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Abstract
Objective: To evaluate the effectiveness of a behaviourally focused nutrition edu-
cation (NE) intervention based on the Health Belief Model (HBM) to improve
knowledge, attitudes and practices (KAP) related to eating habits and activity levels
in 10–12-year-old adolescents in Mumbai, India.
Design: School-based cluster randomised controlled trial. The experimental group
(EG) received weekly NE and three parent sessions over 12 weeks; no sessions
were conducted for the control group (CG). The theoretical framework of HBM
and focus group discussion results guided the development of behaviour change
communication strategies and NE aids. KAP were measured using a validated sur-
vey instrument, administered at baseline and endline in EG and CG. Paired and
independent t tests determined within-group and between-group changes in
pre–post scores.
Setting: Two aided and two private schools that were randomly allocated to either
an EG or CG.
Participants: Adolescent boys and girls (n 498; EG n 292 and CG n 206).
Results: EG reported improvements in mean knowledge (39·3%), attitude (7·3 %),
diet (9·6 %) and activity practice (9·4%) scores from pre to post intervention. No
significant changes were observed in CG. Significant improvements in scores asso-
ciated with perceived benefits, barriers and self-efficacy, breakfast and vegetable
consumption, and moderate-to-vigorous activities were observed in EG.
Conclusions: Integrating NE into the academic curriculum and adopting evidence-
based lessons that entail targeted information delivery and participatory activities
can improve knowledge, foster right attitudes and facilitate better eating and
activity-related practices in Indian adolescents.
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Adolescence is an opportune period of life when interven-
tions that promote healthy behaviours and prevent the risk
of lifestyle-related chronic diseases in later life gain promi-
nence(1–3). It is during these years that adolescents start to
make their own choices and can be molded to assume
responsibility for their actions and form positive habits that
will improve their present and long-term health(4,5).
Lifestyle choices are often guided by misleading info-
rmation and adolescents may not appreciate the links
between eating habits, physical activity levels and future
health consequences(6–8). Therefore, it is prudent that
health-promoting interventions for adolescents focus on
the attainment of adequate knowledge, enhancement of

the right attitudes towards desired health behaviours,
and building of skills and self-efficacy to take appropriate
actions.

Unhealthy eating behaviours such as skipping meals,
high intake of energy-dense and nutrient-deficient foods
such as wafers, chocolates and sweetened beverages, fre-
quent consumption of fast foods and inadequate intake of
protective foods such as fruits and vegetables have been
reported in adolescents in India, as elsewhere(9–13).
Besides changes in dietary patterns, there is evidence that
a substantial proportion of adolescents do not meet the cur-
rent WHO recommendations of accumulating at least
60 min of moderate-to-vigorous physical activity every
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day and limiting the daily screen time to below 2 h(14–17).
Recent studies in India have reported insufficient physical
activity levels and prolonged screen time in urban school-
going adolescents(18–21). These changes in eating habits and
activity levels may lend to inadequate nutrition (deficits or
excess), long-term growth, development and health conse-
quences and potentially cumulate as risk factors to trigger
an early onset of metabolic derangements such as obesity
and insulin resistance and other lifestyle-related non-
communicable diseases in adolescents(22–26).

A general lack of knowledge regarding nutrition and
activity recommendations among adolescents, as reported
in several studies(27–31), accentuates the need to build
awareness and skills as prerequisites for promoting desir-
able nutrition and activity behaviours. Nutrition education
(NE) including physical activity promotion is an effective
strategy to bring increments in knowledge and tailor adjust-
ments to eating behaviours and activity patterns(32–34).
Schools work as perfect settings to deliver health-promoting
information(34–36), so school-based NE interventions can
prove instrumental in encouraging healthy eating hab-
its(30,37,38) and activity practices among adolescents(34,39,40).

While NE generally works to disseminate meaningful
information, studies have observed that gains in knowl-
edge may not necessarily translate into attitudinal and
behavioural changes unless efforts are made to motivate
the target group and the learning experiences are carefully
focused to facilitate behavioural changes(41–44). A system-
atic review observed that NE programmes with successful
outcomes were more likely to be behaviourally focused
and were more effective when driven by theories to
develop developmentally and culturally appropriate
behaviour change strategies(45).

The Health Belief Model (HBM) is a conceptual frame-
work that has been used in several studies to understand
health-related behaviours and guide behaviour change
interventions(46–49). The constructs of this model, namely
perceived susceptibility, severity, perceived benefits and
barriers, and cues to take health action, can be employed
to inform content and communication strategies for NE
programmes(48,50).

The current Indian secondary school curriculum
includes health and NE as a part of the science or physical
education syllabus, although limited exposure to nutrition-
related content and lack of relevant practical skills-based
assignments to encourage positive behaviour change have
been reported(8,51). A curriculum-based NE intervention
that provides relevant knowledge in a fun and interesting
way(32), promotes attitudes and skills conducive to good
health(46), involves parents as partners(52) and features par-
ticipatory activities tailored to the needs of the target
group(53) can make a significant contribution to improving
diet and activity practices and thereby reducing the risk to
rampant issues such as obesity among adolescents(37,54,55).

The current study attempted to address the lacunae in
the area of theory-driven NE interventions in adolescents

in India. The objectives of the current study were
two-fold – first, to develop NE modules based on the key
constructs of the HBM targeted at early adolescents
(10–12 years) and their parents and second, to evaluate
the changes in knowledge, attitudes and practices (KAP)
related to eating habits and activity levels among adoles-
cents who participated in the classroom-based, behaviour-
ally focused NE intervention compared with those who
did not.

Methods

Setting and participants
This school-based cluster randomised controlled trial was
conducted among 10–12-year-old adolescents studying
in grades 6 and 7 of two coeducational private and two
coeducational aided schools in the metropolitan city of
Mumbai in western India. While the aided schools are gov-
ernment-funded and typically cater to families that belong
to low and low middle-class socio-economic status (SES),
private schools are supported by private managements
and are usually attended by students belonging to upper-
middle and high SES. Out of the four selected schools,
one private school and one aided school were randomly
assigned to be the experimental schools by tossing a coin,
and the other two schools (one private and one aided
school) were designated as the control schools. Selection
of schools using the cluster randomisation method ensured
that therewas a proportional representation from each type
of school (private or aided school, used as a proxy for SES)
in the control group (CG) and experimental group (EG).

All students studying in grades 6 and 7 of the selected
private schools (n 366) and aided schools (n 318) were eli-
gible to participate. Out of 684 eligible participants, 166
were excluded due to either non-receipt of signed parent
consent forms (n 102), incomplete information (n 41) or
absence on the baseline survey day (n 23). A total of 518
participants provided written, informed parental consent,
and written assent and comprised the final sample. The
detail of the selection process of participants in the study
is provided in Fig. 1.

Sample size estimation
The sample size was calculated using the effect size esti-
mates of the difference inmeans between two independent
groups with regard to dietary practice as the primary out-
come variable, considering a significance level (two-tailed)
of 0·05 and a statistical power of 80 %. Based on recent sys-
tematic reviews of studies aimed at determining the impact
of NE interventions on nutritional knowledge and fruit,
vegetable and sugar consumption among adoles-
cents(38,56,57), we estimated the effect size of 0·3 as a mea-
sure of treatment effect. Using the simplified formula, n 16/
δ2, where δ represents the standardised effect size(57,58), the
required sample size was calculated as 178 in each
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comparison group. Considering a non-response rate of
20 %, as indicated in previous studies(33,59,60), the total
sample size for the study was estimated as 214
(EG)þ 214 (CG) = 428.

Study phases
The study was conducted in three phases – the first phase
involved conducting a series of focus group discussions
with key stakeholders – adolescents, parents and teachers
as formative research to understand the attitudes and
perceptions towards healthy eating and physical activity
levels among adolescents and to get insights regarding
the development of NE aids and messages for the educa-
tion intervention. The detailed description of the focus
group results is described elsewhere(61). The second phase
involved the development of a survey instrument measur-
ing KAP and testing the validity and reliability using a cross-
sectional study design(62). The third phase involved
designing NE lesson plans, education materials and teach-
ing aids followed by recruitment and randomisation of
schools into experimental and control schools, implemen-
tation of the NE intervention in experimental schools and
pre- to post-intervention assessments.

Data collection instrument and measures
An eighty-four-item self-designed and validated survey
instrument was used to measure KAP at baseline and after
12 weeks in the EG and CG. The questions in the knowl-
edge scale of the instrument included knowledge regarding
food groups and nutrients, healthy eating guidelines, risk
factors of obesity, diabetes and heart diseases, recom-
mended physical activity levels and allowed daily screen
time. Each correct knowledge item was scored þ 1 and
incorrect/do not know responses were scored 0.

Attitude items included statements that evaluated the
HBM constructs-perceived susceptibility and severity to
adverse consequences of unhealthy eating habits and
physical inactivity, perceived barriers and benefits of
healthy behaviours, readiness to change and self-efficacy
to adopt these desired behaviour changes. The responses
were assessed on a four-point Likert scale (strongly dis-
agree to strongly agree, numeric scores 0 to 3). Dietary
practice items evaluated adolescents’ eating habits (meal
skipping, breakfast consumption, and frequency and type
of foods carried in the lunch box to school), family dietary
habits (weekly frequency of eating out, ordering take-
aways, eating while watching television and eating family

Selection of two aided and two private schools at random (n 4 schools)
Eligible participants attending grades 6 and 7 (n 684) 

Participants in private schools (n 366) and in aided schools (n 318)  

Two Private Schools (n 261) Two Aided Schools (n 257)

Experimental Group
Baseline n 146 
End line n 141 

Control Group 
Baseline n 115 
End line n 110 

Experimental Group 
Baseline n 159 
End line n 151 

Control Group 
Baseline n 98 
End line n 96 

Participants who completed end line survey (n 498; 96·1 %)
Experimental Group (n 292; 95·7 %) 

Control Group (n 206; 96·7 %) 

List of twenty private schools and twenty aided schools
(n 40 schools)  

Study Participants (n 518) 

Excluded (n 166) 
Parental consent not received (n 102), 

Absent on survey day (n 23); incomplete data (n 41)

Subsample who completed 2-month follow up survey
(n 105)  

Fig. 1 Method of selection of study participants
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meals together) and weekly consumption of fruits, vegeta-
bles and foods high in salt, sugar and fat using a 24-item
FFQ. The response options of ‘none’, ‘1–2 d’, ‘3–4 d’,
‘5–6 d’ and ‘every day’ were scored from 0 to 4 for fruit
and vegetable items and from 4 to 0 for unhealthy snack
items to ensure that the higher scores indicated healthier
food consumption patterns. Furthermore, we converted
the weekly frequencies of consumption of each food item
to a daily equivalent in grams using conversion factors as
reported in previous studies(11,63).

Similarly, the practices related to activity levels were
measured by recording the weekly frequency of perform-
ing moderate-to-vigorous physical activity and sedentary
activities. Adolescents were asked In the last 7 days, how
many days did you engage in any of the following activ-
ities? and the scores obtained for each moderate-to-vigo-
rous physical activity and sedentary activity practice item
were combined to derive ‘overall physical activity’ and
‘overall sedentary activity’ scores, respectively.

The psychometric properties of the instrument were
evaluated using face validity, expert content validity (item
content validity indices were calculated), construct validity
(using principal axis method of exploratory factor analysis),
internal consistency (Cronbach α value > 0·7) and test–
retest reliability (intraclass correlation coefficient values
> 0·75). Item difficulty and discrimination index were also
calculated for knowledge items. The instrument showed
good internal consistency and acceptable to good test–
retest reliability; the item content validity indices for clarity
and relevance were also satisfactory.

To evaluate the participants’ rating of education materi-
als and instruction effectiveness, a brief six-item feedback
questionnaire was administered at the end of 12 weeks in
EG. The items measured participant satisfaction, the expe-
rience of the lesson contents and teaching methods,
instructor’s personal and professional attributes, and partici-
pants’ confidence in adopting desired behaviours. The
responses were assessed on a five-point Likert scale from
‘strongly disagree’ to ‘strongly agree’. Two open-ended
questions seeking suggestions for topics that could have
been done better and the activities that they enjoyed the
most were also included in the questionnaire.

Nutrition education materials and lesson plans
Participants in EG received sessions as part of the school-
based NE and behaviour change programme referred to as
Health Eating and Activity Program for Schoolchildren or
in short HEAPS. The theoretical framework of the HBM,
results of focus group discussions and dietary guidelines
provided by the National Institute of Nutrition, India(64)

guided the development of behaviour change goals and
education materials. An activity book, ‘Eat Right and
Move More: A Workbook’, was developed as a resource
guide to reinforce the importance of healthy eating and
being active in adolescents.

The book included twelve chapters, namely Give me 5
(about food groups and balanced diet guidelines),Meet the
Biggies (about macronutrients), ABC of Vitamins and
Minerals (about key vitamins and minerals required for a
growing child),HowHealthy are my Eating Habits (related
to perceived susceptibility and benefits), Am I at Risk and
Break the Barrier (related to perceived severity and bar-
riers), Power Pack your Day (about ways to create simple
healthy lunch boxes), Be a Smart Snacker (about the con-
cept of traffic light foods and tips to plan right snacks at right
times for right activities),Diet and Diseases (introduction to
diabetes and obesity – risk factors, symptoms and health
consequences), Hearty Habits for a Healthy Heart (what
are heart diseases, why do we get them and how to avoid
them), Hop, Run, Dance & Play (regarding the benefits of
being active) and more. All participants in EG received a
copy of the book, as a part of the intervention programme.

To increase engagement and interest among participants,
a variety of interactive educational materials such as posters,
presentations, videos, games and crossword puzzles and
participatory activities such as recipe competitions, lunch
box monitor, Be an Ambassador (hands-on activity to be
a spokesperson for nutrition and fitness), Be Food Wise
(nutrition label sleuth), Rate the Plate and more were devel-
oped and implemented. Lessons were also planned to
improve knowledge and attitudes towards physical activity
levels using infographics on the benefits of being active,
worksheets on the recommended guidelines for sedentary
and moderate-to-vigorous physical activity levels, activity
pyramids to suggest strategies to sneak in physical activities
and role-play skits to show how to beat inactivity (sedentary
behaviour and excess screen time-related modules). Three
structured physical activity sessions such as 20-m shuttle
runs or beep tests during PE classes were conducted and
various hands-on assignments such as activity diary, and
competitions like Be a Fitness Guru and Recess Activity
Copwere included to facilitate improvements in KAP related
to activity patterns in adolescents.

Besides taking classes with adolescents, three monthly
sessions were conducted for the parents at each experimen-
tal school to improve their knowledge about healthy eating
behaviours and activity recommendations, to suggest ways
to incorporate simple changes in their child’s diet and activity
routine and to foster a supportive home nutrition
environment.

Intervention
Participants in the experimental schools received weekly
classroom-basedNEand threeparent education sessions over
12weeks. The NE classes were conducted as part of the aca-
demic curriculum (one class of 50–60min every week) for all
students, including thosewho had not provided parental con-
sent or completed the pre-intervention survey. However,
these studentswere excluded fromdata collection.NoNEses-
sions were conducted for the control school participants. All
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eligible participants completed a KAP questionnaire at base-
line and after 12weeks. A subgroup of 105 participants (fifty-
eight from the private school and forty-seven attending aided
school) from experimental schools completed the same KAP
questionnaire after 2 months of completion of the education
sessions.

The details of the NE intervention based on the con-
structs of the HBM are provided in online supplementary
material, Supplemental Table 1.

Statistical analysis
Data were analysed using the IBM SPSS Statistics for
Windows version 21.0 software. The initial normality test
was carried out using Kolmogorov–Smirnov statistics. The
demographic characteristics of the EG and CG were com-
pared at baseline using χ2 tests and the results were
described as mean and SD for continuous variables and
as number and percentages for categorical variables.
Within-group and between-group changes in mean KAP
scores and mean KAP subscale scores from baseline to
12- week follow-up were assessed using paired and inde-
pendent t tests, respectively. The tests were two-tailed and
a P-value of < 0·05 was considered statistically significant.
Repeatedmeasures ANOVAwas used to report changes in
mean KAP scores from baseline to 12 weeks and 2-month
follow-up in EG. Results of participant feedbacks and
teacher experiences were derived using content analysis
and are reported as anecdotes, quotes and frequency
responses.

Results

Sample characteristics
A total of 518 adolescents, aged 10–12 years, participated in
the baseline survey. Ninety-six percentage of the partici-
pants (n 498; 292 from experimental schools and 206 from
control schools) completed the post-intervention survey and
comprised the final sample for pre–post comparisons. The
mean age of the participants was 11·2 (SD 1·1) years, 48%
were girls and 49·6 % attended aided schools. EG (n 292)
comprised of girls (n 140) and boys (n 152) and CG (n
206) included 101 boys and 105 girls. No significant
differences were observed in baseline demographic varia-
bles between EG and CG except in the characteristics –

religion and father’s occupation (Table 1).

Assessment of pre-intervention knowledge,
attitude and practice scores
The proportion of adolescents responding correctly to
the knowledge items related to the required servings
of fruits and vegetables (33·6 %), allowed sugar con-
sumption (15·6 %), food pyramid (20·7 %), simple and
complex carbohydrates (23 %) and recommended daily
screen time (27·8 %) were considerably low. Perceived
susceptibility to risk of developing diseases was also

observed to be low as 71 and 62 % reported being little
worried about getting diabetes and heart diseases,
respectively, and 49 % agreed that it is difficult to eat
two fruits every day. The responses to perceived barriers
to physical activity indicated that 30 and 36 % agreed that
they don’t get time to exercise and find exercises to be
boring, respectively. The majority of participants
(72 %) reported carrying lunch boxes to school at least
3–4 times a week, 31 % were skipping breakfast every
day and 69 % purchased foods and beverages from their
school canteens more than 2–3 times a week. Only 14 %
were engaging in any sports such as football, cricket and
basketball daily and 71 % reported their daily screen time
to be more than 2 h.

Effect of Health Eating and Activity Program for
Schoolchildren intervention on knowledge,
attitudes and practices scores
The changes in overall KAP scores from baseline to
12-week follow-up in EG and CG are presented in
Table 2. At baseline, no significant differences were
observed in the mean knowledge, attitude, dietary and
activity-related practice scores between EG and CG. At
12-week follow up, between-group analysis showed that
the improvements in knowledge, attitude dietary and
physical activity practice scores were significantly higher
in EG as compared with CG. The effect sizes (Hedges’ g)
of 0·455, 0·334 and 0·241 were obtained for attitude, dietary
practice and activity-related practices, respectively.

The impact of HEAPS intervention was compared
between EG participants who attended aided schools
(n 151) and those who were from private schools
(n 141). Within EG, a significantly higher mean change
was observed in attitude (3·38 (SD 5·33) in aided v. 2·01
(SD 5·12) in private schools; P= 0·026) and physical activity
practice (2·30 (SD 1·99) in aided v. 1·41 (SD 1·77) in private
schools; P< 0·001) scores in aided school participants as
compared with private school participants. The mean pre
to post changes in KAP scores were also compared
between genders in EG. We observed girls (n 140) report-
ing a significantly higher improvement in total knowledge
(7·83 (SD 2·7) v. 4·32 (SD 2·1) in boys; P< 0·001) and dietary
practice scores (5·32 (SD 1·1) v. 4·96 (SD 1·4) in boys;
P = 0·016) as compared with boys (n 152).

Effect of intervention on knowledge, attitudes and
practices subscale scores
Table 3 shows the mean pre to post changes in KAP
subscale scores between the EG and CG. EG reported
a significant improvement in all KAP subscales in the
post-intervention assessment as compared with CG,
except in the attitude sub-scale of readiness to change,
dietary practice subscales of consumption of fruits, high
fat foods and high salt foods, and the activity practice
subscale related to sedentary activities. The mean KAP
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scores at 2-month follow-up showed significant
improvements in knowledge (28·5 %; P < 0·001), attitude
(6·3 %; P = 0·014), dietary practice (4·4 %; P = 0·041) and
activity practice (5·7 %; P = 0·049) scores as compared
with the pre-intervention mean KAP scores.

Effect of intervention on the consumption of
healthy and unhealthy foods
At baseline in EG, the mean daily intakes of fruits, green
leafy vegetables, chocolates, wafers and carbonated bever-
ages were 18·2 (SD 8·9) g, 40·5 (SD 23·2) g, 20·9 (SD 11·8) g,

Table 1 Demographic characteristics of adolescents in the behaviourally focused nutrition education intervention study inMumbai, India (n 518)

Overall (n 518)
Experimental
group (n 305†)

Control group
(n 213†)

Characteristics n % n % n % P

Gender
Boys 269 51·9 165 54·1 104 48·8 0·237
Girls 249 48·1 140 45·9 109 51·2

Type of school attended
Aided 257 49·6 159 52·1 98 46·0 0·17
Private 261 50·4 146 47·9 115 54·0

Grade in which studying
Sixth 262 50·6 146 47·9 116 54·5 0·14
Seventh 256 49·4 159 52·1 97 45·5

Religion
Hindu 366 70·7 192 63 174 81·7
Muslim 116 22·4 81 26·6 35 16·4 < 0·001**
Christian 13 2·5 11 3·6 2 0·9
Others 23 3·3 21 4·9 2 0·9

Father’s occupation
Service 184 35·5 118 38·6 66 31·0
Business 175 33·8 114 37·4 61 28·6
Professional (doctor/lawyer) 38 7·3 12 3·9 26 12·2 < 0·001**
Menial jobs (plumber/painter) 94 18·1 57 18·7 37 17·4
Self-employed 9 1·7 1 0·3 8 3·8
No response 18 3·5 3 0·9 15 7·0

Mother’s working status
Does not work 314 61·1 184 61·1 130 61·0
Part time 76 14·8 52 17·3 24 11·3 0·083
Full time 124 24·1 65 21·6 59 27·7

†Data are presented as number and percentages.
**Significant at P value< 0·001.

Table 2 Changes in themean knowledge, attitude and practice scores after 12weeks in the experimental and control group participants (n 498)

Experimental group
(n 292) Control group (n 206)

Variables Survey period Mean SD Mean SD P†

Knowledge Pre-intervention 15·29 4·61 15·36 5·07 0·802
Post-intervention 21·38 6·03 14·55 4·18 < 0·001**
% Change 39·80% −5·30%
P value‡ < 0·001** 0·077

Attitude Pre-intervention 39·59 7·38 37·49 7·21 0·516
Post-intervention 42·47 10·05 38·18 8·45 < 0·001**
% Change 7·30% 1·80%
P value‡ < 0·001** 0·373

Dietary practice Pre-intervention 53·95 9·89 55·85 6·41 0·332
Post-intervention 59·13 14·46 54·64 11·84 0·004*
% Change 9·60% −2·20%
P value‡ < 0·001** 0·021*

Activity practice Pre-intervention 18·44 5·08 19·48 3·94 0·291
Post-intervention 20·17 5·63 18·88 4·89 0·008*
% Change 9·40% −3·10%
P value‡ < 0·001** 0·171

*P-value< 0·05; **P-value< 0·001.
†Significance level was tested using independent t tests.
‡Significance level was tested using paired t tests.
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27·5 (SD 22·8) g, and 98·3 (SD 41·1) ml, respectively.
Significant improvements were reported in the mean daily
intake of green leafy vegetables (58·9 (SD 18·4) g,
P< 0·001), chocolates (18·6 (SD 8·2) g, P 0·006) and carbon-
ated beverages (84·4 (SD 23·1), P < 0·001) in EG but not in
CG during post-intervention assessments. In EG, the daily
consumption of Indian fried snacks, namely samosa and
vada pavwas 10·2 and 13·1 % lower after 12 weeks of edu-
cational intervention as compared with CG. However,
these improvements were not statistically significant.

Participant ratings of instruction and teacher
feedback
A total of 276 participants in EG (145 from aided and 131 from
private school) and seven teachers (four from aided and three
from private school) completed the post-intervention feed-
back questionnaire. The majority reported ‘strongly agreeing’
to the statements such as ‘I enjoyed learning about healthy
eating habits and activity levels’ (81%), ‘activities were fun
and assignments were interesting’ (73%), ‘teacher explained

key concepts in detail’ (76%) and ‘teacher was friendly and
responded to all questions enthusiastically’ (82%). While
62% of participants from the aided school agreed that ‘I am
confident that I will be able to followmost of the healthy hab-
its learned’; 77 % of participants from the private school
agreed that ‘I am satisfied with the lessons and happy to be
part of this program’. Teachers mentioned materials were
informative, the catchy phrases and jingles made learning
fun and speaking to parents was much needed.
Suggestions included add dance or yoga sessions to the pro-
gram, repeat sessions in the next academic year, conduct the
same program for primary children and translate materials
into other languages.

Discussion

The current study evaluated the impact of a behaviourally
focused NE programme, referred to as HEAPS, on healthy
eating habits and physical activity-related KAP among

Table 3 Mean change in sub-scale scores of knowledge, attitude and practice in the experimental and control group participants

Experimental group (n 292) Control group (n 206)

Pre Post Pre Post

Variable Mean SD Mean SD P Mean SD Mean SD P

Knowledge
Food groups 1·15 0·8 1·58 0·7 < 0·001*** 1·10 0·8 1·14 0·7 0·589
Balanced diet and food
pyramid

1·12 0·4 1·53 0·3 < 0·001*** 1·18 0·4 1·19 0·4 0·799

Nutrients 1·72 1·1 2·72 0·9 < 0·001*** 2·08 1·1 1·94 0·8 0·140
Healthy eating habits 1·67 0·8 2·41 0·7 < 0·001*** 1·81 0·8 1·73 0·7 0·281
Unhealthy eating habits 2·52 1·4 3·84 0·9 < 0·001*** 2·59 1·4 2·64 1·1 0·687
Non communicable diseases 1·75 1·1 1·98 0·9 0·006** 1·28 0·9 1·35 0·6 0·353
Physical activity pattern 5·32 2·5 6·15 1·8 < 0·001*** 5·29 2·6 4·98 2·1 0·183

Attitude
Perceived severity 2·91 1·6 4·12 1·1 < 0·001*** 2·78 1·5 2·72 1·2 0·654
Perceived susceptibility 4·92 2·6 5·61 2·8 < 0·001*** 5·21 3·1 5·18 2·8 0·918
Perceived benefits 8·75 2·8 9·62 2·6 < 0·001*** 8·55 2·5 8·88 2·1 0·148
Perceived barriers 8·80 2·8 10·64 3·1 < 0·001*** 8·99 2·1 8·45 1·8 0·078
Readiness to change 4·08 1·4 4·19 1·3 0·325 4·54 1·1 4·66 0·9 0·226
Self- efficacy 8·99 2·1 9·43 2·2 0·014** 8·65 1·9 8·52 1·6 0·453

Dietary practice
Breakfast 3·47 1·8 3·92 1·8 0·002** 3·46 1·7 3·51 1·6 0·758
Carrying lunch to school 1·6 0·6 3·33 0·8 < 0·001*** 1·51 0·7 1·42 0·8 0·225
Family dietary habits 7·02 1·9 7·44 1·7 0·005** 6·88 1·8 6·56 1·8 0·072
Fruits‡ 4·18 2·8 4·13 2·2 0·811 4·25 2·4 4·21 2·2 0·861
Vegetables§ 5·98 2·5 7·56 2·3 < 0·001*** 6·22 2·3 6·34 2·2 0·564
High fat foods‖ 8·89 3·2 8·85 3·1 0·878 9·12 1·3 9·35 1·2 0·815
High sugar foods¶ 11·28 3·7 11·96 2·9 0·014** 11·98 3·3 11·67 2·9 0·621
High salt foods† 10·94 2·7 11·11 2·6 0·434 11·34 2·9 11·58 1·9 0·718

Physical activity practice
Moderate-to-vigorous
activity

5·97 3·8 6·71 3·6 0·017** 6·38 2·8 6·12 2·9 0·355

Sedentary activity 12·46 3·9 12·16 2·9 0·292 12·98 3·1 12·71 2·8 0·354

**P< 0·05 ***P< 0·001.
†Wafers, farsan (deep fried gram flour based salty snack), Frankie (wraps prepared with refined flour and stuffed with potatoes and vegetables), fried rice, hakka noodles,
Maggi noodles.
‡Banana, apple, berries, citrus, papaya and melons.
§Carrot, green leafy vegetables, cauliflower/cabbage, salad.
‖Popular Indian snacks such as samosa, vada pav and pav bhaji and burger and pizza.
¶Biscuit, cake, chocolates, carbonated beverages.
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adolescents, aged 10–12 years. Significant improvements in
the mean KAP scores were observed in EG but not in CG.
These findings are in agreement with the results obtained
from similar studies that reported significant improvements
in NE intervention schools as compared with control
schools(33,34,37,65). Changes in attitudinal attributes beyond
improvements in cognitive variables are documented to
be important determinants of bringing changes in behav-
iours and practices(30,41,43). The results of the current
study indicated that the intervention was effective in
improving knowledge regarding food groups, nutrients,
non-communicable diseases and physical activity recom-
mendations and changing the perceptions towards
susceptibility and severity of the adverse consequences,
perceived benefits, barriers and self-efficacy to adopt
healthy eating habits and activity patterns.

The positive impact of the intervention on knowledge
and attitudes can be explained by the active and interactive
teaching approach that was employed in combination with
an experiential learning method, facilitated through practi-
cal assignments and hands-on activities(40). Each EG partici-
pant was provided with an activity book; this might have
influenced the comprehension of key messages and led
to enhancedmotivations to learn. These results corroborate
the findings of previous theory-based NE intervention stud-
ies that reported improvements in perceived benefits and
self-efficacy of adolescents(38,47,50,55).

The intervention led to improvements in eating habits
such as frequency of breakfast and vegetable consumption,
bringing lunch boxes to school, and mean scores of family
dietary habits. The daily intake of green leafy vegetables
increased and the consumption of chocolates and carbon-
ated beverages reduced in EG. Item scores related to
moderate-to-vigorous physical activities also showed
improvements as compared with the CG. However, the
within-group analysis showed that the post-intervention
changes in certain dietary practices such as consumption
of fruits and foods that are high in fat and salt content
and practice items related to sedentary behaviours were
not statistically significant. A systematic review of NE inter-
ventions indicated that changing dietary practices will
require longer duration interventions (>1 year) and modi-
fications in foodservice policies to support a better provi-
sion of healthy foods in schools(42). This can explain the
unchanged variables in our study – a comparatively brief
period of intervention and follow-up (<6 months) and lim-
ited modifications employed in the school and home food
environments of adolescents. Similar results of improve-
ments in knowledge and attitude scores but minimal
changes in dietary practices related to fruit and vegetable
consumption have been reported in previous studies(31,53).
A systematic review observed that adolescents who had
better knowledge had a better attitude, but improved atti-
tude did not always lend to better practices related to physi-
cal activity(43). Likewise, another large-scale obesity

prevention intervention, eat well be active, reported limited
improvements in indicators of attitudes and practices,
although significant improvements were observed in
teachers’ skills and knowledge and learners’ learning
environments(66).

Clearly, greater efforts are needed to motivate adoles-
cents to adopt healthy eating behaviours and activity pat-
terns in daily life. A systematic review of interventions
aimed at improving physical activity levels and preventing
excessive sedentary behaviours in school settings con-
cluded that multi-level interventions that are behaviourally
focused and introduce lifestyle education into regular
school activities may bring significant improvements in
the activity levels of adolescents(17). These findings of pre-
vious studies and the results of our study indicate that
bringing a change in diet and activity practices is difficult
but possible through targeted behaviour change communi-
cation strategies and tailoring messages to the needs of the
learning group.

Several studies have established that relevant NE
should be provided early in life to influence present
dietary choices and activity levels, to promote lifelong
healthy behaviours and to reduce the burden of chronic
diseases in adulthood(31,38,55). In our study, the partici-
pants were 10–12 years old, a vulnerable but critical stage
of early adolescence when autonomy in terms of food
preferences and activity choices is progressively gained
and the influences of peers and media start to become
pronounced(67). While chronic diseases may take years
to develop, the typical habits and behaviours that increase
the risk of these diseases are initiated and established dur-
ing adolescence(68). Therefore, NE interventions that build
on key messages around nutrition, regular physical activ-
ity and reduced sedentary activity and foster positive atti-
tudes and self-efficacy become increasingly important
during early adolescence.

Given the amount of time spent in schools by adoles-
cents, implementing NE in schools presents an expedient
and tactical way of positively influencing knowledge and
attitudes and promoting healthy behaviours. The current
nutrition and health education curriculum in secondary
schools in India is minimal(51,69). An outline of nutrition
and healthy lifestyle-related learning objectives and struc-
tured guidance on how these topics should be taught and
presented to the students, as part of the existing curriculum,
is required to encourage positive attitudes and to improve
the present and future health outcomes of adolescents
in India.

It is evident from various school-based intervention
studies that an adolescent’s physical and social environ-
ment can act as important facilitators for supporting sustain-
able and significant behaviour changes(70,71). Therefore, a
concerted effort of policymakers to bring necessary
changes in the school food environments and introduce
curriculum-based and teacher delivered nutrition lessons
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at schools is warranted. Parents impart key influences on
eating behaviours and activity choices of adolescents, so
a greater involvement of parents will work as a catalyst
to multiply the impact of interventions aimed at building
skills and behaviours conducive to health promotion.
Fostering better home food environments and involving
peer leaders as change agents can further improve the out-
comes of a NE programme(52,72). Besides education tools
and aids, the positive personal attributes of instructors
may facilitate a caring relationship with participants and
contribute to an improved programme impact.

To our knowledge, this NE programme is the first to inves-
tigate changes in nutrition and activity behaviours among ado-
lescents in a school setting in Mumbai, India. NE interventions
have been conducted in India(37,73); however, few have
included elaborate formative research to guide the intervention
protocol or employedbehaviour change theories to implement
and evaluate the impact of education interventions. There are
several strengths to the current study. We conducted a needs
assessment to identify knowledge gaps and perceived barriers
and facilitators to adopting desirable dietary and activity prac-
tices in adolescents. This was followed by formulating behav-
iour change objectives, selection of the appropriate theoretical
framework to guide methods and subsequent development of
the intervention protocol. The underlying theoretical frame-
work of the HBM was employed to plan and implement the
intervention programme, evidence-based behaviour change
communication strategies, and innovative teaching aids and
activities were included and a validated KAP survey was used
to measure the changes from baseline to 12weeks in the EG
and CG. Also, the selection of the participants was done from
private andaided schools to ensure that lowandmiddle to high
SESwere represented in both EG and CG and the cluster rand-
omised controlled study design contributed to the robustness
of the study. Furthermore, participant experiences were
explored to evaluate the perceived benefits of the intervention
and a 2-month follow-up in a subsample of adolescents helped
establish the sustainability of the impact of the intervention.

There are a few limitations too. The effectiveness of the
education intervention described in the current study is
based on self-reported responses to items measuring
KAP. Although several measures of validity and reliability
were evaluated to test the psychometric properties of the
survey instrument, the continued interaction of the EG
participants with the researchers may have inclined them
to report what they learned and perceived to be favour-
able responses. However, it must be noted that social
desirability bias is reported to be more common in inter-
views than survey modes of data collection. The finding
that the positive impact of the intervention remained dur-
ing the 2-month follow-up survey may also mitigate this
limitation. Future research may adapt the study designs
to include objective assessments of variables such as
physical activity and sedentary behaviours and evaluate
the influence of school and home food environments in

modifying practices and behaviours of adolescents. The
role of peer-led and teacher delivered NE sessions can
also be explored in further studies.

In conclusion, the desirable changes in KAP related to eat-
ing habits and activity levels reflect the effectiveness of a
theory-driven intervention in providing instructions that first
improves knowledge and builds skills through interactive
teaching methods and collaborative activities and then goes
on to influence attitudes and practices. Since schools play a
significant role in shaping the attitudes and practices of ado-
lescents, relevant modifications in the school food environ-
ment such as improved availability of healthy foods and
reduced accessibility to nutrient-poor and energy-dense
snacks at school canteens are needed. The involvement of
teachers and peer leaders in schools and the active support
and participation of parents are also needed to initiate behav-
iour change towards healthy dietary habits, reduced seden-
tary behaviours and improved physical activity levels in
adolescents in India.

The current study showed that adding 50 min per week
of NE into the academic timetables can have positive effects
on the knowledge, attitudes and health behaviours of
adolescents. Integrating NE into a normal school day
for adolescents in secondary education, adopting evi-
dence-based lessons that entail discussions, critical think-
ing and activities and a fairly flexible curriculum that
allows a customised information delivery method can
improve knowledge, foster right attitudes and facilitate bet-
ter eating and activity-related practices in Indian adoles-
cents. An investment made to build positive attitudes
towards health during adolescence may prove to be an
investment that will reap rich dividends throughout the
lifetime.
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