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Abstract

Anemia among adolescent girls remains a public health issue that can
affect their nutritional status, learning abilities, and reproductive health.
However, studies that simultaneously analyze nutritional intake,
behavioral, and physiological factors associated with anemia among high
school girls in Depok City are limited. This study aimed to identify the
factors associated with anemia among female high school students in
Depok City, Indonesia. Methods: This cross-sectional study included 165
students from 15 public high schools selected by quota sampling
between February and April 2024. Data were collected through
hemoglobin measurements using the HemoCue Hb 201+, anthropometry,
two 24-hour dietary recalls, and structured questionnaires. Data were
analyzed using chi-square tests and multiple logistic regressions. Results:
The prevalence of anemia was 53.3%. Low protein intake had the
strongest independent association with anemia (odds ratio [OR] = 6.18;
95% confidence interval [CI]: 2.74-13.94; P < 0.001). Other associated
factors included undernutrition (OR = 5.27; p = 0.015), low energy intake
(OR = 4.84; p = 0.001), insufficient iron intake (OR = 4.76; p = 0.002),
nonadherence to weekly iron supplementation (OR = 4.50; p = 0.009),
irregular menstrual cycles (OR = 3.95; p = 0.004), and low zinc intake
(OR = 2.51; p = 0.034). In conclusion, anemia was prevalent and was
associated with nutritional, behavioral, and menstrual factors. Integrated

interventions should improve dietary quality, supplementation
adherence, menstrual health education, and counseling for
undernourished female students.

Keywords: Adolescent  health, anemia, dietary intake, iron

supplementation, menstruation, nutritional status.

Abstrak

Anemia pada remaja putri masih menjadi masalah kesehatan masyarakat
yang dapat memengaruhi status gizi, kemampuan belajar, dan kesehatan
reproduksi. Namun, kajian yang menganalisis secara bersamaan faktor
asupan gizi, perilaku, dan fisiologis yang berhubungan dengan anemia
pada siswi sekolah menengah atas di Kota Depok masih terbatas.
Penelitian bertujuan mengidentifikasi faktor-faktor yang berhubungan
dengan anemia pada siswi sekolah menengah atas di Kota Depok,
Indonesia. Metode, penelitian potong lintang ini melibatkan 165 siswi
dari 15 sekolah menengah atas negeri yang dipilih dengan teknik quota
sampling pada Februari-April 2024. Data dikumpulkan melalui
pemeriksaan hemoglobin menggunakan HemoCue Hb 201+, pengukuran
antropometri, dua kali food recall 24 jam, dan kuesioner terstruktur. Data
dianalisis menggunakan uji chi-square dan regresi logistik berganda.
Hasil, prevalensi anemia ditemukan sebesar 53,3%. Asupan protein
rendah menunjukkan hubungan paling kuat dengan anemia (OR=6,18;
95% CI: 2,74-13,94; p<0,001). Faktor lain yang berhubungan ialah status
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gizi kurang (OR=5,27; p=0,015), asupan energi rendah (OR=4,84;
p=0,001), asupan zat besi tidak mencukupi (OR=4,76; p=0,002),
ketidakpatuhan mengonsumsi tablet tambah darah mingguan (OR=4,50;
p=0,009), siklus menstruasi tidak teratur (OR=3,95; p=0,004), dan
asupan seng rendah (OR=2,51; p=0,034). Kesimpulan, anemia banyak
ditemukan dan berhubungan dengan faktor gizi, perilaku, serta
menstruasi. Intervensi terpadu diperlukan untuk memperbaiki kualitas

konsumsi

pangan,

kepatuhan suplementasi, edukasi kesehatan

menstruasi, dan konseling bagi siswi dengan gizi kurang.

Kata Kunci: Anemia, asupan pangan, kesehatan remaja, menstruasi,
status gizi, suplementasi zat besi

Introduction

Anemia is a major global public health concern,
particularly among adolescent girls (World
Health Organization [WHO], 2014).
Approximately 29.9% of adolescent girls
worldwide are affected, with iron deficiency
being the most common nutritional cause
(Kolars, et al, 2025). Anemia reduces the
oxygen-carrying capacity of blood and may be
associated with fatigue, impaired cognitive
performance, reduced concentration, and
weakened immune function. The burden is
generally higher in low- and middle-income
countries, where inadequate dietary intake and
limited access to health services remain
important challenges (Mengistu et al., 2019).

In Indonesia, anemia among adolescent
girls continues to be a substantial nutrition and
public health problem. The 2023 Indonesian
Health Survey reported a prevalence of 26.8%
among adolescent girls (Kementerian Kesehatan
RI, 2023). Although this estimate was lower than
the 32% reported in earlier national Basic
Health Research data, both figures indicate that
anemia is common in this population. Therefore,
the Indonesian Ministry of Health has identified
anemia prevention and control as a national
priority because of its potential implications for
adolescent development, future maternal health,
and child outcomes (Kementerian Kesehatan R],
2021).

Adolescent girls are particularly vulnerable
to anemia because of increased nutritional
requirements during rapid growth and regular
menstrual blood loss. Inadequate intake of
energy, protein, iron, zinc, and vitamin C may
contribute to poor hemoglobin levels (Mengistu
et al, 2019). Dietary behaviors, including
irregular meal patterns and frequent
consumption of tea or coffee near mealtimes,
may reduce iron availability or absorption (Belay

et al, 2025). In addition, menstrual
characteristics, nutritional status, limited
nutritional knowledge, household economic

constraints, and low adherence to weekly iron
supplementation programs have been associated
with anemia in adolescent populations
(Gebremedhin et al.,, 2022; Wirth et al., 2022).

The consequences of anemia extend
beyond its physical symptoms. During
adolescence, anemia may be associated with
reduced attention, learning capacity, academic
performance, and productivity. Persistent
anemia may also increase vulnerability to
adverse maternal and neonatal outcomes later in
life, including maternal complications and low
birth weight (Kementerian Kesehatan RI, 2021).
Therefore, prevention during adolescence is
important not only for current health and
educational development but also for future
reproductive and intergenerational health.

In Depok City, the prevalence of anemia
among female high school students was
reported to have reached 36.34% in 2023,
indicating a considerable local public health
burden (Dinas Kesehatan Kota Depok, 2023).
This prevalence was higher than the national
estimate reported in the 2023 Indonesian Health
Survey and may reflect variations in dietary
practices, socioeconomic conditions, menstrual
health, nutritional status, and participation in
iron supplementation programmes. However,
local surveillance data have primarily described
the prevalence and provided limited evidence
regarding the relative contributions of multiple
associated factors.

Previous studies have often examined
dietary, behavioral, and physiological
determinants separately. Consequently, evidence
remains limited on how macronutrient and
micronutrient intake, menstrual patterns, iron
supplementation adherence, and nutritional
status are jointly associated with anemia among
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adolescent girls in Depok. An integrated
multivariate analysis is needed to identify the
factors most strongly associated with anemia
and to support the prioritization of context-
specific school-based interventions.

Therefore, this study aimed to determine
the prevalence of anemia and analyze its
associated dietary, behavioral, and physiological
factors among female high school students in
Depok City in 2024. Specifically, this study
examined the intake of energy, protein, iron,
zinc, and vitamin C; adherence to weekly iron
supplementation; menstrual characteristics; and
nutritional status. The findings are expected to

provide locally relevant evidence for
strengthening anemia screening, nutrition
education, dietary improvement,
supplementation adherence, and targeted

counseling for adolescent girls.

Methods

Study Design and Setting

This cross-sectional study assessed the
prevalence of anemia and its associated factors
among adolescent girls attending public high
schools in Depok, Indonesia. Data were collected
from February to April 2024 from 15 public high
schools in Depok City. The schools were
included to reflect the socioeconomic diversity
of the public school student population.

Population and Sampling

The target population comprised female
students in grades 10 and 11 at public high
schools in Depok. The minimum sample size was
calculated  using the  single-population
proportion formula: n=72P(1-P)/d2.

The calculation used an expected anemia
prevalence of 36.3%, based on the 2023 Depok
City Health Profile, a 95% confidence level, and a
precision of 0.08. The minimum required sample
size was approximately 140 participants. This
number was increased to 165 to account for
potentially incomplete data and to permit
proportional allocation across participating
schools.

Participants were recruited using quota
sampling methods. The quota for each school
was allocated proportionally according to the
number of female students enrolled in Grades 10
and 11. Within each school, eligible students
were recruited consecutively from the class

attendance lists until the assigned quota was
reached.

Students were eligible if they were female,
enrolled in grades 10 or 11, aged 15-17 years,
present during data collection, and willing to
participate. Written informed consent was
obtained from all participants, with additional
parental or legal guardian consent for
participants aged < 18 years. Students were
excluded if they had a known chronic condition
that could affect their hematological status, were
currently taking iron supplements outside the
school iron-folic acid supplementation program,
or had incomplete data on hemoglobin
concentration, anthropometric measurements,
or dietary intake.

Data Collection

Primary data were collected through hemoglobin
assessment, anthropometric measurements, two
24-hour dietary recalls, and using a structured
questionnaire.

Hemoglobin concentration was measured
using a HemoCue Hb 201+ analyzer. Capillary
blood samples were obtained by finger prick and
collected by trained health personnel. Anemia
was defined as a hemoglobin concentration
below 12 g/dL, whereas participants with
hemoglobin concentrations of 12 g/dL or higher
were classified as non-anemic.

Body weight and height were measured to
assess the nutritional status. Body mass index-
for-age was calculated and categorized
according to the World Health Organization and
Indonesian Ministry of Health standards. The
participants were classified as underweight,
normal weight, or overweight.

Dietary intake was assessed using two
non-consecutive 24-hour food recalls. The
participants reported all the foods and
beverages consumed during each recall period.
Dietary data were analyzed using food
composition tables to estimate the daily intakes
of energy, protein, iron, zinc, vitamin C, and
calcium. Nutrient intake was compared with the
2019 Indonesian Recommended Dietary
Allowances for the relevant age and sex groups
and expressed as a percentage of recommended
intake. Low intake of energy, protein, iron, zinc,
and vitamin C was defined as an intake below
80% of the age- and sex-specific recommended
dietary allowance.

A structured questionnaire was used to
collect information on menstrual patterns, tea or
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coffee consumption during meals, adherence to
weekly  iron-folic acid supplementation,
nutritional knowledge, and parental income. The
questionnaire was adapted from previously
validated instruments used in Indonesian
adolescent nutrition surveys. The instrument
was pilot-tested on 20 students who were not
included in the study sample. The nutrition
knowledge subscale demonstrated acceptable
internal consistency, with a Cronbach’s alpha of
0.78.

Statistical Analysis

Univariate analyses were conducted to
summarize the frequency distributions and
proportions of the study variables. The
associations between each independent variable
and anemia status were examined using the chi-
square test. Statistical significance was defined
as a two-sided p-value < 0.05.

Variables with a p-value below 0.25 in the
bivariate analysis were included in the initial
multiple logistic regression model. Backward
stepwise elimination was then applied, and
variables with p-values below 0.05 were
retained in the final model. Nutritional status
and parental income, which were considered
potential confounders a priori, were retained,
regardless of statistical significance.

Multicollinearity was assessed using
variance inflation factors, with values below 10
considered to be acceptable. Model calibration
was evaluated using the Hosmer-Lemeshow
goodness-of-fit test. Associations were reported
as odds ratios (ORs) with 95% confidence
intervals (ClIs) and corresponding p-values.

Ethical Considerations
This study was conducted in accordance with
the principles of the Declaration of Helsinki.
Ethical approval was obtained from the Health
Research Ethics Committee of the Faculty of
Public Health, Universitas Indonesia, under
approval number [Ket-
XX/UN2.F10.D11/PPM.00.02/2024].
Participants received information about
the study objectives, procedures, confidentiality
protections, and their right to withdraw without
any consequences. Written informed consent
was obtained from each participant, and
parental or legal guardian consent was obtained
for participants aged < 18 years. Personal
information and study data were Kkept
confidential throughout the study.

Result and Discussion

Participant Characteristics and Anemia
Prevalence

The study included 165 female students aged
15-17 years from 15 public high schools in
Depok. Hemoglobin concentration,
anthropometric status, dietary intake, menstrual
characteristics, tea and coffee consumption,
adherence to weekly iron-folic acid (IFA)
supplementation, nutritional knowledge, and
parental income were assessed.

Of the 165 participants, 88 (53.3%) were
classified as anemic and 77 (46.7%) as
nonanemic participants. Among all participants,
51 (30.9%) had mild, 36 (21.8%) had moderate,
and 1 (0.6%) had severe anemia. Thus, most
cases of anemia were classified as mild or

moderate.

Prevalence and Severity of Anemia
Among Female High School Students in Depok City (N=165)

46.7%
50 (n=77)

40

30.9%
(n=51)

30
21.8%
(n=36)

20

Percentage (%)

0.6%
(n=1)

0

T T T "
Non-anemic Mild Anemia Moderate Anemia Severe Anemia

Figure 1. Prevalence and severity of anemia
among female high school students
in Depok City

Bivariate Analysis of Factors Associated with
Anemia
Bivariate analysis showed that low intakes of
energy, protein, iron, and zinc were significantly
associated with anemia. Participants with low
energy intake had 3.20 times the odds of anemia
compared with those with adequate energy
intake (odds ratio [OR] = 3.20; 95% confidence
interval [CI]: 1.67-6.12; p < 0.001). Low protein
intake was also associated with higher odds of
anemia (OR = 3.92; 95% CI: 2.03-7.61; p <
0.001), as was low iron intake (OR = 3.02; 95%
Cl: 1.59-5.76; p = 0.001) and low zinc intake (OR
=3.54; 95% Cl: 1.86-6.74; p < 0.001).

Low vitamin C intake was not significantly
associated with anemia (OR = 1.34; 95% CI:
0.46-389; p = 0.587). Tea and coffee
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consumption with meals was associated with a
higher risk of anemia (OR = 2.35; 95% CI: 1.25-
4.43;p =0.007).

Irregular  menstrual  cycles  were
significantly associated with anemia (OR 2.92;
95% CI 1.52-5.61; p < 0.001). Participants who

did not consume IFA supplements weekly had
higher odds of anemia than those who adhered
to the supplementation (OR = 2.61; 95% CI:
1.22-5.59; p = 0.012). Undernutrition was also
associated with anemia (OR = 3.97; 95% CI:
1.40-11.20; p = 0.006).

Table 1. Bivariate associations between nutritional, behavioral, and physiological factors and anemia

Factor Anemia, Non-anemia, OR 95% CI p-value
n (%) n (%)
Low energy intake 52 (59.1%) 24 (31.2%) 3.2 1.67-6.12 <0.001
Low protein intake 48 (54.5%) 18 (23.4%) 392 2.03-761 <0.001
Low iron intake 56 (63.6%) 28 (36.4%) 3.02 1.59-5.76  0.001
Low zinc intake 49 (55.7%) 20 (26.0%) 3.54 1.86-6.74 <0.001
Low vitamin C intake 51 (58.0%) 39 (50.6%) 134 0.46-3.89  0.587
Tea/coffee with meals (2150 ml) 41 (46.6%) 21 (27.3%) 235 1.25-443  0.007
Irregular menstrual cycle 40 (45.5%) 17 (22.1%) 292 152-561 <0.001
No weekly TTD consumption 34 (38.6%) 15 (19.5%) 261 1.22-559  0.012
Undernutrition 25(284%) 7(9.1%) 397 1.40-11.2 0.006

odds ratio; CI: confidence interval; IFA: iron-folic acid.

Furthermore, the bivariate analysis
showed that low intakes of energy, protein, iron,
and zinc were significantly associated with
anemia, with the strongest association being that
of low protein intake. The consumption of tea or
coffee with meals was also associated with a
higher risk of anemia, possibly because these
beverages reduce iron absorption. Irregular
menstrual cycles, nonadherence to weekly iron-
folic acid supplementation, and undernutrition
were also significantly associated with anemia in
this study. In contrast, low vitamin C intake was
not significantly associated with anemia. Overall,
these findings highlight the importance of dietary

adequacy, menstrual health, and adherence to
supplementation in this population.

Multivariable Analysis (Predictors of Anemia)
In the final multiple logistic regression model,
low protein intake exhibited the strongest
independent  association with anemia.
Participants with low protein intake had
approximately six times the adjusted odds of
anemia compared with those with adequate
protein intake (adjusted odds ratio [AOR] = 6.18;
95% confidence interval [CI]: 2.74-13.94; p <
0.001).

Table 3. Factors independently associated with anemia in the final multivariable model

Predictor Adjusted OR 95% CI p-value
(AOR) (Lower - Upper)
Low protein intake 6.18 2.74-13.94 <0.001
Low energy intake 4.84 2.11-11.09 0.001
Low iron intake 4.76 2.05-11.05 0.002
Low zinc intake 2.51 1.07-5.88 0.034
Irregular menstrual cycle 3.95 1.56-10.01 0.004
No weekly IFA supplementation 4.5 1.46-13.88 0.009
Undernutrition 5.27 1.37-20.25 0.015

Note: AOR = adjusted odds ratio; CI = confidence interval; IFA = iron-folic acid.

Low energy intake (AOR = 4.84; 95% CI:
2.11-11.09; p = 0.001), low iron intake (AOR =
4.76; 95% CI: 2.05-11.05; p = 0.002), and low
zinc intake (AOR = 2.51; 95% CI: 1.07-5.88; p =
0.034) remained independently associated with
anemia after adjusting for other variables in the
model.

Behavioral and physiological factors were
also significant. Participants with irregular
menstrual cycles had higher adjusted odds of
anemia (AOR = 3.95; 95% CI: 1.56-10.01; p =
0.004). Those who did not consume weekly IFA
supplements had 4.50 times the adjusted odds of
anemia compared with those who adhered to



Aceh. Nutri. J. Vol: 11, No: 2, 2026

| 797

the supplementation (95% CI: 1.46-13.88; p =
0.009). Undernutrition was also independently
associated with anemia (AOR = 5.27; 95% CI:
1.37-20.25; p = 0.015).

This study identified a substantial burden
of anemia among female public high school
students in Depok. More than half of the
participants were anemic, and most cases were
classified as mild or moderate. The observed
prevalence of 53.3% was higher than the
national estimate of 26.8% reported in the 2023
Indonesian Health Survey and the global
estimate of approximately 29.9% (Kolars, et al,,
2025; Kementerian Kesehatan RI, 2023). Based
on the World Health Organization threshold
cited in this study, an anemia prevalence above
40% represents a severe public health problem.
These findings indicate that anemia prevention
among adolescent girls should receive greater
attention in school health and nutrition
programs in Depok City.

Low protein intake had the strongest
independent association with anemia in this
study. Proteins contribute to hemoglobin
formation and are required for the synthesis of
proteins involved in iron transport and storage,
including transferrin and ferritin. Therefore,
inadequate protein intake may occur alongside
impaired erythropoiesis and less efficient iron
metabolism (Wirth et al, 2022). However,
because the study was cross-sectional, the
observed association should not be interpreted
as evidence that low protein intake causes
anemia. Low protein intake may also reflect
broader dietary inadequacy or household-level
constraints that were not fully captured in this
analysis.

Low energy intake was independently
associated with anemia after adjusting for other
variables. Inadequate energy intake may
indicate insufficient overall food consumption
and may coexist with inadequate protein and
micronutrient intake. Prolonged energy
inadequacy may also increase the use of dietary
and body proteins for energy rather than for
tissue maintenance and hematopoietic functions.
The simultaneous association of low energy and
protein intakes with anemia suggests that
interventions should address overall dietary
adequacy rather than focusing exclusively on
individual micronutrients.

As expected, insufficient iron intake was
independently associated with anemia in the
present study. Iron is an essential component of

hemoglobin, and inadequate intake can
compromise hemoglobin synthesis when body
iron stores become insufficient. This finding is
consistent with evidence highlighting iron
inadequacy as an important nutritional factor
associated with anemia among adolescents
(Gebremedhin et al,, 2022; Hossain et al., 2023).
However, the present study did not assess serum
ferritin or other biomarkers of iron status.
Therefore, it was not possible to determine
whether the participants had iron deficiency
anemia or anemia related to other nutritional,
inflammatory, genetic, or clinical conditions.

Low zinc intake was also independently
associated with anemia. Zinc participates in
numerous enzymatic and cellular processes
related to growth, immunity, and hematopoiesis.
Low zinc intake may also indicate a diet with
limited animal-source foods, which are
important sources of both zinc and highly
bioavailable heme iron (Jeng & Chen, 2022; Al
Rahmad, 2023). The association between zinc
intake and anemia should be interpreted carefully
because nutrient inadequacies frequently cluster
within poor-quality diets. Further research using
biochemical indicators would help determine
whether zinc status is independently related to
hemoglobin concentration.

Vitamin C intake was not significantly
associated with anemia in the bivariate analysis.
Although vitamin C can enhance non-heme iron
absorption, its contribution may depend on the
amount and form of iron consumed, meal
composition, and the presence of absorption
inhibitors. The absence of a significant
association may also have resulted from limited
variation in vitamin C intake or measurement
errors associated with the two 24-hour food
recalls. Therefore, the findings should not be
interpreted as evidence that vitamin C-rich foods
are unimportant for preventing anemia.
Including vitamin C-rich fruits and vegetables
with plant-based iron sources remains
nutritionally appropriate.

Tea or coffee consumption with meals was
associated with anemia in the bivariate analysis
but was not retained in the final multivariate
model. Polyphenols in tea and coffee can bind to
non-heme iron and reduce its absorption when
consumed close to meals (Gebremedhin et al,,
2022). However, the attenuation of this
association after adjustment suggests that the
observed bivariate relationship may overlap
with other dietary factors. Nutrition education
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should include practical information on
separating tea and coffee consumption from iron-
containing meals, particularly among adolescents
whose diets rely heavily on plant-based iron.

Irregular  menstrual cycles  were
independently associated with anemia in this
study. Menstrual characteristics may be related
to variations in blood loss, hormonal function,
nutritional status, and underlying health
conditions of the individual. However, cycle
irregularity alone does not directly quantify the
menstrual blood loss. Therefore, the findings
should be interpreted as an association between
menstrual characteristics and anemia rather
than proof that irregular cycles caused lower
hemoglobin concentrations. Future studies
should include validated measures of menstrual
duration and blood loss volume to clarify this
relationship (Belay et al., 2025; Sekiyama et al,,
2022).

Nonadherence to weekly [FA
supplementation was also independently
associated with anemia. This finding supports
the importance of the effective implementation
of school-based supplementation programs.
Distribution alone may not ensure consumption
because adherence can be affected by
forgetfulness, side effects, inadequate
knowledge, concerns about supplementation,

inconsistent availability, and limited
supervision. Strategies such as supervised
weekly  consumption, reminder systems,

counseling on side effect management, and
coordination between schools and health
services may improve adherence (Kementerian
Kesehatan RI, 2021; UNICEF, 2023).
Undernutrition was strongly associated
with anemia, although the corresponding
confidence intervals were relatively wide. This
imprecision may reflect the limited number of
participants classified as undernourished in our
study. A low body mass index-for-age can
indicate prolonged inadequacy in dietary
quantity or quality and may coexist with
deficiencies of iron, protein, zinc, and other
nutrients (Yani et al, 2023). This finding
suggests that adolescents with undernutrition
may require more comprehensive assessment

and support rather than anemia
supplementation alone.
The wide confidence intervals for

undernutrition and nonadherence to weekly IFA
indicate uncertainty regarding the exact
magnitude of these associations. Although the

directions of association were statistically
significant, the estimates should not be
interpreted as precise measures of the effect.
Studies with larger probability-based samples
are required to obtain more stable estimates.

Implications and Limitations

These findings support an integrated school-
based approach to anemia prevention among
adolescent girls in Depok City by combining
weekly iron-folic acid supplementation with
improved dietary quality, menstrual health
education, screening, and individualized
nutrition counseling. Programs should promote
affordable sources of protein, iron, and zinc,
such as eggs, fish, poultry, legumes, tofu, tempeh,
and fortified foods while encouraging the
consumption of vitamin C-rich foods and
avoiding tea or coffee with iron-containing
meals. School canteen policies may also help
increase access to nutrient-dense food. Students
with  undernutrition, persistent anemia,
menstrual problems, or poor adherence to
supplementation should receive targeted follow-
up and referral through school health services
and primary healthcare facilities. Effective
implementation requires coordination among
schools, families, healthcare providers, local
health authorities and policymakers.

This study was limited by its cross-
sectional design, which prevented causal
inferences. Two 24-hour dietary recalls may not
have reflected habitual intake and were subject
to recall bias. Quota sampling limited
generalizability and may have introduced a
selection bias. The absence of iron status and
inflammatory = biomarkers prevented the
identification of the etiology of anemia.
Questionnaire-based variables were vulnerable
to reporting errors, and wide confidence
intervals for some estimates indicated limited
statistical precision.

Conclusion

Anemia was highly prevalent among female
students attending public high schools in Depok
City in 2024. Low intakes of protein, energy,
iron, and zinc, irregular menstrual cycles,
nonadherence to weekly iron-folic acid
supplementation, and undernutrition were
independently associated with anemia, with low
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protein intake showing the strongest association
with anemia.

These findings support integrated school-
based programs that combine dietary
improvement, supplementation adherence,
menstrual health education, anemia screening,
and targeted nutritional counseling for students
at greater nutritional risk. Because this study
was cross-sectional and used quota sampling,
the findings should be interpreted as
associations within the study population rather
than causal or population-wide effects.

School health programs should integrate
weekly  iron-folic acid supplementation
monitoring with nutrition education, improved
access to protein-, iron-, and zinc-rich foods,
menstrual health support, anemia screening, and
counseling for students with undernutrition or
poor adherence to supplementation. Future
studies should use longitudinal designs,
probability = sampling, repeated  dietary
assessments, and biochemical indicators, such as
serum ferritin and inflammatory markers, to
clarify temporal relationships and distinguish
iron-deficiency anemia from other forms of
anemia.
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