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Abstract One of the health problems that can cause
stunting is anemia, a condition where the function of red
blood cells (RBC) is impaired, leading to reduced oxygen
transport and resulting in complications. Studies show high
rates of iron deficiency and anemia among pregnant
women in highland areas, especially in elderly or high-risk
women. This study aims to understand the differences in
behavior, eating, and drinking habits between adolescent
girls in highland and lowland areas, and to explore how
these habits relate to anemia, which can cause stunting. The
study used a descriptive-analytic, cross-sectional design,
with data from observations, interviews, questionnaires,
and hemoglobin tests. Random sampling was used to
gather data from 253 respondents, 105 from highland areas
and 158 from lowland areas. SEM-PLS 4.0 was used to
analyze the effects of tea and coffee consumption on
hemoglobin levels. The results show that topography
affects anemia rates in Indonesia, and that daily habits of
eating vegetables, fruits, and drinking tea or coffee

influence hemoglobin levels. Low hemoglobin levels in
pregnant women increase the risk of stunting in newborns.
The government can improve iron tablet distribution in
highland areas by increasing health posts for adolescents.

Keywords Highlands, Blood Hemoglobin,
Polyphenols, Anemia, Blood Supplement Tablets

1. Introduction

The high prevalence of stunting remains a critical issue
in Indonesia. In 2021, the stunting rate was 24.4%, but it
dropped to 21.6% in 2022 [1]. Furthermore, in 2023, the
decline in stunting rates in Indonesia only reached 0.1%,
namely at 21.5% [2]. However, the Government of
Indonesia has a target that must be achieved in 2024,
reaching 14% [1].
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Stunting is a condition of impaired child growth,
characterized by a height that is more than two standard
deviations below the median growth standards for children
[3]. Stunting conditions can occur due to a lack of
nutritional intake for a long period, causing inhibition of
child growth [4]. In addition to physical growth, stunted
children also experience a decrease in intelligence and
productivity as a holistic person [4]. Talking about stunting
in children can start by discussing the condition of anemia
in adolescents as the beginning of the preconception period
which in certain communities will tend to continue to the
conception period at a fairly young age.

One of the health issues that can lead to stunting is
anemia, a condition where insufficient red blood cell
function reduces the ability to transport oxygen, resulting
in complications [5]. This condition is characterized by
hemoglobin levels of 11 g/dL or less. In pregnant women,
anemia is a condition that often occurs during pregnancy.
In addition, anemia can occur due to iron and folic acid
deficiency. According to Fadhil et al [6], there is a
significant association between a history of anemia in
pregnant women and the occurrence of stunting in toddlers.
So it is very important to fulfill the nutrition and check the
hemoglobin levels to prevent stunting in toddlers.

Fadhil et al [6] mentioned that hemoglobin is an
important element that has the responsibility to carry
oxygen to all tissues so that it can be utilized in the
development of organs in the fetus. Low hemoglobin
levels during pregnancy are known to cause problems that
are quite dangerous for both mother and baby. Another
study found a significant link between hemoglobin levels
and the regular consumption of a balanced diet and iron
supplements among pregnant women [7].

The working area of Puskesmas Nongkojajar, Wonosari
Village, which also includes the Tengger Mountains in
Pasuruan, is located in a highland area (>1000 m above sea
level; population 2,692 women in 2019) in Pasuruan, East
Java [8]. People in the highlands have the potential to
experience hypoxia due to reduced oxygen partial pressure.
Increased hemoglobin levels in these conditions can occur
to adapt to low oxygen conditions. However, the level of
risk is still quite high. It is reported that the incidence of
iron deficiency and anemia in pregnant women in highland
areas shows a high rate, especially in elderly women or
those with high risk [9].

The purpose of this study is to understand the
differences in behavior, eating habits, and drinking patterns
between adolescent girls and women in highland and
lowland areas, as well as to determine the relationship
between drinking patterns, eating habits, and healthy living
behavior with anemia, which has the potential to cause
stunting. In addition, the Tengger people have a habit of
serving drinks that are always served both in everyday life,
and special ceremonies related to customs and religion.
The beverage dishes served include tea and coffee [10].

2. Materials and Methods

The method used in this research is descriptive analytics,
cross-sectional study. Primary data sources were obtained
from observation, interviews, questionnaires, and blood
sampling for hemoglobin examination. Respondents in this
study were the Provincial Health Profile, the Community
Nutrition Coordinator, Maternal and Child Health
Coordinator, Health Promotion Coordinator, health cadres,
young women, future brides, and pregnant women.

The data was collected from May to August 2024.
Inclusion criteria: age 10-49 vyears; having adequate
communication skills; willing to volunteer in this study;
known not to suffer from chronic diseases or blood
disorders.

Quantitative data collection was conducted using a
random sampling technique and obtained 253 respondents
consisting of 105 highlands and 158 lowlands. The
respondent population in the lowland areas is indeed
statistically larger than in the highlands. This difference
can be proportional, as reflected in the comparison of
respondent numbers in this study. The statistical test used
for this study was the test of the effect of coffee and tea
drinking culture on hemoglobin levels using SEM-PLS 4.0
(Structural Equation Modeling Partial Least Square). The
ethical test of this research was carried out by the Ethics
Commission of Universitas Ciputra Surabaya with No.
072/EC/KEPK-FKUC/V11/2003.

The effect of hemoglobin levels in this study is
influenced by several factors including:

1. Variable behaviour

a. Knowledge about Anemia
b. Having an attitude to live a healthy life
C.  The habit of washing hands with soap

2. Dietary variables

Frequency of Eating Fruit
Frequency of Eating Vegetable
Frequency of Eating Protein

d. Breakfast Habit

oo

3. Drinking pattern variables

a.  Frequency of Drinking Tea or Coffee
b.  Amount of Drinking Tea or Coffee
c.  Frequency of Taking Iron Tablet

As known in addition to behavioural factors, food and
beverage intake, there are various other factors both from
within and outside the health sector that cause high cases of
anemia that are not included in the scope of this study. The
provision of clean water, as a source of drinking water and
sanitation also related to the incidence of stunting, is part of
another sector [11]. This is also in line with research in
Ethiopia [12] which states that the incidence of stunting is
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also influenced by water, sanitation and hygiene habits.

3. Results

3.1. Difference Test

Table 1 shows that although adolescent girls in the
lowlands have good hand-washing habits compared to
adolescent girls in the highlands, based on the test results,
there is no significant difference in this indicator. The
indicator of healthy living attitudes, adolescent girls in the
highlands and the lowlands showed similar results.

Other indicators showed significant differences.
Adolescent girls in the highlands more often consume
fruits, vegetables and protein and have breakfast habits
with a frequency of almost every day while adolescent girls
in the lowlands have breakfast habits with a frequency of at
least 1 time a week [13].

Adolescent girls living in the highlands had higher

tea/coffee drinking habits compared to girls in the lowlands.

However, adolescent girls in the highlands had a lower
habit of consuming iron tablets compared to adolescent
girls in the lowlands.

Based on the explanation above, it can be explained that
the significant difference between the hemoglobin levels of
adolescent girls in the highlands and lowlands is influenced
by their attitude toward living a healthy life and their habit
of consuming tea or coffee.

3.2. SEM Measurement Model Evaluation

Based on the results of the difference test, it is shown
that many indicators have differences between adolescent
girls in the highlands and lowlands, so further analysis of
the relationship between the influence of each indicator on
hemoglobin levels is carried out. In general, if all data from
highland and lowland areas are combined, it shows that
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significantly affect the hemoglobin levels of adolescent
girls with an R? value of 47%, which means that the
relationship between patients is moderate.

Structural Equation Modeling (SEM) analysis involves
two types of evaluations: the measurement model
evaluation and the structural model evaluation. The
measurement model evaluation focuses on convergent
validity, which is based on the principle that the manifest
variables of a construct should show strong correlations.
Convergent validity can be assessed through the factor
loading value for each construct indicator. To evaluate
convergent validity, the factor loading value should
generally exceed 0.5, and the Average Variance Extracted
(AVE) value should be greater than 0.5. Additionally,
composite reliability is assessed to confirm the accuracy,
consistency, and reliability of the instrument in measuring
the constructs. The evaluation of the structural model is
reviewed from the size of the R? value.

The results of the SEM measurement model evaluation
are presented in Table 2.

All the data shown in the table above explain the data
combined from the highlands and lowlands. Each indicator
has fulfilled the measurement model evaluation, which
means that each indicator can measure the variable well.
However, in the structural model evaluation, the highland
area model and all data in general produce a moderate
model. In addition, the lowland region produces a good
model.

3.3. Model Significance Test Results

Furthermore, the significant effect according to Figure 1
is shown for the combined model, namely in Figure 1 (c) or
the data of the highland area combined with the data of the
lowland area, which shows that each indicator in the study
has a significant effect on the latent variable. On the other
hand, the relationship between patients and behaviour
variables does not have a significant effect on hemoglobin

behaviour variables, diet and drinking patterns levels.
Table 1. Difference Test Result
Modus Median
Factors P-VALUE
Highland Lowland Highland Lowland
Knowledge about Anemia 2 3 2 3 0.010
Having an attitude to live a healthy life 2 2 2 2 0.083
The habit of washing hands with soap 3 2 2 2 0.580
Frequency of Eating Fruit 3 1 2 2 0.000
Frequency of Eating Vegetable 3 2 3 2 0.000
Frequency of Eating Protein 2 2 2 2 0.001
Breakfast Habit 3 2 3 2 0.000
Frequency of Drinking Tea or Coffee 3 1 3 2 0.000
Amount of Drinking Tea or Coffee 3 1 3 1 0.000
Frequency of Taking Iron Tablet 1 2 1 2 0.014
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Table 2. SEM Measurement Model Evaluation Results

All (Highland + Lowland) Highland Lowland
Construct ; ; ;
Composite ) Composite ) Composite )
Realibel AVE R-Square Realibel AVE R-Square Realibel AVE R-Square
Behaviour 0.837 0.631 0.863 0.678 0.802 0.579
HB 1.000 1.000 1.000 1.000 1.000 1.000
Dietary 0.801 0510 | 0476154912 0.799 0506 | 0-340461843 0.816 0533 | 0621527272
Drinking 0698 | 0.652 0.738 | 0.652 0.7 0.624
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Figure 1. Structural Model in adolescent girls (a) in highland region (b) in lowland region (c) in all regions
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4. Discussion

The study found that the average hemoglobin level of all
female adolescents was 11.97 grams/dL. The average
hemoglobin of female adolescents living in lowland areas
was 11.35 grams/dL and in highland areas was 12.84
grams/dL. This study is in line with research conducted by
Andre et al [14] in several countries in Asia, America and
Africa. Andre et al [14] stated that people living in the
highlands have higher hemoglobin levels compared to
people living in the lowlands.

Nemec [15] in his research mentioned that culture does
influence people's consumption patterns. Nemec [15]
mentioned that people in Mexico, China, Japan, India, and
the Middle East have different eating cultures.

Rahfiludin [16] mentioned in his research that the
prevalence of anemia or iron deficiency in Sundanese
adolescent girls studying in pesantren (Islamic boarding
school) in Indonesia is quite high. It was mentioned that
Sundanese adolescent girls have a good habit of consuming
food sourced from vegetable protein, but pay less attention
to the consumption of food sourced from animal protein.

In line with Rahfiludin, this study found that the diet of
vegetables and fruit in respondents was quite good, but
there was a culture that existed in the research location that
caused the low hemoglobin levels of respondents, namely
having a habit of drinking tea and coffee which was proven
to have a high frequency.

Delimont, Haub, and Lindshield [17] explained that
polyphenolic compounds in tea and coffee are said to be
compounds that bind Fe ions with tannins that will be
secreted from the body because they are compounds that
are considered useless.

The knowledge of anemia, attitude and behaviour or
practice of maintaining a healthy lifestyle are important
factors that influence the prevalence of anemia and
stunting [18]. Amalia et al [19] found that positive attitude
towards clean and healthy living correlates with increased
hemoglobin levels and serum ferritin in adolescent girls.
Abu Baker et al [20] in Jordan also highlight that nutrition
education about anemia can enhance the knowledge of
adolescent girls regarding iron deficiency, potentially
reducing the incidence of anemia. Juffrie et al [21] also
found in their study on nutritional anemia in children and
adolescents in Indonesia that poor dietary practices and
low consumption of nutritious foods are the main causes of
anemia among adolescents. Prevention of anemia can be
done by adopting a good attitude [22]. Health education
interventions have been shown to effectively enhance
knowledge, attitudes, and behaviors related to anemia
prevention, directly fostering healthier habits in
adolescents [23,24]. The results of this study show that
there is a significant difference between healthy living
behaviour reflected in the habit of washing hands with
soap and hemoglobin levels in adolescent girls in the
highlands and lowlands.

However, in contrast to research conducted by Agustina

R, et al [18] on female students at the junior and senior high
school levels, there was no relationship between their
knowledge of anemia and the prevalence of anemia or
stunting. The study showed that almost all respondents (>
60%) obtained information about anemia from mass media
and social media, as many as 22% obtained anemia
information from schools and health workers, as well as
family, and the remaining 17% from peers [18]. The
differences in the results of several studies regarding the
relationship between knowledge about anemia, healthy
living attitudes, and healthy living behaviours such as the
habit of washing hands with soap can be caused by
differences in the research design used by researchers,
differences in questions compiled on questionnaire sheets,
differences in assessment system methods and tools, and
differences in population characteristics [18]. Ease of
access to mass media and social media is very influential in
obtaining health information [25]. This may be one of the
reasons more adolescent girls in the lowlands have
knowledge about anemia than adolescent girls in the
highlands. Healthy attitudes and behaviours by
maintaining hygiene affect anemia and stunting. Sugianto's
research shows that good health service seeking behavior
in Garbasari village has an impact on low stunting
incidence rates [26].

A poor sanitation and hygiene can affect the occurrence
of low hemoglobin levels and anemia [27]. In addition,
poor environmental sanitation also contributes to an
increase in infectious diseases which can cause linear
growth disorders [28]. In this study, hemoglobin levels
were significantly and positively influenced by diet with
the largest indicator being vegetable diet. In addition,
hemoglobin levels are also significantly and negatively
influenced by the frequency of drinking tea or coffee.
Other results are shown by the highland area model where
hemoglobin levels are significantly and positively
influenced by attitudes and eating patterns and
significantly and negatively influenced by drinking
patterns, where the indicators of healthy living attitudes,
vegetable diet and frequency of drinking tea or coffee are
the biggest influences on hemoglobin levels in the highland
region. For the lowland region model, each latent variable
has a significant and positive effect but a significant and
negative effect for the Ilatent drinking pattern on
hemoglobin levels, where hemoglobin levels are
influenced the most by anemia knowledge, vegetable diet
and the amount of drinking tea or coffee.

Another study conducted on adolescent girls at SMA
Negeri Sampang showed a negative relationship between
body image, meal frequency, energy intake, protein, Fe,
folate, Vitamin C, Vitamin B12, zinc, and vitamin B6 with
anemia [29]. Adolescent girls require higher nutrition for
their rapid growth, red blood cell development,
psychological changes, blood loss during menstruation and
increased physical activity, so if the need for iron is not met,
adolescent girls are very vulnerable to experiencing a
decrease in hemoglobin levels which in a certain period if
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not being treated properly will suffer from anemia [30].
The government also recommends consuming a variety of
foods with balanced nutrition to meet daily nutritional
needs for optimal body growth and development [31].

Having a healthy and regular diet is one of the keys to
preventing anemia, including if one has a regular breakfast
habit. Eating breakfast regularly is very important. Several
studies reported the habit of adolescents and young people
to skip breakfast in the morning in carrying out daily
activities. Research on adolescent girls at SMP Negeri 20
Pekanbaru reported that 63% of students never had
breakfast. This habit of not having breakfast can affect the
decrease in hemoglobin levels and lead to anemia because
it can cause the body to not have enough diverse nutrients
to produce hemoglobin [32]. Arisnawati et al [33] reported
the results of research conducted on adolescent girls at
SMA AL-Hikmah 2 Benda Sirampong Brebes, showing
that girls who did not have breakfast every day had an
eight times higher chance of experiencing anemia
compared to those who had breakfast every day.

Tea and coffee consumed with meals can be problematic.

The polyphenol content, which is known to have
antioxidant properties and is considered beneficial for
health, will experience interactions with protein-sourced
foods that can remove iron from the body [34].

The condition of lack of iron or hemoglobin in
adolescent girls in the research location if it occurs
continuously and for a long time can cause serious
problems, especially for women of reproductive age. A
woman who is in the process of planning pregnancy and
childbirth needs to pay attention to iron levels in the body
to defend herself from the risk of childbirth and health
problems in her baby [35].

During pregnancy, the need for iron will increase
drastically along with the growth and development of the
fetus. Pregnant conditions with anemia due to tea and
coffee consumption can increase even greater risks [36].

The risks of labour in question include bleeding,
premature labour, low birth weight of the baby, failure of
brain development and other organs, and even up to death
in extreme cases [36].

Apart from this, hemoglobin or stored ferritin is a very
important requirement in the first year of life. The amount
of hemoglobin and ferritin stored is highly dependent on
the transfer of iron from the mother to the baby in the
womb which occurs during the second and third trimesters
of pregnancy [6].

As described in more details by Utami et al [37],
mothers with iron deficiency anemia can increase the risk
of children becoming stunted.

5. Conclusions

There are differences in behavior, eating habits, and
drinking patterns between highland and lowland areas,
except for healthy living attitudes and handwashing habits.

A balanced diet has a positive effect on hemoglobin levels,
while tea or coffee consumption has a negative effect.
Topography is known to influence the incidence of anemia
in Indonesia. People's habits of consuming vegetables,
fruits, and drinking tea or coffee in daily life affect
hemoglobin levels in the body. This can increase the risk of
anemia, especially among adolescent girls in their
reproductive years. Low hemoglobin levels in pregnant
women can increase the risk of stunted growth in
newborns.

Strategies to accelerate the handling of stunting require
research including (1) screening the prevalence of anemia
among adolescent girls and pregnant women; (2)
determining the effectiveness of distribution of blood
supplement tablets on the prevalence of anemia in the
above target groups to inform further strategy development.
Our research group has not yet confirmed (1) foodstuffs
containing Fe2+ ions, which is an easily absorbed form of
Fe3+ [14]; (2) dietary recommendations that become a
lifestyle. Therefore, in the next five years, this research is
very important to be confirmed in the case of the Tengger
plateau.

The government can maximize the provision of iron
tablets in highland communities with low iron tablet
consumption rates by increasing Pos Pelayanan Terpadu
(Maternal and Child Health Services) in adolescents and
pregnant women. The government's policy of providing Fe
tablets needs to be accompanied by other efforts including
good sanitation and environmental health, knowledge and
implementation of a balanced diet, regular and continuous
monitoring from related institutions.

Collaboration across institutions with community
leaders, the KUA, and civil registration offices aims to
screen prospective brides and grooms, aligning with local
health services to prepare them for parenthood and raising
healthy, stunting-free children. Additionally, efforts focus
on enhancing education about consuming iron-rich foods
for a balanced diet, especially in communities with a
tradition of drinking tea and coffee.
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