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Abstract: With rapid urbanization and the Indian nutrition transition, Indian adolescents face a
high risk of developing an energy imbalance. This study aims to assess the prevalence of excessive
weight, underweight, and associated knowledge and lifestyle behaviors among private school-going
adolescents in Delhi. A cross-sectional study was conducted in students (6th–7th grades) of eight
randomly selected private schools in Delhi, India in 2019. A self-administered survey was used
to assess students’ dietary-and-physical-activity-related knowledge and behavior. Anthropometric
measurements (height, weight, and waist circumference) were also conducted. Out of 1567 par-
ticipants, 7.2% were underweight, 61.3% normal, and 31.5% excess in weight. Underweight was
associated with significantly more eating whilst studying for exams (relative risk ratio (RRR) 1.7
(1.0–2.9)). Excessive weight was associated with less incorrect knowledge on behaviors causing
overweight (RRR 0.7 (0.5–0.9)), more often reading nutritional labels of packed food items (RRR 0.6
(0.4–0.9)), and less frequent vegetable-intake (RRR 0.7 (0.4–0.9)). Underweight students showed more
suboptimal knowledge and unhealthy behaviors, whilst students with excessive weight showed
more correct knowledge and healthy behaviors. This study highlights the immediate need for ef-
fective health-promoting interventions focused on the importance of healthy lifestyle at least in
underweight adolescents.

Keywords: lifestyle behaviors; knowledge; body mass index; excessive weight; underweight;
adolescents; India

1. Introduction

Globally, in both developed and developing nations, rates of overweight and obesity
continue to rise [1]. Environmental factors and lifestyle choices including urbanization
play major roles in the rising prevalence of obesity, are responsible for non-communicable
diseases (NCDs) [2], and are largely a result of practices adopted during early ages. Energy
imbalance resulting from the consumption of excess calories and inadequate physical
activity is considered to be the major factor responsible for obesity [3]. Overweight and
obese adolescents often grow into obese adults, who in turn are at higher risk of developing
one or more NCDs [4]. Developing countries are experiencing an increase in overweight
and obesity among all economic classes and all regions while being more prevalent in
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urban rather than rural areas [5,6]. In recent years, India has been facing a paradoxical co-
occurrence of under- and over-nutrition as undernutrition continues to persist and causing
both conditions to co-exist [7]. Regional studies conducted in India also highlighted the co-
occurrence of over- and undernutrition among school-going adolescents [8,9]. A systematic
review reported the combined prevalence of childhood overweight and obesity in India
of 19.3%, which is a significant increase from the earlier prevalence of 16.3% reported in
2001–2005 [10]. Adolescents are exposed to an obesogenic environment, created by rapid
urbanization and the nutrition transition (i.e., changes in dietary pattern due to increased
accessibility, availability, and consumption of food high in fat, salt, and sugar) in India.
Data from the Comprehensive National Nutrition Survey (CNNS, 2019) reported that every
second child is affected by some form of over- or undernutrition and 1 in 10 adolescents
have glycosylated HbA1c (between 5.7–6.4%) indicating high blood glucose values, which
may be due to glucose disorders such as diabetes [11].

Several risk behaviors during the early years of life appear to be strongly correlated
with both being underweight and excessive weight [12]. Both underweight and excessive
weight students showed significantly vulnerable risk behaviors including substance use,
mental health issues including depression, and violent behaviors. Suicide attempts were
reported as critical risks for excessive students [13]. Therefore, it is imperative to monitor
healthy living practices at an early age. Daily fruit/vegetable consumption and sufficient
physical activity levels are good preventive factors for both underweight and excessive
weight [14].

In India, there is a knowledge–practice gap among adolescents about eating and phys-
ical activity behaviors [15]. The lack of knowledge about healthy and unhealthy behaviors
highlights the importance of carrying out regular surveillance for NCD risk factors and
initiating educational programs for the prevention of NCDs amongst adolescents [16].

The primary aim of this article is to assess the prevalence of excessive weight and
underweight and its associated knowledge and lifestyle behaviors among the urban private
school-going adolescents (aged 11–12 years), in New Delhi. Secondly, we aim to study the
correlates of BMI status (underweight, normal, excessive weight) with dietary and physical
activity knowledge and behaviors among these participants.

2. Methodology
2.1. Study Design

This cross-sectional study was conducted in eight private schools of Delhi, India in
2019. Schools were randomly selected from the list of private schools governed by the
Directorate of Education (DoE), Government of National Capital Territory (NCT) of Delhi.
This study was limited to private schools in Delhi, as previous studies conducted in Delhi
reported that the prevalence of excessive weight is significantly higher in private school
students as compared to government school students [17].

2.2. Participants

Of the n = 1817 students enrolled in 6th and 7th grades (aged 11–12 years) in the
eight participating schools, n = 1635 (89.9%) students participated in this study. As data
on BMI were missing for n = 71 students, data from n = 1564 (95.8%) students were used
for analysis.

2.3. Measures

A self-administered survey was implemented in all the grades in these schools by a
trained study team (convened under the guidance of the Principal Investigator) using a
standardized protocol. The confidentially of responses was assured by using a unique ID
not recognizable to the students. The survey was administered in English. The survey
was adopted from other instruments that have been validated with adolescents and were
extensively pilot-tested in India [6,17]. The survey assessed dietary knowledge; behavior
including frequency of consumption of breakfast, fruits, vegetables, sugar-sweetened
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beverages, and energy-dense foods; food purchasing behavior; physical activity behavior
including frequency of participation in 60 min per day of PA; use of available resources for
physical activity; and duration of screen time.

In addition to the survey, anthropometric measurements of students were conducted
by a trained study team using a standardized protocol. Anthropometric measurements
included height to the nearest 0.1 cm, weight to the nearest 100 g on an electronic scale, and
waist circumference (WC). The WC was measured using a non-stretchable measuring tape,
at a level midway between the lower rib margin and iliac crest with participants in standing
position; the measurements were done to the nearest 0.1 cm. For all anthropometric data,
the average of two readings for each student was used for analyses, using a protocol
adapted to suit the Indian context [18]. For all anthropometric measurements, the students
were asked to remove all excess clothing other than their regular school uniform, shoes, all
items from pockets, watches, eyeglasses, belts, necklaces, and other jewelry.

Students were grouped into five weight categories using the World Health Organi-
zation (WHO) age- and gender-specific body mass index (BMI) growth references [19].
These groups were underweight (thin BMI below −2 standard deviations (SD) and severe
thin below −3 SD in the WHO reference population), normal (between −2 SD and 1 SD),
overweight (between 1 SD and 2 SD), and obese (more than 2 SD). However, it was further
categorized into three categories: normal; underweight (thin and severe thin); and exces-
sive weight (overweight and obese). Students whose WC values were more than age- and
gender-specific 70th percentile cut-off using Indian reference values were categorized as
high WC [20].

2.4. Data Analysis

The descriptive analysis is presented using percentages and frequencies. Further,
the potential correlates were assessed using exploratory data analysis. The dependent
variable (BMI) was taken as a categorical variable with the categories underweight, normal,
and excessive weight (based on World Health Organization (WHO) age- and gender-
specific BMI growth references [19]). The socio-demographic variables, knowledge, dietary,
and behavior factors were taken as independent variables. Related questions (dietary
knowledge (3) and behavior (9); physical activity-related knowledge (1) and behavior (3))
are provided in the supplementary file (Supplementary Table S1) Cross tabulations, using
Fisher’s exact/Chi-square were used to study bivariate associations between independent
variables and BMI category. Where in the univariate analysis the associations were found
to be significant, Tukey’s posthoc test was used to further study the differences between the
specific BMI categories. Variables found to be significantly associated (p < 0.05) with the
different categories of BMI (underweight, normal, and excessive weight) in the univariate
analysis were included in the regression analysis as independent variables to assess the
potential correlates with the BMI category. Since the dependent variable BMI had three
categories, a multinomial regression analysis model was used to study the correlates of
respective BMI categories (underweight and excessive weight), where normal weight was
taken as a reference. All the estimates with p-values ≤ 0.05 were considered significant. All
data analyses were conducted using STATA v.13 (StataCorp, LP, College Station, TX, USA).

3. Results
3.1. Socio-Demographic Characteristics

Table 1 shows the descriptive statistics for socio-demographic variables and prevalence
of under and excessive weight in the study sample. Overall, 1564 school-going adolescents
participated in this study, of which 969 (61.9%) were boys and 595 (38.1%) were girls. In
the sample, 7.2% of the students were underweight, 61.3% normal weight, and 31.5% were
excess in weight. Around 17% of all adolescents had an unhealthy or increased WC as
per their age. Socio-demographic variables were not different between participants of
different weight categories, except for the father’s education, which was slightly lower for
underweight students (p = 0.016) (see Supplementary file Table S2).
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Table 1. Socio-demographic variables of the study population.

Gender n = 1564(%)

Boys 969 (61.9)

Girls 595 (38.1)

Age in years (SD) 12.5 (1.5)

Class 6 815 (52.1)

Class 7 749 (47.9)

WC based on age

Increased WC in boys (n = 969) 165 (17.1)

Increased WC in girls (n = 595) 99 (16.6)

Mean BMI (SD) in kg/m2 18.9 (3.8)

BMI category

Underweight (severe thin + thin) in n (%) 113 (7.2)
-Thin (n) 86
-Severe thin (n) 27

Normal in n (%) 959 (61.3)

Excessive weight (overweight + obese) in n (%) 492 (31.5)
-Overweight (n) 307
-Obese (n) 185

Abbreviations: SD—standard deviation, WC—waist circumference, BMI—body mass index.

3.2. Associations of Knowledge of Diet and Physical Activity with BMI Status

The percentage of students having the correct knowledge on healthy dietary and
physical activity behaviors ranged between 27.8% and 76.3%. Three out of four knowledge
variables differed significantly between groups (Figure 1). Participants with underweight
had more often incorrect knowledge on diet and physical activity compared to normal
weight students, as they had less knowledge on the recommended PA levels (37.8% vs.
47.3%, p = 0.003), and believed less often that ‘overweight or underweight students have
more health problems’ (62.4% vs. 76.3% p = 0.004). Excessive weight students on the
other hand, had more often correct knowledge on ‘watching TV while eating might lead
to overweight’ (46.4% vs. 38.3%, p = 0.002). When comparing excessive weight with
underweight students, excessive weight students had significantly more correct knowledge
on three out of four knowledge variables. There were no significant associations in the
physical activity behavior and BMI of the adolescents (p > 0.05).

Three out of nine dietary behaviors differed significantly between groups: daily
vegetable intake (p = 0.015), eating more whilst studying for exams (p = 0.000), and studying
nutrition labels on food packs (p = 0.002) (Table 2). Underweight participants reported
eating more while studying for exams compared to normal-weight students (66.1 vs. 50.7%,
p = 0.008). Excessive weight students showed healthier behaviors compared to normal
weight students, as they less often reported they ate more while studying for exams
(p = 0.05), and more often read nutritional labels of packaged food while purchasing them
(p = 0.008).

3.3. Correlates of Excessive Weight and Underweight

In Table 3, further regression analyses are reported to identify the correlates of exces-
sive weight and underweight. A total of 1198 observations could be included, as there
were missing data in some of the independent variables. Most of the patterns observed in
the univariate analyses were confirmed in the regression analyses. Students with mothers
having senior secondary schooling were more likely to be underweight as compared to
those with a professional degree (relative risk ratio (RRR) 2.6 (1.1–6.2)). Additionally,
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students with unhealthier eating behavior whilst studying for exams were more likely to
be underweight as compared to those with healthier eating habits (RRR 1.7 (1.1–2.7)).
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Figure 1. Univariate association of knowledge related to diet and physical activity and dietary behavior with BMI status of
adolescence (* p values using Fisher’s Chi square *) * Correct responses are presented. Tukey’s post hoc test revealed that
correct knowledge on the minimum amount of recommended moderate to vigorous physical activity was significantly lower
in underweight vs. normal weight students (p = 0.003) and significantly higher in excessive weight vs. underweight students
(p = 0.000); Correct knowledge on watching TV while eating may lead to overweight/obesity was significantly lower in
normal vs. excessive weight students (p = 0.01) and underweight vs. excessive weight (p = 0.001); correct knowledge
on health problems as a result of overweight was significantly lower for underweight vs. normal weight (p = 0.004) and
underweight vs. excessive weight (0.009). See also Supplementary Table S2.

Table 2. Univariate associations of dietary and physical activity behaviors with BMI status of adolescents.

Dietary Behaviours Answer Options
Underweight

(n = 113)
N(%)

Normal (n = 959)
N(%)

Excessive Weight
(n = 492)

N(%)
p-Value

Daily vegetable intake

Never (135) 14 (12.7) 80 (8.9) 41 (8.7)

0.015 *

Once a day (273) 24 (21.8) 151 (16.9) 98 (20.9)

At least twice a day
(434) 23 (20.9) 294 (32.8) 117 (24.9)

At least thrice a day
(634) 49 (44.6) 371 (41.4) 214 (45.5)

Fast/junk food (e.g.,
burgers, pizza, noodles
etc.) intake frequency

Never (267) 15 (5.6) 162 (60.7) 90 (33.7)

0.142

1–2 times/week
(420) 29 (25.7) 271 (29.1) 120 (24.9)

3–6 times/week
(627) 52 (46.0) 360 (38.6) 215 (44.6)

≥7 times/week (214) 17 (15.0) 140 (15.01) 57 (11.8)
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Table 2. Cont.

Dietary Behaviours Answer Options
Underweight

(n = 113)
N(%)

Normal (n = 959)
N(%)

Excessive Weight
(n = 492)

N(%)
p-Value

Eating breakfast

Never (81) 5 (4.5) 41 (4.4) 35 (7.3)

0.199
Few times in a week

(287) 22 (19.6) 173 (18.5) 92 (19.2)

Every day (1160) 85 (75.9) 723 (77.2) 352 (73.5)

Eat more when out with
friends

No (600) 36 (33.0) 362 (40.7) 202 (44.4)
0.082

Yes (853) 73 (66.9) 527 (59.3) 253 (55.6)

Eat more when out with
family

No (271) 17 (16.0) 155 (17.3) 99 (21.3)
0.153

Yes (1195) 89 (84.0) 741 (82.7) 365 (78.7)

Eat more while studying
for exams

No (724) 36 (33.9) 433 (49.3) 255 (56.0)
0.000 *

Yes (715) 70 (66.1) 445 (50.7) 200 (44.0)

Eat more when
physically active

No (578) 35 (35.4) 343 (39.1) 200 (45.2)
0.052

Yes (841) 64 (64.7) 535 (60.9) 242 (54.8)

Eat more when angry
No (946) 63 (61.8) 566 (64.4) 317 (70.3)

0.063
Yes (486) 39 (38.2) 313 (35.6) 134 (29.7)

Reading nutritional
labels on food packs

before purchasing them

Never (197) 17 (15.3) 127 (13.7) 53 (11.1)

0.002 *
Rarely (269) 17 (15.3) 179 (19.2) 73 (15.1)

Sometimes (617) 58 (52.3) 371 (38.9) 188 (39.3)

Most of times (437) 19 (17.1) 253 (27.2) 165 (34.5)

Apart from eating
activities done during

lunch break

Sat down and chat
with friends (508) 35 (35.4) 302 (33.6) 156 (34.1)

0.28

Stood or walked
around (283) 16 (16.2) 162 (18.0) 93 (20.3)

Played active games
(595) 37 (37.4) 360 (40.0) 173 (37.8)

Completed
homework (95) 11 (11.0) 49 (5.5) 25 (5.5)

Others (40) 0 26 (2.9) 11 (2.4)

Number of days in a
week in which you were
involved in any form of

physical activity

Every day (61) 2 (1.9) 44 (4.8) 15 (3.2)

0.35

1–2 days (533) 29 (28.7) 333 (36.4) 171 (36.9)

3–4 days (234) 19 (18.8) 145 (15.8) 70 (15.1)

5–6 days (400) 27 (26.8) 241 (26.3) 132 (28.5)

Never (252) 24 (23.8) 153 (16.7) 75 (16.3)

Duration of vigorous
physical activity on a

typical day

30 min–1 h (1123) 75 (70.1) 662 (72.9) 339 (72.3)

0.37
2–3 h (235) 15 (14.0) 138 (15.2) 73 (15.6)

≥4 h (44) 1 (0.9) 22 (2.4) 17 (3.6)

Never (147) 16 (15.0) 86 (9.5) 40 (8.5)

Preferred behaviors are expressed in bold. * Tukey’s HSD test revealed that the average daily vegetable intake did not differ significantly
among any of the three weight categories; reading nutritional labels of packaged food while purchasing was significantly more frequently
done in excessive weight vs. normal (p = 0.01) and excessive weight vs. underweight (p = 0.03); eating more whilst studying during exams
was significantly lowest in excessive weight students (excessive vs. normal weight (p = 0.05), excessive vs. underweight students (p = 0.00),
and highest amongst underweight students (underweight vs. normal weight (p = 0.008). See also Supplementary Table S3.
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Table 3. Correlates of excessive weight and underweight (relative to normal weight) for dietary and PA knowledge and
dietary behaviors.

Base Outcome Underweight
RRR, (95% CI)

Excessive Weight
RRR, (95% CI)

Education of mother

Advanced professional degree (e.g., post-graduation, Ph.D., etc.) Ref Ref

Graduate 1.3 (0.6–2.9) 0.8 (0.6–1.2)

Up to senior secondary 2.6 (1.1–6.2) 0.9 (0.6–1.4)

Up to middle school 2.0 (0.7–5.6) 1.2 (0.7–2.0)

No formal schooling 1.8 (0.5–6.5) 0.7 (0.3–1.6)

Education of father

Advanced professional degree (e.g., post-graduation, Ph.D., etc.) Ref Ref

Graduate 1.1 (0.6–1.9) 1.2 (0.9–1.7)

Up to senior secondary 0.7 (0.3–1.4) 0.6 (0.4–1.0)

Up to middle school 1.0 (0.4–2.4) 0.8 (0.5–1.4)

No formal schooling 0.3 (0.0–3.3) 0.8 (0.3–2.7)

Knowledge: Children who are overweight or underweight have more health problems than children with a healthy weight

-Yes Ref Ref

-No 1.6 (0.9–2.6) 1.06 (0.8–1.5)

Knowledge: Watching TV while eating may lead to overweight/obesity

-Yes Ref Ref

-No 1.5 (0.9–2.5) 0.7 (0.5–0.9)

Knowledge: Minimum amount of time recommended for moderate to vigorous physical activity daily for healthy living
(minutes)

<60 min Ref Ref

>60 min 0.7 (0.4–1.1) 1.3 (0.9–1.6)

Behavior: Read the nutritional labels of packed food items while purchasing them

Most of times Ref Ref

Sometimes 1.7 (0.9–3.2) 0.9 (0.6–1.2)

Rarely 0.9 (0.5–2.1) 0.6 (0.4–0.9)

Never 1.5 (0.7–3.1) 0.7 (0.4–1.1)

Behaviour: Daily vegetable intake frequency

Once a day Ref Ref

At least twice a day 0.6 (0.3–1.2) 0.7 (0.4–0.9)

At least thrice a day 0.8 (0.4–1.5) 0.9 (0.7–1.3)

Never 1.0 (0.4–2.2) 0.9 (0.5–1.5)

Behaviour: Eat more while studying for exams

No Ref Ref

Yes 1.7 (1.1–2.7) 0.8 (0.6–1.0)

RRR: Relative risk ratio. Estimates derived using multinomial logistic regression taking normal weight as the reference category, the total
included observations = 1163. p values less than 0.05 in the univariate associations were included in the regression analysis models. The
bold estimates mean statistically significant differences compared to normal weight p < 0.05.

Students who had correct knowledge about the relation between watching TV while
eating and overweight/obesity were less likely to be excessive in weight (RRR 0.7 (0.5–0.9)).
Moreover, students with unhealthier eating behaviors whilst studying for exams were
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less likely to be excessive in weight as compared to those with healthier eating habits
0.8 (0.6–1.0). Students reading nutritional labels of packed food items were less likely to
be excessive in weight (RRR for answer option rarely vs. most of the times 0.6 (0.4–0.9).
Contrastingly, adolescents who consumed vegetables frequently (at least twice a day) were
less likely to be excessive (RRR twice a day vs. once a day 0.7 (0.4–0.9)).

4. Discussion

The findings of this study show that 7.2% of the students were underweight, 61.3%
normal weight, and 31.5% were excess in weight. The results highlighted that underweight
students showed unhealthier dietary behaviors. Students who were eating more while
studying for exams or having vegetable intake twice a day were less likely to be excessive
in weight. However, there was no significant association between physical activity and
weight of students. The percentage of students with excessive weight was alarmingly high,
with 18.8% being overweight and 11.3% obese. The results of a study conducted in 2018
among Indian private school participants reported the percentage of overweight and obese
students to be much lower with 13.2% overweight and 8.7% obese [6]. A systematic review
conducted in 2016 reported the combined prevalence of overweight and obesity among
children and adolescents in India as 19.3% [10]. In another recent study, the prevalence of
overweight and obesity among school-going adolescents was found to be 9.9% and 14.0%,
respectively [21]. The difference in the prevalence may be due to the regional difference
between the states of India. However, it is most likely that currently, there is an increase
in the prevalence of excess weight due to rapid economic and social transition which
results in the nutrition transition, i.e., replacing traditional and healthier meals with fast
food consumption including excess calories and food high in saturated and trans fats and
sugar, and excessive use of technology leading to sedentary behavior. A systematic review
also provides evidence for an overweight/obesity transition in school-aged children in
Sub-Saharan Africa [22]. Another study conducted to understand the factors contributing
to obesity in the early years in Latin America revealed that changes in socioeconomic condi-
tions and urbanization have been the major contributors to the increasing prevalence in the
region [23]. The COVID-19 crisis has led to even more unhealthy behaviors and a higher
prevalence of overweight and obesity amongst adolescents, emphasizing the need to invest
in effective interventions to prevent obesity starting at a young age [24]. Recently, a study
conducted with adolescents during a lockdown period in Greece suggested prioritizing
measures to increase physical activity, decrease sedentariness, and improve eating behavior
for better well-being [25]. Findings of a systematic review emphasized the risk of elevated
stress among this age group and the need to develop strategies to support families to cope
with the current pandemic situation and ensure their children’s healthy development [26].

The present study emphasized that roughly 1/3 of participants have incorrect knowl-
edge on very basic nutrition and physical activity-related behaviors, e.g., recommended
physical activity guidelines. Other regional studies have also highlighted poor knowledge
related to diet and exercise among school-going Indian adolescents [15,27]. In addition
to the low knowledge levels, it was seen in all weight categories that dietary behaviors
were mostly unhealthy. For example, more than half of all participants, irrespective of their
BMI status, mentioned that they eat junk food multiple times a week. Findings of a study
conducted with a sample of students from Central Michigan University also highlighted
the need to improve physical activity, students’ knowledge of healthy and unhealthy diet
habits, and nutritional knowledge [28].

Findings of this study reported that underweight students have slightly less knowl-
edge on healthy behaviors and show slightly more behaviors that are unhealthy. Students
with excessive weight, on the other hand, have the more correct knowledge on healthy
behaviors, and also show healthier behaviors compared to normal weight students. This
finding might be explained by either higher self-awareness of their weight and/or a family
history of obesity in excessive weight students [29], resulting in a higher eagerness to learn
about healthy behaviors and weight implications. Possibly, excessive weight students
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are more involved in dieting and/or exercise regimes, explaining their higher levels of
knowledge and healthier behaviors. What is also a possibility is that due to weight stigmati-
zation and body shaming, excessive weight students tend to answer the behavior questions
with more socially desirable answers [30]. Body dissatisfaction among adolescents is also
a major reason for unhealthy behaviors among both categories, excessive weight and
underweight [31].

Our results corroborate and extend the findings from previous studies in India [32,33]
and emphasize the need for immediate attention to curb the increasing prevalence of
excessive weight among school-going adolescents. The increased availability, affordability,
and accessibility to ready-to-eat food items including processed and energy-dense foods
among adolescents living in urban areas result in almost all students showing high-risk
factors of developing an imbalance in caloric intake. Decrease in physical activity and
reduced energy expenditure along with television viewing and other sedentary behavior
may also be significant factors that contribute to excessive weight in this age group [34].
Moreover, other studies show that the trend is more prevalent among families living in
urban areas due to the easy availability and approachability of computer and mobile phone-
based games and use the car or motor-bikes instead of walking or using a bicycle [30].
However, the findings of MyHeART (Malaysian Health and Adolescents longitudinal
Research Team) study revealed that adolescents from rural areas are at higher risk of NCDs
compared to their urban counterparts [35].

Risk factors for unhealthy behaviors including dietary and physical activity behavior
are established in the early years of life [36]. Therefore, primordial prevention strategies
must begin at a young age and continue into adolescence and preferably include all
environments to which children are exposed. During adolescence, development and
social changes take place which likely influence the dietary and physical activity patterns,
including parent and peer influences, home and school food environments, and mass
media [37]. As in adolescence, the immediate social group influence rises, schools might
act as a facilitator and provide support by creating an enabling environment for healthy
daily habits.

The strengths of this study include that schools were randomly selected, and anthropo-
metrics were measures objectively. The sample size was big with over 1500 participants and
the response rate was high with 89.9% of all eligible participants in schools participating in
the study. Hence, the study findings are representative of urban school-going adolescents in
private schools of Delhi and can be extrapolated to other urban areas in India. A limitation
of this study is that it is restricted to one metropolitan city of India and responses to the
questionnaire were self-reported. The findings may not be representative of rural areas,
yet the large sample size makes the findings robust. Although knowledge is an important
determinant for behavior change, sufficient knowledge alone is often not enough to change
behavior in daily life. This is also reflected by our findings, as knowledge on healthy
behaviors was highest amongst excessive weight students; however, this was not always
reflected in actual healthy dietary behaviors. Several other important determinants of
behavior change were not included in this study, such as attitudes, self-efficacy, and skills
to adhere to behaviors following the social cognitive theory [38]. In future studies, we
recommend including more determinants of health behavior following a well-established
behavior change theory, as this provides more opportunities to design effective dietary and
physical activity interventions [39].

5. Implications

Policymakers must recognize that children and adolescents who consume unhealthy
diets and follow unfavorable lifestyle behaviors may have long-term health effects in-
cluding unhealthy weight, which may lead to chronic conditions later in life. This study
emphasizes that knowledge and lifestyle behaviors are suboptimal among adolescents in
urban settings and leading to either being underweight or excess in weight. Knowledge
and behaviors associated with diet and physical activity are vital for weight manage-
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ment. Therefore, there is a need for effective interventions to battle this unhealthy lifestyle
epidemic, such as contextual comprehensive school and community-based targeted inter-
ventions. Policies focused on the availability, accessibility, and affordability of healthy food
options in and around schools need to be enforced and monitored regularly. Moreover, to
foster a supportive environment to improve dietary and physical activity knowledge and
behavior, there is a need to limit advertising around unhealthy food products and promote
easy to comprehend nutritional labeling for all to understand and practice healthy eating
choices. Policies around fostering an enabling environment in and around school need to
be created for the student of this age group to be motivated for being physically active. This
study also highlights the need for larger studies to assess the prevalence of excessive weight
and underweight among this age group regularly to revisit the kind of intervention needed
in the future. At the same time, we should continue studying influential determinants and
effective multi-factorial strategies for reducing overweight and obesity, to battle the steep
increase in excessive weight amongst urban Indian adolescents.

6. Conclusions

The current study emphasized the co-occurrence of excessive weight and underweight
amongst urban adolescents in India, and knowledge and behaviors on dietary and physical
activity behaviors are often suboptimal in the entire population. Underweight students
have slightly more often suboptimal knowledge and show unhealthier behaviors, whilst
students with excessive weight have the more correct knowledge on healthy behaviors
and also show healthier behaviors. Future studies should employ comprehensive theory-
based interventions that target both underweight and excessive weight among adolescents
and promote their overall well-being. Determining the prevalence and understanding
the factors related to excessive weight and underweight among adolescents are vital for
creating an enabling environment for them to foster healthy living practices. This study
highlights the need for the stakeholders to reinforce the importance of a healthy lifestyle
at home and school especially during the early years of life when lifestyle habits are
being etched.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/nu13093296/s1 Table S1: Description of independent variables, Table S2: Differences in socio-
demographic factors between overweight/obese adolescents and normal/underweight adolescents,
Table S3: Tukey Post hoc tests for group differences in behavior and knowledge variables

Author Contributions: C.P.v.S., M.W., M.A. and T.R. conceptualized the study design and guided
the implementation of the study. T.R. collected and organized data, and wrote the manuscript. G.P.N.
and N.S. supported the analysis of the data with T.R. under the guidance of C.P.v.S., M.W.; C.P.v.S.,
M.W., M.A., G.P.N. and N.T. revised the manuscript critically for intellectual contents. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received funding from Take Solution Ltd.

Institutional Review Board Statement: Ethical clearance for the trial was obtained from the Public
Health Foundation of India Institutional Ethics Committee (PHFI IEC) (TRC-IEC 407/19; 19/10, 2020).

Informed Consent Statement: Informed consent was obtained from the school and parents of
students participating in the study, and a separate informed assent was obtained from students.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: We are thankful to the World India Diabetes Foundation (WIDF) for providing
support. We are thankful to the schools, their teachers, and students also for providing support
during the data collection of this study.

Conflicts of Interest: The authors declare no conflict of interest.

https://www.mdpi.com/article/10.3390/nu13093296/s1
https://www.mdpi.com/article/10.3390/nu13093296/s1


Nutrients 2021, 13, 3296 11 of 12

References
1. WHO. Obesity and Overweight. Available online: https://www.who.int/en/news-room/fact-sheets/detail/obesity-and-

overweight (accessed on 13 July 2021).
2. Praveen, P.A.; Tandon, N. Childhood obesity and type 2 diabetes in India. WHO South-East Asia J. Public Health 2016, 5, 17.
3. Seth, A.; Sharma, R. Childhood obesity. Indian J. Pediatrics 2013, 80, 309–317. [CrossRef]
4. WHO. Noncommunicable Diseases. Available online: http://www.who.int/mediacentre/factsheets/fs355/en/ (accessed on 13

July 2021).
5. Watkins, D.; Hale, J.; Hutchinson, B.; Kataria, I.; Kontis, V.; Nugent, R. Investing in non-communicable disease risk factor control

among adolescents worldwide: A modelling study. BMJ Glob. Health 2019, 4, e001335. [CrossRef]
6. Arora, M.; Mathur, C.; Rawal, T.; Bassi, S.; Lakshmy, R.; Nazar, G.; Gupta, V.; Park, M.; Kinra, S. Socioeconomic differences in

prevalence of biochemical, physiological, and metabolic risk factors for non-communicable diseases among urban youth in Delhi,
India. Prev. Med. Rep. 2018, 12, 33–39. [CrossRef] [PubMed]

7. Gopalan, C. The changing nutrition scenario. Indian J. Med. Res. 2013, 138, 392. [PubMed]
8. Verma, M.; Sharma, P.; Khanna, P.; Srivastava, R.; Sahoo, S.S. Nutrition Status of School Children in Punjab, India: Findings from

School Health Surveys. J. Trop. Pediatrics 2021, 67, fmaa068. [CrossRef]
9. Faizi, N.; Khan, Z.; Khan, I.M.; Amir, A.; Azmi, S.A.; Khalique, N. A study on nutritional status of school-going adolescents in

Aligarh, India. Trop. Dr. 2017, 47, 212–216. [CrossRef] [PubMed]
10. Ranjani, H.; Mehreen, T.; Pradeepa, R.; Anjana, R.M.; Garg, R.; Anand, K.; Mohan, V. Epidemiology of childhood overweight &

obesity in India: A systematic review. Indian J. Med. Res. 2016, 143, 160.
11. Ministry of Health and Family Welfare (MoHFW); Government of India; UNICEF; Population Council. Comprehensive National

Nutrition Survey (CNNS); National Report; Government of India: New Delhi, India. Available online: https://www.popcouncil.
org/uploads/pdfs/2019RH_CNNSreport.pdf (accessed on 13 July 2021).

12. Mistry, S.K.; Puthussery, S. Risk factors of overweight and obesity in childhood and adolescence in South Asian countries: A
systematic review of the evidence. Public Health 2015, 129, 200–209. [CrossRef] [PubMed]

13. Yen, Y.; Shi, Y.; Soeung, B.; Seng, R.; Dy, C.; Suy, R.; Ngin, K. The associated risk factors for underweight and overweight high
school students in Cambodia. Diabetes Metab. Syndr. Clin. Res. Rev. 2018, 12, 737–742. [CrossRef]

14. Guthold, R.; Stevens, G.A.; Riley, L.M.; Bull, F.C. Global trends in insufficient physical activity among adolescents: A pooled
analysis of 298 population-based surveys with 1.6 million participants. Lancet Child. Adolesc. Health 2020, 4, 23–35. [CrossRef]

15. Kumar, S.; Ray, S.; Roy, D.; Ganguly, K.; Dutta, S.; Mahapatra, T.; Mahapatra, S.; Gupta, K.; Chakraborty, K.; Das, M.K. Exercise and
eating habits among urban adolescents: A cross-sectional study in Kolkata, India. BMC Public Health 2017, 17, 1–14. [CrossRef]

16. Kleinert, S.; Horton, R. Adolescent health and wellbeing: A key to a sustainable future. Lancet 2016, 387, 2355–2356. [CrossRef]
17. Arora, M.; Nazar, G.P.; Gupta, V.K.; Perry, C.L.; Reddy, K.S.; Stigler, M.H. Association of breakfast intake with obesity, dietary and

physical activity behavior among urban school-aged adolescents in Delhi, India: Results of a cross-sectional study. BMC Public
Health 2012, 12, 881. [CrossRef]

18. Lohman, T.G.; Roche, A.F.; Martorell, R. Anthropometric Standardization Reference Manual; Human Kinetics Books: Champaign, IL,
USA, 1988.

19. Onis, M.d.; Onyango, A.W.; Borghi, E.; Siyam, A.; Nishida, C.; Siekmann, J. Development of a WHO growth reference for
school-aged children and adolescents. Bull. World Health Organ. 2007, 85, 660–667. [CrossRef] [PubMed]

20. Khadilkar, A.; Ekbote, V.; Chiplonkar, S.; Khadilkar, V.; Kajale, N.; Kulkarni, S.; Parthasarathy, L.; Arya, A.; Bhattacharya, A.;
Agarwal, S. Waist circumference percentiles in 2–18 year old Indian children. J. Pediatrics 2014, 164, 1358–1362.e2. [CrossRef]

21. Singh, D.P.; Arya, A.; Kondepudi, K.K.; Bishnoi, M.; Boparai, R.K. Prevalence and associated factors of overweight/obesity
among school going children in Chandigarh, India. Child. Care Health Dev. 2020, 46, 571–575. [CrossRef] [PubMed]

22. Muthuri, S.K.; Francis, C.E.; Wachira, L.-J.M.; LeBlanc, A.G.; Sampson, M.; Onywera, V.O.; Tremblay, M.S. Evidence of an
overweight/obesity transition among school-aged children and youth in Sub-Saharan Africa: A systematic review. PLoS ONE
2014, 9, e92846. [CrossRef]

23. Corvalán, C.; Garmendia, M.; Jones-Smith, J.; Lutter, C.; Miranda, J.; Pedraza, L.; Popkin, B.; Ramirez-Zea, M.; Salvo, D.; Stein, A.
Nutrition status of children in Latin America. Obes. Rev. 2017, 18, 7–18. [CrossRef]

24. Ammar, A.; Brach, M.; Trabelsi, K.; Chtourou, H.; Boukhris, O.; Masmoudi, L.; Bouaziz, B.; Bentlage, E.; How, D.; Ahmed, M.; et al.
Effects of COVID-19 Home Confinement on Eating Behaviour and Physical Activity: Results of the ECLB-COVID19 International
Online Survey. Nutrients 2020, 12, 1583. [CrossRef]

25. Morres, I.D.; Galanis, E.; Hatzigeorgiadis, A.; Androutsos, O.; Theodorakis, Y. Physical Activity, Sedentariness, Eating Behaviour
and Well-Being during a COVID-19 Lockdown Period in Greek Adolescents. Nutrients 2021, 13, 1449. [CrossRef] [PubMed]

26. Araújo, L.A.d.; Veloso, C.F.; Souza, M.d.C.; Azevedo, J.M.C.d.; Tarro, G. The potential impact of the COVID-19 pandemic on child
growth and development: A systematic review. J. Pediatr. 2021, 97, 369–377. [CrossRef]

27. Shah, P.; Misra, A.; Gupta, N.; Hazra, D.K.; Gupta, R.; Seth, P.; Agarwal, A.; Gupta, A.K.; Jain, A.; Kulshreshta, A. Improvement in
nutrition-related knowledge and behaviour of urban Asian Indian school children: Findings from the ‘Medical education for
children/Adolescents for Realistic prevention of obesity and diabetes and for healthy aGeing’(MARG) intervention study. Br. J.
Nutr. 2010, 104, 427–436. [CrossRef]

https://www.who.int/en/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/en/news-room/fact-sheets/detail/obesity-and-overweight
http://doi.org/10.1007/s12098-012-0931-5
http://www.who.int/mediacentre/factsheets/fs355/en/
http://doi.org/10.1136/bmjgh-2018-001335
http://doi.org/10.1016/j.pmedr.2018.08.006
http://www.ncbi.nlm.nih.gov/pubmed/30155404
http://www.ncbi.nlm.nih.gov/pubmed/24135189
http://doi.org/10.1093/tropej/fmaa068
http://doi.org/10.1177/0049475516668985
http://www.ncbi.nlm.nih.gov/pubmed/27655942
https://www.popcouncil.org/uploads/pdfs/2019RH_CNNSreport.pdf
https://www.popcouncil.org/uploads/pdfs/2019RH_CNNSreport.pdf
http://doi.org/10.1016/j.puhe.2014.12.004
http://www.ncbi.nlm.nih.gov/pubmed/25746156
http://doi.org/10.1016/j.dsx.2018.04.016
http://doi.org/10.1016/S2352-4642(19)30323-2
http://doi.org/10.1186/s12889-017-4390-9
http://doi.org/10.1016/S0140-6736(16)30297-5
http://doi.org/10.1186/1471-2458-12-881
http://doi.org/10.2471/BLT.07.043497
http://www.ncbi.nlm.nih.gov/pubmed/18026621
http://doi.org/10.1016/j.jpeds.2014.02.018
http://doi.org/10.1111/cch.12794
http://www.ncbi.nlm.nih.gov/pubmed/32585729
http://doi.org/10.1371/journal.pone.0092846
http://doi.org/10.1111/obr.12571
http://doi.org/10.3390/nu12061583
http://doi.org/10.3390/nu13051449
http://www.ncbi.nlm.nih.gov/pubmed/33923341
http://doi.org/10.1016/j.jped.2020.08.008
http://doi.org/10.1017/S0007114510000681


Nutrients 2021, 13, 3296 12 of 12

28. Yahia, N.; Wang, D.; Rapley, M.; Dey, R. Assessment of weight status, dietary habits and beliefs, physical activity, and nutritional
knowledge among university students. Perspect. Public Health 2016, 136, 231–244. [CrossRef] [PubMed]

29. Shaji, G.; Joseph, N.C.; Mathu, A.; Joshy, V. A study to assess the knowledge and attitude of adolescents towards obesity in a
private school in Thrissur district Kerala, India. Int. J. Community Med. Public Health 2019, 6, 3140–3144. [CrossRef]

30. Nurwanti, E.; Hadi, H.; Chang, J.S.; Chao, J.C.; Paramashanti, B.A.; Gittelsohn, J.; Bai, C.H. Rural-Urban Differences in Dietary
Behavior and Obesity: Results of the Riskesdas Study in 10–18-Year-Old Indonesian Children and Adolescents. Nutrients 2019,
11, 2813. [CrossRef]

31. Escrivá, D.; Moreno-Latorre, E.; Caplliure-Llopis, J.; Benet, I.; Barrios, C. Relationship of Overweight and Obesity with Body
Self-Image Dissatisfaction in Urban Mediterranean Adolescents. Int. J. Environ. Res. Public Health 2021, 18, 7770. [CrossRef]

32. Rani, M.A.; Sathiyasekaran, B. Behavioural determinants for obesity: A cross-sectional study among urban adolescents in India. J.
Prev. Med. Public Health 2013, 46, 192. [CrossRef] [PubMed]

33. Rathi, N.; Riddell, L.; Worsley, A. Food consumption patterns of adolescents aged 14–16 years in Kolkata, India. Nutr. J. 2017, 16,
1–12. [CrossRef] [PubMed]

34. Kuriyan, R.; Bhat, S.; Thomas, T.; Vaz, M.; Kurpad, A.V. Television viewing and sleep are associated with overweight among
urban and semi-urban South Indian children. Nutr. J. 2007, 6, 1–4. [CrossRef]

35. Hazreen, M.A.; Su, T.T.; Jalaludin, M.Y.; Dahlui, M.; Chinna, K.; Ismail, M.; Murray, L.; Cantwell, M.; Al Sadat, N. An exploratory
study on risk factors for chronic non-communicable diseases among adolescents in Malaysia: Overview of the Malaysian Health
and Adolescents Longitudinal Research Team study (The MyHeART study). BMC Public Health 2014, 14, 1–10. [CrossRef]
[PubMed]

36. Lanigan, J. Prevention of overweight and obesity in early life. Proc. Nutr Soc. 2018, 77, 247–256. [CrossRef] [PubMed]
37. Rathi, N.; Riddell, L.; Worsley, A. What influences urban Indian secondary school students’ food consumption?—A qualitative

study. Appetite 2016, 105, 790–797. [CrossRef] [PubMed]
38. Jemmott, J.B., III; Zhang, J.; Jemmott, L.S.; Icard, L.D.; Ngwane, Z.; Makiwane, M.; O’Leary, A. Intervention increases physical

activity and healthful diet among South African adolescents over 54 months: A randomized controlled trial. J. Adolesc. Health
2019, 65, 139–146. [CrossRef] [PubMed]

39. Finck Barboza, C.; Monteiro, S.M.; Barradas, S.C.; Sarmiento, O.L.; Rios, P.; Ramirez, A.; Mahecha, M.P.; Pratt, M. Physical activity,
nutrition and behavior change in Latin America: A systematic review. Glob. Health Promot. 2013, 20, 65–81. [CrossRef]

http://doi.org/10.1177/1757913915609945
http://www.ncbi.nlm.nih.gov/pubmed/26475773
http://doi.org/10.18203/2394-6040.ijcmph20192864
http://doi.org/10.3390/nu11112813
http://doi.org/10.3390/ijerph18157770
http://doi.org/10.3961/jpmph.2013.46.4.192
http://www.ncbi.nlm.nih.gov/pubmed/23946877
http://doi.org/10.1186/s12937-017-0272-3
http://www.ncbi.nlm.nih.gov/pubmed/28836982
http://doi.org/10.1186/1475-2891-6-25
http://doi.org/10.1186/1471-2458-14-S3-S6
http://www.ncbi.nlm.nih.gov/pubmed/25437068
http://doi.org/10.1017/S0029665118000411
http://www.ncbi.nlm.nih.gov/pubmed/29808786
http://doi.org/10.1016/j.appet.2016.07.018
http://www.ncbi.nlm.nih.gov/pubmed/27423818
http://doi.org/10.1016/j.jadohealth.2019.01.027
http://www.ncbi.nlm.nih.gov/pubmed/31028006
http://doi.org/10.1177/1757975913502240

	Introduction 
	Methodology 
	Study Design 
	Participants 
	Measures 
	Data Analysis 

	Results 
	Socio-Demographic Characteristics 
	Associations of Knowledge of Diet and Physical Activity with BMI Status 
	Correlates of Excessive Weight and Underweight 

	Discussion 
	Implications 
	Conclusions 
	References

