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ABSTRACT

Background: During adolescence, nutrition is crucial for physical and cognitive
development, yet socio-economic disparities and nutritional deficiencies,
especially in girls, lead to health vulnerabilities, including high anemia rates.
Despite recent data from the National Family Health Survey, there is limited
information on adolescents aged 11-16 years, requiring targeted research. This
cross-sectional study aims to assess the nutritional status, determine the
prevalence of anemia, and explore associated factors among adolescent girls of
the scheduled caste in District Yamunanagar, Haryana, India.

Methods: The study sampled 450 scheduled caste girls aged 11-16 years from
schools in District Yamunanagar, Haryana. Height and weight were measured
to calculate Body Mass Index (BMI). Data on micro-environmental factors,
socio-economic and demographic variables, and dietary habits were collected
through interview-based schedule. Hemoglobin levels were measured using
Sahli’s Acid Haematin technique, and nutritional status was assessed using the
World Health Organization (WHO) standards (Z-score method).

Results: The study found increases in height, weight, and BMI with age, with
notable spurts at 12-13 years for height and 11-12 years for weight and BMI.
Significant differences in height, weight, and BMI were observed between age
groups. Moreover, 92.2% girls were found to be anemic, with most of them
suffering from moderate anemia. Additionally, the prevalence of stunting was
67.33% and wasting was 64.90% among the girls. Household size, number of
family members and menarcheal status of the girls showed a significant
association with the nutritional status and anemic of the girls.

Conclusion: The study emphasizes the need of regular screening and timely
interventions to improve the nutritional and anemic status of adolescent girls.

Keywords: Body Mass Index, Anemia, Nutritional Status, Hemoglobin,
Adolescence
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Introduction

Adolescence marks a pivotal phase characterized
by significant biological changes, encompassing
significant increases in various morphological and
physiological parameters. The critical importance of
proper nutrition during this critical period cannot be
overstated, as it addresses deficits from childhood
and supports the demands of physical, cognitive
growth, and development (Rani et al., 2018; Garzén
et al., 2023). Adequate nutritional intake not only
prevents nutrition-related diseases in adulthood but
also plays a crucial role in mitigating health
challenges faced by adolescents, particularly in
regions with distinct socio-economic conditions
(WHO, 2006; Pasricha & Biggs, 2010; Benedict et
al., 2018; Rahman et al., 2023).

Anaemia affects about one in four people aged
10-24 worldwide, with the highest rates found in
low- and middle-income countries (Azzopardi et al.,
2019). India has one of the largest groups of young
people in the world, with 253 million adolescents
aged 10-19 (Scott et al., 2022). Adolescents
especially girls are the main contributors to the
anemia statistics than adults (Aguayo and Paintal,
2017). In India, adolescent girls encounter
formidable health issues stemming from socio-
economic disparities, nutritional inadequacies, and
gender-based  discrimination. A substantial
proportion of girls in the country grapple with either
general or specific health challenges, intensifying
their vulnerabilities due to heightened nutritional
demands (Balasubramaniam, 2005; Daniel et al.,
2023). The causes of undernutrition are
multifaceted, involving genetic, environmental,
social, and cultural factors (Claessens et al., 2000;
Burniat et al., 2006; Blossner et al., 2005). In
addition, undernutrition can result from insufficient
diet and recurrent severe infections, which are
closely tied to overall living standards,
environmental conditions, and access to essentials
like food, housing, and healthcare. The unique
physiological changes experienced by adolescent
girls, such as an increase in lean body mass,
expanded blood volume, and the onset of
menstruation, elevate their nutritional requirements,
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rendering them susceptible to deficiencies,
particularly iron deficiency leading to anemia
(UNICEF, 2011). Also, anemia and undernutrition
during adolescence poses severe threats to physical
and mental development, impairs behavioural and
cognitive functions, diminishes physical fitness, and
contributes to adverse pregnancy outcomes. The
elevated prevalence of anemia not only elevates the
risks of maternal and child mortality but also
perpetuates the intergenerational cycle of
malnutrition (UNICEF, 2011; ACC/SCN, 1997,
McGuire & Lopez, 2002; UNICEF, 2003; Blossner
et al., 2005). Due to gender and social conditioning,
girls are particularly vulnerable to poor nutritional
status, leading to chronic anemia, miscarriages, and
an increased likelihood of delivering low birth
weight babies (Gibson et al., 2020).

The Government of India has implemented
several flagship schemes and programs to address
the nutritional concerns of adolescent girls,
including anaemia (Mukt Bharat and POSHAN
Abhiyaan). Numerous studies have been conducted
in various states of India, such as those by Pattnaik
et al., 2013; Subramanian et al. ,2022; Gupta et al.,
2022 Nair & Doibale ,2023, to monitor the
prevalence of anemia and the nutritional status of
adolescent girls, especially those in rural areas, and
to assess the impact of these measures.

However, there is limited research focusing on
community or caste-specific assessments of these
parameters in adolescent girls. Targeted interventions
are crucial, since many dietary and personal habits
are influenced by the community from which the
girls come. Additionally, despite recent data on
nutritional status and anemia from National Family
Health Survey-5 (2020-2021) for the state of
Haryana, there is limited information on adolescents
aged 11-16 years. The findings reveal a persistent
high prevalence of anemia among adolescent girls
(15-19 wyears) in the state of Haryana, India
emphasizing the need for a comprehensive approach
to address this issue (NFHS-5).

Therefore, recognizing the pressing need to
enhance our understanding of the nutritional and
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anaemic status among a specific demographic, the
present study focused on scheduled caste adolescent
girls (aged 11 to 16 years) in District Yamunanagar,
Haryana, India. There is limited nationally
representative nutrition survey data for this age
group in the state of Haryana, India. The National
Family Health Surveys (NFHS) only cover the 15-
19 age group with limited nutrition indicators.

Thus, this cross-sectional study aimed to
evaluate the nutritional status, estimate the
prevalence of anemia, and explore correlates
associated with both anemia and nutritional status
among the scheduled caste adolescent girls of
Haryana. By shedding light on these aspects, this
paper endeavours to contribute valuable insights
towards addressing the challenges faced by
adolescent girls in this region and formulating
targeted interventions for their holistic well-being.

Methods

District Yamunanagar, located in the state of
Haryana, is one of its 21 districts, covering an area
of 1756 kmz2 It shares borders with Himachal
Pradesh to the north, Uttar Pradesh to the east,
District Karnal to the south, District Kurukshetra to
the south-west, and District Ambala to the west.
The district comprises three tehsils (Jagadhri,
Chhachhrauli, and Bilaspur) and three sub-tehsils
(Radaur, Sadhaura, and Mustafabad), with 475
Panchayats and 636 villages, Yamunanagar is the
largest district in terms of villages in the state of
Haryana, India. This study focuses on adolescent
girls  belonging to scheduled castes in
Yamunanagar, Haryana. Scheduled castes,
previously known as "depressed classes” during
British rule, are population groups recognized by
the Indian Constitution. Thirty-nine groups in
Haryana are classified as scheduled castes under
Avrticle 341 of the constitution. Yamunanagar ranks
fourth in terms of scheduled caste population
among Haryana districts, with the 2011 census
reporting that scheduled castes constitute 25.26%
of the total population in the district. Predominant
scheduled caste populations in the area include
Balmiki, Chamar, and Deha.

JSBCH. Volume 8, Issue 2, Nov 2024; 1394-1406
CCBY-NC 4.0

Goyal P. A. & Talwar .

Before starting the study, permissions for data
collection from various schools in Yamunanagar
district was obtained from the Chief Medical
Officer (CMO) and District Education Officer
(DEO). The list of all public and government
schools was acquired from the District Education
Office. Government schools, which had a higher
percentage of enrolled scheduled caste children
compared to private or public schools, were
prioritized. The study purpose and methodology
were explained to the principals of these
government schools, and permission was obtained
from the DEO, CMO, and school principals.
Subsequently, data were collected from the
schools. The date of birth of each girl was recorded
from the school registers and all doubtful cases
were excluded. The ages were converted to
decimal age using ‘Decimal Age Calendar’
(Tanner et al., 1966). The data were divided into
six age groups, each with a magnitude of one year.
Each age group included all girls not more than six
months older or 6 months younger than the age
assigned to the group.

The subjects selected for the study were
Scheduled Caste by origin. Ethical clearance for the
collection of data on blood samples, anthropometric
and physiological measurements on human subjects
was obtained from the Ethical Review Committee
of Panjab University, Chandigarh, India vide letter
no. PU/IEC/97-1/13/11 dt 13/11/13. A prior written
consent was obtained from the parents of the
subjects after explaining the objective and
methodology of the study. Each subject was also
briefed about the purpose of the study before data
collection. They were also made aware of the
prevalence of anemia in the adolescent phase, its
causal factors and dreadful consequences. All the
scheduled caste girls between 11 and 16 years were
included in the study. Care was taken to include
apparently  healthy, normal and unrelated
individuals. The girls below 11 and above 16 years
were excluded from the study. Those subjects who
were suffering from any ailments during the last six
months or had chronic systemic disease or physical
disorders were also excluded. Girls who were not
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interested to participate in the study were not
included in the study.

In total, 450 scheduled caste adolescent girls
aged 11 to 16 years were selected for the study
using purposive sampling method. For calculating
the sample size (n), random sampling method was
used with a 95% confidence level and a 5% margin
of error (€). Assuming a population proportion (p)
of 0.5 and an unlimited population size, the Z-
score (z) for a 95% confidence level is 1.96. The
formula used was n = z > x p (1- p)/ & > This
resulted in a sample size of 384.16. Consequently,
data were collected from more than 385 subjects,
who were then grouped into various age-based
sub-groups. Height and weight measurements were
taken  using  standardized  anthropometric
techniques (Weiner and Lourie, 1981). There was
no inter-observer technical error of measurement
as all the measurements were taken by the same
investigator, the first author. Checks were
conducted to determine intra observer technical
error of measurement which was found to be less
than 1%. Body mass index (BMI) was calculated,
and nutritional status was assessed as z-scores
using World Health Organization (WHO) (2007)
reference standards. The cut-off point for
undernourished girls was taken as -2 S.D. scores
below the reference median. Stunting was assessed
by <-2 HAZ (z-score for height-for-age) and
wasting was measured by <-2 BAZ (z-score for
BMiI-for-age). Hemoglobin levels were estimated
using Sahli’s Acid Haematin method. The
prevalence of anemia was evaluated using
classification given by WHO (1968). Socio-
economic, demographic, and micro-environmental
information, along with dietary habits, were
obtained using an interview-based schedule. The
personal information such as caste, sub-caste, and
family composition, place of birth, educational
status, occupational status, and household income
was taken from all the girls under study. Age at
menarche was collected using the status quo
method. Demographic and household attributes
were evaluated using information on family
composition, household size, birth order, sibship
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size, type of possession, duration of stay in the
house, and number of rooms in the household.
Micro-environmental ~ factors, including the
location of the kitchen, stove and fuel type used,
presence of a chimney, location and number of
toilets, drainage system, and source and adequacy
of drinking water supply to the household, were
also studied. The frequency of consumption of
milk, fruits, mineral/vitamin supplements, non-
vegetarian food, and fast food was investigated.
Subjects were asked about the duration of sleep,
type and duration of games played, and mode of
transport used to reach school, to assess the level
of physical activity. The interview-based schedule
was pretested on a subset of the intended
population and necessary changes were made to
the schedule to get maximum information from the
subjects. Socio-economic status was evaluated
using a modified Kuppuswamy's socioeconomic
status scale. Linear regression analysis was
conducted to assess predictors of hemoglobin.
One-way analysis of variance (ANOVA) was
performed for each variable to study age trends.
Pearson’s correlation coefficient was used to
evaluate the relationship between height, weight,
BMI, and hemoglobin. Pearson’s chi-square test
was used to investigate various correlates of
nutritional and anemic status. The threshold of
statistical significance used for various tests was a
p-value of 0.05. The statistical analysis was
performed using Statistical Package for the Social
Sciences (SPSS) v. 16.

Results

As per Kuppuswamy’s socioeconomic status
scale, the majority of the subjects under study
belonged to the upper-lower socio-economic class.
The parents were largely illiterate and earned their
livelihoods through low-paying daily wage labor.
The mothers were primarily homemakers and did
not significantly contribute to the family income.
The qgirls under study were living in poor
environmental conditions and majorly belonged to
nuclear families.

Means, standard deviations, and ANOVA for
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height, weight, BMI and haemoglobin of scheduled
caste adolescent girls by age are presented in Table
1. The height, weight, and BMI showed an
increasing trend with advancing age among
adolescent girls. The girls of the present study
attained a maximum gain in stature between 12 and
13 years (6.51 cm). The minimum gain of weight
(4.14 Kg) was observed between 11 and 12 years.

Goyal P. A. & Talwar .

BMI showed an increasing trend with advancing
age with a maximum gain of 1.13 kg/m? between
11 to 12 years. A general increase in mean values
for haemoglobin level was seen with advancing
age except for 14 years where a decrease of 0.18
g/dl was witnessed. ANOVA revealed significant
differences between age groups for height, weight,
and BMI (p < 0.05)( Table 1).

Table 1. Descriptive statistics for height, weight, BMI and hemoglobin level of adolescent scheduled caste girls of
Yamunanagar district by age

Age groups 11 Years 12 Years 13 Years 14 Years 15 Years 16 Years ANOVA
Variabl Mean Meanz* Mean+ Mean+ Mean+ Meanz* F-value
ariables +S.D. S.D. S.D. S.D. S.D. S.D. (p-value)
Height 135.54 + 140.21 + 146.72 £ 150.05 £ 151.00 £ 151.77 + 78.163
(cm) 7.48 7.24 6.19 5.83 6.71 5.03 (.000**)
Weight 26.68 + 30.82 + 34.78 + 38.23 39.03 = 39.89 + 57.896
(Kg) 5.30 6.57 6.27 6.55 511 5.79 (.000**)
BMI 1443 £ 15.56 £ 16.09 £ 16.91 £ 1711 + 17.29 18.429
(Kg/m?) 2.03 2.40 2.39 2.25 1.98 2.24 (.000**)
Hemoglobin 10.07 = 10.13 = 10.13 0.439
(g/dll 9.9+1.27 1.09 1.04 995+1.13 9.98+1.23 105 (821)
*Level of significance at p-value < 0.05, **< 0.01
Table 2 shows that majority of girls have median indicating a considerable degree of

z-scores -1 S.D. or more below the reference malnutrition (Table2).

Table 2. Prevalence of stunting (height-for-age z-score) and wasting (BMI-for-age z-score) among scheduled caste girls
according to the WHO, 2007

Number Normal Mild Moderate Severe
Age of >-1SD -1t0-1.9SD -2t0-2.9SD -3 and less
(Years) subjects Stunting Wasting  Stunting Wasting Stunting Wasting Stunting Wasting
N (%) N (%0) N (%0) N (%0) N (%0) N (%) N (%) N (%)
11 75 30 (40.00) 24 (32.00) 28 (37.30) 17 (22.70) 11 (14.70) 22 (29.30) 6(8.00) 12 (16.00)
12 75 20 (26.70) 26 (34.70) 31 (41.30) 24 (32.00) 19 (25.30) 17 (22.70) 5(6.70) 8(10.70)
13 75 34 (45.30) 28(37.30) 24 (32.00) 21 (28.00) 14 (18.70) 13 (17.30) 3(4.00) 13(17.30)
14 75 25(33.30) 30 (40.00) 33 (44.00) 26 (34.70) 16 (21.30) 16 (21.30) 1(1.30) 3 (4.00)
15 75 23(30.70) 28(37.30) 31 (41.30) 23(30.70) 15 (20.00) 20 (26.70) 6(8.00) 4 (5.30)
16 75 15 (20.00) 22(29.30) 39(52.00) 26 (34.70) 18 (24.00) 22(29.30) 3(4.00) 5 (6.70)
Total 450 147 158 186 137 93 (20.70) 110 24 (5.30) 45

(32.70)  (35.10)  (41.30)  (30.40) (24.40) (10.00)

Normality was assessed using the Kolmogorov-
Smirnov test, indicating no evident violation. Table
3 displays age-specific correlation coefficients
between height, weight, BMI, and haemoglobin in
adolescent scheduled caste girls from Haryana.
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Height and weight exhibit a significant association,
supported by the pooled correlation coefficient (r).
BMI correlates significantly with height and
weight. Height alone significantly associates with
haemoglobin levels (Table3).
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Table 3. Correlation matrix of height, weight, BMI and haemoglobin level of adolescent scheduled caste girls of
Yamunanagar district

Age groups

13 14 15 16

variables 11 Years 12 Years Years Years Years Years Total
HEIGHT
Weight 0.695 0.708 0.606 0.640 0.533 0.474 0.775
(.000**) (.000**) (.000**) (.000**) (.000**) (.000**) (.000**)
BMI 0.210 (.0712) .330 (.004**) 175 .230 (.048%) -0.136 0.019 0.379
(.133) (.246) (.872) (.000**)
Haemoglobin 0.174 0.188 0.045 .007 .037 211 .096
(0.134) (.107) (.699) (.951) (.751) (.069) (0.041%)
WEIGHT
BMI 0.843 .897 .886 .893 761 0.888 0.873
(.000**) (.000**) (.000**) (.000**) (.000**) (.000*%) (.000*%)
Haemoglobin 0.024 116 -0.053 .025 117 .085 0.053
(.841) (.320) (.652) (.830) (.319) (.470) (.259)
BMI
Haemoglobin -0.073 0.023 -0.099 0.036 .106 -0.012 0.006
(.536) (.843) (.400) (.762) (.367) (.922) (.905)

*Level of significance at p-value < 0.05, **< 0.01

Table 4 presents values of adjusted R? (with p-
values) from linear regression predicting
haemoglobin levels from height, weight, and BMI
in adolescent girls of Haryana. Height predicted a

variance of 0.7% in hemoglobin level, thus making
it the best predictor of hemoglobin level as
compared to weight and BMI among adolescent
scheduled caste girls (Table4).

Table 4. Adjusted R2 (with p-values) from linear regression predicting Haemoglobin level from height, weight and
BMI in adolescent scheduled caste girls of Yamunanagar, Haryana

Height
Girls Adj R? (p value)
(n=450) 0.007

(0.041)*

*Level of significance at p-value < 0.05

Table 5 presents the age-wise prevalence of
different grades of anemia among the adolescent girls

Weight BMI
Hemoglobin
Adj R? (p value) Adj R? (p value)
0.001 -0.002
(0.259) (0.905)

of Haryana. Majority of the girls were found to be
suffering from various grades of anemia (Table5).

Table 5. Prevalence of different grades of anemia in adolescent scheduled caste girls of Yamunanagar district

Age groups N Severe anemia Moderate anemia Mild anemia Normal
(Years) (upto 7g/dl) (7-10 g/dl) (10-12 g/dl) (12g/dl and above)
N % N % N % N %
11 75 3 4.00 53 70.70 6 8.00 13 17.30
12 75 2 2.70 54 72.00 15 20.00 4 5.30
13 75 3 4.00 50 66.70 20 26.70 2 2.70
14 75 4 5.30 59 78.70 8 10.70 4 5.30
15 75 4 5.30 47 62.70 20 26.70 4 5.30
16 75 3 4.00 48 64.00 16 21.30 8 10.70
Total 450 19 4.22 311 69.11 85 18.88 35 7.77
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Correlates of anemia and nutritional status
Micro-environmental,  socio-economic, and

demographic variables, along with dietary habits,

were assessed for their association with the anemic
and nutritional status of the sample girls using the

chi-square test. Menarcheal status showed a

significant relationship with the girls' nutritional

status (with wasting: y° = 28.588, p-value =

0.000**, expected count = 19.60; with stunting: x>

= 11.061, p-value = 0.011**, expected count =

10.45). The number of family members also

demonstrated a significant association with the

prevalence of wasting among the sample girls (x* =

9.932, p-value = 0.019*, expected count = 5.70). A

statistically  significant  association  between

household size (number of rooms) and the girls'
anemic status was observed from the chi-square

test values (x° = 12.671, p-value = 0.013*,

expected count = 0.62) (The detailed table has not

been included intentionally).

Discussion

India continues to grapple with a dire nutritional
situation. In the 2021 Global Hunger Index, India
score dropped to 27.5, ranking 101% out of 116
countries, a decline from 94th place in 2020
(Index, 2021). Additionally, a survey on Global
Food Policy conducted by the International Food
Policy Research Institute in 2022 painted a grim
picture, predicting that approximately 73.9 million
Indians will experience hunger by 2030 (Swinnen
et al., 2022). The overall nutritional landscape in
India remains dismal, compounded by significant
gender disparities in health care access and
discrimination against women from birth onwards
(Mehrotra, 2006; Sivakumar, 2008; Basu, 1993).

The National Family Health Survey (2019-21)
reported that 15.9% of children under the age of 5
years suffer from wasting, 27.5% from stunting,
and 21.5% from underweight. Since there is a lack
of nationally representative data for the adolescent
age group, it is crucial to compare the results of the
present study with the findings of regional studies
to develop a comprehensive understanding and to
find regional variations. In the present study, we
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assessed the nutritional status of scheduled caste
girls aged 11-16 years according to WHO
standards, which showed 67.33% girls to be
stunted and 64.90% girls to be wasted. The results
of this study were compared with the prevalence of
wasting and stunting among girls in various Indian
states from several other studies. It was found that
the sampled girls had a higher prevalence of
stunting and wasting compared to girls in other
population groups (Bose et al., 2007; Goyle, 2009;
Vasisht et al.,, 2009; Mondal & Sen, 2010;
Dambhare et al., 2010; Shivaramakrishna et al.,
2011; Goyal et al., 2012; Srivastava et al., 2012;
Fazili , 2012; Bhadniya et al., 2013; Gaiki &
Wagh, 2014; Thakur & Gautam, 2016; Chauhan et
al., 2022), with rates comparable only to those
found in girls from Andhra Pradesh (Susmitha et
al., 2015). These differences in prevalence rates of
various statues of malnutrition may be attributed to
different genetic and environmental correlates
along with the socio-economic, different dietary
habits levels and cut-off points used to define
under nutrition.

Despite of the fact that there is an increase in
economic opportunities and access to healthcare
facilities in India, the incidence and prevalence of
anemia is alarming. NFHS estimates from 2005—
2006 to 2019-2021 suggest a slight increase in
anemia prevalence among Indian adolescents aged
15-19 years (girls: 55.8% to 59.1%, boys: 30.2%
to 31.1%) (International Institute for Population
Sciences, 2022). Numerous region-specific studies
are conducted annually to assess anaemia
prevalence in children and adolescents. While
exact figures vary among studies, anemia remains
a critical public health issue in India, particularly
among women and children. The present study
focuses on the prevalence of anemia among
adolescent girls (11-16 years) of Yamunanagar,
Haryana. On comparison with other results of other
regional studies, it was found that the prevalence
of anemia among the girls in this study was 92.2%,
which is lower than reported rates among girls in
Jaipur (96.30%) (Goyle & Prakash, 2009) and
Fatehgarh Sahib, Punjab (98.00%) (Kaur & Kaur,
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2011), but higher than in other population groups
(Sidhu et al., 2005; Basu et al., 2005 ; Goel &
Gupta, 2007 ; Gupta & Kochar, 2009 ; Gupta et al.,
2011 ; Gupta et al., 2012 ; Verma et al., 2013;
Kaur & Kaur, 2015 ; Devi et al., 2015 ; Singh et
al, 2015; Chandrakumari et al, 2019;
Subramanian et al., 2022 ). These results indicate
that anemia is a severe public health concern
(prevalence > 40%) in the studied population,
according to the WHO current recommendations
(2011a).

The present study showed a significant
association between family size (number of family
members) and prevalence of wasting among the
sample girls. Many studies have reported that
family size is a major determinant of poor
nutritional status among adolescent girls (Kitai et
al.,, 1996; Haidar et al., 2005; Odunayo &
Oyewole, 2006; Mukherjee & Bhalwar, 2008;
Balci et al., 2012). Mierzejewska (1995) stated that
the smaller the family size, the better is the
nutritional status. Eiben & Taylor (2004) reported
a downward trend in body weight of children from
Hungary (aged 3-18 years) with increasing family
size. Abdelaziz et al. (2015) concluded in their
study on Egyptian children and adolescents that
larger family size leads to overcrowding and
inadequate spacing thus, denoting to be a
significant risk factor for severe malnutrition
among children. Similar findings were reported by
Bhattacharyya & Barua (2013) and Wolde et al.
(2015). The results of the present study are in
consensus with these studies.

Children in lower socio-economic groups,
especially in developing countries, often suffer
from malnutrition and associated health issues. The
majority of the girls in the present study belonged
to the lower socio-economic group. Nutritional
status is one of the most important determinants
that accounts for variability in menarcheal age
(Riley et al., 1993). Blum et al. (1997) reported
that to achieve menarche a minimum body fat mass
is required, and an increased body fat mass is
associated with earlier puberty and menarche. A
delay in menarche is seen in the girls who are
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undernourished as compared to their better-
nourished counterparts (WHO, 2003; Gluckman &
Hanson, 2006). In the present study, the
menarcheal status of the girls showed a significant
relationship with the girls' nutritional status.

Anemia is typically caused by factors such as
nutritional deficiencies (especially iron), chronic
diseases, and genetic or environmental factors.
However, the size of a house could indirectly
affect anemia status through its association with
socioeconomic status, which in turn can affect
access to nutritious food, healthcare, and overall
living conditions. In the present study, girls who
lived in bigger houses showed better anemic status
than girls who resided in smaller households. A
statistically significant association was seen
between the prevalence of anemia in the girls and
the size of the residence.

It is worth noting that this study is the first of its
kind to assess the nutritional status and prevalence
of anemia, along with its associated factors (socio-
demographic, micro-environmental, and lifestyle
factors), among adolescent scheduled caste girls
residing in Yamunanagar, Haryana. However, this
study employed Sahli's acid hematin method using
a hemoglobinometer to assess the anemic status of
the scheduled caste girls, which is a convenient
method for field conditions and offers a cost-
effective and rapid means of identifying
individuals at risk. However, it tends to
underestimate the hemoglobin concentration, since
not all forms of hemoglobin are converted to acid
hematin. Additionally, subjective bias may be
present due to visual comparison. Thus, this can be
said to be the limitation of the study.

Conclusion

The present study sheds light on the poor
nutritional status of the sampled adolescent girls,
alongside an alarming prevalence of anemia among
them. This nutritional inadequacy is largely
attributed to poverty, as the majority of the girls
belong to lower socioeconomic  groups.
Furthermore, family size and household size
showed an association with their poor nutritional
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and anemic status. Therefore, crowding within the
family may also contribute to the higher prevalence
of malnutrition and anemia among them.

These findings underscore the urgent need for
regular screening of adolescent girls and timely
interventions to improve their nutritional status.
Health policymakers must develop tailored
intervention strategies addressing the specific
causes and prevalence of anemia and malnutrition
within different settings and population groups.
Furthermore,  policymakers  should allocate
sufficient resources and funding for the control and
prevention of malnutrition in adolescent girls to
safeguard their future health.

Acknowledgement

Acknowledgments are due to CMO and DEO of
Yamunanagar, Haryana, India, for providing
permission to carry out data collection from
various schools of the district and to the parents,
principals and teachers of various schools for
extending their cooperation to carry out the work.
The authors are extremely thankful to all the
participants for actively participating in the study
and for providing required data and information.

Conflict of interest
The authors declare that they have no conflict of
interest.

Funding

The authors received no financial support for the
research, authorship, and/or publication of this
article.

Ethical Considerations

Ethical clearance for the collection of data on
human subjects was obtained from the Ethical
Review Committee of Panjab  University,
Chandigarh vide letter no. PU/IEC/97-1/13/11 dt
13/11/13. A prior permission was obtained from
the DEO and Principals of schools along with the
written consent of parents/legal guardians after
explaining the objective and methodology of the
study.

Author’s contributions
All authors contributed to the study conception

JSBCH. Volume 8, Issue 2, Nov 2024; 1394-1406
CCBY-NC 4.0

Goyal P. A. & Talwar .

and design. Material preparation, data collection
and analysis were performed by the P. A. G. Both
P. A.Gand I. T, contributed to manuscript writing.
All authors read and approved the final manuscript.

Open Access Policy

JSBCH does not charge readers and their
institutions for access to its papers. The full-text
download of all new and archived papers is free of
charge

References

Abdelaziz, S.B., Youssef, M.R.L., Sedrak, A.S. &
Labib, J.R. (2015). Nutritional status and dietary
habits of school children in  beni-suef
governorate, Egypt. Food and Nutrition Sciences,
6, 54-63.

Aguayo, V. M., Paintal, K. (2017). Nutrition in
adolescent girls in South Asia. BMJ, 357.

Azzopardi, P. S., Hearps, S. J., Francis, K. L.,
Kennedy, E. C., Mokdad, A. H., Kassebaum, N.
J., ... & Patton, G. C. (2019). Progress in
adolescent health and wellbeing: tracking 12
headline indicators for 195 countries and
territories, 1990-2016. The Lancet, 393(10176),
1101-1118.

Balasubramanian, P. (2005). Health needs of poor
unmarried adolescent girls-A community based
study in rural Tamilnadu. Indian Journal of
Population Education, 6(1), 18-33.

Balci, Y.l., Karabulut, A., Gurses, D., & Covut,
I.LE. (2012). Prevalence and risk factors of
anemia among adolescents in Denizli, Turkey.
Iran Journal of Pediatrics, 22(1), 77-81.

Basu, A. M. (1993). Women's roles and gender gap
in health and survival. Economic and Political
Weekly, 2356-2362.

Basu, S., Basu, S., Hazarika, R., & Parmar, V.
(2005). Prevalence of anemia among school
going adolescents of chandigarh. Indian
Pediatrics, 42(6), 593-597.

Benedict, R. K., Schmale, A., & Namaste, S.
(2018). Adolescent nutrition 2000-2017: DHS
data on adolescents age 15-19.

Bhadaniya, H.K., Samani, V.S., & Jotangiya, D.J.
(2013). Study on nutritional status of school girls

1402


http://dx.doi.org/10.18502/jsbch.v8i2.16975
https://sbrh.ssu.ac.ir/article-1-244-en.html

[ Downloaded from sbrh.ssu.ac.ir on 2026-06-14 ]

[ DOI: 10.18502/jsbch.v8i2.16975 |

Goyal P. A. & Talwar .

in Rajkot city as determined by anthropometry.
Food Science Research Journal, 4(1), 77-79.

Bhattacharyya, H., & Barua, A. (2013). Nutritional
status and factors affecting nutrition among
adolescent girls in urban slums of Dibrugarh,
Assam. National Journal of Community
Medicine, 4(1), 35-39.

Blossner, M., De Onis, M., & Priiss-Ustiin, A.
(2005). Malnutrition: quantifying the health
impact at national and local levels. World Health
Organization.

Blum W F Englaro P Hanitsch S Juul Hertel N M
ller J Skakkeb k N.E., Heiman, M.L., Birkett, M.,
Attanasio, A.M., & Kiess, W. (1997). Plasma
leptin levels in healthy children and adolescents:
Dependence on body mass index, body fat mass,
gender, pubertal stage, and testosterone 1. The
Journal of Clinical Endocrinology &
Metabolism, 82(9), 2904-2910.

Bose, K., Bisai, S., & Mukherjee, S. (2007).
Anthropometric characteristics and nutritional
status of rural school children. The Internet
Journal of Biological Anthropology, 2(1), 367-
371.

Chandrakumari, A. S., Sinha, P., Singaravelu, S.,
& Jaikumar, S. (2019). Prevalence of anemia
among adolescent girls in a rural area of Tamil
Nadu, India. Journal of family medicine and
primary care, 8(4), 1414-1417.

Burniat, W., Cole, T. J., Lissau, I., & Poskitt, E. M.
(Eds.). (2006). Child and adolescent obesity:
Causes and consequences, prevention and
management.

Chauhan, S., Kumar, P., Marbaniang, S. P.,
Srivastava, S., & Patel, R. (2022). Prevalence
and predictors of anaemia among adolescents in
Bihar and Uttar Pradesh, India. Scientific
Reports, 12(1), 8197.

Claessens, A. L., Beunen, G., & Malina, R. M.
(2000).  Anthropometry,  physique,  body
composition and maturity. Paediatric exercise
science and medicine, 2.

Dambhare, D. G., Bharambe, M. S., Mehendale, A.
M., & Garg, B. S. (2010). Nutritional status and
morbidity among school going adolescents in

\r/)
Nutritional Status and Anemia among ... f ‘W :

Wardha, a peri-urban area. Online Journal of
Health and Allied Sciences, 9(2).

Daniel, R. A., Kalaivani, M., Kant, S., & Gupta, S.
(2023). Prevalence of anaemia among adolescent
girls (10-19 years) in India: A systematic review
and meta-analysis. Natl Med J India, 36(4), 233-
40.

Onis, M. D., Onyango, A. W., Borghi, E., Siyam,
A., Nishida, C., & Siekmann, J. (2007).
Development of a WHO growth reference for
school-aged children and adolescents. Bulletin of
the World health Organization, 85(9), 660-667.

Devi, S., Deswal, V., & Verma, R. (2015).
Prevalence of anemia among adolescent girls: A
school based study. International journal of Basic
and Applied Medical Sciences, 5(1), 95-98.

Eiben, O. G., & Mascie-Taylor, C. G. N. (2004).
Children’s growth and socio-economic status in
Hungary. Economics & Human Biology, 2(2),
295-320.

Fazili, A. (2012). Nutritional status of school age
children (5-14 years) in a rural health block of
North India (Kashmir) using WHO z-score
system. Online Journal of Health and Allied
Sciences, 11(2),2.

Gaiki, V., & Wagh, V. (2014). Nutritional status of
adolescent girls from selected rural areas of a
district from Central India. Innovative Journal of
Medicine and Health Science, 4(2), 90-92.

Garzon, A. J. R., Ramones, A. C. M., Caldas, M.
M. R., Jaramillo, M. I. H., & Ramirez, J. R. C.
(2023). Nutritional Status And Its Relationship
With Socioeconomic Level In Schoolchildren Of
The Uunt Wichim Community, Seville Don
Bosco Parish. Morona Santiago, 2023. Journal of
Population Therapeutics and Clinical
Pharmacology, 30(15), 417-424.

Gluckman, P. D., & Hanson, M. A. (2006).
Evolution, development and timing of puberty.
Trends in Endocrinology & Metabolism, 17(1),
7-12.

Goel, S., & Gupta, B.P. (2007). Low anemia
prevalence among adolescents of an urban hilly
community. Indian Journal of Community

JSBCH. Volume 8, Issue 2, Nov 2024; 1394-1406
CCBY-NC 4.0


http://dx.doi.org/10.18502/jsbch.v8i2.16975
https://sbrh.ssu.ac.ir/article-1-244-en.html

[ Downloaded from sbrh.ssu.ac.ir on 2026-06-14 ]

[ DOI: 10.18502/jsbch.v8i2.16975 |

-,
i @\ Nutritional Status and Anemia among ...

Medicine, 1(1),67-68.

Goyal, R., Mehta, P., & Kaur, G. (2012).
Nutritional status and menarche in adolescents of
Punjab. J Life Sci, 4(1), 63-66.

Gibson, S., Adamski, M., Blumfield, M., Dart, J.,
Murgia, C., Volders, E., & Truby, H. (2020).
Promoting evidence based nutrition education
across the world in a competitive space:
Delivering a Massive Open Online Course.
Nutrients, 12(2), 344.

Goyle, A. (2009). Nutritional status of girls
studying in a government school in Jaipur city as
determined by anthropometry. Anthropologist,
11(3), 225-227.

Goyle, A., & Prakash, S. (2009). Iron status of
adolescent girls (10-15 vyears) attending a
government school in Jaipur city, Rajasthan,
India. Malaysian Journal of Nutrition, 15 (2),
205-211.

Gupta, A., Parashar, A., Thakur, A., & Sharma, D.
(2012). Anemia among adolescent girls in
Shimla hills of north India: Does BMI and onset
of menarche have a role. Indian Journal of
Medical Sciences, 66 (5-6), 126-130.

Gupta, N., & Kochar, G. (2009). Pervasiveness of
anaemia in adolescent girls of the lower socio-
economic groups of the district of Kurukshetra
(Haryana). The internet journal of nutrition and
wellness, 7(1), 1-5.

Gupta, V. K., Maria, A. K., Kumar, R., Bahia, J.
S., & Arora, S. (2011). To study the prevalence
of anaemia in young males and females with
respect to the age, body mass index (BMI),
activity profile and the socioeconomic status in
rural Punjab. Journal of Clinical and Diagnostic
Research, 5(5), 1020-1026.

Gupta, A., Sachdev, H. S., Kapil, U., Prakash, S.,
Pandey, R. M., Sati, H. C., ... & Lal, P. R.
(2022). Characterisation of anaemia amongst
school going adolescent girls in rural Haryana,
India. Public Health Nutrition, 25(12), 3499-
3508.

Haidar, J., Abate, G., Kogi-Makau, W., &
Sorensen, P. (2005). Risk factors for child under-
nutrition with a human rights edge in rural

JSBCH. Volume 8, Issue 2, Nov 2024; 1394-1406
CCBY-NC 4.0

Goyal P. A. & Talwar .

villages of North Wollo, Ethiopia. East African
medical journal, 82(12), 625-630.

Index, G. H. (2021). Global Hunger Index: hunger
anf Food System in Conflict Setting.
Bonn/Dublin.

International Institute for Population Sciences.
(2022). India Fact Sheet. National Family Health
Survey- 5 2019- 21. Ministry of Health and
Family Welfare, Government of India.

Kaur, I. P. & Kaur, S. (2011). A comparison of
nutritional profile and prevalence of anemia
among rural girls and boys. Journal of Exercise
Science and Physiotherapy, 7(1), 11-18.

Kaur, T., & Kaur, M. (2015). Anaemia a health
burden among rural adolescent girls in district
Karnal: Prevalence and correaltes. International
Research Journal of Biological Sciences, 4 (7),
34-41.

Kitai, E., Kaplan, B., Raick, Y., Cohen, Y., Neri,
A., & Friedman, J. (1996). Community screening
to reveal iron deficiency in healthy menstruating
women in Israelian suburbs. European Journal of
Obstetrics & Gynecology and Reproductive
Biology, 67(1), 21-25.

Gururaj, M. (2014). Kuppuswamy’s socio-
economic status scale-A revision of income
parameter for 2014. Int J Recent Trends Sci
Technol, 11(2), 1-2.

McGuire, J., & Lopez, C. (2002). Poverty and
Nutrition in Bolivia. A World Bank Country
Study. World Bank, PO Box 960, Herndon, VA
20172-0960.

Mehrotra, S. (2006). Child malnutrition and gender
discrimination in South Asia. Economic and
Political Weekly, 912-918.

Mierzejewska, L. T. (1995). Age at menarche as an
indicator of the socioeconomic situation of rural
girls in Poland in 1967, 1977, and 1987.
American Journal of Human Biology, 7(5), 651-
656.

Maxwell, S. (1998). Saucy with the Gods: nutrition
and food security speak to poverty. Food Policy,
23(3-4), 215-230

Ministry of Health and Family Welfare,
Government of India. (2019). National Family

1404


http://dx.doi.org/10.18502/jsbch.v8i2.16975
https://sbrh.ssu.ac.ir/article-1-244-en.html

[ Downloaded from sbrh.ssu.ac.ir on 2026-06-14 ]

[ DOI: 10.18502/jsbch.v8i2.16975 |

Goyal P. A. & Talwar .

Health Survey (NFHS- 5), Key Indicators.
https://mohfw.gov.in/sites/default/files/NFHS-
5 Phase-1l1_0.pdf

Mondal, N., & Sen, J. (2010). Prevalence of
stunting and thinness among rural adolescents of
Darjeeling district, West Bengal, India. Italian
Journal of Public Health, 7(1), 54-61.

Mukherjee, R., Chaturvedi, S., & Bhalwar, R.
(2008). Determinants of nutritional status of
school children. Medical Journal Armed Forces
India, 64(3), 227-231.

Nair, A., & Doibale, M. K. (2023). Prevalence of
Anemia among Adolescent Girls in Rural Area
of a District of Maharashtra. Indian Journal of
Community Health, 35(1), 21-26.

Odunayo, S.l., & Oyewole, A.O. (2006). Risk
factors for malnutrition among rural Nigerian

Children. Asia Pacific Journal of Clinical
Nutrition, 15(4), 491-495.
Pasricha, S. R., & Biggs, B. A. (2010).

Undernutrition among children in south and
south- east Asia. Journal of paediatrics and child
health, 46(9), 497-503.

Pattnaik, S., Patnaik, L., Kumar, A., & Sahu, T.
(2013). Prevalence of anemia among adolescent
girls in a rural area of Odisha and its
epidemiological correlates. Indian Journal of
Maternal and Child Health, 15(1), 5.

Rahman, M. M., de Silva, A., Sassa, M., Islam, M.
R., Aktar, S., & Akter, S. (2023). A systematic
analysis and future projections of the nutritional
status and interpretation of its drivers among
school-aged children in South-East Asian
countries. The Lancet Regional Health-Southeast
Asia, 16.

Rani, D., Singh, J. K., Srivastava, M., Verma, P.,
Srivastava, D., & Singh, S. P. (2018).
Assessment of nutritional status of teenage
adolescent girls in urban slum of Varanasi. Int J
Cur Res Rev, 10(20), 6.

Riley, A. P., Samuelson, J. L., & Huffman, S. L.
(1993). The relationship of age at menarche and
fertility in  undernourished  adolescents.
Biomedical Determinants of Reproduction.
Clarendon Press, Oxford, 50-61.

1405

\r/)
Nutritional Status and Anemia among ... f ‘W :

Scott, S., Lahiri, A., Sethi, V., de Wagt, A,
Menon, P., Yadav, K., Varghese, M., Joe, W.,
Vir, S.C. and Nguyen, P.H. (2022). Anaemia in
Indians aged 10-19 years: Prevalence, burden
and associated factors at national and regional
levels. Maternal & Child Nutrition, 18(4),
e13391.

Sharif, N., Das, B., & Alam, A. (2023). Prevalence
of anemia among reproductive women in
different social group in India: cross-sectional
study using nationally representative data. Plos
one, 18(2), e0281015.

Shivaramakrishna, H.R., Deepa, A\V. &
Sarithreddy, M. (2011). Nutritional status of
adolescent girls in rural area of Kolar district-A
cross-sectional study. Al Ameen J Med Sci, 4
(3), 243-246.

Sidhu, S., Kumari, K., & Uppal, M. (2005).
Prevalence of anaemia among adolescent girls of
scheduled caste community of Punjab.
Anthropologist, 7(4), 265-267.

Singh, H., Gill, H.S., & Gurmanpreet. (2015). To
find prevalence of anaemia among school going
adolescent girls of Shimla hills. Scholars Journal
of Applied Medical Sciences, 3 (6D), 2401-2407.

Sivakumar, M. (2008). Gender discrimination and
women’s development in India. Munich Personal
RePEc Archive.

Srivastava, A., Mahmood, S. E., Srivastava, P. M.,
Shrotriya, V. P., & Kumar, B. (2012). Nutritional
status of school-age children-A scenario of urban
slums in India. Archives of public health, 70, 1-
8.

Subramanian, M., Malhotra, S., Kant, S,
Goswami, K., Perumal, V., & Kaloiya, G.
(2022). Prevalence of anemia among adolescent
girls residing in rural Haryana: A community-
based cross-sectional study. Cureus, 14(1).

Subramanian, M., Malhotra, S., Kant, S,
Goswami, K., Perumal, V., & Kaloiya, G.
(2022). Prevalence of anemia among adolescent
girls residing in rural Haryana: A community-
based cross-sectional study. Cureus, 14(1).

Subramanian, M., Malhotra, S., Kant, S,
Goswami, K., Perumal, V., Kaloiya, G., &

JSBCH. Volume 8, Issue 2, Nov 2024; 1394-1406
CCBY-NC 4.0


http://dx.doi.org/10.18502/jsbch.v8i2.16975
https://sbrh.ssu.ac.ir/article-1-244-en.html

[ Downloaded from sbrh.ssu.ac.ir on 2026-06-14 ]

[ DOI: 10.18502/jsbch.v8i2.16975 |

-,

i @\ Nutritional Status and Anemia among ...
Perumal, V. (2022). Prevalence of anemia among
adolescent girls residing in rural Haryana: A
community-based cross-sectional study. Cureus,
14(1).

Susmitha, K. M., Jyothi, C., Prabakaran, J., &
Ananthaiah C. N. (2015). Nutritional status of
adolescent girls in social welfare hostels: A
cross-sectional study. National Journal of
Research in Community Medicine, 4 (1), 106-
113.

Swinnen, J., Arndt, C., & Vos, R. (2022). Climate
change and food systems: Transforming food
systems for adaptation, mitigation, and
resilience. IFPRI book chapters, 6-15.

Tanner, J. M., Whitehouse, R. H., & Takaishi, M.
(1966). Standards from birth to maturity for
height, weight, height velocity, and weight
velocity: British children, 1965. Il. Archives of
disease in childhood, 41(220), 613.

Thakur, R., & Gautam, R.K. (2016). Co-existence
of undernutrition and obesity: A cross sectional
study among girls and boys below 20 years of
age. Human Biology Review, 5 (2), 199-212.

UNICEF. (2003). Combating malnutrition: Time to
act. In S. R. Gillespie, M. McLachlan, & R.
Shrimpton (Eds.), The world bank, human
development network, health, nutrition, and
population series, Washington D.C.:World Bank
Publications.WorldBankGroup,http://documents.
worldbank.org/curated/en/152421468336074510
/Combating-malnutrition-time-to-act

UNICEF. (2011). The adolescent girls anaemia
control programme: Breaking the inter-
generational cycle of undernutrition in India with
a focus on adolescent girls. New Delhi:

JSBCH. Volume 8, Issue 2, Nov 2024; 1394-1406
CCBY-NC 4.0

Goyal P. A. & Talwar .

UNICEF-India, http://www.unicef.org/india/
14._Adolescent_Anaemia_Control_Programme.

Vashist, B.M., Jyoti, & Goel, M.K. (2009).
Nutritional status of adolescents in rural and
urban Rohtak, Haryana. Health and Population:
Perspectives and Issues, 32 (4), 190-197.

Verma, R., Kharb, M., Yadav, S.P., Chaudhary, V.,
Ruchi., & Ajay. (2013). Prevalence of anaemia
among adolescents under IBSY in rural block of
a dist. of Northern India. International Journal of
Social science & Interdisciplinary Research,
2(9), 95-106.

Weiner, J.S., & Lourie, J.A. (1981). Practical
Human Biology. London: Academic Press.

WHO. (2000). Women of South East Asia — a
health  profile.  Geneva: World Health
Organization. pp.105-108. https://iris.who.int/
handle/10665/206161

Wolde, M., Berhan, Y., & Chala, A. (2015).
Determinants of underweight, stunting and
wasting among schoolchildren. BMC Public
Health, 15(1), 8.

World Health Organization. (2003). Diet, nutrition,
and the prevention of chronic diseases: report of
a joint WHO/FAO expert consultation (Vol.
916). World Health Organization.

World Health Organization. (1968). Nutritional
anemia: Report of a WHO scientific group.
Geneva, Switzerland: World Health
Organization, https://iris.who.int/handle/10665/
40707

World Health Organization. (2006). Adolescent
nutrition: a review of the situation in selected
South-East Asian countries.

1406


http://dx.doi.org/10.18502/jsbch.v8i2.16975
https://sbrh.ssu.ac.ir/article-1-244-en.html
http://www.tcpdf.org

