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Abstract: High levels of ferritin and adherence to low iron chelation are associated with the incidence of
dyslipidemia. This process potentially causes some harmful effects, such as atherosclerosis. However, the
correlation between ferritin level and lipid profile in thalassemia is still widely varied. The aim of this
research was conducted to study the relationship between ferritin level and lipid profile. This research
was a cross-sectional study involving 85 patients aged 5-18 years, diagnosed with transfusion-
dependent thalassemia at Dr Soetomo General Hospital, Surabaya, Indonesia in November 2022. The
sample was chosen by a consecutive non-randomized sampling technique. Patients previously diagnosed
with dyslipidemia, diabetes mellitus type 1 and 2, metabolic syndrome, and having a history of anti-
dyslipidemia medication and corticosteroids were excluded. Data were obtained from the medical record.
Subsequently, the blood sample was drawn before the patients received any blood transfusion and
examined for ferritin, total cholesterol, LDL, HDL, Triglyceride, apoA, and apoB levels. The data was
analysed descriptively and the correlation between ferritin level and lipid profile was analysed
statistically using Spearman, Pearson, and Chi-Square. According to the statistical analysis, a significant
correlation was found between ferritin and LDL level (p = 0.013; coefficient correlation = 0.414), and
total cholesterol (p = 0.006; coefficient correlation = 0.457). Meanwhile, ferritin level was not
significantly related to high-density lipoprotein (p = 0.283), triglyceride (p = 0.181), apolipoprotein A (p
= 0.83), apolipoprotein B (p = 0.26). Ferritin level was correlated significantly to LDL and total
cholesterol level.
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1. Introduction

High levels of ferritin and adherence to low iron chelation are associated with the incidence of
dyslipidemia.' Dyslipidemia in thalassemia is possibly caused by increased erythropoiesis which
accelerates cholesterol absorption by macrophages and histiocytes in the reticuloendothelial system, as
well as liver damage due to liver iron overload, activation of the macrophage system with the release of
cytokines, and hormonal disturbances.**** Moreover, lipid levels, especially cholesterol, are regulated by
the liver so that excess iron that accumulates in the liver will interfere with lipid synthesis.
Dyslipidemia has been shown to play a role in the harmful effects of excess fat levels since high
cholesterol, low High-Density Lipoprotein (HDL), and high Low-Density Lipoprotein (LDL) are
associated with atherosclerosis.’

Although the correlation between dyslipidemia and high ferritin was reported, it is still
controversial as the results of lipid profiles in patients with thalassemia widely varied according to
several studies in different countries.”*”'* Therefore, this research was conducted to study the
relationship between ferritin level and lipid profile to provide data for further research.
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2. Materials and Methods

This research was a cross-sectional study involving 35 pediatric patients with transfusion-
dependent thalassemia at Dr Soetomo General Hospital, Surabaya, Indonesia in November 2022. The
inclusion criteria were children 5-18 years old with transfusion-dependent thalassemia. The exclusion
criteria included patients previously diagnosed with dyslipidemia, diabetes mellitus type 1 and 2,
metabolic syndrome, and having a history of anti-dyslipidemia medication and corticosteroids. The
sample was chosen by a consecutive non-randomized sampling technique. The independent variable was
ferritin level, while the dependent variables were the levels of total cholesterol, LDL, HDL,
Triglyceride, Apolipoprotein A (apoA) and Apolipoprotein B (apoB).

Subjects were initially assessed if they met the inclusion and exclusions criteria, subsequently listed
and asked for informed consent. Demographic data, age, age of diagnosis and first transfusion were
obtained from the medical record. Body Mass Index (BMI) was calculated according to the
anthropometry measurement. Subsequently, the blood sample was drawn before the patients received
any blood transfusion and examined for ferritin, total cholesterol, LDL, HDL, Triglyceride, apoA, and
apoB levels.

Statistic analysis was done using SPSS version 16.0 afterwards. The characteristic of the subjects
was analysed descriptively. The correlation of numerical data was assessed using Pearson correlation if
the data is normally distributed and Spearman correlation if the data is not normally distributed.
Meanwhile, the correlation of categorical data was assessed using chi-square.

3. Results
The descriptive statistic analysis was provided in detail in Table 1 and Table 2.

Table 1.

The characteristic of subjects.
Characteristic f %
Sex
Male 17 48.6
Female 18 51.4
Age
Child (<10 years old) 6 17.1
Adolescent (>10 years old) 29 82.9

Age when first diagnosed

Infant (<1 year old) 2 5.7
Child (>1 year old) 33 94.3
Age when first transfused

Infant 2 5.7
Child 33 94.3
BMI

Underweight 9 25.7
Healthy weight 25 71.4
Overweight 0 0
Obesity 1 2.9
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Abbreviations: f, frequency; BMI, Body Mass Index; %, percentage

Table 2.

Mean/median of the subject characteristic.

Characteristic Mean Median |Min. Max. |Unit
Total cholesterol 103.171 + 23.17 mg/dL
LDL 40.54 + 19.32 mg/dL
HDL 25.8 + 5.28 mg/dL
Triglyceride* 184.14 + 66.24 162 94 345  |mg/dL
ApoA 100.25 + 13.03 mg/dL
ApoB 57.330 + 14.29 mg/dL

Notes: *the Kolmogorov-Smirnov Significance value is less than 0.05, showing that the data is not
normally distributed. Thus, the median, minimum, and maximum values are provided in the table.

Abbreviations: LDL, Low-Density Lipoprotein; HDL, High-Density Lipoprotein; ApoA,
Apolipoprotein A; ApoB, Apolipoprotein B.

Based on the correlation study, a significant correlation was found between ferritin and LDL level (p
= 0.018; coefficient correlation = 0.414), and total cholesterol (p = 0.006; coetlicient correlation =
0.457). Meanwhile, ferritin level was not significantly related to HDL (p = 0.283), triglyceride (p =
0.1381), apoA (p = 0.83), apoB (p = 0.26)

4. Discussion

Patients with thalassemia generally have higher iron serum level due to regular blood transfusions,
massive hemolysis, or higher iron intake. The increase of iron serum level can be greater with
inadequate iron chelating medication. The high iron serum level is associated with the incidence of
many comorbidities, including dyslipidemia. The comorbidities caused by dyslipidemia are worsened by
stress oxidative due to iron overload, causing susceptibility to atherosclerosis and its complications."

This study resulted in a higher number of female subjects in this study (51.4%). A study in Korea
showed that the number of females diagnosed with thalassemia was consistently higher than males as
well. This might be affected by the fact that females are more sensitive to the symptoms of anaemia
compared to males.'

In this study, the nutritional status of children with transfusion-dependent thalassemia is assessed
using the BMI value. The BMI has an average value of 16.53 (SD * 2.53) and 25% of the subjects had
underweight status. This result was similar to the results of the study by Jabbar et al. (2022), showing
that BMI in patients with thalassemia was transfusion dependent 16.10 (SE + 0.26)."" Patients with
thalassemia have a higher risk of experiencing nutritional deficiencies due to increased of demand and
inadequate absorption of nutrients. '*'* This fact is supported by a study stating that supplement has
weak effect in improving nutrition. Instead, iron overload has bigger impacts in vitamins and minerals
deficiency.'® Iron overload also causes endocrine dysfunction, leading to lacking growth hormones.'* In
addition, nutritional status in pediatric thalassemia is potentially influenced by multiple factors,
including age, sex, and ethnicity. Therefore, further studies are needed to determine the significance of
each contributing factor while excluding the disturbing factors."”

The high ferritin serum level in this study is in accordance with research by Betts et al in 2020,
stating that the average serum ferritin in patients with transfusion-dependent thalassemia is more than
1000ng/ml. High ferritin serum indicates that these patients have a high risk of organ damage."
Ferritin serum levels are influenced by many factors, such as age, age when first transfused, age when
first received chelation therapy, the efficacy of iron chelation drugs, and patient adherence to
treatment."
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In this study, dyslipidemia occurred in all patients. A nationwide population study in Korea found
that dyslipidemia occurred in 16% of thalassemia patients having a history of receiving blood
transfusions. Dyslipidemia is related to blood transfusion as the occurrence is higher compared to
transfusion-naive thalassemia (10%)."”* This finding supports the result of this research that all the
patients had dyslipidemia since the subjects were transfusion-dependent thalassemia

The lipid profile has been shown to be significantly lower in patients with B thalassemia major.
This is possibly caused by plasma dilution due to anaemia, accelerated erythropoiesis resulting in
increased absorption of cholesterol by macrophages, impaired liver function, hormonal disturbances, and
low activity of hepatic and extrahepatic lipase enzymes, and rapid clearance of modified HDL and LDL
by activated monocytes and macrophages. In addition, lipid abnormalities can also be caused by
excessive iron loading, causing a high average serum ferritin level.”’ Low total cholesterol levels play a
role in efforts to protect the body of patients with § thalassemia major in preventing Cardio-Vascular
Disease (CVD) due to oxidative stress.*

This study shows that there was a significant relationship between ferritin levels and total
cholesterol levels (p=0.013). This is in accordance with the study by Sengsuk et al., (p=0.07) yet
different from research conducted by Jabbar et al, (p=0.6563).""*° Low total cholesterol level in
thalassemia is possibly caused by erithropoietic hyperactivity requiring higher demand of cholesterol.
Besides, excessive iron in blood may injure the liver, causing decrese in cholesterol secreted by the liver.
However, some mechanism also explains increase of cholesterol serum level in thalassemia, which is
decrease in cholesterol uptake by liver, leading to higher circulating cholesterol in blood."!

Based on this study, there was a significant positive relationship between ferritin levels and LDL
cholesterol levels (p=0.013). This result is still controversial as it is in line with research by Suman et
al., in 2017 (p=0.001), but in contrast to the study held by Jabbar et al., in 2022 (p=0.655).""* High LDL
uptake by histiocytes and macrophages causes the low level of LDL in thalassemia.'" The low LDL
levels play a role in protecting the patients from CVD due to oxidative stress.”” In contrast, high LDL in
thalassemia is possible as high iron level causes LDL to increase, explaining the positive correlation of
territin and LDL in this study. Besides, iron chelating agent was proven to be effective in controlling
territin as well as LDL level."!

According to the analysis, there was no significant relationship between ferritin levels and HDL
cholesterol levels (p=0.283). These results are in line with research by Jabbar et al. in 2022 (p=0.819)."
However, it is in contrast to another study (p <0.001).* HDL cholesterol levels were found to be
significantly lower in patients with 8 thalassemia major. However, a study found the role of iron
chelating agent in increasing the HDL and play a role in protection against oxidative stress and LDL
cholesterol oxidation.'"***! Those conditions explains the controversial relationship between ferritin and
LDL among studies.

This research found a significant correlation between ferritin levels and triglyceride levels
(p=0.006). These results are in line with research by Jabbar et al. (p=0.031) yet not in accordance with
another study (p=0.109).""** The high TG levels in thalassemia is caused by extrahepatic lipolytic
hypoactivity."

There was no significant relationship between ferritin and apolipoprotein A levels in this research
(p=0.83). These results are not in line with previous studies by Al-Quobaili et al. in 2004 resulting in a
significant relationship between ferritin and apolipoprotein A levels. As the serum ferritin level
increased, lipoprotein A levels decreased.” This was supported by Sengsuk’s research about high serum
territin shows high levels of iron in the blood, causing oxidative stress and damage to the liver
significantly, and affecting the reduction of apoA.?® In addition, research conducted by Papanastasiou et
al., in 1996 showed that there is a relationship between ferritin and apoA levels. This is due to many
factors affecting iron levels in the blood, hormonal disturbances, damage to the liver and aging that
affect fat and lipoprotein metabolism.” However, research conducted by Kamal and Talal showed that
the lipid profile in thalassemia patients was not affected by iron levels, liver disorders, and age except
due to erythroid bone activity with cholesterol consumption being more responsible for the results
obtained.*
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According to this study, ferritin was not significantly correlated to apolipoprotein B levels in
transfusion-dependent thalassemia patients (p=0.26). Studies conducted by Al-Quobaili et al. in 2004
and Papanastasiou et al. in 1996 found a significant relationship between serum ferritin in thalassemia.>*
The same mechanism occurs at the concentration of apolipoprotein B with apolipoprotein A. Research
conducted by Sengsuk et al. in 2014 shows that oxidative stress can damage the liver causing poor fat
metabolism and increasing apolipoprotein B and LDL levels.*

5. Conclusion
Ferritin level was significantly correlated to LDL and total cholesterol levels. Oppositely, there was
no significant relationship between ferritin levels and HDL, triglyceride, apoA, and apoB levels.
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