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Abstract. According to the World Health Organization (WHO), 24.8%
of the global population is affected, and it is estimated that around 50-
80% of anemia cases are caused by iron deficiency. Anemia occurs when
hemoglobin levels are below normal (<12 g/dL). Factors contributing
to the high incidence of anemia in adolescents include low iron intake
and inadequate consumption of other nutrients. Anemia frequently
occurs during menstruation and can be prevented by consuming iron
supplements. A preliminary survey of 50 students showed that most
were unaware of the importance of taking iron supplements when they
reach adolescence and 16 had hemoglobin levels below 12 g/dL. This
study aims to analyze the correlation between age, body mass index,
and age of menarche with hemoglobin levels in adolescents in Singaraja.
The research employs a quantitative analytical method with a cross-
sectional design. Data were obtained through interviews and direct
measurements of height and weight. The findings indicate a correlation
between age, body mass index, and age of menarche with hemoglobin
levels in adolescents. Futher research with a larger, move diverse
sample is recommended, incorporating variables like diet and physical
activity. A longitudinal approach and advanced statistical methods
would also improve the study’s depth and validity. This would offer
deeper insights into the factors affecting hemoglobin levels and their
implications for adolescent health.

1 Introduction

Anemia is a prevalent health issue in both developed and developing countries.
Although micronutrient malnutrition, particularly iron deficiency, is the primary cause
of anemia, it remains a significant global problem, with a prevalence rate of 40%.
Anemia is more common among women and girls than among men, and unfortunately,
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many who suffer from it are unaware of it. Adolescent girls with hemoglobin (Hb) levels
below 12 g/dL are considered anemic (1). Generally, the normal hemoglobin level in
adolescent girlsis 12 gr/dL. If it is below that, then teenagers are categorized as anemic.
Hemoglobin itself is a protein substance in red blood cells (erythrocytes) that contains
iron and functions to transport oxygen and as an exchange of oxygen (0z) and (COz).
The low level of hemoglobin is what causes the supply of oxygen to be obstructed so
that a person experiences anemia.

Adolescence is a transitional phase from childhood to adulthood, marked by the
development of secondary and primary sexual characteristics as well as reproductive
maturity. This period also included physiological, emotional, and psychological
changes. Throughout a woman's reproductive years, blood loss due to menstruation
results in the loss of approximately 12.5-15 mg of iron per month, equivalent to about
0.4-0.5 mg per day. This loss contributes to a decline in hemoglobin levels and causes
anemia (2). There are many factors that influence the incidence of anemia in adolescent
girls, including age, body mass index, and age of menarche. This is related to the pattern
of habits in consuming foods that contain iron or blood supplement tablets. Adolescent
age has a high risk of iron deficiency anemia. This is due to the rapid growth and
hormonal changes that occur before adulthood. Adolescents need nutrients, especially
iron, to transport oxygen through hemoglobin(3). In addition, the nutritional status of
adolescents is one of the factors that affect hemoglobin levels. If the intake of nutrients,
especially iron, is not fulfilled, it will inhibit the process of hemoglobin formation in red
blood cells(4). However, a previous preliminary study stated that there was no
significant relationship between hemoglobin levels and menarche. In that study, it was
not explained why the age of menarche did not affect adolescent hemoglobin levels (5).

The World Health Organization (WHO) estimates that approximately 1.62 billion
people, or 24.8% of the global population, suffer from anemia. The WHO Health
Organization classifies anemia as a severe public health problem if its prevalence
exceeds 40% (1). In India, 55.8% of adolescents aged 15-19 years have anemia. A study
in Baghdad reported that 17.6% of adolescent girls had anemia, and a 2009 study in
Nepal revealed a prevalence rate of 78.3% among adolescent girls. In developing
countries, including Indonesia, the prevalence of adolescent anemia is higher at 27%
compared to only 6% in developed nations. Anemia is also prevalent among children
and women of reproductive age, particularly pregnant women, with rates ranging from
80% to 90% among preschool-aged children (2).

Research indicates that poor nutritional intake, especially of folic acid and iron,
among adolescents significantly affects their growth, resistance to infectious diseases,
and productivity (6). The consequences of anemia in adolescent girls are commonly
associated with decreased academic performance and motivation due to iron
deficiency, manifesting as symptoms such as pallor, fatigue, decreased appetite, and
impaired growth (2).

According to the Department of Nutrition at the Faculty of Public Health, Universitas
Indonesia (FKM UI), awareness of proper nutrition plays a critical role in addressing
nutritional problems among adolescents. Nutritional knowledge influences food
choices and the use of iron supplements during menstruation, which can have a positive
impact on anemia prevention (7). Regular consumption of iron supplements has been
shown to increase hemoglobin levels to 10.2 g/dL in pregnant women and 8.6 g/dL in
non-pregnant women. Iron supplementation can reduce anemia in women by
approximately 50% (8).

Adolescent girls often neglect healthy eating habits and frequently consume fried
foods and fast foods. They may also follow unsupervised diets, which can interfere with
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iron absorption and affect hemoglobin levels. Drinking tea or coffee within an hour of
eating can further impair nutritional status (9). Prolonged menstrual periods in
adolescent girls can result in greater blood loss and reduced iron availability, leading to
a decrease in hemoglobin levels. According to Manuaba's theory, women require more
iron than men because of monthly menstrual blood loss, which amounts to 50-80 mL
per month, accompanied by a loss of 30-40 mg of iron, causing anemia (10).

Efforts to prevent anemia include the promotion of a balanced and nutritious diet.
Consuming a variety of foods from different groups (staples, proteins, vegetables, and
fruits) is essential for maintaining a diverse and balanced diet (11). Animal-based foods
are an important source of iron that is essential for oxygen transport and cellular
respiration. Iron is involved in the formation of hemoglobin and myoglobin. The highest
iron requirements occur during the productive years (13-49 years), with a daily
requirement of 15-18 mg, increasing by 9 mg/day for pregnant women in their second
and third trimesters (12). In cases where traditional diets do not meet micronutrient
requirement, supplementation is a viable alternative. In addition to iron tablets, regular
hemoglobin testing is essential for monitoring blood levels, especially for individuals
identified as anemic (13).

Common signs of anemia include pale skin, mood changes, fatigue, dizziness, rapid
heart rate, and changes in skin and eye color. Anemia can result from inadequate iron
intake, red blood cell destruction, or slow red blood cell production and can be treated
with dietary changes, blood transfusions, or iron supplements [11].

So far, there has been no research that discusses the relationship between age, body
mass index, and menarche age in adolescent girls in Singaraja. Given the high
prevalence of anemia and the discrepancies in previous research findings, this study
aimed to examine the correlation between age, body mass index, age of menarche, and
hemoglobin levels in adolescent girls. Additionally, the study sought to identify early
signs and symptoms of anemia in adolescent girls in Singaraja (15).

3.1 Method

This study employed a quantitative analytical approach, with a cross-sectional design.
The study was conducted at the Semara Ratih Singaraja Youth Health Center in July
2024 with 50 adolescent girls as respondents. The variables examined in this study
were age, height, weight, age at menarche, and hemoglobin levels. Data collection
involved direct interviews to determine the age of menarche. The study population
included all adolescent girls at the center who agreed to participate as research
respondents Nutritional status was assessed by measuring height, weight so that the
results of the Body Mass Index (BMI) and hemoglobin levels were obtained through
peripheral blood samples with finger pricks using a digital GCHb device (16). The
collected data were analyzed using univariate and bivariate analyses. Bivariate analysis
was employed to explore the correlation between age, BMI, and age at menarche and
hemoglobin levels in adolescent girls in Singaraja (17).

3. Result and Discussion

The analysis was conducted in two stages: univariate and bivariate analyses, with the
aim of identifying the correlation between age, BMI, and age at menarche and
hemoglobin levels in adolescents in Singaraja.

3.1 Crosstab the result
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Table 1. Age vs hemoglobin levels

Age Low Normal High
10-12 0 0 5
13-14 3 4
15-16 3 6 19

Table 2. BMI vs hemoglobin levels
BMI Low Normal High
Underweight 5 6 12
Normal 4 4 17
Tabel 3. Menarche vs hemoglobin levels

Menarche Low Normal High

10 3 3 3

11 3 3 11

12 2 3 8

13 1 1 7

3.2 Characteristics of the Study Variables

This study involved 50 respondents, including adolescents who were willing to
participate and met the research criteria. The respondents’ characteristics are listed in

the following table:
Table 4. Respondent Characteristics
No Variable Frequency (n = 50) Percentage (%)
1 Age
Early 20 40%
Mid 30 60%
Late 0 0%
2 Age of Menarche
<12 years 28 56%
12 - 13 years 22 44%
>14 years 0 0%
3 BMI
Underweight (17-18,4 kg/m?2) 24 48%
Normal (18,5-25 kg/mz2) 26 52%
Overweight (25-28,9 kg/m2) 0 0%
4 Hemoglobin Levels
Normal (> 12 gr/dL) 36 72%
Mild Anemia (11-11,9 gr/dL) 6 12%
Moderate Anemia (8-10,9 gr/dL) 8 16%
Severe Anemia (< 8 gr/dL) 0 0%
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Of the 50 participants, the majority (60%) were in the mid-adolescence age group. The
majority (56%) had an age of menarche of <12 years, 52% had a normal BMI, and 72% had
hemoglobin levels below 12 g/dL.

Explain these age categories on the table

- Early age: 10-13 years old, adolescence in the early stages of puberty

- Middle age: 14-16 years old, the age of adolescents who are in the middle of puberty

- Late: >16 years, the age of adolescence towards adulthood

3.3 Correlation Between Age and Hemoglobin Levels

Analysis of the relationship between age and hemoglobin levels was conducted using
the Spearman rank non-parametric test, as the data were not normally distributed. The
statistical results showed a significant correlation between the age of adolescents and
their hemoglobin levels in Singaraja, with a p-value of 0.018 (p<0.05) [Table 2] (18).

Table 5. Spearman Rank Correlation Results

No Variable Hemoglobin Levels
1. | Age Correlation Coefficient 334
Sig. (2-tailed) 018
2. | Age of Menarche | Correlation Coefficient 342
Sig. (2-tailed) 0.15
3. | BMI Correlation Coefficient 366
Sig. (2-tailed) .009

Normality tests were conducted using Kolmogorov-Smirnov and Shapiro-Wilk for
the variables of age, BMI, age at menarche, and hemoglobin levels. The test results
showed p values <0.05 for all variables, so the data were not normally distributed.
Therefore, the analysis was continued using non-parametric methods, namely the
Spearman Rank test.

The results indicated a significant relationship between age and hemoglobin levels
(p = 0.018). These findings are consistent with those of Rizkiawati (2012), who also
found a correlation between age and hemoglobin levels in rickshaw drivers in Pasar
Mranggen, Demak. The study concluded that as individuals age, hemoglobin levels tend
to decrease (18).

This study also demonstrated a relationship between adolescent age and the
occurrence of anemia. This finding aligns with a study by Novi Susanti (2024), who
demonstrated an increased risk of anemia among pregnant women based on their age
(19).

Anemia is a condition in which the body lacks sufficient red blood cells or
hemoglobin to transport oxygen throughout the body. Age is one of the factors that can
influence the occurrence of anemia (20). In older age groups, the risk of anemia
increases owing to a decline in physiological functions, including reduced bone marrow
capacity to produce red blood cells, altered iron metabolism, and the presence of
chronic diseases that can trigger anemia (21). In younger individuals, particularly
children and adolescents, anemia often occurs due to the increased demand for iron as
the body grows. During puberty, especially in adolescent girls, the risk of anemia
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increases due to menstrual blood loss (22). Inadequate iron intake to support growth
and replace lost blood can lead to anemia during adolescence.

3.4 Correlation Between Body Mass Index (BMI) and Hemoglobin Levels

Statistical analysis revealed a significant correlation between BMI and hemoglobin
levels among adolescents in Singaraja, with a p-value of 0.009 (p<0.05) [Table 2]. This
study found a positive correlation between BMI and anemia prevalence among
adolescent girls in Singaraja, indicating that dietary iron intake is significantly
associated with Hb levels (18).

These findings align with those of Rumiyati and Ahmad Mubhlisin, where the Pearson
correlation test indicated a significant relationship between BMI and hemoglobin
levels, with a correlation coefficient of 0.396, showing a low but positive correlation (p
< 0.05). However, this result contrasts with the findings of Dwi Eni and Arum Margi,
who found no significant correlation between BMI and hemoglobin levels in their study
using Spearman correlation analysis, as their data did not exhibit a normal distribution
(p=0.942) (23).

The findings of this study highlight the role of BMI in the hemoglobin status of
adolescent girls. Alower BM], indicating poor nutritional status, is often associated with
lower hemoglobin levels due to insufficient intake of iron and other nutrients essential
for red blood cell production (24). This result is supported by research conducted by
Arisani in 2024, which found a significant correlation between menstrual duration, BMI,
upper arm circumference (LILA), and knowledge level and hemoglobin levels in
adolescent girls at the Palangka Raya Health Polytechnic (25). In addition, Resmiani's
2024 study supports these findings, showing a significant relationship between BMI
and hemoglobin levels among adolescent girls at the Darun Najah Orphanage in Depok,
Yogyakarta. Of the 22 adolescents studied, 63.6% had a normal BMI, while 36.4% had
an abnormal BMI (26). Conversely, Sofwan’s 2024 study on anemia risk factors among
pregnant women found no significant relationship between BMI and hemoglobin levels,
suggesting that the effect of BMI on anemia may differ between adolescents and
pregnant women (27). However, iron deficiency, a key component of hemoglobin
formation, remains the primary cause of reduced hemoglobin production. The current
study supports previous research by Fadillah in 2024, who found that lower BMI is
associated with lower hemoglobin levels in students at the Dayah Madinatuddiniyah
Jabal Nur Islamic Boarding School (28).

BMI serves as an important indicator of nutritional status, and various factors such
as dietary intake, education, knowledge, environment, eating habits, physical activity,
lifestyle, socioeconomic status, and chronic disease exposure can affect BMI (29).
Individuals with low BMI may be more prone to anemia due to insufficient intake of key
nutrients, such as iron, folate, and vitamin B12, which are essential for red blood cell
production. However, individuals with a high BMI (overweight or obese) may also be
susceptible to anemia due to chronic inflammation that interferes with iron absorption,
leading to inflammatory anemia (30). Obesity-related liver fat accumulation can trigger
lipid peroxide formation, affecting iron metabolism and hampering hemoglobin
synthesis (31).

3.5 Correlation Between Age of Menarche and Hemoglobin Levels

Statistical analysis also indicated a significant correlation between age at menarche and
Hb levels in adolescent girls in Singaraja, with a p-value of 0.015 (p<0.05) [Table 5].
This study found that early menarche was significantly associated with lower
hemoglobin levels (18). These findings are consistent with research conducted on
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female students at Mulawarman University's Faculty of Medicine, which also reported
a significant relationship between age at menarche and Hb levels (p = 0.016) (12). Table
2 shows that most participants with menarche before the age of 12 years had the lowest
hemoglobin levels (32). This result supports the theory that early menarche increases
the risk of hemoglobin deficiency, as adolescent girls may not yet have the necessary
nutritional knowledge to prevent anemia (33).

Menarche, the onset of menstruation, is a critical event in a girl's life and can affect
the anemia status (34). Early menarche is often linked to a higher risk of anemia
because the body requires more iron to compensate for blood loss during menstruation.
Without sufficient iron intake, the risk of anemia increases. Early menarche may also
indicate hormonal or nutritional imbalances that affect blood production and iron
absorption (35).

4. Conclusion

This study found that 16% of adolescents at the Samara Ratih Health Center in Singaraja
had low hemoglobin levels, despite having normal nutritional status and early
menarche (<12 years). Significant correlations were observed between age, BMI, and
age at menarche with hemoglobin levels. To better understand these relationships,
further research with a larger, more diverse sample is recommended, incorporating
variables like diet and physical activity. A longitudinal approach and advanced
statistical methods would also improve the study's depth and validity. This would offer
deeper insights into the factors affecting hemoglobin levels and their implications for
adolescent health.
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