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Abstract

This study aimed to analyze the impact of nutrition education on anemia and upper arm
circumference in adolescent women. A total of 97 adolescent women participated in the
cluster-randomized control study. The nutrition education intervention, which included
both offline and online sessions, made use of a self-created booklet and was delivered by
trained nutrition education personnel. Data on socio-demographics were obtained through
the interview method. Nutritional status was determined by measuring upper arm
circumference (MUAC), and anemia was diagnosed by health personnel after blood
hemoglobin levels were examined. The chi-square test and paired and independent t-tests
were used to analyze the data. When compared to the control group, nutrition education
using booklets showed significant differences in the parameters of knowledge, attitudes,
self-efficacy, reinforcing factors, supporting factors, and anemia prevention behavior with
each p-value of 0.05. However, the intervention group's hemoglobin level increased more
than the control groups. MUAC in the intervention group increased by 0.31 cm, while in
the control group it increased by 0.3 cm. However, the difference in difference (DID)
analysis did not show a significant difference between the two parameters (p=0.296 and
p=0.084). Nutrition education for two months did not increase mean hemoglobin or LILA
significantly. However, given the decreasing trend of anemia and the prevalence of CED
in the intervention group, structured and routine nutrition education can be implemented
as part of nutritional interventions in teenagers to prevent anemia and CED, allowing for
long-term effects of interventions to be seen.

1. Introduction

The COVID-19 pandemic has disrupted various

are babies born with low body weight and iron stores.
Iron deficiency is the most common cause of anemia,
accounting for approximately 50% of all cases (McLean

sectors, including health care. According to studies, the
COVID-19 pandemic has reduced the number of
nutrition service visits, changed the provision of nutrition
services, and impacted access to technology and internet
support for nutrition monitoring and consulting in
Indonesia (Saputri et al., 2020). Similarly, services for
teenagers in schools who are prone to anemia caused by
menstrual bleeding are available. The prevalence of iron
deficiency anemia (ADB) in women after puberty due to
menstrual bleeding increases (Kumari et al., 2017). Iron
deficiency anemia is a common health problem in all
countries, with the prevalence being approximately three
to four times higher in developing countries (WHO,
2006). They suffered from severe iron deficiency during
pregnancy and after marriage. Not only is the risk of
death during childbirth increased in these mothers, but so
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and Cogswell, 2009). Malnutrition, including in
teenagers, is linked to a lack of access to nutritious food,
as well as a lack of access to essential nutrition services,
feeding and dietary practices. Malnutrition practices
begin before and continue throughout adolescent
development, including insufficient energy intake,
nutrient consumption, and micronutrient intakes, such as
iron, zinc, calcium, and folic acid (Mousa et al., 2019).
Teenage girls' compliance in consuming >90 iron and
folic acid tablets remains low.

Iron deficiency anemia in teenagers is associated
with cognitive decline, decreased learning, and children's
school performance; it also interferes with teenage girls'
concentration, reduces educational success, productivity,
and physical strength, and increases the risk of infection
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(Olude, 2011). Iron deficiency anemia decreases red
blood cell capacity to deliver oxygen to body tissues,
resulting in clinical symptoms such as pale conjunctiva,
shortness of breath, dizziness and weakness (Chen ef al.,
2013). The World Health Organization (2008) reported
that 25% of students have iron deficiency anemia, and
the prevalence of iron deficiency anemia among the
student and adolescent population is 29.2-79.6%. Karkar
(2004) studied the prevalence of anemia among nursing
students and discovered that 60% of adolescent girls
were anemic. Adolescence is a critical period in which
humans undergo significant changes. Specific nutrient
deficiencies reduce energy supply, reduce muscle
strength, and cause disorders such as anemia and
immune deficiency. Teenagers have limited decision-
making abilities and rely on external factors. Many
health problems among teenagers begin with their
behavioral choices, and schools have a unique
opportunity to influence behavioral choices through
health education programs (Justine, 2009).

The economic and social costs of anemia have
created a significant challenge in Indonesia. According
to the 2018 Indonesian Basic Health Research Survey,
chronic energy deficiency (KEK) and anemia are still
major nutritional issues in Indonesia. Anemia affects one
in every three women, and the figure is expected to rise
to 32% in 2018, in addition to anemia, 36.6% of
Indonesian teenagers have SEZ (Ministry of Health of
the Republic of Indonesia, 2019). Considering the rise in
anemia in this country and the importance of promoting
anemia control behavior, intervention through the
implementation of behavior change patterns is critical.
Furthermore, there is a strong desire to educate the
public about preventive behavior and lifestyle changes
associated with anemia (Ahmad et al., 2015). Nutrition
education has been shown to reduce the prevalence of
certain diseases, including anemia, in many European,
North American, Asian and Australian countries. As a
result, nutrition recommendations and the
implementation of nutrition education programs appear
to be necessary. Given the importance of schools in
education, implementing nutrition education programs in
schools is recommended as an appropriate intervention
to raise nutrition awareness (Zare, 2002).

During  the COVID-19 pandemic, the
communication strategy for the nutrition program
focused on healthy and hygienic food consumption.
Furthermore, it emphasized the identification of
innovative channels to support culturally appropriate
messages about healthy food, hygiene, and physical
activity, such as social media, television, radio, digital
platforms/mobile phones, and women's needs (WFP/
UNICEF/Global Nutrition Cluster, 2020). Nutrition
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education required a combination of offline and online
nutritional education methods to adapt to the COVID-19
pandemic. Social media interventions were found to be
associated with increased levels of physical activity,
healthier food choices, and influencing body
composition or weight (Goodyear ef al., 2021). Nutrition
education developed through a combination of offline
and online strategies is expected to increase adherence to
taking iron and folic acid tablets as well as nutrient
intake from daily food, thereby improving nutritional
status, particularly anemia and KEK. As a result, the
purpose of this study was to investigate the effect of
nutrition education on anemia and upper arm
circumference in adolescents of childbearing age.

Several studies (Abalkhail et al., 2002; Abedini et
al., 2010; Fathizadeh ef al., 2016; Mirzaei et al., 2016),
have been conducted based on the educational model in
preventing iron deficiency anemia among students.
Given the importance of preventing iron deficiency
anemia, the need for nutrition education for girls, and the
scarcity of studies on female high school students in the
Sumbawa District, the purpose of this study was to
assess the effectiveness of nutrition education based on
iron deficiency anemia booklets among junior high
school students.

2. Materials and methods

This research was a quasi-experimental conducted
on 260 students of Junior High School in Utan,
Sumbawa Regency. 97 patients were included in this
study and divided into two groups: 49 in the intervention
group and 48 in the control group. The 7%, 8" and 9" -
grade students of SMPN 1 Utan, Sumbawa Regency,
provided written informed consent, and had iron
deficiency anemia. Reluctance and absence for more
than two sessions were exclusion criteria. To test the
validity and reliability of the questionnaire, data
collection tools were based on the method described by
Eftekhar Ardebili et al. (2018) and Shahnazi et al.
(2012).

In this study, nutrition education combined offline
and online strategies tailored to the COVID-19
pandemic, where direct contact between health workers
and research subjects was limited. Following nutrition
education, upper arm circumference was measured to
assess nutritional status. Nutrition education was
delivered using a combination of direct and indirect
(offline and online) techniques, as well as mobile
communication devices (cell phones) and WhatsApp.
WhatsApp was used to communicate nutrition
information and education, with the previous research
stage's youth nutrition booklet serving as a reading
reference. There were three types of implementations.
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First, trained nutrition education staff and nutrition
workers acting as field supervisors distribute educational
media. During this activity, the team distributed and
explained how to use youth nutrition pocketbooks. Direct
and face-to-face activities were only carried out at the
beginning and end of intervention activities by both
parties, that is, the youth and the research team, by
implementing health protocols (using masks, maintaining
distance, and washing hands with soap or using hand
sanitizers before and after direct contact with
participants). Second, online nutrition education, namely
delivering key nutrition education messages in the form
of booklets and sharing them on the WhatsApp group in
stages; the researcher sent the booklet to the teenagers
and then to the education staff in the WhatsApp group.

Questionnaires were completed by both groups
before the intervention. Blood samples were taken using
finger prick capillary blood with the student's written
consent and coordination with the school, and were
performed and interpreted by trained laboratory
personnel at the Public Health Center. The intervention
group received booklet material over four sessions
lasting 20-30 minutes each. The experimental group
participants were divided into six-person groups. This
program was organized by nutrition professionals with
the assistance of two nutritionists and laboratory
personnel from the Utan District Health Center. The
importance of nutrition was discussed, as well as the
prevalence of anemia and its risk factors, as well as
nutritional behavior to prevent iron deficiency anemia.
As subjective norms and social supports, sessions were
held four times a week with teachers and Public Health
Center staff.

Session 1: Understanding the role of red blood cells
and iron in the body, symptoms of iron deficiency
anemia and its prevalence in young women, reasons for
girls' iron needs, and different types of iron in food.
Session 2: Understanding the prevalence of iron
deficiency anemia in adolescents, risk factors for iron
deficiency, and the consequences of iron deficiency.
Session 3: A healthy diet, the importance of a healthy
diet, the impact of an iron-rich diet on fatigue, a happy
life, and introducing students to iron tablets. Session 4:
Strengthening the supporting role in providing proper
nutrition, correct cooking methods, substituting
inexpensive iron-rich foods for expensive iron-rich
foods, solutions to eliminating the incorrect habit of
taking iron pills at school, forming WhatsApp groups to
exchange information, and holding sessions with parents,
school officials, and public health center nutrition
workers. Session 5: Finding nutritional information and
accessing sources, the importance of student diets, and
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lectures by patients with iron deficiency anemia about
complications and disease burden.

To participate in these activities, educational
sessions were conducted four times a week for students,
and a WhatsApp group was formed to exchange
information with parents, with at least five educational
and encouraging messages sent to parents each week. An
educational session for the control group was held at the
end of the study to address ethical concerns. Blood
sampling and questionnaires were completed eight weeks
after the intervention. SPSS software was used to
analyze the data, which included paired or independent t-
tests, chi-square tests, and a significant level of p< 0.05.
The Health Research Ethics Commission of the Health
Polytechnic of Mataram No: LB.01.03/6/3178/2022
dated 4 April 2022 granted ethical approval.

3. Results and discussion

In this study, 97 female students in the 7, 8™ and 9™
grades of SMPN 1 Utan participated. The average age of
the students in the intervention group was 14.35+£1.72
years and 14.60+=1.54 years in the control group. The
independent t-test revealed no significant difference
between the two groups (p = 0.158). In terms of
household monthly income (p = 0.236), father's
education (p = 0.159), mother's education (p = 0.173),
mother's occupation (0.425), and father's occupation (p =
0.236) were significantly different. Both groups had no
statistically significant difference (Table 1). Before the
intervention, there was no significant difference between
the two groups in terms of knowledge, attitudes, self-
efficacy, reinforcing factors, supporting factors, and
nutritional behavior for preventing iron deficiency
anemia. These findings suggested that the characteristics
of the research subjects in the intervention and control
groups were similar. As a result, the intervention's effect
is not expected to be affected.

However, 5 weeks after the intervention, the
experimental group showed a significant improvement
(Table 2). According to the study's findings, there was no
significant difference in the mean hemoglobin score
between the two groups before the intervention.
However, 5 weeks after the intervention, there was a
small but significant increase in hemoglobin levels in the
experimental group.

3.1 Effect of nutrition education on teenagers' anemia
and nutritional status

The results (Table 2) revealed no significant
difference in mean hemoglobin (Hb) levels between the
intervention and control groups at baseline (p = 0.084) or
after the intervention (p = 0.069). However, the
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Table 1. Comparison of the frequency distribution of demographic variables in the experimental and control groups.

. Experimental grou Control grou,
Variables Nurrll)ber PercgentaZe Number PgerceI;ltage P-value
Educational stage
7th grade 13 27.1 15 30.6
8th grade 17 354 16 32.7 0.158
9th grade 18 37.5 18 36.7
Household monthly income
Less than 2 million rupiah 20 41.7 19 38.8
2-5 million rupiah 17 354 20 40.8 0.236
More than 5 million rupiah 11 22.9 10 20.4
Mother’s occupation
Housewife 30 62.5 33 67.3
Government employed 0 0 0 0 0.425
Others 18 37.5 16 32.7
Father’s occupation
Government employed 5 10.4 3 6.1
Self-employed 24 50 25 51 0.236
Others 19 39.6 21 42.9
Mother’s education
Primary school 16 333 14 28.6
Secondary school 12 0.25 13 26.5 0.173
High school 16 33.3 17 34.7 '
College 4 8.3 5 10.2
Father’s education
Primary school 14 29.2 9 18.4
Secondary school 14 29.2 11 22.4 0.159
High school 18 37.5 23 46.9 ’
College 2 4.2 6 12.3

Table 2. Comparison of mean score of booklet model constructs in the experimental and control groups before and after the
intervention.

Variable Group Before Intervention 5 weeks after the intervention p-value
Experimental 7.34+1.26 12.98+1.35 <0.001
Knowledge  Control 7.78+1.81 8.14+1.70 0.327
P-value 0.164 P <0.001
Experimental 20.34+4.11 42.25+4.55 <0.001
Attitude Control 21.62+4.08 22.53+4.26 0.258
P-value 0.173 P <0.001
Experimental 11.32+3.62 33.39+3.74 <0.001
Self-efficacy  Control 11.96+3.87 12.70+3.89 0.147
P-value 0.347 P <0.001
) ) Experimental 14.40£2.65 28.18+2.09 <0.001
Re;“forcmg Control 14.1242.80 15.2242.46 0.169
actors
P-value 0.228 P <0.001
Experimental 9.42+1.16 20.35+1.29 <0.001
Enabling factors Control 8.84+1.72 9.16£1.79 0.164
P-value 0.256 P <0.001
) Experimental 6.51£1.25 17.65+1.09 <0.001
reventive  Control 6.86+1.12 7.50+1.18 0.192
P-value 0.317 P <0.001
Experimental 20.74+2.18 21.05+2.36 <0.089
MUAC Control 20.31+2.32 20.61+2.12 0.748
P-value 0.296 P <0.127
Experimental 10.34+0.86 10.78+0.85 <0.065
Hemoglobin  Control 10.58+0.82 10.46+0.79 0.188
P-value 0.084 P <0.069

Values are presented as mean+SD.
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intervention group's average increase in Hb levels was
slightly higher (0.44 g/dl) than the control group. There
was no significant effect of nutrition education on
hemoglobin levels before and after the intervention after
5 weeks of intervention (DID: 0.069; 95% CI: 0.19 -
0.95). Similarly, LILA at the start and end of the group
was not statistically significant (p>0.05), and the analysis
of LILA before and after was not significant (DID:
0.748; 95% CI: 0.89 - 3.15). However, the average LILA
increased by 0.31 cm in the intervention group and 0.31
cm in the control group, but this difference was not
statistically significant (p = 0.065).

The results showed that nutrition education using a
combination of offline and online strategies using
booklets did not significantly increase the average
hemoglobin and LILA levels. Teenagers typically have a
decrease in hemoglobin due to the menstrual cycle.
Because the concentration of red blood cells in the blood
decreases during menstruation, the blood volume
increases by up to 50% to provide red blood cells. Given
the increase in anemia in the country and the importance
of promoting anemia control behaviors, intervention
through the implementation of behavior change patterns
is critical. There is also a need to educate the public
about anemia prevention and lifestyle changes. The
purpose of this study was to assess the effectiveness of a
nutrition education model on iron deficiency anemia in
students in the seventh, eighth, and ninth grades at SMP
1 Utan. In this study, there were no significant
differences between study groups in demographic status,
questionnaire means score, iron deficiency anemia
prevention behavior, or hemoglobin before educational
intervention.

The results also revealed that the average knowledge
and attitudes score in the experiential group increased
significantly 5 weeks after the intervention,
demonstrating the effect of the booklet model on
increasing knowledge and positive attitudes toward
eating behavior to prevent anemia.

Nutrition education increased knowledge, attitudes,
and experimental performance regarding eating behavior
to prevent anemia 6 weeks after the intervention,
according to Mansourian et al. (2013) in a quasi-
experimental study. Vaezi et al. (2018) examined the
impact of a multimedia education package on preventing
iron deficiency anemia on female students' health
literacy. The results showed a significant increase in the
average scores of students' knowledge, attitudes, and
performance in the experimental group and one month
after the intervention. Teachers, medical and health
teams, and friends are the most important sources of
information about iron deficiency anemia. Educational
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interventions increased women's knowledge about iron
deficiency anemia (Abd Elhameed et al., 2012; Ayub et
al., 2015; Otoo and Adam, 2016; Robertson and Ladlow,
2017).

Ghaderi et al. (2017) found that educational
interventions increased knowledge, self-efficacy, and
anemia-prevention behavior. According to the supporting
factors, there was a significant difference between the
experimental and control groups after the intervention.
Furthermore, educational sessions for the experimental
group included small group discussions and iron
deficiency anemia booklets, which increased students'
knowledge and positive attitudes toward eating behavior
to prevent anemia. Ardebili ef al. (2018) found that the
mean factor enabling score in the experimental group
increased significantly within 3 months of the
intervention. In the study of Shahnazi et al. (2012) the
intervention for the experimental group consisting of
three 60-minute educational sessions, the average score
of supporting factors and behavior to prevent iron
deficiency anemia increased significantly in the
experimental group within 3 months after the
intervention. In a quasi-experimental study by
Jalambadani et al. (2015) the mean scores of
knowledges, attitude, perceived behavioral control,
intention, and use of iron tablets increased significantly
in the experimental group 3 months after the
intervention.

This study also found that in the experimental group,
the average change in LILA scores did not show a
significant increase after the educational intervention for
two months, and there was no significant variation in the
control group. The results also revealed that the
experimental group's hemoglobin level was not
significantly different from the control group two months
after the intervention. LILA and hemoglobin levels in the
experimental group revealed that knowledge, attitude,
self-efficacy, reinforcing factors, and supporting factors
did not influence encouraging nutritional behavior to
prevent iron deficiency anemia. This is due to the study's
short duration and length. Mehrabian et a/l. (2016) found
that the BASNEF model educational intervention
improves nutritional behavior to prevent iron deficiency
anemia and increases hemoglobin levels in the
intervention group. Jalambadani et al. (2015) found that
the theory of planned behavioral education interventions
increased iron supplementation behavior and ferritin
levels in a study. In a study conducted by Alaofe et al.
(2009), the mean score of knowledge, iron intake,
hemoglobin, and ferritin increased significantly after the
intervention in the experimental group.

Chau et al. (2018) found that social media is a
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promising nutrition intervention platform for adolescents
and young adults in a systematic review. Another study
conducted in Purwokerto, Indonesia by Zaki (2019)
found that social media-based nutrition education
increased knowledge of nutrition, energy intake, and
protein intake in both rural and urban areas. A study by
Khotimah (2019) found that nutrition education on
Facebook significantly increased participants' knowledge
of anemia, protein consumption, iron consumption, and
vitamin C consumption. A systematic review by Laroche
et al. (2020) found that social media might be perceived
as a possible means of communication to promote
healthy lifestyle habits in organizations; however,
several authors have recommended additional research
on this technology to evaluate the additional impact of
social media and promoting a healthy lifestyle.

The nutrition pocketbook or booklet served as a self-
evaluation tool for daily nutrition practices. While online
education was carried out in a structured and systematic
manner by distributing nutritional information in the
form of pamphlets on social media platforms such as
WhatsApp. During a pandemic, such as the current
COVID-19 pandemic, the hybrid learning education
method is best suited. To prevent disease transmission,
only limited direct individual contact is required. As a
result, teenagers with lower levels of anxiety can access
health services, particularly nutrition education.
Essentially, the strategy model can be used under normal
conditions after the pandemic is over to optimize limited
resources and costs. This can help increase the reach of
educational materials via alternative communication
channels such as social media. Despite the rigorous
sampling and systematic approach to nutrition education,
this study only included a small population with a small
sample size. The short educational intervention lasted
only 5 weeks and consisted of only four live sessions per
week. As a result, the effect of education on Hb and
LILA levels may be insufficient.

4. Conclusion

Nutrition education did not significantly increase the
mean hemoglobin and middle arm levels in student
women in the intervention group. The public health
centers are expected to develop a structured educational
model.
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