PLOS ONE

Check for
updates

G OPEN ACCESS

Citation: Kaur S, Kumar R, Kaur M (2025)
Nutritional assessment of adolescents: A cross-
sectional study from public schools of North India.
PLoS ONE 20(1): €0316435. https://doi.org/
10.1371/journal.pone.0316435

Editor: George Kuryan, Christian Medical College,
INDIA

Received: June 15, 2023
Accepted: December 10, 2024
Published: January 14, 2025

Peer Review History: PLOS recognizes the
benefits of transparency in the peer review
process; therefore, we enable the publication of
all of the content of peer review and author
responses alongside final, published articles. The
editorial history of this article is available here:
https://doi.org/10.1371/journal.pone.0316435

Copyright: © 2025 Kaur et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: The entire dataset
used for this manuscript’s analysis can be
accessed at the repository with doi: 10.6084/m9.
figshare.24902559. This dataset consists of

RESEARCH ARTICLE

Nutritional assessment of adolescents: A
cross-sectional study from public schools of
North India

Sandeep Kaur® >3*, Rajesh Kumar', Manmeet Kaur'

1 Department of Community Medicine and School of Public Health, Post-Graduate Institute of Medical
Education and Research, Chandigarh, India, 2 Department of Surgery and Cancer, Faculty of Medicine,
Imperial College London, London, United Kingdom, 3 Indian Institute of Public Health-Delhi, Public Health
Foundation of India, New Delhi, India

* sandeep.kaur@imperial.ac.uk

Abstract

Background

Technological advancements and globalization have shifted dietary behaviours, contributing
to increased chronic disease prevalence in Low- and Middle-Income Countries (LMICs) like
India. Adolescents are particularly vulnerable due to these changes, which can impact their
lifelong health. This study aimed to assess the nutritional status of adolescents in public
schools in Chandigarh, India.

Methodology

Conducted as part of a cluster randomized control trial, the study used two-stage random
sampling to select 12 schools and eighth-grade classes, recruiting 453 adolescents aged
10-16 years. Nutritional status was evaluated through dietary behaviour assessments,
anthropometric measurements, and 24-hour urinary salt-level analysis. Dietary patterns
were recorded using two 24-hour recalls, and analyzed with PURE study software based on
2010 Indian dietary data from ICMR-NIN. Anthropometric measures followed standardized
protocols, and salt levels were assessed in laboratories.

Results

The mean age of the adolescents was 13.06 years, with 55% being boys. Among them,
32% had high salt intake, and 55% had high sugar intake. Additionally, 90% had low fruit
intake, and 83% had low vegetable intake. The adolescents were deficient in several macro
and micronutrients, including energy, fats, fibre, iron, zinc, iodine, riboflavin, and vitamins B-
6 and B-12. A higher proportion of boys (10%) were classified as thin compared to girls
(2%), while a greater proportion of girls (36%) had abdominal obesity. In contrast, a larger
proportion of boys (23%) were severely acutely malnourished. Nearly all adolescents exhib-
ited high urinary excretory salt levels.
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Conclusion

Most adolescents exhibited dietary risk factors, including high salt and sugar intake, along
with low consumption of fruits and vegetables. Many were deficient in various macro and
micronutrients, with the coexistence of both thinness and obesity. Regular nutritional
assessments in schools are essential to address the dual burden of undernutrition and over-
nutrition. Furthermore, health-promoting interventions should be developed within school
settings to encourage healthy dietary practices.

Introduction

Technological advancements, easy availability, and tempting advertisements of processed
foods allure young people, especially adolescents, to consume energy-dense foods with low
nutritional value, finally leading to a buildup of unhealthy dietary behaviours in adulthood [1].

Healthy dietary behaviours have been as low as 40% worldwide, with scenarios marginally
better in high-income countries (HIC) compared to low-and-middle-income countries
(LMICs) [2]. Among LMICs, India’s situation is gruesome, with only 10.6% of Indians follow-
ing healthy dietary behaviours [3]. India is in the midst of a global transition, wherein it faces
the double burden of both under-nutrition and over-nutrition [4, 5]. A recent NFHS-5 survey
(15-49 years) revealed that 23% of women and 20% of men were underweight [6]. In compari-
son, 21% of women and 19% of men were overweight or obese [6]. These findings signify the
co-existence of underweight and overweight among the Indian population [6].

The rising prevalence of malnutrition has contributed to the epidemiological transition,
marked by an increase in chronic diseases and associated health burdens [4, 7]. As, in the same
NFHS-5 survey, 14% of women and 16% of men had high blood glucose levels and 21% of
women and 24% of men had high blood pressure levels [6].

The behaviour of unhealthy dietary practices leading to malnourishment emerges during
early adolescence [1]. When these behaviours are not addressed timely, the early year of mal-
nourishment becomes one of the most significant risk factors in the occurrence of chronic dis-
eases in later life [7, 8]. Adolescence is a transition phase of human life, both physically and
socially [8]. At this age, the quality of nutrition is one of the important factors leading to the
holistic growth of adolescents into healthy adults [9].

It is the need of the hour to regularly assess nutrition behaviour during early adolescence to
address the issue of malnutrition and keep a check on one of the risk factors of chronic diseases
[1, 7]. Owing to expensive, lifelong treatments and loss of productive life years due to the
increasing premature deaths and disabilities related to various chronic diseases in India, it is
recommended to focus more on promotion and prevention than curative measures [10].
Therefore, as a part of a larger comprehensive behaviour-change intervention, the present
cross-sectional study aims to assess the nutrition status and anthropometric measures of early
adolescents studying in public schools in a city in North India [11].

Methods
Study design

The present analysis is based on a cross-sectional survey carried out as part of a broader cluster
randomized control trial to assess the impact of a school-based health promotion intervention
package in reducing the behavioural risk factors associated with chronic diseases [12]. The
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survey was conducted among adolescents studying in the public schools of the North Indian
city of Chandigarh, India from May 2018 to September 2019.

Study setting

The study was conducted in public schools as the Director of Public Instruction did not allow
enrolment of private schools in the study. Data from the Department of School Education,
Chandigarh, revealed that 106 public schools had eighth-grade classes, with an enrollment of
10,790 adolescents. Most schools had four to five sections in 8™-grade class. Each section of
the class had about 30 adolescents.

Participants

Based on the knowledge that behaviours leading to malnourishment emerge during early ado-
lescence and analysis of the school curriculum, consenting adolescents between the ages of 10-
16 from eighth grade were included in the present study [8]. An additional inclusion criterion
was the adolescents not intending to leave the city for another year from the recruitment date.

Sample size and sampling

Details on the sample size calculation are mentioned in the protocol paper of the broader
CRCT study. Broadly, the required number of clusters for 80% power for each primary out-
come was calculated separately using expected means or proportions for the control arm,
intervention effects, and coefficient of variation values based on data for adolescents from
recent studies [13-17]. Out of all risk factors, the maximum ‘¢’ value (n = 12) was considered
the sample size of the number of clusters for the study [12]. From the calculated sample of 12
clusters (schools), and cluster size of 30 adolescents, a final sample size of 360 adolescents was
estimated.

Outcome variables

Dietary intakes, anthropometric measurements and 24-hour excretory salt levels were the pri-
mary outcome variables. Nutritional status was assessed by estimating the dietary intake of
salt, sugar, fruits and vegetables in g/d, along with macronutrients (energy, carbohydrates, pro-
teins, fats and fibre), minerals (calcium, magnesium, iron, sodium, potassium, zinc and iodine)
and vitamins (vitamin A, thiamine, riboflavin, niacin, vitamin- B6, folate, vitamin B-12 and
vitamin C) intake. In addition to nutritional assessment, salt was also assessed through
24-hour urine samples in the form of excretory-urinary salt levels. The null hypothesis posited
that all adolescents would have adequate macro- and micronutrient intake, along with normal
body mass index (BMI), mid-upper arm circumference (MUAC), triceps skinfold thickness
(TSFT), sub-scapular skinfold thickmness (SSFT), and urinary salt levels. Anthropometric
measurements estimated the prevalence of severe thinness, thinness, overweight, obesity,
abdominal obesity and severely acute malnourishment among the selected adolescents.

Data collection tools

Nutritional status was measured through the administration of a 24-hour dietary recall ques-
tionnaire. This questionnaire was administered twice on non-consecutive days [18]. Data col-
lected through the 24-hour dietary recall was analysed using the PURE study software. This
software uses the National Institute of Nutrition (NIN) dietary guidelines for Indians to calcu-
late the quantity of various macro and micronutrients from the quantity of various food items
consumed by a person in a day [19, 20]. Socio-economic status (SES) was assessed using the
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"Kuppuswamy 2018 scale’ [21]. This scale uses information about the education and occupa-
tion of the head of the household and the household’s total monthly income to score and rank
participants into five categories of socio-economic status, i.e., lower, upper-lower, lower-mid-
dle, upper-middle, and upper [21].

Height was measured with UNICEF’s standardised anthropometer to the nearest 0.1 cm.
Weight was measured with a portable electronic weighing scale to the nearest 0.1 kg. Hip cir-
cumference (HC), waist circumference (WC), and MUAC were measured to the nearest 0.1
cm by using fibreglass measuring tape. TSFT and Sub Scapular SSFT were measured to the
nearest 0.1 mm using Lange’s skin-fold calliper.

For 24-hour urine samples, adolescents were advised to write the time of their voids and
whether they had collected each void in the collection container or not for 24 hours using a
structured proforma (S1 Appendix in S1 File).

Data collection methods

The dietary and anthropometric data were recorded, and during the same period, from May
2018 to September 2019, a team of three members collected 24-hour urine samples.

Standard operating procedures were developed to maintain uniformity and standardization
in sample collection. The self-administered 24-hour dietary recalls were recorded for all ado-
lescents [18]. A team member was present to explain each question to adolescents before they
recorded their responses. The first 24-hour dietary recall collection was during the first inter-
action with all the adolescents in the schools. The second 24-hour dietary recall collection was
a week later. Anthropometric measures were recorded in a separate room after recording die-
tary data.

All anthropometric instruments were regularly calibrated as per standard requirements.
The portable digital weighing scale was calibrated after every 20th reading. ‘Lange’s’ skinfold
calliper was checked for needle at ‘zero’ before every reading and was calibrated using a cali-
bration block after every 20th reading. Fibreglass tape was used to measure hip, waist and mid-
upper-arm-circumference as it is resilient to wear and tear and does not expand in warm
weather conditions like an ordinary measuring tape [22]. Anthropometric measurements were
recorded by a team member who had undergone training during the 2018 Comprehensive
National Nutrition Survey (CNNS).The 24-hour urine samples were collected during house
visits. During Saturdays” home visits, participants received instructions regarding the process
of 24-hour urine collection on Sundays. Urine collection containers were provided to them.
They were instructed to discard the first void of the morning and then start collecting the sub-
sequent voids for the next 24 hours (S2 Appendix in S1 File). The urine samples were collected
on Monday mornings and analysed in the Beckman Coulter AU 5800 analyzer (2020) using
standardized laboratory methods to assess urinary salt levels on the same day (52 Appendix in
S1 File).

Data management and analysis

The PURE study computer software was used to analyse the diet data and estimate the intake
of macro and micro-nutrients (i.e., protein, carbohydrates, fat, vitamins, and minerals) [23].
From PURE software, 72 different macro and micro-nutrients can be estimated (S3 Appendix
in S1 File). The widely used and accepted guidelines for Recommended Dietary Allowance
(RDA) for the Indian populations from the Indian Council of Medical Research-National
Institute of Nutrition (ICMR-NIN), Hyderabad (2020), were used to compare the dietary
nutritional status of the adolescents estimated in the present study [24]. The twenty dietary
nutrients considered essential for young adolescents’ proper growth and health, as laid down
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by ICMR-NIN, were used to assess the dietary nutrition for the present study [24]. The method
of calculating salt, sugar, fruits and vegetables in g/d from 24-hour dietary recall is presented
in the supplement (S4 Appendix in S1 File).

Adolescents’ BMI was used to categorise adolescents into severe thin, thin, normal, over-
weight and obese categories based on WHO growth reference percentiles that were age and
sex-specific [25]. For waist-hip ratio (WHR), WHO cut-offs were used for all adolescents [26].
Age and sex-specific percentiles were used to categorise MUAC, TSFT and SSFT [27].

The complete quantitative data analysis was performed using the Statistical Package for
Social Sciences (SPSS) version 21 and Microsoft Excel 2007 [28]. Descriptive statistical analysis
includes the estimation of the sample mean (along with standard deviation) or proportions
according to the variable types. As, the sample size was sufficient to test these hypotheses,
unpaired-t or chi-square tests were used to explore potential differences between groups (e.g.,
age, gender and socio-economic status). ANOVA was used to test the statistical significance of
continuous variables in bivariate analysis. P-value <0.05 was considered to be statistically
significant.

The cut-offs to categorize all the adolescents into low, normal, high, very high and
extremely high categories were used from literature to assess urinary salt excretion from
24-hour urine samples [29].

The authors have access to the participants’ identifiable information, with access to this
data limited to them. However, wholly de-identified data will be shared at an appropriate data
archive for sharing purposes after three years of the end-line assessment data collection as this
study is part of a larger cluster Randomized Controlled Trial.

Ethical considerations

Ethical permission was obtained from the Institutional Ethics Committee of the Post-Graduate
Institute of Medical Education and Research, Chandigarh (INT/IEC/2018/ 000082; Date. 22/
01/2019). Permission was granted for the study in the schools by the Department of Education,
Chandigarh, with letter no 1296-DSE-UT-S5-11(65)11-II. As the present study was part of a
cluster randomised controlled trial, the study was registered in CTRI with no. CTRI/2019/09/
021452.

Written assent of adolescents and written consent from their parents were obtained after
informing them about the study purpose, data to be collected, estimated time for data collec-
tion, the confidentiality of the data, and risks involved before their enrolment in the study (S5
Appendix in S1 File).

Results

Out of the 462 eligible adolescents from twelve randomly selected public schools, 453 con-
sented to participate in this cross-sectional survey (56 Appendix in S1 File). Out of selected
adolescents, 55% were boys, 81% were 13-15 years old (81%), 87% belonged to the Hindu reli-
gion, 66% were from the general category, and 61% belonged to the upper-lower socio-eco-
nomic status category (S7 Appendix: S1 Table in S1 File).

The consumption of salt, sugar, fruit and vegetables was also estimated separately (S8
Appendix: S2 Table in S1 File). The mean consumption of salt was 4.5 g/d which was within
the RDA. The mean intake of sugar was 36 g/d. It was lower (34 g/d) among boys than girls
(39 g/d).

The mean vegetable intake (193 g/d) was lower than the RDA of 300 g/d. The mean vegeta-
ble intake among boys was lower (169 g/d) than the girls (223 g/d). The average intake of fruits
was 32.7 g/d, which is less than the RDA of 100 g/d (S8 Appendix: S2 Table in S1 File).
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Fig 1. Adequacy of dietary intakes of salt, sugar, fruits and vegetables among adolescents (n = 453). Cut-offs for dietary intakes| adequate salt:
< 5 g/d, high salt: > 5 g/d, adequate sugar: < 20 g/d for girls and 25 g/d for boys, high sugar: > 20 g/d for girls and 25 g/d for boys, low
fruit < 100g/d, adequate fruit: > 100g/d, low vegetable < 300g/d and adequate vegetable: > 300g/d.

https://doi.org/10.1371/journal.pone.0316435.9001

Thirty-two per cent of adolescents consumed more salt than the recommended dietary
allowance (RDA), while 55% exceeded the RDA for sugar. At the same time, the consumption
of fruits and vegetables was poor, with 90% and 83% of adolescents consuming low levels.
Therefore, it was necessary to implement health promotion interventions to change these die-
tary behaviours (Fig 1).

Ninety-four percent of adolescents had high to extremely high excretory salt levels based on
the 24-hour urine samples. There was no difference in its distribution in sex, age and socio-
economic category (S8 Appendix: S3 Table in S1 File).

The RDA for adolescents specific to their age and sex were adopted from Recommended
Dietary Allowance (RDA) for the Indian populations from the Indian Council of Medical
Research-National Institute of Nutrition (ICMR-NIN), Hyderabad (2020) [24]. The average
daily energy intake was less than the RDA in both sexes. The carbohydrate consumption was
above the dietary guidelines. Likewise, protein intake was adequate in both boys and girls.
There was gender specific statistically significant difference in protein intake, with boys con-
suming more. The mean fat intake among adolescents was 47 g/d and it was within RDA for
both boys and girls. The fibre intake was lower than the RDA for both boys and girls (Table 1).

Adolescents’ overall mean calcium, magnesium and iron intake was less than the RDA.
Mean sodium intake was within the RDA of 2000 mg/d. Potassium intake was less than the
RDA of >3500 mg/d with a mean of 1954 mg/d. Iodine intake assessed from the consumed
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Table 1. Energy and macro-nutrient intake among adolescents.

Mean (SD): (n = 453)
Characteristics Energy (Kcal/d) P Carbohydrates (g/d) P Protein (g/d) P Total fat (g/d) P Fibre (g/d) P
Overall 1813 (594) 294 (88) 54 (18) 47 (26) 7(3)
Sex
Male 1838 (570) 0.3 297 (83) 0.4 56 (18) 0.009 47 (26) 0.7 8(3) 0.05
Female 1782 (622) 290 (94) 51 (17) 46 (26) 7 (3)
Age (years)
10-12 1738 (516) 278 (72) 52 (19) 46 (23) 7 (3)
13-15 1829 (602) 0.5 297 (90) 0.2 54 (17) 0.7 47 (26) 0.9 7 (3) 0.5
16-18 1852 (1109) 298 (150) 53 (29) 50 (46) 8 (4)

Cut-offs for all macronutrients, minerals and vitamins intake depicted in the figure were adopted from Recommended Dietary Allowance (RDA) for the Indian
populations from the Indian Council of Medical Research-National Institute of Nutrition (ICMR-NIN), Hyderabad (2020) [22].

https://doi.org/10.1371/journal.pone.0316435.t001

Table 2. Mineral intake among adolescents.

food had a mean of 67 pg/d, less than half of the RDA of >150 ug/d. Mean zinc intake was well
within the RDA, and mean iodine intake was near the RDA (Table 2).

Vitamin A consumption was lower than the RDA for both sexes. Thiamine and niacin
intake were well within the RDA, but riboflavin and vitamin B-6 were slightly below the RDA.
Folate consumption was within the RDA for both sexes. However, boys consumed signifi-
cantly more folate than girls. Consumption of vitamin B-12 was insufficient compared to the
RDA. The average vitamin C intake was not as per the RDA among adolescents. It was found
that girls consumed more vitamin C (Table 3).

Most adolescents were deficient in the major macro and micronutrients (Fig 2). Carbohy-
drate was the only macronutrient that was adequate in almost all adolescents. Iodine, fibre,
potassium, vitamin B-12 and calcium were the highly deficient nutrients in most adolescents

(Fig 2).

Anthropometric measures

The mean BMI was 17 kg/m?, which was within the normal range compared to the WHO ref-
erence curves of adolescents [25]. The waist-hip ratio among boys was 0.85, which was less
than the cut-off of 0.9 for males [26]. Similarly, it was 0.83 for girls, which was slightly less than

Mean (SD): (n = 453)
Characteristics | Calcium (mg/ | P | Magnesium (mg/ | P | Iron(mg/ | P | Sodium (mg/ | P | Potassium (mg/ | P | Zinc (mg/ | P | Iodine (ug/ | P
d) d) d) d) d) d) d)
Overall 626 (257) 472 (148) 15 (5) 1815 (751) 1954 (731) 9(3) 67 (31)
Sex
Male 628 (247) 0.9 488 (154) 0.01 16 (5) 0.002 | 1860 (776) | 0.2 1961 (660) 0.9 9(3) 0.009 66 (30) 0.5
Female 623 (270) 453 (137) 14 (5) 1760 (716) 1945 (810) 8(2) 68 (32)
Age (years)
10-12 622 (268) 458 (142) 14 (5) 1693 (788) 1865 (627) 8 (3) 65 (28)
13-15 628 (256) | 0.9 475 (148) 06| 15(5) 02 | 1838(739) |02 1974(746) |05, 9(3) 0.7 67(32) |09
16-18 565 (214) 462 (243) 14 (8) 2043 (972) 1904 (1149) 8 (4) 65 (24)
Cut-offs for all macronutrients, minerals and vitamins intake depicted in the figure were adopted from Recommended Dietary Allowance (RDA) for the Indian
populations from the Indian Council of Medical Research-National Institute of Nutrition (ICMR-NIN), Hyderabad (2020) [22].
https://doi.org/10.1371/journal.pone.0316435.t002
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Table 3. Vitamin intake among adolescents.

Mean (SD): (n = 453)

Characteristics| VitA | P Thiamine P Riboflavin P | Niacin P Vit B6 P Folate P | VitB12 | p | VitC P
(ng/d) (mg/d) (mg/d) (mg/d) (mg/d) (ug/d) (ng/d) (mg/d)
Overall 2497 1.4 (0.5) 1.1 (0.4) 13 (4.7) 1.4 (0.5) 248 (106) 1.2 (0.8) 54 (49)
(2526)
Sex
Male 2473 0.8 1.5 (0.5) 0.001 1.1(0.4) 0.5| 14(4.9) |0.005| 1.5(0.5) |0.02 | 248 (106) | 0.04 | 1.1(0.8) | 0.6| 50 (41) |0.03
(2671)
Female 2526 1.3 (0.5) 1.08 (0.4) 12 (4) 1.4 (0.4) 227 (105) 1.2 (0.9) 59 (57)
(2345)
Age (years)
10-12 2567 1.4 (0.5) 1.1 (0.4) 12.4 (4.7) 1.3 (0.4) 225 (93) 1.2 (0.7) 48 (41)
(2978)
13-15 2459 0.3 1.4 (0.5) 0.5 1.1(0.4) 07| 13.1(46) | 0.5 | 1.4(0.5) | 0.4 | 241 (108) | 0.4 | 1.2(0.8) | 0.8| 55(51) | 0.4
(2411)
16-18 4172 1.3(0.8) 0.9 (0.5) 13.1 (9) 1.4 (0.9) 249 (119) 0.9 (0.3) 64 (46)
(2980)

Cut-offs for all macronutrients, minerals and vitamins intake depicted in the figure were adopted from Recommended Dietary Allowance (RDA) for the Indian

populations from the Indian Council of Medical Research-National Institute of Nutrition (ICMR-NIN), Hyderabad (2020) [22].

https://doi.org/10.1371/journal.pone.0316435.t003

the cut-off of 0.85 for females signifying normal abdominal obesity among boys and a girls (S8

Appendix: S4 Table in S1 File) [26].
Average Mid-Upper Arm Circumference (MUAC) was 21.3 cm. Boys had nearly 2 cm less

than the normal range of 23 cm, and girls had 0.5 cm less than the normal range of 22 cm [30].
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Fig 2. Proportions of adolescents with adequate intake of nutrients (n = 453). Cut-offs for all macronutrients, minerals and vitamins intake depicted in the
figure were adopted from Recommended Dietary Allowance (RDA) for the Indian populations from the Indian Council of Medical Research-National Institute
of Nutrition (ICMR-NIN), Hyderabad (2020) [22], also listed in supplement as S9 Appendix in S1 File.

https://doi.org/10.1371/journal.pone.0316435.9002
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-1SD to +1 SD is normal, +1 SD to + 2 SD is overweight and above + 2 SD is obese Triceps skinfold thickness (TSFT) and sub-scapular skinfold thickness
(SSFT): Reference curves of Indian adolescents (5-17 years) were used Abdominal Obesity assessed through Waist-Hip Ratio (WHR) = 0.9 for boys and 0.80
for girls Mid-upper Arm Circumference (MUAC) = < 23 cm for boys and <22 cm for girls.

https://doi.org/10.1371/journal.pone.0316435.g003

It signifies that both the sexes were under-nourished, boys being thinner than the girls. MUAC
also has a significant difference among the age groups. The young adolescents had lesser
MUAC compared to the older.

Skin-fold thicknesses are a robust method for the assessment of subcutaneous fat. The aver-
age TSFT and SSFT were 13.2 mm and 10.7 mm, respectively. These values were in the normal
range compared to the reference curves of Indian adolescents (5-17 years) [27]. There was a
significant difference among both sexes for the skin folds, with girls having a higher mean for
both the TSFT (14.4 mm) and SSFT (12 mm).

Among adolescents, the prevalence of thinness and obesity co-existed. More proportions of
boys were thin. Whereas, more proportions of girls were in overweight and obese BMI cate-
gory. On similar lines, more girls were found to have abdominal obesity. The similar propor-
tion of adolescent boys and girls had high subcutaneous fats assessed through triceps and sub-
scapular skinfold thicknesses. A finding in line with another anthropometric measure, MUAC,
where higher proportions of boys were found to have severe acute malnutrition (Fig 3).

Discussion

The nutritional assessment revealed high risk factors for chronic diseases within the study pop-
ulation. Among adolescents in eighth grade, 32% and 55% exceeded the recommended dietary
allowances for salt and sugar, respectively, while 90% and 83% exhibited inadequate consump-
tion of fruits and vegetables. Deficiencies in various macro- and micronutrients were preva-
lent, and a dual burden of overnutrition and undernutrition was observed, with a higher
proportion of girls being overweight, having elevated BMI, and abdominal obesity compared
to their male counterparts. The mean 24-hour urinary excretion of salt, measured through
24-hour urine samples, was 7 g/d, which is considered the gold standard for assessment.
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Adolescents had energy intake below the RDA (S9, S10 Appendices, S5 Table in S1 File). This
finding was consistent with other global and Indian studies among adolescents [31, 32]. Boys
had a significantly higher intake of proteins than girls, and this finding was consistent with
another study among adolescents from other LMICs [33]. Fat intake among adolescents in this
study was within the RDA. This finding was in line with another study from India. For girls, the
fat intake was slightly higher than the RDA, a result in line with other global studies [33, 34].

This study indicated that intake of iron (15 mg/d), potassium (1954 mg/d), vitamin A
(2497 pg/d), and iodine (67 pg/d) was below the RDA. (S9 Appendix: S6 & S7 Tables in S1
File) National Nutrition Monitoring Bureau (NNMB) have also documented that micronutri-
ent intakes were inadequate among Indian adolescents [35]. These findings are comparable to
studies from HICs [35, 36]. Generally, insufficient micronutrients, such as iron, have been
attributed to a low intake of animal-source foods and potassium and vitamin A to the low con-
sumption of fruits and vegetables. Most of the adolescents from the present study belonged to
the low SES groups, where affordability could have been a significant reason for poor micronu-
trient intakes [36].

The previous studies among adolescents reveal that the mean iodine intake increased by
20% when data was adjusted for the intake of iodised salt [34]. The low level of Iodine intake
estimated in the present study can be attributed to the non-inclusion of iodised salt intake in
the dietary data analysis. Future studies may include analysis through more accurate measures
such as urinary iodine.

The BMI for age’ is recommended by WHO as the best indicator to assess under-nutrition
(thinness) or overweight in adolescents. The present study has adopted the standard methods
for determining the nutritional status of adolescents as recommended by the WHO. Various
studies across India have adopted the same method for evaluating the nutritional status of ado-
lescents [37].

Underweight (24%) and overweight (10%) co-existed in the present study. Another study
from LMIC has reported higher under-nutrition prevalence (45%) [38]. But, the finding was
consistent with Indian studies [37, 39]. The prevalence of overweight or obesity in the present
study was 12%. Indian studies have reported similar results [37, 39]. The increased prevalence
of overweight may be attributed to the increasing accessibility of processed foods and motor-
ised transportation modes. The prevalence of obesity was higher among girls (12%) than boys
(9%). This finding is similar to the studies conducted across the country [40, 41]. In contrast,
few studies also show a higher prevalence of overweight and obesity among boys when com-
pared to girls [37, 40-42].

Most of the anthropometric indices had higher values among boys. This is supported by the
fact that boys usually have a larger body build at this age (10 to 15 years), grow to a larger struc-
ture and continue to increase more in height than the girls even after adolescence [42, 43]. Sev-
eral authors also observed a similar trend from their studies in other states of India and abroad
[44]. The difference in the nutritional status assessed through different studies may be due to
different cultural environments, the difference in tools used for data collection, and their
methodology and analysis. Other classification criteria may also lead to differences in the
results. Various classifications such as CDC guidelines 2000, International Obesity Task Force
and WHO BMI reference charts etc., are available for estimating nutritional status. Addition-
ally, socio-economic and socio-demographic factors and their associated risk factors may also
lead to variation in the results.

The boys’ mean WHR was more than that of girls. The mean WHR of the boys and girls
were below the WHR ratio cut-offs of 0.9 and 0.85 respectively, signifying normal abdominal
obesity. This finding was in line with previous studies [45].
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The average TSFT and SSFT were 13.2 mm and 10.7 mm, respectively. The reference curves
of Indian adolescents aged (5-17 years) signify that it is in the normal range of subcutaneous
fat [27]. Findings were consistent with a study among adolescents in the Netherlands [46].
Average values for both TSFT and SSFT were higher among girls. These findings were consis-
tent with other studies carried out among adolescents of a similar age group in India, Vietnam
and Indonesia [47-49]. The findings of 24-hour urinary excretory salt levels from the present
study is compared with another study carried out in China among the adolescents [50].

Methodological considerations, strengths and limitations

The food frequency questionnaire (FFQ) and the 24-hour dietary recall were the commonly
used tools in most studies assessing the participants’ dietary behaviours as these are quick
and inexpensive to administer and have high respondent compliance. From the previous
studies, it is evident that FFQ has a higher recall bias compared to the 24-hour dietary recall.
The 24-hour dietary recalls have been known to estimate population-level consumption but
not accurate individual-level consumption patterns [18]. To overcome this limitation, two
24-hour dietary recalls were recorded on the non-consecutive days for the present study.
The two recalls were collected with a time gap of one week to one month. The multiple-pass
method was used to collect the dietary behaviours as precise as possible. Standard house-
hold measures (e.g. spoons, bowls, glasses and plates) were used to generate actual quanti-
ties of ingredients. Another limitation of using 24-dietary recall was underestimating the
salt intake [51]. To overcome the limitation of the 24-hour dietary recall tool, the salt intake
was also estimated through urinary salt excretion from 24-hour urine samples, a gold-stan-
dard method.

Nutritional status is mainly assessed through anthropometric measurements. Different
anthropometric measures were used in this study to assess various nutritional aspects of the
body, such as height and weight, to assess the individuals’ BMI to categorise them into under-
weight, normal, and overweight categories. For BMI assessment, WHO growth reference
charts for 5 to 19 years are not specific for Indian Adolescents, yet they are widely used [25].
BMI does not directly measure body fat and does not distinguish between muscle and body fat
weight. BMI may overestimate the body fat in a person with a muscular build and may under-
estimate body fat in older adults who have lost muscle. Therefore, it was considered best to use
BMI with other measures, such as WHR and MUAC [52].

Waist and hip circumference are used to assess WHR, providing information regarding
abdominal obesity [52]. MUAC is the body measurement least affected by weight and height
changes compared to anthropometric measures such as BMI and WHR [53]. Therefore,
MUAC was recorded to assess acute malnutrition among adolescents. However, MUAC fails
to account for sex and age-specific differences as it is generally estimated through a single cut-
off value [54]. The MUAC among the adolescents from the present study was on the lower
end, signifying under-nutrition. The adolescents from the present study were from public
schools, which usually cater to the lower socio-economic strata of the population, where the
proportion of starvation among adolescents is higher than the other SES groups. However,
there is a lack of evidence-based MUAC cut-offs internationally. Due to this gap, several coun-
tries have established cut-offs that vary widely. Additionally, various skin fold thicknesses such
as TSFT and SSFT were used to assess the subcutaneous fats.

Before the final data collection, pilot testing was undertaken to assess the protocol’s feasibil-
ity and the adequacy of the research instruments [55]. The study’s strength was using validated
and pretested tools in the Indian scenario and methodological data collection guidelines for
the nutritional assessment.
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Only public schools were enrolled in the study, which usually cater to the lower socio-eco-
nomic groups in India. The implication of excluding private schools might lead to a lack of
representation of participants across various socio-economic groups, limiting generalizability.
However, the low-middle income group is a significant section of Indian society, and their
representation in the study sample is one of the strengths of this study.

Conclusions

Adolescents from public schools of UT Chandigarh had poor nutritional status, with inade-
quate energy, fibre, iron, potassium, iodine, calcium, folate, vitamin A, vitamin B-12 and vita-
min C intakes.

Schools should regularly check the nutritional status of adolescents and may use the tools
and measures used in the present study. However, in case of time constraints and lack of
resources, schools may use only BMI or waist circumference as assessment criteria for regular
monitoring of nutrition status among adolescents. Those identified as an underweight cate-
gory through BMI may be assessed for their MUAC to know the severity of the undernourish-
ment. In comparison, those falling in the overweight or obese categories of BMI may be
assessed for WHR to determine central obesity among adolescents. Mid-day meals should be
regularly checked for their nutritional values and provided per the age requirements of the
adolescents.

There is a need for behaviour change interventions to improve nutritional status in early
life. Parents’ and teachers’ involvement can have far-reaching benefits regarding the sustain-
ability of behavioural change for healthy dietary behaviours. The school-based intervention
activities to improve nutrition among adolescents should be developed and implemented in a
manner that can be replicated in other settings in India and low-income countries with modi-
fications to account for differences in the contextual factors. The degree and type of activities
must depend on the target populations’ social and economic status and cultural aspects at a
given time.

Supporting information

S1 Checklist. Ensures adherence to reporting guidelines for observational studies.
(PDF)

S1 File. Includes all appendices referenced in the manuscript.
(PDF)

S1 Protocol. Detailed documentation of the study methodology.
(PDF)

Acknowledgments

We extend our heartfelt gratitude to the George Institute of Global Health, Hyderabad, for
facilitating the laboratory testing of urine samples collected for this study.

Author Contributions

Conceptualization: Sandeep Kaur, Rajesh Kumar, Manmeet Kaur.
Data curation: Sandeep Kaur.

Formal analysis: Sandeep Kaur.

Funding acquisition: Manmeet Kaur.

PLOS ONE | https://doi.org/10.1371/journal.pone.0316435 January 14, 2025 12/16


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0316435.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0316435.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0316435.s003
https://doi.org/10.1371/journal.pone.0316435

PLOS ONE

Nutrition status of public-school going adolescents from North India

Investigation: Sandeep Kaur.

Methodology: Sandeep Kaur, Rajesh Kumar, Manmeet Kaur.

Project administration: Sandeep Kaur.

Resources: Rajesh Kumar, Manmeet Kaur.

Software: Rajesh Kumar.

Supervision: Rajesh Kumar, Manmeet Kaur.

Validation: Rajesh Kumar, Manmeet Kaur.

Writing - original draft: Sandeep Kaur, Rajesh Kumar, Manmeet Kaur.

Writing - review & editing: Sandeep Kaur, Rajesh Kumar, Manmeet Kaur.

References

1.

10.

1.

12.

Beaglehole R, Epping-Jordan J, Patel V, Chopra M, Ebrahim S, Kidd M, et al. Improving the prevention
and management of chronic disease in low-income and middle-income countries: a priority for primary
health care. Lancet. 2008; 372 (9642):940-9. https://doi.org/10.1016/S0140-6736(08)61404-X PMID:

18790317

TeoK, Lear S, Islam S, Mony P, Dehghan M, Li W, et al. Prevalence of a healthy lifestyle among individ-
uals with cardiovascular disease in high-middle-and low-income countries: The Prospective Urban
Rural Epidemiology (PURE) study. JAMA. 2013 Apr 17; 309(15):1613—21. https://doi.org/10.1001/
jama.2013.3519 PMID: 23592106

Gupta B, Gupta R, Sharma KK, Gupta A, Mahanta TG, Deedwania PC. Low prevalence of AHA-defined
ideal cardiovascular health factors: A study of urban Indian men and women. Glob Heart. 2017; 12
(8):219-25. https:/doi.org/10.1016/j.gheart.2014.09.004 PMID: 26014652

National Non-comunicable Diseases Monitoring Survey (NNMS) 2017-18. Bangalore: Indian Council
of Medical Research-National Centre for Disease Informatics and Research; 2020 [cited 2022 Jan 21].
Available from: https://www.ncdirindia.org/nnms/resources/Factsheet.pdf.

Mathur P, Kulothungan V, Leburu S, Krishnan A, Chaturvedi HK, Salve HR et. al. Baseline risk factor
prevalence among adolescents aged 15—17 years old: findings from National Non-communicable Dis-
ease Monitoring Survey (NNMS) of India. BMJ Open. 2021 Jun 29; 11(6):e044066. https://doi.org/10.
1136/bmjopen-2020-044066 PMID: 34187814

National Family Health Survey-5. Mumbai: International Institute of Population Sciences; 2021 [cited
2022 Jan 18]. Available from: http://rchiips.org/nfhs/NFHS-5_FCTS/India.pdf.

Diet, nutrition, and the prevention of chronic diseases: report of a joint WHO/FAQ expert consultation.
Geneva: World Health Organization; 2003 [cited 2021 Dec 23]. Available from: https://apps.who.int/iris/
bitstream/handle/10665/42665/WHO_TRS_916.pdf.

Singh AK, Maheshwari A, Sharma N, Anand K. Lifestyle associated risk factors in adolescents. Indian J
Pediatr. 2006 Oct; 73(10):901-6. https://doi.org/10.1007/BF02859283 PMID: 17090902

Saraf D, Gupta S, Pandav C, Nongkinrih B, Kapoor S, Pradhan S, et al. Effectiveness of a school based
intervention for prevention of non-communicable diseases in middle school children of rural North India:
a randomized controlled trial. Indian J Pediatr. 2015 Apr; 82(4):354—62. https://doi.org/10.1007/s12098-
014-1562-9 PMID: 25209052

Min J, Zhao Y, Slivka L, Wang Y. Double burden of diseases worldwide: coexistence of undernutrition
and overnutrition-related non-communicable chronic diseases. Obes Rev. 2018 Jan; 19(1):49-61.
https://doi.org/10.1111/0br.12605 PMID: 28940822

Kaur S, Kumar R, Lakshmi PVM, Kaur M. Effectiveness of a school-based behavioural change interven-
tion in reducing chronic disease risk factors in Chandigarh, India: a cluster-randomised controlled trial.
Lancet Reg Health Southeast Asia. 2024 Jan 24; 21:100353. https://doi.org/10.1016/j.lansea.2024.
100353 PMID: 38312946

Kaur S, Kaur M, Kumar R. Health promotion intervention to prevent risk factors of chronic diseases: Pro-
tocol for a cluster randomized controlled trial among adolescents in school settings of Chandigarh
(India). PLoS One. 2022 Feb 17; 17(2):€0263584. https://doi.org/10.1371/journal.pone.0263584 PMID:
35176046

PLOS ONE | https://doi.org/10.1371/journal.pone.0316435 January 14, 2025 13/16


https://doi.org/10.1016/S0140-6736%2808%2961404-X
http://www.ncbi.nlm.nih.gov/pubmed/18790317
https://doi.org/10.1001/jama.2013.3519
https://doi.org/10.1001/jama.2013.3519
http://www.ncbi.nlm.nih.gov/pubmed/23592106
https://doi.org/10.1016/j.gheart.2014.09.004
http://www.ncbi.nlm.nih.gov/pubmed/26014652
https://www.ncdirindia.org/nnms/resources/Factsheet.pdf
https://doi.org/10.1136/bmjopen-2020-044066
https://doi.org/10.1136/bmjopen-2020-044066
http://www.ncbi.nlm.nih.gov/pubmed/34187814
http://rchiips.org/nfhs/NFHS-5_FCTS/India.pdf
https://apps.who.int/iris/bitstream/handle/10665/42665/WHO_TRS_916.pdf
https://apps.who.int/iris/bitstream/handle/10665/42665/WHO_TRS_916.pdf
https://doi.org/10.1007/BF02859283
http://www.ncbi.nlm.nih.gov/pubmed/17090902
https://doi.org/10.1007/s12098-014-1562-9
https://doi.org/10.1007/s12098-014-1562-9
http://www.ncbi.nlm.nih.gov/pubmed/25209052
https://doi.org/10.1111/obr.12605
http://www.ncbi.nlm.nih.gov/pubmed/28940822
https://doi.org/10.1016/j.lansea.2024.100353
https://doi.org/10.1016/j.lansea.2024.100353
http://www.ncbi.nlm.nih.gov/pubmed/38312946
https://doi.org/10.1371/journal.pone.0263584
http://www.ncbi.nlm.nih.gov/pubmed/35176046
https://doi.org/10.1371/journal.pone.0316435

PLOS ONE

Nutrition status of public-school going adolescents from North India

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Global School-Based Student Health Survey (Age 13—-15). India: Central Board of Secondary Educa-
tion; 2007 [cited 2021 Nov 16]. Available from: https://www.who.int/ncds/surveillance/gshs/2007_India_
CBSE_fact_sheet.pdf.

Peltzer K, Pengpid S. Fruits and vegetables consumption and associated factors among in-school ado-
lescents in five Southeast Asian countries. Int J Environ Res Public Health. 2012 Oct 11; 9(10):3575—
87. https://doi.org/10.3390/ijerph9103575 PMID: 23202763

Kumar P, Kumar D, Ranjan A, Singh CM, Pandey S, Agarwal N. Prevalence of Hypertension and its
Risk Factors Among School Going Adolescents of Patna, India. J Clin Diagn Res. 2017 Jan; 11(1):
SC01-SC04. https://doi.org/10.7860/JCDR/2017/23886.9196 PMID: 28274012

HaK, Chung S, Lee H, Kim C, Joung H, Paik H, et al. Association of Dietary Sugars and Sugar-Sweet-
ened Beverage Intake with Obesity in Korean Children and Adolescents. Nutrients. 2016 Jan 8; 8(1):31.
https://doi.org/10.3390/nu8010031 PMID: 26761029

National Survey on Drug Use and Health (NSDUH), 2013, (Age 12 or older for Asian population). North
Carolina, USA: Separtment of Health and Human Services; [cited 2021 May 17]. Available from:
https://www.samhsa.gov/data/data-we-collect/nsduh-national-survey-drug-use-and-health.

Jonnalagadda S, Mitchell D, Smiciklas-Wright H, Meaker K, Heel NV, Karmally W, et al. Accuracy of
energy intake data estimated by a multiple-pass, 24-hour dietary recall technique. J Am Diet Assoc.
2000 Mar; 100(3):303-8. https://doi.org/10.1016/s0002-8223(00)00095-x PMID: 10719403

Hjartaker A, Andersen LF, Lund E. Comparison of diet measures from a food-frequency questionnaire
with measures from repeated 24 hour dietary recalls. The Norwegian Women and Cancer Study. Public
Health Nutr. 2007; 10(10):1094—103. https://doi.org/10.1017/S1368980007702872.

Bharathi AV, Kurpad AV, Thomas T, Yusuf S, Saraswathi G, Vaz M. Development of food frequency
questionnaires and a nutrient database for the Prospective Urban and Rural Epidemiological (PURE)
pilot study in South India: methodological issues. Asia Pac J Clin Nutr. 2008; 17(1):178-85. PMID:
18364343

Sharma R. Revised Kuppuswamy’s Socioeconomic Status Scale: Explained and Updated. Indian
Pediatr. 2017 Oct 15; 54(10):867-870. PMID: 29120335

Norton K, Whittingham N, Carter L, Kerr D, Gore C, Marfell-Jones M. Measurement techniques in
anthropometry. Anthropometrica. 1996; 1:25-75.

Miller V, Yusuf S, Chow CK, Dehghan M, Corsi DJ, Lock K, et al. Availability, affordability, and con-
sumption of fruits and vegetables in 18 countries across income levels: findings from the Prospective
Urban Rural Epidemiology (PURE) study. Lancet Glob Health. 2016; 4(10):e695-703. https://doi.org/
10.1016/S2214-109X(16)30186-3 PMID: 27567348

Nutrient Requirements for Indians. Hyderabad, India: Indian Council of Medical Research-National
Institute of Nutrition; 2020 [cited 2021 Dec 3]. Available from: https://www.im4change.org/upload/files/
RDA_short_report%281%29.pdf.

BMI-for-age (5—19 years). Geneva: World Health Organization; 2007 [cited 2022 Feb 21]. Available
from: https://www.who.int/tools/growth-reference-data-for-5to19-years/indicators/bmi-for-age.

World Health Organization. Waist circumference and waist-hip ratio: report of a WHO expert consulta-
tion, Geneva, 8—11 December 2008. https://apps.who.int/iris/bitstream/handle/10665/44583/?
sequence=1.

Khadilkar A, Mandlik R, Chiplonkar S, Khadilkar V, Ekbote V, Patwardhan V. Reference centile curves
for triceps skinfold thickness for Indian children aged 5-17 years and cut-offs for predicting risk of child-
hood hypertension: a multi-centric study. Indian Pediatr. 2015 Aug; 52(8):675-80.

Brosius F. Statistical Package for the Social Sciences 21. IBM Corp; 2013 [cited 2021 Aug 15]. Avail-
able from: https://www.sussex.ac.uk/its/pdfs/SPSS_Brief  Guide_21.pdf.

Lucko AM, Doktorchik C, Woodward M, Cogswell M, Neal B, Rabi D, et al. Percentage of ingested
sodium excreted in 24-hour urine collections: A systematic review and meta-analysis. J Clin Hypertens
(Greenwich). 2018 Sep; 20(9):1220—-1229. https://doi.org/10.1111/jch.13353 PMID: 30101426

Food and Nutrition Technical Assistance. Washington, DC: USAID; 2013 [cited 2022 Feb 21]. Avail-
able from: https://www.fantaproject.org/sites/default/files/resources/MUAC%20Systematic %20Review
%20_Nov%2019.pdf.

Bwalya BB. Nutritional status among female adolescents aged (15—19 years) in Zambia: why it matters.
Horizon J Med and Med Sci. 2015; 1(1):1-7.

Parimalavalli R, Sangeetha M. Anthropometric measurements and nutrient intake of adolescent girls.
Anthropologist. 2011 Apr 1; 13(2):111-5.

Nicholaus C, Martin HD, Kassim N, Matemu AO, Kimiywe J. Dietary Practices, Nutrient Adequacy, and
Nutrition Status among Adolescents in Boarding High Schools in the Kilimanjaro Region, Tanzania. J
Nutr Metab. 2020;3592813. https://doi.org/10.1155/2020/3592813 PMID: 32685204

PLOS ONE | https://doi.org/10.1371/journal.pone.0316435 January 14, 2025 14/16


https://www.who.int/ncds/surveillance/gshs/2007_India_CBSE_fact_sheet.pdf
https://www.who.int/ncds/surveillance/gshs/2007_India_CBSE_fact_sheet.pdf
https://doi.org/10.3390/ijerph9103575
http://www.ncbi.nlm.nih.gov/pubmed/23202763
https://doi.org/10.7860/JCDR/2017/23886.9196
http://www.ncbi.nlm.nih.gov/pubmed/28274012
https://doi.org/10.3390/nu8010031
http://www.ncbi.nlm.nih.gov/pubmed/26761029
https://www.samhsa.gov/data/data-we-collect/nsduh-national-survey-drug-use-and-health
https://doi.org/10.1016/s0002-8223%2800%2900095-x
http://www.ncbi.nlm.nih.gov/pubmed/10719403
https://doi.org/10.1017/S1368980007702872
http://www.ncbi.nlm.nih.gov/pubmed/18364343
http://www.ncbi.nlm.nih.gov/pubmed/29120335
https://doi.org/10.1016/S2214-109X%2816%2930186-3
https://doi.org/10.1016/S2214-109X%2816%2930186-3
http://www.ncbi.nlm.nih.gov/pubmed/27567348
https://www.im4change.org/upload/files/RDA_short_report%281%29.pdf
https://www.im4change.org/upload/files/RDA_short_report%281%29.pdf
https://www.who.int/tools/growth-reference-data-for-5to19-years/indicators/bmi-for-age
https://apps.who.int/iris/bitstream/handle/10665/44583/?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/44583/?sequence=1
https://www.sussex.ac.uk/its/pdfs/SPSS_Brief_
https://doi.org/10.1111/jch.13353
http://www.ncbi.nlm.nih.gov/pubmed/30101426
https://www.fantaproject.org/sites/default/files/resources/MUAC%20Systematic%20Review%20_Nov%2019.pdf
https://www.fantaproject.org/sites/default/files/resources/MUAC%20Systematic%20Review%20_Nov%2019.pdf
https://doi.org/10.1155/2020/3592813
http://www.ncbi.nlm.nih.gov/pubmed/32685204
https://doi.org/10.1371/journal.pone.0316435

PLOS ONE

Nutrition status of public-school going adolescents from North India

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Nago ES, Lachat CK, Huybregts L, Roberfroid D, Dossa RA, Kolsteren PW. Food, energy and macro-
nutrient contribution of out-of-home foods in school-going adolescents in Cotonou, Benin Br J Nutr.
2010 Jan; 103(2):281-8.

Saxena NC. Hunger, under-nutrition and food security in India. In poverty, chronic poverty and poverty
dynamics. Springer Sci Rev. 2018;(pp. 55-92).

Iglesia |, Doets EL, Bel-Serrat S, Roman B, Hermoso M, Quintana LP, et al. Physiological and public
health basis for assessing micronutrient requirements in children and adolescents. Matern Child Nutr.
2010; 2:84—99.

Pal A, Pari AK, Sinha A, Dhara PC. Prevalence of undernutrition and associated factors: A cross-sec-
tional study among rural adolescents in West Bengal, India. Int J Pediatr Adolesc Med. 2017 Mar; 4
(1):9-18. https://doi.org/10.1016/j.ijpam.2016.08.009 PMID: 30805494

Ng N, Stenlund H, Bonita R, Hakimi M, Wall S, Weinehall L. Preventable risk factors for noncommunic-
able diseases in rural Indonesia: prevalence study using WHO STEPS approach. Bull World Health
Organ. 2006; 84(4):305-13. https://doi.org/10.2471/blt.05.023721 PMID: 16628304

Jagadesan S, Harish R, Miranda P, Unnikrishnan R, Anjana RM, Mohan V. Prevalence of overweight
and obesity among school children and adolescents in Chennai. Indian Pediatr. 2014 Jul; 51(7):544-9.
https://doi.org/10.1007/s13312-014-0444-6 PMID: 25031132

Jain S, Pant B, Chopra H, Tiwari R. Obesity among adolescents of affluent public schools in Meerut.
Indian J Public Health. 2010 Jul-Sep; 54(3):158—60. https://doi.org/10.4103/0019-557X.75740 PMID:
21245587

Goyal JP, Kumar N, Parmar |, Shah VB, Patel B. Determinants of Overweight and Obesity in Affluent
Adolescent in Surat City, South Gujarat region, India. Indian J Community Med. 2011; 36(4):296—-300.
https://doi.org/10.4103/0970-0218.91418 PMID: 22279261

Praveen G, Subhashini K. Assessment of the Nutritional Status and Determinants of Malnutrition
among School Going Adolescents in the Rural Field Practice Area of the Medical College, Hassan, Kar-
nataka. Int J Trop Dis Health. 2019; 40(2):1-13.

Stanfield P, Stanfield P, Hui Y. Nutrition and diet therapy: self-instructional modules. ADA, editor. USA:
Jones & Bartlett Learning; 2003. https://pdfgoal.com/downloads/nutrition_and_diet_therapy_self
instructional_modules.

de Onis M, Dasgupta P, Saha S, Sengupta D, Bléssner M. The National Center for Health Statistics ref-
erence and the growth of Indian adolescent boys. Am J Clin Nutr. 2001 Aug; 74(2):248-53. https://doi.
org/10.1093/ajcn/74.2.248 PMID: 11470728

Ricardo G, Caldeira G, Catarina A. Prevalence of overweight and obesity and adiposity central indexes
among school-aged children in Santa Catarina. Rev Bras Epidemiol. 2009; 12(3):1-12.

Deurenberg P, Pieters JJ, Hautvast JG. The assessment of the body fat percentage by skinfold thick-
ness measurements in childhood and young adolescence. Br J Nutr. 1990 Mar; 63(2):293-303. https://
doi.org/10.1079/bjn19900116 PMID: 2334665

Agarwal KN, Saxena A, Bansal AK, Agarwal DK. Physical growth assessment in adolescence. Indian
Pediatr. 2001 Nov; 38(11):1217-35. PMID: 11721062

Tang HK, Bowe SJ, Nguyen THHD, Dibley MJ. Triceps and subscapular skinfold thickness percentiles
of a school-based sample of adolescents in Ho Chi Minh City, Vietnam. Eur J Clin Nutr. 2020 Oct; 74
(10):1483—-1487. https://doi.org/10.1038/s41430-020-0626-3 PMID: 32249817

Hastuti J, Rahmawati NT, Suriyanto RA, Wibowo T, Nurani N, Julia M. Patterns of Body Mass Index,
Percentage Body Fat, and Skinfold Thicknesses in 7- to 18-Year-Old Children and Adolescents from
Indonesia. Int J Prev Med. 2020 Aug 19; 11:129. https://doi.org/10.4103/ijpvm.IJPVM_388_19 PMID:
33088457

Dong J, Zhao X, Dong H, Yan Y, Mi J. Can spot urine measurement be a substitute for 24-hour urine
measurement to estimate sodium intake in adolescents? Pediatr Investig 2021; 5(1): 12-20. https://doi.
org/10.1002/ped4.12243 PMID: 33778422

Cogswell M, Zhang Z, Carriquiry A, et al. Sodium and potassium intakes among US adults: NHANES
2003-2008. Am J Clin Nutr. 2012 Sep; 96(3):647-57. https://doi.org/10.3945/ajcn.112.034413 PMID:
22854410

Cashin K, Oot L. Practical Tool for Program Planners, Managers, and Implementers (Guide to Anthro-
pometry). Washington, DC: Food and Nutrition Technical Assistance; 2018 [cited 2021 Nov 24]. Avail-
able from: https://www.fantaproject.org/sites/default/files/resources/FANTA-Anthropometry-Guide-
May2018.pdf.

Singhal N, Misra A, Shah P, Gulati S. Effects of controlled school-based multi-component model of
nutrition and lifestyle interventions on behavior modification, anthropometry and metabolic risk profile of

PLOS ONE | https://doi.org/10.1371/journal.pone.0316435 January 14, 2025 15/16


https://doi.org/10.1016/j.ijpam.2016.08.009
http://www.ncbi.nlm.nih.gov/pubmed/30805494
https://doi.org/10.2471/blt.05.023721
http://www.ncbi.nlm.nih.gov/pubmed/16628304
https://doi.org/10.1007/s13312-014-0444-6
http://www.ncbi.nlm.nih.gov/pubmed/25031132
https://doi.org/10.4103/0019-557X.75740
http://www.ncbi.nlm.nih.gov/pubmed/21245587
https://doi.org/10.4103/0970-0218.91418
http://www.ncbi.nlm.nih.gov/pubmed/22279261
https://pdfgoal.com/downloads/nutrition_and_diet_therapy_self_instructional_modules
https://pdfgoal.com/downloads/nutrition_and_diet_therapy_self_instructional_modules
https://doi.org/10.1093/ajcn/74.2.248
https://doi.org/10.1093/ajcn/74.2.248
http://www.ncbi.nlm.nih.gov/pubmed/11470728
https://doi.org/10.1079/bjn19900116
https://doi.org/10.1079/bjn19900116
http://www.ncbi.nlm.nih.gov/pubmed/2334665
http://www.ncbi.nlm.nih.gov/pubmed/11721062
https://doi.org/10.1038/s41430-020-0626-3
http://www.ncbi.nlm.nih.gov/pubmed/32249817
https://doi.org/10.4103/ijpvm.IJPVM%5F388%5F19
http://www.ncbi.nlm.nih.gov/pubmed/33088457
https://doi.org/10.1002/ped4.12243
https://doi.org/10.1002/ped4.12243
http://www.ncbi.nlm.nih.gov/pubmed/33778422
https://doi.org/10.3945/ajcn.112.034413
http://www.ncbi.nlm.nih.gov/pubmed/22854410
https://www.fantaproject.org/sites/default/files/resources/FANTA-Anthropometry-Guide-May2018.pdf
https://www.fantaproject.org/sites/default/files/resources/FANTA-Anthropometry-Guide-May2018.pdf
https://doi.org/10.1371/journal.pone.0316435

PLOS ONE Nutrition status of public-school going adolescents from North India

urban Asian Indian adolescents in North India. Eur J Clin Nutr. 2010 Apr; 64(4):364—73. https://doi.org/
10.1038/ejcn.2009.150 PMID: 20087379

54. Tang AM, Dong K, Deitchler M, Chung M, Maalouf-Manasseh Z, Tumilowicz A, et al. Use of cutoffs for
mid-upper arm circumference (MUAC) as an indicator or predictor of nutritional and health-related out-
comes in adolescents and adults: a systematic review. Washington, DC: FHI. 2013 Nov; 360.

55. Etchegaray JM, Fischer WG. Understanding evidence-based research methods: pilot testing surveys.
HERD. 2011; 4(4):143-7. https://doi.org/10.1177/193758671100400411 PMID: 21960198

PLOS ONE | https://doi.org/10.1371/journal.pone.0316435 January 14, 2025 16/16


https://doi.org/10.1038/ejcn.2009.150
https://doi.org/10.1038/ejcn.2009.150
http://www.ncbi.nlm.nih.gov/pubmed/20087379
https://doi.org/10.1177/193758671100400411
http://www.ncbi.nlm.nih.gov/pubmed/21960198
https://doi.org/10.1371/journal.pone.0316435

