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 Serum ferritin level is a routine check to monitor iron overload in 

thalassemia patients. Iron overload due to transfusion can lead organ 

damage, such as causing vascular damage which is at risk of reminding 

the incidence of thrombosis. Patients with thalassemia frequently have 

increased plasminogen activator inhibitor-1 (PAI-1) levels from the side 

effects of blood transfusion, such as vascular complications like 

inflammation, vasculitis, and thrombosis. There may be a relationship 

between serum ferritin level and serum PAI-1 level. To determine the 

relationship between serum ferritin level and serum PAI-1 level. An 

analytical cross-sectional study was carried out to thalassemia patients 

who receiving routine blood transfusions in Haji Adam Malik hospital, 

Medan from May to June 2021. Serum ferritin and PAI-1 levels 

examinations were carried out through blood sampling. Pearson and 

Spearman correlation tests were used for normal and abnormal 

distribution data analysis. Statistical test with p <0.05 was considered 

significant. The lowest ferritin serum level was 445.86 ng/mL and the 

highest level was 12836.44 ng/mL. The lowest PAI-1 serum level was 

0.12 ng/mL and highest level was 10.76 ng/mL. There was no significant 

relationship between PAI-1 serum level and serum ferritin level 

(p=0.454). Age, transfusion length, and transfusion volume were 

significantly correlated with PAI-1 levels with positive correlation value. 

No significant relationship between serum ferritin level and the 

increased in serum PAI-1 level. Age, transfusion length, and transfusion 

volume were significantly correlated with serum PAI-1 level. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

Beta thalassemia major patients often have normal births, but they may develop chronic anemia in the first 

year after birth. Abnormal hemoglobin synthesis in thalassemia major is caused by decreasing one or more 
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globin chain productions, resulting in imbalance globin chain production [1]. In patients with thalassemia, 

inefficient hemolysis and erythropoiesis result in chronic anemia and enlargement of the bone marrow. If 

the condition is not treated, patients will experience hepatosplenomegaly, bone deformities, and heart 

failure. Therefore, patients with thalassemia are given blood transfusion therapy to reduce the risk of 

complications, support healthy growth and development, and improve quality of life [2], [3]. 

 

Blood transfusion can suppress ineffective erythropoiesis, but the therapy can also lead to iron accumulation 

in the body, transfusion-related infection risk, and alloimmunization. Patients with thalassemia are more 

likely to experience morbidity and complications from iron overload and hemosiderosis in vital organs [1], 

[4]. Iron chelation therapy is therefore required to stop iron accumulation that is brought on by frequent 

transfusions. Iron chelation therapy is usually initiated one to two years after routine transfusions. The 

therapy aims to bind and detoxify extracellular free iron or non-transferrin-bound iron (NTBI), remove 

excess intracellular iron, and maintain iron levels in the body within normal ranges [5]. Patients with 

thalassemia who regularly receive blood transfusions should receive iron chelation therapy if patients 

receive an accumulation of ≥ 120ml/kg BW blood transfusion and have serum ferritin level ≥ 1000ng/ml 

and liver concentration iron (LCI) of > 5-7 mg/g dry weight [5]. 

 

Patients with thalassemia routinely have their serum ferritin levels checked to monitor changes in the iron 

levels in the body and act as a preventive measure of iron overload. According to previous research, 

elevated serum ferritin levels or iron overload, particularly in thalassemia patients regularly receiving blood 

transfusions, contribute to the activation of endothelial cell lymphocytes, which in turn increases the risk of 

vascular complications like inflammation, vasculitis, and thrombosis [6]. Thrombosis can occur when 

abnormal clots of blood components, platelets, and fibrin are present in the blood circulation. Virchow’s 

triad represents three factors predisposing the occurrence of venous thrombosis, such as stasis in the blood 

vessels, endothelial injury, and hypercoagulable condition [7]. Under normal conditions, the coagulation 

and fibrinolysis systems are in a balanced state. But, in the circumstance where there is an increase In 

coagulation (hypercoagulation) accompanied by a decrease in fibrinolysis, thrombosis or thromboembolism 

will occur [8]. 

 

Plasminogen activator inhibitor-1 (PAI-1) is the most important physiological inhibitor in the plasminogen 

activation system and is the main regulator of the fibrinolysis system. PAI-1 is frequently observed to have 

increased in situations where tissue damage is present; since it is a procoagulant, proinflammatory, and 

profibrotic molecule. The increase in PAI-1 activity indicates an inefficient fibrinolytic activity and might 

form thrombus from thrombosis [9], [10]. A study involving adult patients has demonstrated elevated PAI-1 

levels could be used as a predictor of myocardial infarction with a mean onset of 18 months after PAI-1 

assessment [11]. 

 

Patients with thalassemia frequently have increased PAI-1 levels. [12] reported an increase in PAI-1 levels 

in thalassemia patients with routine transfusions. The case report carried out by [13] reported the 

relationship between PAI-1 level and hyperhomocysteinemia conditions with deep vein thrombosis (DVT) 

in thalassemia patients. Meanwhile, [14] also discovered that individuals with thalassemia who underwent 

splenectomy had noticeably greater PAI-1 levels. Elevated PAI-1 levels is a risk factor for thrombosis and 

atheresoclerosis [9]. 

 

Acknowledging that both serum ferritin level and PAI-1 level can be elevated in thalassemia patients. 

However, there has not been any research assessing the relationship between serum ferritin level and PAI-1 

level in thalassemia patients. Serum ferritin level is a routine assessment carried out to prevent iron 
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overload. The correlation assessment may also determine whether serum ferritin has significant relationship 

with PAI-1 level as a marker for thrombosis. This research aims to assess the relationship between serum 

ferritin level and the increase in PAI-1 level in patients with thalassemia. 

 

2. Material and methods 

This research was an analytical cross-sectional study to assess the relationship between serum ferritin level 

and PAI-1 enzyme activity in beta thalassemia major patients who receive routine blood transfusions. The 

research was carried out in one-day care and inpatient wards Haji Adam Malik hospital, Medan Indonesia 

from May to June 2021. Gender, age, blood transfusion duration, frequency, and volume were the basic 

characteristic data obtained through interviews and medical record. Serum ferritin and PAI-1 levels 

examinations were carried out through blood sampling. 

 

2.1 Research Subject 

The research subjects were pediatric patients with beta thalassemia major aged below 18 years old who 

received routine blood transfusions and agreed to take part in the research. Patients who consumed aspirin 

and other medications that affect hemostasis, such as clopidogrel, dipyridamole, heparin, fraxiparine, 

warfarin, streptokinase, alteplase, and urokinase were excluded from the study. The sample size was 

determined using the sample size formula for clinical trials15 and sampling technique employed was 

consecutive sampling. 

 

𝑛 = (
𝑧α + zβ

0.5 ln
1+𝑟

1−𝑟
 
)

2

+ 3 

 

Where, n was the number of research subjects, alpha (α)  was the type-one error set at 5%, Zα was α 

standard value set at 1.96, beta (β) was the type-two error set at 20%, Zβ was β standard value set at 1.28, R 

was the minimum correlation coefficient considered significant and set at 0.5. The confidence interval (CI) 

in this study was 95%. The minimum number of sample was 29 samples. There were 36 research subjects 

involved in this research. 

 

2.2 Ferritin Serum Level and PAI-1 Level 

Serum ferritin is the protein that binds iron in the body. It is useful to monitor changes in the iron level in 

the body and it can be a marker of iron overload. In this research, serum ferritin was measured by blood 

sampling and laboratory examination. Normal level of serum ferritin was in between 15 to 300 ng/ml. 

 

Plasminogen activator inhibitor-1 (PAI-1) is a glycoprotein containing 791 amino acids encoded by the 

SERPINEI gene from cDNA sequencing. It is also known as Serpin E1 or endothelial plasminogen 

activator inhibitor. In this research, PAI-1 level was determined by ELISA test on blood samples. Normal 

level of PAI-1 was in between 1.56 – 20.88 ng/ml. 

 

2.3 Data Analysis 

Subject characteristic data and research variables, such as serum ferritin and PAI-1 levels, were analyzed 

and presented in a single distribution table. Kolmogorov-Smirnov test was used for the normality test. The 

correlation between serum ferritin level and PAI-1 level was assessed by using Pearson test for normal 

distribution data, otherwise Spearman test was used. Statistical test with p value <0.05 was considered 

significant. All data analysis was conducted using statistical software SPSS version 24.0. 
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2.4 Research Ethics 

All parents or guardians of the research subjects were asked to fill the informed consent form upon the 

explanation about the research, including its objective and possible side effects. This research has obtained 

ethical clearance from the research ethic committee Medical Faculty, Universitas Sumatera Utara / Haji 

Adam Malik hospital Medan (No. 410/KEP/USU/2021). 

 

3. Results 

There was a total of 36 research subjects involved in this research. There were more female patients (23/36, 

63.9%) than male patients with a mean age of 11/.64 years old. The mean body height and weight was 

11.64 kg (10 – 65 kg range) and 130.64 cm (75 – 171 cm range), respectively. The mean duration of blood 

transfusion for all research subjects was 7.33 years (1 – 18 years range), with a mean blood transfusion 

frequency of once every 2.75 weeks (once every 2 – 8 weeks range). The mean blood transfusion volume 

was 203.47 ml, with the least volume of 100 mL and the highest volume of 250 mL. The characteristic of 

research subjects was presented in Table 1. 

 

3.1 Serum Ferritin Level and PAI-1 Level 

The levels of serum ferritin and PAI-1 were presented in Table 2. The mean ferritin serum level was 

3837.62 ng/mL, with the lowest level of 445.86 ng/mL and the highest level of 12836.44 ng/mL. The mean 

PAI-1 serum level was 1.86 ng/mL, with the lowest level of 0.12 ng/mL and highest level of 10.76 ng/mL.  

 

The correlation test between serum ferritin level and PAI-1 serum level is presented in Table 3, where the 

Spearman correlation test did not find significant relationship between PAI-1 serum level and serum ferritin 

level (p=0.454). No significant relationship was found either between serum ferritin level and plasma PAI-1 

level (p=0.799). 

 

3.2 Serum PAI-1 Level with Age, and Blood Transfusion Length, Frequency, and Volume 

There was a significant relationship between age and PAI-1 serum level (p<0.001) using the Spearman 

correlation test. The correlation value (r) obtained was 0.595 indicating a positive and moderate correlation 

between age and PAI-1 serum. In other words, the positive correlation suggests that PAI-1 serum level 

increases with age of the thalassemia patients. 

 

There was also a significant relationship between the length of transfusion and PAI-1 serum level (p<0.001) 

using the Spearman correlation test. The correlation value (r) obtained was 0.632 indicating a positive and 

strong correlation between length of blood transfusion received and PAI-1 serum. The longer the blood 

transfusion received, the higher the PAI-1 serum level became. There was, however, no significant 

relationship between frequency of transfusion and PAI-1 serum (p=0.592). 

 

Moreover, Spearman correlation test also revealed a significant relationship between blood volume 

transfused and PAI-1 serum level (p=0.007). The correlation value (r) obtained was 0.441 indicating a 

positive and moderate correlation between blood transfusion volume and PAI-1 serum. The higher the 

volume of blood transfused, the higher PAI-1 serum became. 

 

4. Discussion 

In this research, there were more female than male patients with thalassemia. Although, thalassemia is an 

inherited genetic disorder, there have been no studies to date that link gender to the risk factors for the 

genetic inheritance of thalassemia [16]. Beta thalassemia major patients experience a lifelong chronic 

anemia, which will eventually lead to chronic hypoxia. The condition interferes with nutrient absorption 
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and use at the cellular level and causes growth abnormalities. Therefore, it is advised that children with beta 

thalassemia major to receive regular blood transfusions to prevent growth abnormalities [17]. Short stature 

is one of the symptoms of growth abnormalities. In this research, thalassemia patients who did not regularly 

receive blood transfusions or iron chelation therapy as prescribed by their doctors were often found to have 

below average height of children their age. Patients with thalassemia might experience growth 

abnormalities due to a variety of conditions, including chronic anemia, hypoxia, ferritin toxicity, and 

extremely complex hormonal disorders [17]. 

 

The research subjects were ranged in age from one year old and up to eighteen years old. The clinical 

manifestation of beta thalassemia major often appear between the ages of 6 and 24 months in the form of 

severe microcytic anemia, causing the infants to progressively appear paler with mild jaundice and 

hepatosplenomegaly. They may also present with feeding issues, agitation, and recurring fever brought on 

by a hypermetabolic state or concurrent infections. Moreover, patients may also have progressive 

abdominal enlargement due to enlarged spleen and liver. In developed countries, the diagnosis of beta 

thalassemia major is made at this point if a prenatal diagnosis has not been made. Patients with beta 

thalassemia major usually die from heart failure within the first few years of life if routine blood 

transfusions are not started in time [18]. 

 

 The chronicity of the disease increases with age. Therefore, the frequency and volume of blood transfusion 

may also increase. Beta thalassemia major patients should receive blood transfusions roughly every two to 

five weeks to maintain the target of pre-transfusion hemoglobin at 9 – 10.5 g/dl. This guideline is intended 

to allow children with beta thalassemia major to achieve normal growth, allow normal physical activity, and 

suppress bone marrow activity to minimize ferritin accumulation [18]. According to the guideline, the 

majority (95%) of the patients in this research received blood transfusions once every two to five weeks. 

There were 23 research subjects receiving blood transfusions every two weeks, 7 research subjects every 

three weeks, 4 research subjects every four weeks, and 2 research subjects every eight weeks. 

 

The volume of blood transfusion is calculated based on the recommendation from the Thalassemia 

International Federation, using the following formula: Target Hb – Hb actual x body weight (kg) x 3. 

Whereas, according to the World Health Organization (WHO), the volume of blood transfused is between 

10 – 15 ml/kg BW or according to the following formula: Target Hb – Hb actual x body weight (kg) x 5 

[18]. In this research, patients at least received 100 ml of blood or as much as 250 ml of blood. Blood 

volume transfusion was determined according to the formula, but also adjusted to the availability of blood 

units at Haji Adam Malik hospital, Medan. 

 

In the last decades, regular blood transfusions have shown to increase the life expectancy of patients with 

beta thalassemia major. Blood transfusions, however, can cause complications such as iron overload, in 

which they have positive correlation with the increase in serum ferritin levels [5]. In this research, the 

majority of patients receiving blood transfusions had hyperferritinemia, where 25% of them had serum 

ferritin level between 1,000 and 2,000 ng/ml, while 72.2% had levels over 2,000 ng/ml. This has shown that 

factors preventing iron accumulation in thalassemia patients with blood transfusion therapy have not been 

adequate, such as low levels of adherence to iron chelation therapy and frequent lack of iron chelation 

medication at Haji Adam Malik hospital, Medan, where this research was carried out. 

 

Hyperferritinemia is brought on by frequent blood transfusions and high iron absorption due to ineffective 

erythropoiesis conditions. A 420 ml blood transfusion is believed to increase iron intake in the body by 200 

mg. The amount of iron that builds up in the tissues increases with the frequency and regularity of blood 
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transfusions. Additionally, increased iron level in thalassemia patients may occur due to increased iron 

absorption in the gastrointestinal tract. Inefficient erythropoiesis, anemia, and hypoxia conditions in patients 

suffering from thalassemia reduce hepcidin regulation, which stimulate increased iron absorption in the 

duodenum and resulting in an increase in the systemic iron. Therefore, patients who do not regularly receive 

blood transfusions may experience increasing iron absorption in the gastrointestinal tract by 1 – 2 grams per 

annum [5]. Whereas, physiologically only 1 – 2 mg of iron can be absorbed by the intestine from the daily 

diet and the remaining is excreted through the skin, urine, and digestive tract. In conditions of excessive 

increase in iron levels, either by enteral or parenteral nutrition, the body does not have a mechanism to 

excrete the excess iron 19]. 

 

Although iron overload is an unavoidable side effect of blood transfusion, iron chelation therapy has been 

found to lower serum ferritin levels. According to [20], iron overload was linked to a high incidence of 

thrombosis. Iron toxicity can cause multiorgan failure from the damage of the endothelium and vasculature. 

Almost all of the research subjects in this research were hyperferritinemic. [4] reported only 2% of 142 beta 

thalassemia major patients receiving blood transfusion therapy had adequate iron chelation therapy, 

indicated by serum ferritin level below 1,000 ng/ml. Repeated transfusion in thalassemia patients can lead 

to iron accumulation in the body, which may then result in secondary multiorgan damage. The 

accumulation of ferritin serum may also cause endothelial cell damage, thereby increasing the risk of 

thromboembolism [1], [21]. If PAI-1 levels are elevated in thalassemia patients, they are at higher risk of 

experiencing thromboembolism. 

 

The level of serum PAI-1 can be used as a marker of endothelial dysfunction and decreased fibrinolytic 

activity. [12] reported an increase in the mean level of PAI-1 in beta thalassemia major patients receiving 

blood transfusion therapy to 3683 ± 358 pg/ml, which was significantly different from the serum PAI-1 in 

control group (p<0.05). Increased PAI-1 levels are associated with vascular endothelial cell injury and 

procoagulant state that may cause thrombosis. However, there was no significant relationship found 

between hyperferritinemia and the increase in serum PAI-1 level in this study (p=0.454). However, there 

were significant relationships observed in age, transfusion length, and transfusion volume with serum PAI-1 

levels. 

 

The risk of hypercoagulability disorders are believed to increase with age in thalassemia patients, thereby it 

is believed that the risk of thromboembolic events increase with age. Chronic hemolysis and repeated 

transfusions lead to ferritin buildup, including in the liver. Damage to the liver parenchyma causes 

decreases in anticoagulant synthesis and increases the risk of thromboembolism. In addition, hemolysis and 

transfusions also induce lipid oxidation and decrease NO production. These result in abnormal red blood 

cell aggregation and adherence to the endothelial cells and cause thromboembolism. Therefore, it can be 

concluded that chronic vascular endothelial damage and hemostasis disorders are caused by severe 

hemolysis, accompanied with blood transfusion dependence, increasing age, and length of diseases [5], 

[22]. 

 

[12] also reported that the higher the blood volume transfused, the higher the serum PAI-1 level in patients 

– thus increasing the risk of thrombosis. Similarly, higher blood transfused also indicated higher serum 

ferritin level in thalassemia patients. High ferritin levels contribute to atherosclerotic plaque formation, 

oxidative vascular damage, and thrombosis/thromboembolism in thalassemia patients [23]. When 

atherosclerotic plaque and thrombus are found, PAI-1 levels are observed to have elevated [9]. 

 

There has been no research looking into the relationship between serum ferritin level and PAI-1 level in 
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children with thalassemia, which becomes the novelty and advantage of this research. However, this 

research has just involved one hospital, which could not provide a well-represented data on serum ferritin 

levels and their relationship to serum PAI-1 level in children receiving routine blood transfusion therapy. 

Furthermore, serum PAI-1 level examination was not performed in the hospital laboratory, since the 

examination is not available yet. Serum PAI-1 level examination was performed by the research members 

themselves with the assistance from clinical pathology colleagues. These limitations may influence the 

insignificant relationship obtained between serum ferritin level and serum PAI-1 level. 

 

5. Conclusion 

There was no significant relationship between serum ferritin level and the increased in serum PAI-1 level in 

children patients with beta thalassemia major. There were significant correlations between age and serum 

PAI-1 level, transfusion length and serum PAI-1 level, and transfusion volume and serum PAI-1 level in the 

research subjects.  
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Table 1 Research subject characteristic data 

Demographic characteristic n = 36 

Gender, n (%)  

   Male  13 (36.1) 

  Female 23 (63.9) 

Age, year old  

   Mean (SD) 11.64 (5.89) 

   Median (Min – Max) 12 (1 – 18) 

Nutritional status, n (%)  

   Malnutrition 0 (0) 

   Undernourished 12 (33.3) 

   Good nutrition 

   Overweight 

   Obese 

24 (0.67) 

0 (0) 

0 (0) 

Pre-transfusion Hb level  

   >10.5 g/dl 0 (0) 

   9-10.5 g/dl 5 (13.9) 

   7-8.9 g/dl 22 (61.1) 

   < 7 9 (25) 

Body height, cm  

   Mean (SD) 130.64 (25.69) 

   Median (Min – Max) 134 (75 – 171) 

Body weight, kg  

   Mean (SD) 31.44 (15.9) 

   Median (Min – Max) 30 (10 – 65) 

Transfusion length, year  

   Mean (SD) 7.33 (5.27) 

   Median (Min – Max) 6 (1 – 18) 

Transfusion frequency, week  

   Mean (SD) 2.75 (1.46) 

   Median (Min – Max) 2 (2 – 8) 

Transfusion volume, ml  

   Mean (SD) 203.47 (55.15) 

   Median (Min – Max) 250 (100 – 250) 

 

Table 2 Serum ferritin and PAI-1 levels 

Variable n = 36 

Serum ferritin, ng/mL  

   Mean (SD) 3837.62 (2579.25) 

   Median (Min – Max) 3141.06 (445.86-12836.44) 

Serum PAI-1, ng/mL  

   Mean (SD) 1.86 (2.24) 

   Median (Min – Max) 0.94 (0.12 – 10.76) 

  

 

Table 3 Spearman correlation test between serum ferritin level and serum PAI-1 level 

Variable  r p 

Serum Ferritin Serum PAI-1 0.129 0.454 
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Table 4 Spearman correlation test for serum PAI-1 and its relationship with age, transfusion length, 

frequency, and volume. 

Variable  r p 

Age Serum PAI-1  0.595 <0.001 

Transfusion length Serum PAI-1  0.632 <0.001 

Transfusion frequency Serum PAI-1  -0.092 0.592 

Transfusion volume Serum PAI-1  0.441 0.007 

 

Notes:  

Abbreviations: n, number of research subjects; SD, standard deviation, Hb, hemoglobin. 
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