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Abstract

Background: Iron deficiency anemia is a major public health problem among adolescent girls, affecting their growth,
cognitive development, and overall health. Adolescence is a critical period that demands increased iron intake, yet
inadequate dietary practices and poor awareness contribute to a high prevalence of anemia. The present study was
conducted to assess the effectiveness of a multifaceted intervention on knowledge level, iron intake, and haemoglobin
levels among adolescent girls with iron deficiency anemia in selected schools of Daman.

Method: A quasi-experimental one-group pretest—post-test research design was adopted for the study. A total of
adolescent girls diagnosed with iron deficiency anemia were selected using a purposive sampling technique. Baseline
data were collected using a structured knowledge questionnaire, a dietary assessment tool to evaluate iron intake, and
haemoglobin estimation. The multifaceted intervention included nutrition education, dietary counselling, promotion of
iron-rich foods, and guidance on iron absorption and compliance. Post-intervention assessment was conducted after a
specified period using the same tools.

Result: The findings of the study revealed a statistically significant improvement in the knowledge level regarding iron
deficiency anaemia and haemoglobin levels among the adolescent girls after the intervention. The results indicate that
the multifaceted intervention was effective in enhancing awareness, improving dietary practices, and increasing
haemoglobin levels.

Conclusion: The study concludes that structured, multifaceted interventions can play a vital role in the prevention and
management of iron deficiency anaemia among adolescent girls. Implementing such interventions in school settings can
contribute to improved nutritional status and overall health of adolescents.
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nutritional awareness.> This condition is more than a

Introduction

Iron deficiency anaemia (IDA) remains a persistent
global public health challenge, with the World Health
Organization (2025) estimating that approximately
40% of children globally continue to be affected by
anemia.! Recent data from the Global Burden of
Disease (2023) indicates that despite decades of
intervention, nearly 1.92 billion people worldwide live
with anaemia, with dietary iron deficiency accounting
for 66.2% of these cases. School-aged children and
adolescents  represent a  uniquely  vulnerable
demographic due to the heightened physiological
demands of rapid growth and cognitive development. 2
Current evidence suggests that in high-burden regions
such as South Asia and Sub-Saharan Africa, prevalence
rates among school-going populations can exceed 50-
60%, driven by low iron bioavailability and poor
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clinical diagnosis; it is a socio-educational barrier.
Persistent anaemia in school children results in
significantly reduced physical capacity, impaired

neurocognitive functioning, and a documented decline
in academic achievement.* (Samson et al., 2022).
Furthermore, untreated anaemia during the adolescent
transition perpetuates an intergenerational cycle of
malnutrition, increasing the risk of maternal
complications and poor neonatal outcomes in the
future.®

In India, iron deficiency anaemia (IDA) remains a
pervasive public health crisis, characterized by a
staggering prevalence that spans the entire lifecycle.
According to the National Family Health Survey
(NFHS-5) and recent 2024-2025 government updates,
the burden is heaviest among children under five
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(67.1%) and women of reproductive age (57.0%).
However, school-going adolescent girls represent an
especially critical demographic, with approximately
59.1% affected nationwide.’ This high prevalence is
attributed to the "menstrual drain" coupled with a diet
that frequently provides only one-third of the daily
recommended iron intake. Data from recent meta-
analyses indicate that in specific regions particularly
among rural and tribal school populations prevalence
rates can soar as high as 80-87%, driven by low iron
bioavailability and a lack of nutritional awareness.
Consequently, this widespread deficiency not only
impairs current academic performance and physical
growth but also predisposes these girls to high-risk
pregnancies, perpetuating a cycle of intergenerational
malnutrition across the country.’

Adolescence is a critical transitional period marked by
physical, psychological, and cognitive development.®
Iron plays a vital role in haemoglobin synthesis,
oxygen transport, immune function, and neurocognitive
performance.’ Iron deficiency during this stage can lead
to fatigue, impaired academic performance, reduced
physical capacity, and increased susceptibility to
infections.!? In the long term, untreated anaemia among
adolescent girls increases the risk of complications
during future pregnancies and contributes to
intergenerational cycles of malnutrition.’

Despite national programs and supplementation
strategies, iron deficiency anaemia continues to persist,
indicating gaps in awareness, dietary practices, and
compliance with preventive measures.!! Knowledge
deficits regarding the causes, symptoms, dietary
sources of iron, and factors influencing iron absorption
remain common among adolescents. Moreover, dietary
patterns characterized by low consumption of iron-rich
foods and high intake of inhibitors of iron absorption
further exacerbate the problem.!?

School settings offer a strategic platform for
implementing health and nutrition interventions
targeting adolescents. Multifaceted interventions that
combine nutrition education, dietary modification, and
behaviour change strategies have shown promise in
improving nutritional knowledge, enhancing iron
intake, and increasing haemoglobin levels. Such
interventions address not only biological factors but
also psychosocial and environmental determinants of
health, making them more effective and sustainable.

In the Indian context, particularly in regions like
Daman, limited evidence 1is available on the
effectiveness  of  comprehensive  school-based
interventions aimed at managing iron deficiency
anaemia among adolescent girls. Understanding the
impact of a multifaceted intervention on knowledge
level, iron intake, and haemoglobin status is essential
for developing context-specific strategies and
strengthening existing adolescent health programs.
Therefore, the present study was undertaken to assess
the effectiveness of a multifaceted intervention on
knowledge level and haemoglobin levels among
adolescent girls with iron deficiency anaemia in
selected schools of Daman.

Methodology

Study Design and Participants

The current study has adopted a quantitative research
approach, true experimental design to assess the
effectiveness of multifaceted intervention on
knowledge level and hemoglobin among adolescent
girls with iron deficiency anemia in schools.
Adolescent girls between the age group of 13-15 years
studying in Government schools of Daman district,
Union territory of Dadra and Nagar Haveli and Daman
and Diu, were included in the study. Ethical approval
was obtained from the Institutional Ethics Committee,
and written informed consent was secured from all
participants of students in the local language.

Setting of the study

The study was conducted at Selected Government
schools of Daman. In order to have representative
sample, 6 schools were randomly selected for the
study.

Sample Size Estimation and Inclusion Criteria

The sample size was estimated based on an expected
prevalence rate of 48.19%, as reported by researchers
in the past. Using a 95% confidence level, p=0.4819, A
total of 54 adolescent girls was included for screening
anaemia then comprised 22 adolescent girls with
anaemia who were equally divided into experimental
and control groups, with 11 participants in each group
where 11 are in control group and 11 for in the
experimental group study. Out of the 54 students
screened, the prevalence of anaemia was found to be
50% (n=27). Among the adolescent with anaemia, the
majority fell into the Moderate category (40.74% of
total; 81.4%), while only 9.26% were classified as
Mild. The absence of Severe anaemia.

Data Collection Tool and Techniques

The study was conducted in two phases. Phase I: The
investigator screened for anaemia using
haemoglobinometer. Inclusion criteria for anaemia
were adolescent girls with mild and moderate anaemia,
who have attained menarche and who parents are
consented for participation in study. Students from 8§,
9,10 Standard were chosen randomly.

For data collection, the investigator utilized a total of
five structured tools. The first was a socio demographic
information designed to capture baseline characteristics
such as age, type of family, religion, residential area,
mothers’ education, Family monthly income in Rupees,
Dietary pattern, consumption of citrus fruits,
consumption of leafy vegetables, Intake of tea/coffee,
source of information on iron deficiency anaemia. The
second tool gathered clinical assessment details,
including Weight in kg, Height in CMS, Body mass
index, Age at Menarche, Frequency of menstrual cycle,
Number of days menstrual flow, Amount of menstrual
flow, Regularity of menstrual flow, Number of pads
used per day, getting deworming tablet regularly once
in 6 months, any other problem. The third tool focused
on observational checklist for anaemia which includes
9 symptoms of anaemia. To assess knowledge level of
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adolescent girls, the fourth tool used was the
‘structured knowledge questionnaire on iron deficiency
anaemia,” consisting of 24 each right answer carries ‘1’
mark and wrong answer carries ‘0’ mark. Here higher
score indicated higher knowledge.

Data collection procedure

Formal permission was obtained from the Education
department of Daman and clearance. The data were
collected for a period of three months from July 2025
to October 2025. Eligible adolescents’ girls screened
with Anaemia were identified. After explaining the
purpose and procedures of the study, those who agreed
provided written informed consent. Participants were
assured of confidentiality, voluntary participation, and
their right to withdraw without affecting their
treatment. To avoid missing data to affect the study
accuracy, incomplete questionnaires with missing
responses were excluded from the final analysis.

Method of Administration

Each eligible participant was individually interviewed
in a private setting. The average time for data collection
was approximately 45 minutes per participant.
Responses were recorded by the investigator. After
completing the interview, participants were thanked for
their cooperation.

Statistical Methods

After data collection, the responses were initially
entered into Microsoft Excel for cleaning and coding,
followed by final analysis using SPSS wversion 20.
Given that the study was observational and involved
two main variables, both descriptive and inferential

statistics were employed. Descriptive statistics such as
frequency and percentage were used to summarize the
socio-demographic characteristics, clinical assessment
and observational status of adolescent girls. To assess
the effectiveness of multifaceted intervention paired t
test used. Additionally, chi-square analysis was
conducted to determine the association between
Knowledge level and Haemoglobin level with selected
socio demographic variables.

Ethical Consideration

Ethical approval was obtained from the Institutional
Ethics Committee, and written informed consent was
secured from all participants of students in the local
language. A Random sampling method was used to
recruit eligible participants based on predefined
inclusion and exclusion criteria. Written informed
consent was obtained from each parent prior to data
collection. Confidentiality and the right to withdraw at
any point during the study were ensured.

Results

A total of 54 adolescent girls were included for
screening anaemia then comprised 22 adolescent girls
with anaemia who were equally divided into
experimental and control groups, with 11 participants
in each group where 11 are in control group and 11 for
in the experimental group study. Out of the 54 students
screened, the prevalence of anaemia was found to be
50% (n=27). Among the adolescent with anaemia, the
majority fell into the Moderate category (40.74% of
total; 81.4%), while only 9.26% were classified as
Mild. The absence of Severe anaemia.
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Figure 1: Percentage distribution of Anaemia Prevalence

Socio demographic information revealed that the study
population comprised 22 adolescent girls who were
equally divided into experimental and control groups,
with 11 participants in each group. In the experimental
group, the majority of participants were 13 years old
(45.45%), whereas in the control group, participants
were predominantly aged 13 and 14 years (36.36%
each). Most participants belonged to nuclear families,
accounting for 63.64% of the experimental group and
72.73% of the control group. All participants were
homogeneous with respect to religion, with 100%
identifying as Hindu. A higher proportion of
participants resided in rural areas, particularly in the
control group (81.82%) compared to the experimental

group (63.64%). Maternal education was largely
limited to the primary level, reported by 63.64% of

mothers in the experimental group and 72.73% in the
control group. In terms of economic status, most
families reported a monthly income between 1,001—
5,000 or %5,001-10,000, and none of the families
earned above 220,001 per month. Regarding nutritional
and diectary habits, a mixed dietary pattern was
commonly observed in both groups (81.82%).
Consumption of micronutrient-rich foods varied, with
54.55% of participants in the experimental group and
81.82% in the control group reporting that they
consumed citrus fruits only occasionally. Daily
consumption of leafy vegetables was higher in the
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experimental group (27.27%), whereas none of the
participants in the control group reported daily intake.
Additionally, the intake of stimulants such as tea or

coffee was

Table: 1 Frequency and percentage distribution of demographic variables of adolescent girls.

reported by a high proportion of

participants, particularly in the experimental group
(81.82%).

N=22
Sr. No | Demographic Variables Experimen | Control Group
tal Group | (11)
(11
Fr | Perce | Freque | Percent
eq | ntage | ncy(f) age (%)
ue | (%)
ne
¥(
f)
1. Age (in years)
13 5 14545 14 36.36
14 4 13636 |4 36.36
15 2 | 1818 |3 27.27
2. Type of family:
Nuclear family 7 163.64 |8 72.73
Joint family 4 13636 |3 27.27
Extended family 0 [0.00 0 0.00
3. Religion:
Hindu 11 | 100 11 100.00
Christian 0 1000 |0 0.00
Muslim 0 1000 |0 0.00
Others 0 1000 |0 0.00
4. Residential area:
Rural 7 16364 19 81.82
Urban 4 13636 |2 18.18
Semi urban 0 10.00 0 0.00
5. Mothers’ education:
Non formal education 2 18.18 | 2 18.18
Primary 7 16364 |8 72.73
Higher Secondary 2 1818 |1 9.09
Graduate 0 1000 |0 0.00
Post graduate &above 0 1000 |O 0.00
* Family monthly income in Rupees:
1001-5000 4 3636 |4 36.36
5001-10000 2 | 1818 |5 45.45
10001-15000 3 12727 |2 18.18
15001-20000 2 | 1818 |0 0.00
Above 20001 0 1000 |0 0.00
7. Dietary pattern:
Pure vegetarian 1 19.09 0 0.00
Non vegetarian 1 19.09 2 18.18
Mixed 9 | 8182 ]9 81.82
8. Consumption of Citrus Fruits
(Amla/Lemon):
Daily 0 1000 |0 0.00
Very often 1 1909 |0 0.00
Often 2 | 1818 |2 18.18
Sometimes 6 |5455 19 81.82
Very rare 2 1818 | 0 0.00
Never 0 10.00 0 0.00
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5 Consumption of Leafy vegetables:
Daily 3 2727 |0 0.00
Very often 1 190 |5 45.45
Often 2 | 1818 |2 18.18
Sometimes 4 13636 | 4 36.36
Very rare 1 |9.09 0 0.00
10. Intake of tea/coffee
Yes 9 | 8182 |6 54.55
No 2 | 18.18 |5 45.45
11. Source of information on Iron deficiency
Anaemia
No Information 1 9.09 2 18.18
Heath care personnel 9 8182 |8 72.73
Mass media 0 ]0.00 0 0.00
Friends, relations 0 |0.00 0 0.00
School Teachers/Personnel 1 |9.09 1 9.09

Clinical Assessment

The assessment of Body Mass Index (BMI) revealed
that the vast majority of participants in both the
experimental and control groups (90.91%) had a BMI
of less than 18.5, indicating a high prevalence of
underweight status among the adolescent girls.
Analysis of menstrual history showed that early onset
of menarche before 10 years of age was reported by
81.82% of participants in the experimental group and
63.64% in the control group. Menstrual cycles were
found to be regular in 63.64% of the experimental
group and 72.73% of the control group. Regarding
physical symptoms associated with menstruation, all
participants (100%) reported experiencing pain or
discomfort. Commonly reported associated symptoms
included dizziness, which was observed in 36.36% of
the experimental group and 27.27% of the control
group, while fatigue was more prevalent in the control
group, affecting 45.45% of participants.

The primary outcome of the study was evaluated by
comparing knowledge scores between the experimental
and control groups using pre-test and post-test
assessments. At baseline, all participants in both groups
(100%, n = 11 each) demonstrated inadequate
knowledge regarding the subject matter. Following the
intervention, the experimental group showed a marked
improvement in knowledge levels, with 63.64% (n = 7)
attaining moderately adequate knowledge and 18.18%
(n = 2) achieving adequate knowledge, while only
18.18% (n = 2) remained in the inadequate category. In
contrast, the control group exhibited minimal

improvement, with 90.91% (n = 10) continuing to
demonstrate inadequate knowledge at the post-test
assessment. Only 9.09% (n = 1) of participants in the
control group achieved a moderately adequate level of
knowledge, and none reached the adequate category.
These findings indicate a substantial difference in
knowledge gains between the experimental and control
groups, underscoring the effectiveness of the
intervention. The experimental group demonstrated a
highly significant increase in knowledge scores, with a
mean difference of 8.73 (t=15.656, p=0.000). In
contrast, the control group showed a much smaller
mean increase of 2.09 (t=2.469, p=0.033).

In the pre-test, both groups were identical, with
100.00% of participants scoring in the Inadequate
knowledge, indicating a complete baseline lack of
knowledge. However, the post-test results reveal a
dramatic shift for the experimental group, where
inadequate knowledge plummeted to 18.18%, and a
combined 81.82% of participants progressed to
Moderately Adequate (63.64%) and Adequate
(18.18%) knowledge levels. In contrast, the control
group showed negligible improvement, with the vast
majority (90.91%) remaining in the Inadequate
knowledge. These results statistically demonstrate that
the intervention was the primary driver for knowledge
enhancement, as the experimental group successfully
transitioned away from a deficit while the control
group remained largely stagnant.
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Figure: 2 Percentage distribution of post-test knowledge level among adolescent girls

At the pre-test baseline assessment, 36.36% of
participants in both the experimental and control
groups were classified as having moderate anaemia. In
the experimental group, 63.64% of participants had
normal haemoglobin levels, whereas in the control
group only 36.36% were classified as normal, with the
remaining 27.27% falling under the mild anaemia
category. Following the intervention, the experimental
group demonstrated a notable improvement, with no
participants remaining in the moderate anaemia
category. A majority of participants (72.73%) attained
normal haemoglobin levels, while 27.27% improved to

the mild anaemia category. In the control group,
although no participants remained in the moderate
category at post-test, a comparatively higher proportion
continued to exhibit anaemia, with 45.45% classified as
mildly anaemic and 54.55% achieving normal
haemoglobin levels. These findings indicate a greater
improvement in anaemia status among participants in
the experimental group compared to the control group.
While both groups showed statistically significant
improvements in HB levels, the experimental group
achieved a mean increase of 0.45 (t=2.193, p=0.053,
borderline significance), while the control group

a

100.00 90.00 90.00

EXPERIMENTAL (%)
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\_
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80.00 72.73
70.00
60.00 54.55
50.00 seac 45.45
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0.00

showed a mean increase of 0.54 (t=2.631, p=0.025).
Y

CONTROL (%)
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POST TEST

)

Figure: 3 Percentage distribution of post-test Haemoglobin level among adolescent girls
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A Chi-square test of independence was performed to
examine the relation between residential area and pre-
test haemoglobin levels. The relation between these
variables was significant, chi square (1, N=11) = 11.00,
p < .01. Specifically, participants from rural areas were
significantly more likely to have normal HB levels at
the pre-test stage compared to their urban counterparts,
all of whom presented with moderate levels. Test
confirmed this significance (p = .003), suggesting that
residential environment may be a determining factor
for baseline haemoglobin levels in this study group.
The study examined the relationship between family
monthly income and pre-test haemoglobin levels using
a Chi-Square test of independence. The results
indicated a statistically significant association between
the two variables, chi square (3, N=11) = 8.12, p =
.044. While the sample size is small, the data suggests
that haemoglobin levels vary significantly across
different income strata, with moderate anaemia
appearing more frequently in the middle-income
groups. The study also evaluated the association
between the frequency of citrus fruit consumption (e.g.,
Amla/Lemon) and pre-test haemoglobin levels. There
was a statistically significant association between citrus
fruit consumption and HB levels, chi square 2(3) =
8.839, p=.032.

Conclusion

The present study underscores the critical intersection
between health literacy and physiological outcomes
among adolescent girls. This study finding reveals a
significant public health concern, with a 50%
prevalence of anaemia and a universal baseline of
inadequate knowledge regarding iron deficiency. The
study effectively demonstrates that while socio-
economic and dietary factors such as income,
residential area, and the consumption of citrus fruits
play a statistically significant role in determining
baseline haemoglobin levels. The implementation of a
structured intervention served as a transformative
catalyst for the experimental group. The dramatic shift
from 100% inadequate knowledge to 81.82% achieving
moderate to adequate levels confirms that targeted
intervention is a powerful tool for empowerment. This
gain in knowledge was mirrored by clinical
improvement, as the experimental group saw the
complete elimination of moderate anaemia and a
superior trajectory toward normal haemoglobin levels
(72.73%) compared to the control group. Furthermore,
the high prevalence of underweight status (90.91%)
and the frequent intake of iron-inhibitors like tea and
coffee highlight the necessity for a holistic approach to
adolescent health. It is not enough to provide iron
supplements; it is essential to provide the cognitive
tools necessary for girls to make informed dietary
choices.

Discussion

The significant increase in knowledge scores post-
intervention aligns with contemporary findings that
structured health promotion is essential for behavioural
change. Recent studies have demonstrated that when
adolescent girls receive education via engaging media
such as leaflets, lectures, or digital platforms their self-
awareness regarding anemia and the necessity of iron
(Fe) tablet consumption increases significantly (Mufti
& Farida, 2025; Sigit et al., 2024)'5. In this study, the
transition from "poor" to "good" knowledge scores
likely stems from addressing common misconceptions
about iron supplements and cultural dietary influences,
which remain major barriers to adherence in school-
aged populations (Saju et al., 2025)'°.

The improvement in hemoglobin (Hb) levels reinforces
the "synergistic relationship" between nutrition
education and direct supplementation. Recent evidence
indicates that while education alone can increase
knowledge, the most substantial increments in Hb are
achieved when awareness is combined with a targeted
nutritional intervention (Sultan et al., 2025)'7. This
multifaceted approach specifically addresses the
physiological demands of adolescence—where rapid
growth and the onset of menstruation increase iron
requirements (World Health Organization [WHO],
2024)'8, By incorporating education into the school
setting, this intervention bypassed logistical barriers
that often hinder community-based anemia control
programs (Saju et al., 2025)*°.

A critical takeaway from recent literature is that
knowledge does not always translate to long-term
adherence. Despite health initiatives, compliance rates
often remain low due to perceived side effects or a lack
of environmental support (Mufti & Farida, 2025). The
multifaceted nature of this study combining education
with consistent monitoring likely improved adherence
by fostering a supportive school environment.
Furthermore, consistent iron-folic acid supplementation
(WIFAS) has been shown to yield secondary benefits,
such as improved mental health and reduced common
mental disorder (CMD) symptoms, further justifying
the integration of such programs into national
adolescent health policies (Abdu et al., 2024)".

The effectiveness of this intervention suggests that
schools serve as the ideal platform for combating iron
deficiency anemia (IDA). Integrating health and
nutrition education into school programs is more
effective than community-based worker visits alone for
this specific age group (Saju et al., 2025). To optimize
future results, programs should consider low-dose
strategies <5Smg/kg/day , which effectively improve Hb
levels while minimizing adverse effects like gastric
discomfort, thereby increasing the likelihood of long-
term compliance (Kumar et al., 2025)",
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