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Abstract

Thalassemia is a disease that attacks the hemoglobin gene, causing disturbances in erythropoiesis. Anemia is a
condition in which the hemoglobin (Hb) concentration and the number of erythrocytes are below normal limits.
The high number of anemia and thalassemia causes the need for early detection in order to prevent adverse
effects in the future. Research objectives: to determine nutritional status, anemia status, and application of the
Mentzer Index for SMK Muhammadiyah Il Moyudan students. Methods: This study is a descriptive study with
a cross-sectional design. The research subjects were first graders at SMK Muhammadiyah 2 Moyudan. Venous
blood samples were examined at the Clinical Pathology Laboratory of FK-KMK UGM using the Sysmex XN-
1000 tool on November 25, 2021. Data analysis used IBM SPSS Version 26 and Microsoft Office 365. Results:
A total of 53 subjects participated in this study. A total of 47 (89%) respondents had normal hemoglobin values,
and 6 (11%) respondents suffered from anemia. 31 (58.5%) respondents have normal nutrition, 15 (28%)
respondents have less nutrition, 7 (13%) have excess nutrition, and 29 (54.7%) respondents have normal status.
A total of 2 (3.8%) respondents showed Thalassemia. Conclusion: There are two students of SMK
Muhammadiyah 2 Moyudan diagnosed with thalassemia and five students diagnosed with anemia. No
statistically significant difference exists between Anemia Status in Adolescents at SMK Muhammadiyah 2
Moyudan and Nutritional Status. Further study is needed in wider and more diverse populations to analyze the
influence of nutritional conditions on anemia in adolescents.

Keywords: anemia; mentzer index; nutritional status; thalasemia
1. Introduction
Thalassemia is a hemoglobin gene disorder that causes abnormality in erythropoiesis (Bajwa &

Basit, 2021). Thalassemia is humans' most common form of hemoglobinopathies caused by various
pathogenic variants (Gao et al., 2022). This abnormality can lead to impaired protein synthesis,
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resulting in an imbalance of globin chains (Gao et al., 2022). Alpha thalassemia is caused by
abnormalities in the production process of alpha-globin chains (Harewood & Azevedo, 2021). This is
related to genetic mutations of more than 15 different genes (Harewood & Azevedo, 2021). Beta
thalassemia is also caused by various mutations, especially deletions in the beta-globin gene (HbH) on
chromosome 11 (Needs et al., 2021). Indonesia is one of the countries with a high frequency of
thalassemia genes. The number of people with thalassemia has increased from 4,896 people in 2012 to
9,028 people in 2018. In 2019, there were more than 10,531 thalassemia patients and 2,500 newborns
each year suffer from thalassemia (Kementerian Kesehatan Republik Indonesia, 2019).

Anemia is a condition when the concentration of hemoglobin (Hb) and the number of erythrocytes
are below normal limits, which is also defined as an absolute decrease in the number of erythrocytes
in circulation or a condition in which the number of erythrocytes cannot meet physiological needs
(Chaparro & Suchdev, 2019). The normal range of hemoglobin levels is generally in the range of 13-
16 g/dL in men, 12-15 g/dL in women, 11-16 g/dL in children, and varies in pregnant women
depending on the trimester of pregnancy (generally > 10 g/dL) (Turner et al., 2021). Anemia is
differentiated according to the mean corpuscular volume, namely microcytic anemia (MCV < 80 fl),
normocytic anemia (MCV 80 — 100 fl), and macrocytic anemia (MCV > 100 fl) (Turner et al., 2021).

The World Health Organization (WHQO) reports the highest prevalence of anemia in children
(42.6%) and the lowest in non-pregnant women (29.0%) (Turawa et al., 2021). The 2013 Indonesian
National Health Survey showed that the prevalence of anemia in children aged 1-4 years, 5-14 years,
and 15-24 vyears, respectively, was 28.1%, 26.4%, and 18.4% (Kementerian Kesehatan Republik
Indonesia, 2018). Iron deficiency anemia (IDA) is the most common anemia type WHO estimates that
nearly two billion people or 25% of the world's population, have IDA (Mantadakis, 2020). A study of
the prevalence of IDA in Indonesian school-age children (6-12 years) found a prevalence of IDA of
32%. In contrast, a retrospective study involving 709 laboratory records of Indonesian children and
adolescents showed a prevalence of IDA of 16% in Indonesia. Age group 5-11.9 years and 15.2% in
the age group 12-18 years (Andriastuti et al., 2020).

Nearly half (43%) of cases of anemia in children are caused by iron deficiency (Mantadakis,
2020). Published risk factors for IDA include race, poverty, education, low iron intake, heavy
menstruation, parity, and history of IDA based on all women of reproductive age, varying between 12
and 49 years (Sekhar et al., 2016). Deficiency can result from inadequate iron intake, malabsorption
of iron, increased iron requirements during rapid growth in children, and chronic blood loss
(Gebreweld et al., 2019). Other causes of anemia include folate deficiency and vitamins B12 and A,
malaria, intestinal helminths, viral infections, chronic disease, hemoglobinopathies, hemolysis, and
bone marrow disorders, which cause disturbance in the development of children's physical and mental
health, and social interactions which can be seen in short and long-term outcomes (Gebreweld et al.,
2019).

Thalassemia and iron deficiency anemia are clinically difficult to distinguish. Therefore, special
methods are needed to differentiate these two diseases. One of the most commonly used methods is
the Mentzer index. The calculation of the Mentzer index (mean blood cell volume divided by the
number of red blood cells) was found to be useful. A Mentzer score lower than 13 indicates that the
patient has thalassemia, and an index of more than 13 indicates that the patient is anemic due to iron
deficiency (Bajwa & Basit, 2021). The easy-to-use Mentzer index can help detect the differences
between anemia and thalassemia early and prevent future adverse effects and complications of both
disorders. This study aims to determine nutritional and anemia status by applying the Mentzer index
among SMK Muhammadiyah 1l Moyudan students.
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2. Research Method

This research method uses a descriptive quantitative research design with a cross-sectional
approach. The population in this study were first-grade students at SMK Muhammadiyah 2 Moyudan
who were registered in the 2020/2021 academic year with a total population of 53 people. Sampling
was carried out according to the inclusion criteria, namely first-grade high school students who did
not know the status of Thalassemia or Anemia and were willing to take part in this study in writing,
evidenced by the signatures of the respondent's parents and respondents on the Informed Consent
sheet. Exclusion criteria were respondents whose informed consent form was signed by themselves
without the signature of a parent or guardian, as well as lysed or damaged blood specimens.

The study was conducted in November 2021 with one venous blood sampling, and
anthropometric measurements (body weight and height) were carried out. After taking blood samples,
respondents were given time to rest for 10 minutes. Respondents were allowed to enter their
respective classes and participate in teaching and learning activities if there were no complaints.
Blood sampling from research respondents used 3.0 mL of EDTA (Ethylenediaminetetraacetic acid)
blood by Technological Experts in the medical laboratory of the Faculty of Medicine, Public Health
and Nursing, Universitas Gadjah Mada who have been trained by the Standard Operational
procedures that have been carried out. The Clinical Pathology Laboratory, Faculty of Medicine,
Public Health and Nursing, Gadjah Mada University examined venous blood samples. Hematology
examinations carried out were Hemoglobin, MCV, MCH, MCHC, RDW, and Hematocrit
examinations using a hematology analyzer.

After the blood analysis results came out, a calculation was performed using the Mentzer index.
One study of the Mentzer index showed the sensitivity of the Mentzer index was 0.36 with a
specificity of 0.81 while the PPV was 0.44 and the NPV was 0.75 (Siswandari et al., 2019).
Presentation of data using Bar charts and Pie charts. The examination results data were analyzed in
both Univariate and Bivariate analysis using IBM SPSS version 26 data processing program and using
Microsoft Excel, which is part of Microsoft Office 365.

This research has obtained permission from the Health Office of Sleman Regency by using an
ethical license from the Faculty of Medicine, Public Health and Nursing, Gadjah Mada University —
Dr. Central General Hospital. Sardjito with the number KE-FK-1255-EC-2021. All of this research
has obtained approval from the respondent and the respondent's parents or guardians to take blood
anthropometric measurements. The results of each research will be given to each individual.
Diagnosis of anemia is confirmed if the hemoglobin value is less than 12 g/dL (Turner et al., 2021).
Nutritional status is taken from body mass index (BMI) with normal status in the range of 18 kg/m2 —
23 kg/m2, undernutrition if the respondent in this study has a BMI <18 kg/m2, and overweight if the
respondent in this study has a BMI > 23 kg/m2 (Satyarsa & Putra, 2021). The Mentzer index is
calculated using the MCV/RBC formula. The Mentzer index can be used to diagnose beta thalassemia
minor, where a Mentzer Index value of less than 13 is diagnosed as beta thalassemia minor and more
than 13 is iron deficiency anemia (Siswandari et al., 2019). Research data from each individual was
provided in the form of anthropometric data, results of blood tests, and recommendations from the
Faculty of Medicine, Public Health, and Nursing, Universitas Gadjah Mada.

3. Results and Discussion
3.1.Results
3.1.1. Overview of Research Results

This research was conducted at SMK Muhammadiyah 2 Moyudan with 53 respondents. All
respondents are aged between 16-17 years and are female.
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3.1.2.Overview of Hemoglobin Value
Figure 1 shows that as many as 47 people (89%) of respondents had normal hemoglobin values.
A total of 6 people (11%) of respondents had a hemoglobin value below the normal cut-off value.

Hemoglobin Value

B Under Cut Off
Normal Value of
Hemoglobin

H Normal Value of
Hemoglobin

Figure 1. Hemoglobin Value
3.1.3.Overview of Nutritional Status on Participants

Figure 2 shows that 31 (58.5%) participants had normal nutrition, 15 (28%) participants had
undernutrition, and 7 (13%) had overnutrition.

Nutritional Status

B Under Nutritional Status W Over Nutritional Status ® Normal Nutritional Status

Figure 2. Nutritional Status Based on BMI of Participants

3.1.4.Overview of the Distribution of Participants Diagnosis Based on Mentzer’s Values

Figure 3 shows that 2 (4%) respondents have thalassemia based on calculations using the
Mentzer Index, and the remaining 51 (96%) respondents are diagnosed with thalassemia based on
calculations using the Mentzer Index.
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Diagnosis of Thalassemia Based on
Mentzer Index

Thalassemia
4%

M Thalassemia

B Non Thalasemia

Non Thalasemia
96%

Figure 3. Percentage of Patients with Thalassemia and Not Thalassemia Based on Mentzer Index

After data analysis using Chi-Square in Table 1, the results obtained a p-value of 0.607. This
shows no statistically significant difference between anemia and the nutritional status of subjects.

Table 1. Analysis of the Relationship between Anemia Status and Nutritional Status
Variable Sig (P value)

Anemia Status

Nutritional Status 0,607

3.2.Discussion

The diagnosis of thalassemia is carried out by conducting a preliminary examination, physical,
and laboratory tests. The final laboratory examination includes an examination of HbA2, HbF, and
DNA analysis to determine the type of mutation that occurred. Screening examinations to identify
thalassemia carriers in Indonesia generally are based on the MCV value of 80 fl, MCH 27 pg, and Hb
examination (Siswandari et al., 2019). In our study of 53 subjects, it was found that 13 (24.5%)
participants were suspected of having iron deficiency anemia, while 2 (3.8%) were diagnosed with
thalassemia. In this study most of the subjects (54.7%) were within normal limits. This interpretation
is obtained through calculations using the Mentzer index.

In our study, 3 (5.7%) participants were diagnosed with iron deficiency anemia and 2 (3.8%) had
iron deficiency. Another similar study of 562 patients found that 333 respondents had iron deficiency
and 98 patients had beta thalassemia minor with iron deficiency (Amid et al., 2015). In a study
conducted by Amid et al. (2015), the authors analyzed the correlation between HbA2 and ferritin. The
results found that lower ferritin levels were associated with lower HbA2 levels (p = 0.007). Under
normal conditions, there is a relative balance of o and § globin chains in erythroblasts (Amid et al.,
2015). In healthy individuals, HbA is formed in preference to HbA2 due to the more favorable
stoichiometric properties of HbA and the lower expression and relative instability of 6-globin mMRNA.
In patients with iron deficiency who are not carriers of thalassemia, excess HbA formation occurs,
leading to a decrease in HbA2 (\VVehapoglu et al., 2014).

A total of 31 (58.5%) participants had normal nutritional status, while 15 (28.3%) were
undernutrition, and 7 (13.2%) participants were detected as overnutrition. In our study, there was no
anemia in overnutrition subjects. The results between nutritional status and anemia status concluded
that there was no relationship between the two (p = 0.607). This is similar to a cross-sectional study of
256 women aged 20-35 years in Iran, which concluded no significant differences in ferritin, serum
iron, and TIBC levels between the obese group with normal BMI (Rad et al., 2019). Another cross-
sectional study of 206 obese nutritional status patients and 45 normal nutritional status patients found
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that there was no significant relationship between ferritin levels and the degree of obesity, ferritin was
found to be higher in the normal nutritional status group (Altunoglu et al., 2014).

However, our results differ from a cross-sectional study showing that BMI is inversely correlated
with iron absorption (r = -0.148; p < 0.01) (Mujica-Coopman et al., 2015). Based on an analysis of
318 women with an average age of 40 years, it was found that iron absorption was lower in obese
women than in the overweight and normal groups with serum iron and Hb concentrations were also
found to be significantly higher (Mujica-Coopman et al., 2015). This relationship is thought to be
related to inflammation, obese individuals show an increase in pro-inflammatory molecules such as
IL-6 and hepcidin (Mujica-Coopman et al., 2015). Increased hepcidin may decrease iron absorption
by reducing DMT-1 expression and iron release via ferroportin sequestration (Alshwaiyat et al.,
2021).

Hepcidin regulates plasma iron levels by binding to ferroportin, leading to internalization and
degradation via blockage of iron transport in cell (20). As a result, the absorption of dietary iron from
the small intestine is decreased, and thus, the serum iron concentration is decreased (Alshwaiyat et al.,
2021). Hepcidin also reduces iron release rate, which recycles from macrophages to the periphery and
transports iron stores from the liver or spleen (Alshwaiyat et al., 2021). In our study, there was no
anemia status in the obese participants which may be due to the limited number of study subjects and
duration of the study.

Our study found that 3 out of 28 participants with a normal BMI and 2 of 13 participants with
undernutrition had anemia. A cross-sectional study on a population of female adolescents in India
concluded that 208/418 (49.76%) underweight subjects had several anemia-related factors, namely
food intake patterns such as a vegetarian diet, irregular eating, eating less than three times a day, and
reduce fruit and vegetable consumption (<1 time per week) (Singh et al., 2021). In multivariable
logistic regression analysis, household mean monthly income, household family size, duration of
menstrual flow per each cycle, history of intestinal parasitic infection, and BMI for age were
significantly associated with anemia. Adolescent girls with a BMI for age < -2 SD were 3.2 times
[AOR = 3.2, 95% CI (1.43, 7.05) were more likely to be anemic compared with a BMI for age -2 SD
(Singh et al., 2021).

Anemia in young women occurs due to increased nutritional needs due to physical growth,
reproductive maturation, and cognitive transformation in the life cycle that are not met with nutrient
intake (Engidaw et al., 2018). The most common type of anemia in adolescents is iron deficiency,
which causes fatigue and decreased physical performance (Mengistu et al., 2019). Anemia conditions
can increase the risk of maternal and child mortality, cognitive decline, and physical development of
children and have an impact on adult physical performance (Capanema et al., 2022; Qin et al., 2013).
The trend of low iron intake among adolescents increased over time, with a significant peak in those
aged 15 and 17 years (Krishnan et al., 2021). Management of anemia can be more effective with
treatment management focusing on the cause of anemia. Although clinically, anemia and thalassemia
are difficult to distinguish, efforts can be made to establish a diagnosis using various methods. This
also helps detect these disorders so that they can reduce the prevalence of anemia and thalassemia in
adolescents in Indonesia.

4. Conclusion

There are two students of SMK Muhammadiyah 2 Moyudan diagnosed with thalassemia and five
students diagnosed with anemia. No statistically significant difference exists between Anemia Status
in Adolescents at SMK Muhammadiyah 2 Moyudan and Nutritional Status. We found that anemia
status was unrelated to populations with normal nutritional status or overnutrition. This study is still
limited to a single location, so more population samples are needed to assess the effect of nutritional
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status on anemia. Further studies are needed in a wider and more diverse population with prospective
analysis to determine the influence of nutritional status on anemia and thalassemia and its long-term
implications.
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