
	27
	12.0
	4
	1.8
	3.53 ± 0.83
	225
	100

	
	Rice
	215
	95.6
	9
	4.0
	1
	0.4
	-
	-
	-
	-
	4.96 ± 0.29
	225
	100

	Pulses and
Non-Veg
	Pulses
	-
	-
	225
	100
	-
	-
	-
	-
	-
	-
	4.00 ± 0.00
	225
	100

	
	Fish
	-
	-
	41
	18.2
	38
	16.9
	9
	4.0
	137
	60.9
	2.36 ± 1.33
	225
	100

	
	Egg
	7
	3.1
	72
	32.0
	24
	10.7
	8
	3.6
	114
	50.7
	2.59 ± 1.39
	225
	100

	
	Meat
	-
	-
	6
	2.7
	46
	20.4
	20
	8.9
	153
	68.0
	2.06 ± 1.09
	225
	100

	
	Chicken
	-
	-
	39
	17.3
	48
	21.3
	6
	2.7
	132
	58.7
	2.35 ± 1.20
	225
	100

	Fat, Oil
and Nut
	Oil
	255
	100
	-
	-
	-
	-
	-
	-
	-
	-
	5.00 ± 0.00
	225
	100

	
	Butter
	-
	-
	5
	2.2
	12
	5.3
	112
	49.8
	96
	42.7
	2.17 ± 1.04
	225
	100

	
	Ghee
	31
	13.8
	92
	40.9
	17
	7.6
	14
	6.2
	71
	31.6
	2.87 ± 1.34
	225
	100

	
	Groundnut
	16
	7.1
	112
	49.8
	47
	20.9
	48
	21.3
	2
	0.9
	3.41 ± 0.97
	225
	100

	
	Walnut
	-
	-
	5
	2.2
	9
	4.0
	196
	87.1
	15
	6.7
	1.41 ± 0.76
	225
	100

	
	Almond
	6
	2.7
	8
	3.6
	12
	5.3
	197
	87.6
	2
	0.9
	1.52 ± 0.82
	225
	100

	
	Cashew
Nut
	5
	2.2
	5
	2.2
	10
	4.4
	203
	90.2
	2
	0.9
	1.48 ± 0.79
	225
	100

	Milk and
Milk Products
	Milk
	81
	36.0
	68
	30.2
	8
	3.6
	6
	2.7
	62
	27.6
	3.45 ± 1.55
	225
	100

	
	Curd
	25
	11.1
	112
	49.8
	27
	12.0
	15
	6.7
	46
	20.4
	3.31 ± 1.18
	225
	100

	
	Cheese
	2
	0.9
	31
	13.8
	125
	55.6
	32
	14.2
	35
	15.6
	2.68 ± 0.94
	225
	100

	
	Butter milk
	1
	0.4
	21
	9.3
	8
	3.6
	28
	12.8
	167
	74.2
	1.74 ± 0.93
	225
	100

	
	Tea
	201
	89.3
	13
	5.8
	2
	0.9
	-
	-
	9
	4.0
	4.72 ± 0.86
	225
	100

	
	Coffee
	2
	0.9
	15
	6.7
	70
	31.1
	102
	45.3
	36
	16.0
	2.11 ± 1.06
	225
	100

	Vegetables
	Cabbage
	-
	-
	225
	100
	-
	-
	-
	-
	-
	-
	4.00 ± 0.00
	225
	100

	
	Tomato
	-
	-
	225
	100
	-
	-
	-
	-
	-
	-
	4.00 ± 0.00
	225
	100

	
	Beetroot
	6
	2.7
	120
	53.3
	27
	12.0
	33
	14.7
	39
	17.3
	3.24 ± 1.07
	225
	100

	
	Potato
	177
	78.7
	46
	20.4
	-
	-
	-
	-
	2
	0.9
	4.77 ± 0.54
	225
	100

	
	Brinjal
	-
	-
	225
	100
	-
	-
	-
	-
	-
	-
	4.00 ± 0.00
	225
	100

	
	Mushroom
	-
	-
	20
	8.9
	39
	17.3
	39
	17.3
	127
	56.4
	2.22 ± 1.21
	225
	100

	Fruits
	Apple
	9
	4.0
	104
	46.2
	75
	33.3
	31
	13.8
	6
	2.7
	3.35 ± 1.01
	225
	100

	
	Banana
	-
	-
	225
	100
	-
	-
	-
	-
	-
	-
	4.00 ± 0.00
	225
	100

	
	Guava
	37
	16.4
	121
	53.8
	49
	21.8
	15
	6.7
	3
	1.3
	3.85 ± 0.89
	225
	100

	
	Orange
	-
	-
	225
	100
	-
	-
	-
	-
	-
	-
	4.00 ± 0.00
	225
	100

	
	Papaya
	9
	4.0
	96
	42.7
	72
	32.0
	39
	17.3
	9
	4.0
	3.25 ± 1.05
	225
	100

	
	Grapes
	10
	4.4
	98
	43.6
	64
	28.4
	47
	20.9
	6
	2.7
	3.29 ± 1.05
	225
	100

	
	Mango
	-
	-
	-
	-
	-
	-
	225
	100
	-
	-
	2.00 ± 0.00
	225
	100

	
	Litchi
	-
	-
	-
	-
	-
	-
	225
	100
	-
	-
	2.00 ± 0.00
	225
	100

	Mis-
cellaneous
	Namkeen
	108
	48.0
	108
	48.0
	1
	0.4
	4
	1.8
	4
	1.8
	4.42 ± 0.16
	225
	100

	
	Biscuit
	108
	48.0
	90
	40.0
	10
	4.4
	14
	6.2
	3
	1.3
	4.29 ± 0.78
	225
	100

	
	Samosa
	14
	6.2
	157
	69.8
	23
	10.2
	26
	11.6
	5
	2.2
	3.66 ± 0.82
	225
	100

	
	Soft Drink
	2
	0.9
	33
	14.7
	40
	17.8
	140
	62.2
	10
	4.4
	2.13 ± 0.93
	225
	100

	
	Chocolate
	44
	19.6
	121
	53.8
	22
	9.8
	13
	5.8
	25
	11.1
	3.34 ± 1.10
	225
	100

	
	Ice- cream
	8
	3.6
	56
	24.9
	40
	17.8
	102
	45.3
	19
	8.4
	2.80 ± 1.10
	225
	100

	
	Kheer
	7
	3.1
	209
	92.9
	-
	-
	3
	1.3
	6
	2.7
	3.91 ± 0.49
	225
	100

	
	Laddu
	4
	1.8
	114
	50.7
	24
	10.7
	79
	35.1
	4
	1.8
	3.18 ± 0.95
	225
	100

	
	Jaggery
	22
	9.8
	119
	52.9
	24
	10.7
	32
	14.2
	28
	12.4
	3.33 ± 1.17
	225
	100


(Food Frequency Scores- Daily = 5, Weekly = 4, Monthly = 3, Occasionally =2, Never =1)

Table III indicates the dietary patterns of the study participants, which is determined by frequency of intake of various food groups. The records indicate that cereals are the most important food of the respondents with most consuming chapati (93.3%), rice (95.6%) and eating them daily. The consumption of bread and paratha was made once a week and puri (45.3) was consumed once a month which means that they are not a regular food. Under the pulses and non-vegetarian categories, the 100 percent of the participants reported weekly consumption of pulses, which means that it is a valuable source of protein. Yet, in the instance of non-vegetarian food like fish (60.9%), meat (68.0%), and chicken (58.7%), the vast majority of interviewees did not report any consumption of these products. On the same note, 51.7% of the participants did not consume eggs, meaning that they were low consumers of animal protein. In relation to fats, oils and nuts, all the participants (100 percent of the participants) took oil on a daily basis and it is therefore a regular dietary element. Most of the week was spent consuming ghee and peanuts with a few instances of consuming nutrient-dense nuts such as almonds, walnuts and cashews showing that there was not a lot of healthy fat and micronutrient consumption. The majority of the respondents in milk and milk products group (89.3) consumed tea on a daily basis, and the milk products were more diverse with only 36.0% taking milk a day and 27.6% doing not take milk at all. Yogurt was used throughout the week (49.8%), buttermilk was used infrequently or not at all, implying that the dairy product has a more frequent intake. Among vegetables, the widely used vegetables such as cabbage, tomatoes and eggplant were eaten weekly by all participants 100 percent. Most people (78.7%), ate potatoes daily. Fruit consumption patterns showed that bananas and oranges fruits were eaten once every week by all the participants (100%), and apples, guavas, papayas, and grapes were eaten regularly at least once per week or once per month. The availability of seasonal fruits like mangoes and litchis was somewhat reflected in the consumption of these fruits (100 percent). All in all, the number of fruits taken daily was low. Snacks like namkeen and biscuits were used with high frequency in the miscellaneous food category with 48.0% eating it on a daily basis. The consumption of samosas was mainly a weekly (69.8%). Most participants (62.2% and 53.8% respectively) took soft drinks occasionally and mostly once a week respectively. Sweets were actually conventional like kheer and laddu, which was often consumed weekly or sometimes. Standard deviations of middle means of such items as milk (3.45 + 1.55) and fruits demonstrate that the eating pattern of the participants also varies.
Discussion
This research is significant in terms of the nutrition and eating habits of school children in rural Sarojini Nagar, Lucknow. According to the demographic profile, the vast majority of the participants are early teenagers, and the percentage of males was a bit larger (52.9). The majority of the respondents belonged to nuclear families (65.3) and households above the poverty line (APL) (87.1%). Nevertheless, in spite of their comparatively higher economic membership, most fathers were at a low to moderate level of education with the majority having a maximum level of 6-9 (39.1) education and a very low percentage of graduates (0.9). Also, the manual labour (43.1) and farming (24.4) of fathers represent an important amount, which implies the absence of socioeconomic development, which can indirectly affect the quality of the diet and health awareness. The BMI-by-age outcomes reflect serious concern of public health of the population since it indicated a high rate of mal-nutrition in the participants. A greater proportion of 2/3 of children was malnourished with a percentage of 44.3 underweight and 27.9 overweight and only 26.6 with normal BMI. There was almost no overweight (0.8%), obesity was reported to be zero. The level of malnutrition was worse in younger children (10-13 years), and the BMI was improving with age. The same is observed in the rise in the average score of BMI which rose to 1.07 plus 0.27 aged 11 to 2.67 plus 0.82 aged 17. Nevertheless, the average BMI is still low (1.77 ± 0.79), which shows that the majority of children belonged to the underweight group.
These findings are further explained by eating behavior pattern. In spite of the fact that only a minor part of participants (48.9%) called themselves non-vegetarians, the real intake of animal food was low. Most had never eaten meat (68.0%), fish (60.9%), or chicken (58.7%), and more than half had never eaten eggs (50.7%). This implies that the choice of food does not always mean that one actually eats in a particular way possibly because of cost or convenience reasons. Also, the majority of the participants (85.8) stated that they had uneven meal time, which may adversely affect the use of nutrients and general health. The food consumption pattern is indicated as high consumption of cereals with rice (95.6) and chapati (93.3) being taken on a daily basis as indicated by the higher scores of the two foods. Although consumption of pulses was performed once in a week (100 percent), which served as the primary protein, all other nutrient-dense foods such as milk, fruits, nuts and green vegetables were taken sparingly and remained unchanged. The drinking consumption of milk was only 36.0 per cent. per day, and the consumption of fruits per day was simply weekly or monthly. Timely, the average score of the nuts such as almonds and walnuts was extremely low, which proves that they are not always eaten. The high intake of fat and snack foods is also another notable discovery. Every respondent stated that they consumed oil in a day (100%), and a large share of them consumed energy rich food items such as namkeen and biscuits everyday (48.0%). It means that it features a high-energy, low-nutrient diet pattern. The standard deviation values (between medium and high) of types of food such as milk and fruits are also indicators that dietary patterns of the participants are variable and non-uniform.
Conclusion
The study reveals high levels of malnutrition among school-age children in Sarojini Nagar, Lucknow. More than two-thirds of children are underweight, and their diets consist mostly of cereals, fruits, milk, and nuts, which are low in protein. Irregular eating habits and a lack of dietary diversity exacerbate nutritional deficiencies, even though most children are from households above the poverty line. To address these challenges, specific measures have been suggested, such as nutrition education programs in schools, promoting regular eating habits that include a variety of locally available and nutrient-rich foods, and monitoring school meal schemes. Such measures can help improve dietary intake, improve nutritional status, and support the overall growth and development of children in these communities.
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Timing of meal

Sales	
Regular	Irregular	14.2	85.8	

Nature of diet

Sales	
Vegetarian	Non-Vegetarian	Eggetarian	45.3	48.9	5.8	

