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   ABSTRACT 
 

Background: Thalassemia major requires lifelong regular blood transfusions, which may lead to 
iron overload and increased serum ferritin levels. Iron chelation therapy is needed to control ferritin 
levels; However, its success is influenced by patient adherence. This study aimed to analyze the 
correlation between adherence to iron chelation therapy and serum ferritin levels in patients with 
thalassemia major. 
Subjects and Method: A cross-sectional study involved 35 patients with thalassemia major who 
underwent regular blood transfusions and received iron chelation therapy. Adherence was assessed 
using an eight-item adherence questionnaire, while serum ferritin levels were obtained from labora-
tory and medical records. Data were analyzed using descriptive statistics and Spearman’s rank 
correlation test. 
Results: Most respondents had moderate adherence to iron chelation therapy (16 patients; 45.7%), 
followed by high adherence (11 patients; 31.4%) and low adherence (8 patients; 22.9%). Eighteen 
patients (51.4%) had very high serum ferritin levels, 13 patients (37.1%) had elevated levels, and 4 
patients (11.4%) had controlled levels. Spearman’s rank correlation analysis demonstrated a 
significant moderate negative correlation between adherence to iron chelation therapy and serum 
ferritin levels (r=−0.51; p=0.002). 
Conclusion: Adherence to iron chelation therapy was significantly and negatively correlated with 
serum ferritin levels in patients with thalassemia major. Higher adherence was associated with lower 
serum ferritin levels. 
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BACKGROUND 

Thalassemia is an inherited hemoglobin 

disorder caused by impaired synthesis of 

globin chains, resulting in chronic anemia of 

varying severity. Thalassemia major re-

presents a severe clinical phenotype that 

commonly requires regular blood trans-

fusions throughout life to maintain adequate 

hemoglobin levels and prevent compli-

cations related to chronic anemia. Trans-
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fusion-dependent thalassemia requires life-

long clinical management and regular 

monitoring (Taher et al., 2021; Farmakis et 

al., 2022). 

Thalassemia remains an important 

global health problem, particularly in 

regions where hemoglobin disorders are 

prevalent. Southeast Asia is among the 

regions with a substantial burden of 

thalassemia, and Indonesia is located within 

the global thalassemia belt. The epidemio-

logical burden of hemoglobin disorders and 

thalassemia has been documented inter-

nationally, emphasizing the need for 

sustained prevention, treatment, and 

monitoring programs (Modell and Darlison, 

2008; Weatherall and Clegg, 2001). 

Regular blood transfusion is an essen-

tial component of treatment for patients 

with transfusion-dependent thalassemia. 

Current guidelines generally recommend 

transfusion at intervals of approximately 2–

5 weeks, depending on the individual 

patient's clinical requirements, to maintain 

appropriate pretransfusion hemoglobin 

levels (Farmakis et al., 2022). However, 

repeated transfusion results in progressive 

iron accumulation because the human body 

has no effective physiological mechanism for 

eliminating excess iron. Chronic iron over-

load may subsequently cause tissue injury, 

particularly involving the liver, heart, and 

endocrine organs (Borgna-Pignatti et al., 

2005; Taher et al., 2021). 

Serum ferritin is commonly used as a 

practical biomarker for monitoring iron 

burden in patients with transfusion-depen-

dent thalassemia. Although serum ferritin is 

affected by biological and inflammatory 

factors and does not directly quantify tissue 

iron, serial measurements provide useful 

information about trends in iron burden and 

the response to iron chelation therapy 

(Porter and Shah, 2010; Farmakis et al., 

2022). Persistently elevated serum ferritin 

levels, particularly levels above 2,500 ng/ 

mL, have been associated with an increased 

risk of complications related to iron overload 

(Olivieri et al., 1994; Telfer et al., 2000). 

Iron chelation therapy is therefore a 

fundamental component of the long-term 

management of transfusion-dependent 

thalassemia. Available chelating agents 

include deferoxamine, deferiprone, and 

deferasirox. These agents bind excess iron 

and facilitate its elimination from the body, 

thereby reducing the risk of iron-mediated 

organ damage (Porter and Garbowski, 2014; 

Cappellini et al., 2006; Moukalled et al., 

2018). The effectiveness of chelation 

therapy, however, depends not only on the 

choice and dose of the chelating agent but 

also on adherence to the prescribed treat-

ment regimen. 

Adherence to iron chelation therapy is 

an important challenge in the long-term 

management of thalassemia. Previous 

studies have demonstrated that inadequate 

adherence is associated with greater iron 

burden and may contribute to complications 

related to iron overload (Trachtenberg et al., 

2011; Sidhu et al., 2021). A systematic 

review among children and adolescents with 

thalassemia also reported that greater 

adherence to iron chelation therapy was 

associated with lower serum ferritin levels 

and better clinical outcomes (Reddy et al., 

2022). However, adherence may be affected 

by treatment duration, medication-related 

factors, treatment burden, adverse effects, 

and patient or family-related factors (Delea 

et al., 2007; Reddy et al., 2022). 

The relationship between adherence to 

iron chelation therapy and serum ferritin 

levels is therefore clinically relevant, parti-

cularly in settings where serum ferritin is 

routinely used to monitor iron burden. In 

Gotong Royong Hospital, Surabaya, serum 

ferritin testing is routinely performed 

through the hospital laboratory and provides 
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objective laboratory data for monitoring 

patients with thalassemia major. 

Despite the importance of adherence 

in the management of transfusion-depend-

ent thalassemia, data regarding the relation-

ship between adherence to iron chelation 

therapy and serum ferritin levels in patients 

at Gotong Royong Hospital, Surabaya, 

remain limited. Therefore, this study aimed 

to analyze the correlation between adhe-

rence to iron chelation therapy and serum 

ferritin levels in patients with thalassemia 

major at Gotong Royong Hospital, Surabaya. 

 

SUBJECTS AND METHOD 

1. Study Design 

This study used an observational analytic 

design with a cross-sectional approach. The 

study was conducted from January to March 

2026 at the Pediatric Thalassemia Unit, 

Laboratory Unit, and Medical Record Unit 

of Gotong Royong Hospital, Surabaya, 

Indonesia. 

2. Population and Sample 

The study population comprised patients 

with thalassemia major who underwent 

regular blood transfusions, received iron 

chelation therapy, and had serum ferritin 

examination data during the study period. A 

total of 35 patients who met the eligibility 

criteria were included in the study using 

total sampling. All eligible patients 

registered during the study period were 

included as study participants. 

3. Inclusion and Exclusion Criteria 

Inclusion criteria were thalassemia major 

diagnosis, regular blood transfusions, iron 

chelation therapy, available serum ferritin 

data, and willingness to participate. Patients 

with incomplete records or acute infection, 

fever, active inflammatory disease, hepatitis, 

or other conditions affecting serum ferritin 

were excluded. 

 

 

4. Study Variables 

The independent variable was adherence to 

iron chelation therapy. The dependent 

variable was serum ferritin level. 

5. Operational Definition of Variables 

Adherence to iron chelation therapy 

was defined as the degree to which patients 

followed the prescribed iron chelation 

therapy regimen. Adherence was assessed 

using an eight-item questionnaire. The total 

score ranged from 0 to 8 and was 

categorized as low adherence (<6), moderate 

adherence (6 to <8), and high adherence (8). 

Serum ferritin level was recorded in 

ng/mL from laboratory or medical records, 

using the result obtained on the assessment 

date or the closest result within 30 days. 

Levels were categorized as controlled (500–

1,000 ng/mL), elevated (>1,000–2,500 

ng/mL), and very high (>2,500 ng/mL), 

with values <500 ng/mL recorded separa-

tely. Information on chelator type, dose, 

frequency, and treatment duration was 

obtained from medical records when 

available. 

6. Data Analysis 

Univariate analysis was performed using 

frequencies and percentages. The correla-

tion between adherence and serum ferritin 

was assessed using Spearman’s rank correla-

tion test. A p-value <0.05 was considered 

statistically significant. 

7. Research Ethics 

Ethical approval was obtained from the 

Health Research Ethics Committee of 

Yayasan Ngudia Husada Madura, Univer-

sitas Ngudia Husada, Indonesia, approval 

No. 3583/KEPK/UNIV-NHM/EC/II/2026. 

Patient data were kept confidential, and 

results were reported in aggregate. 
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RESULTS 

1. Characteristics of Respondents 

with Thalassemia Major 

A total of 35 patients with thalassemia major 

were included in this study. All respondents 

received regular blood transfusions and iron 

chelation therapy and had available serum 

ferritin data. The characteristics of the 

respondents are presented in Table 1. 

 

Table 1. Characteristics of respondents with Thalassemia major 

Characteristics n % 

Regular blood transfusion 35 100 

Iron chelation therapy 35 100 

Available serum ferritin data 35 100 

 

2. Univariate Analysis of Adherence to 

Iron Chelation Therapy and Serum 

Ferritin Levels 

The univariate analysis showed that mode-

rate adherence to iron chelation therapy was 

the most common category, accounting for 

16 respondents (45.7%), followed by high 

adherence in 11 respondents (31.4%) and 

low adherence in 8 respondents (22.9%). 

Regarding serum ferritin levels, 18 respon-

dents (51.4%) had very high levels, 13 

(37.1%) had elevated levels, and 4 (11.4%) 

had controlled levels, as shown in Table 2. 

 

Table 2. Distribution of adherence to iron chelation therapy and serum ferritin 

levels 

Variables Category n % 

Adherence Low 8 22.86 

 Moderate 16 45.71 

 High 11 31.43 

Serum ferritin Controlled (500–1,000 ng/mL) 4 11.43 

 Elevated (>1,000–2,500 ng/mL) 13 37.14 

 Very high (>2,500 ng/mL) 18 51.43 

 

3. Bivariate Analysis of Adherence to 

Iron Chelation Therapy and Serum 

Ferritin Levels 

Bivariate analysis using Spearman’s rank 

correlation test demonstrated a significant 

negative correlation between adherence to 

iron chelation therapy and serum ferritin 

levels (r= −0.51; p = 0.002). This indicates 

that higher adherence scores were asso-

ciated with lower serum ferritin levels, as 

presented in Table 3. 

 

Table 3. Correlation between adherence to iron chelation therapy and serum 

ferritin levels 

Variable n Spearman’s r p 
Adherence to iron chelation therapy vs. serum 
ferritin level 

35 −0.512 0.002 

 

DISCUSSION 

This study found that most patients with 

thalassemia major had moderate adherence 

to iron chelation therapy (45.7%), while 

22.9% had low adherence and 31.4% had 

high adherence. These findings indicate that 
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adherence to long-term iron chelation 

therapy remains an important clinical 

consideration in patients requiring lifelong 

treatment. Iron chelation therapy is essen-

tial for reducing iron accumulation resulting 

from repeated transfusions, but its effective-

ness depends substantially on consistent 

treatment administration (Farmakis et al., 

2022; Delea et al., 2007). 

The relatively high proportion of 

patients with moderate adherence may 

reflect the complexity and long-term nature 

of chelation therapy. Previous studies have 

reported that adherence can be affected by 

treatment burden, medication administra-

tion difficulties, adverse effects, forget-

fulness, and other patient- or treatment-

related factors (Trachtenberg et al., 2011; 

Sidhu et al., 2021). In patients receiving 

transfusion-dependent thalassemia care, 

maintaining adherence over many years can 

therefore be challenging. 

In this study, 51.4% of patients had 

very high serum ferritin levels, while only 

11.4% had controlled serum ferritin levels. 

This finding indicates that a substantial 

proportion of the study population had 

evidence of a high iron burden based on 

serum ferritin. Repeated transfusions are an 

important source of iron accumulation in 

transfusion-dependent thalassemia because 

the body has limited physiological capacity 

to eliminate excess iron (Borgna-Pignatti et 

al., 2005; Porter and Garbowski, 2014). 

Serum ferritin is widely used as a 

practical marker for monitoring iron burden 

because it can be measured repeatedly and is 

relatively accessible. However, serum 

ferritin should be interpreted as a marker of 

iron burden rather than a direct measure-

ment of tissue iron. Its concentration may 

also be influenced by inflammatory condi-

tions and other biological factors (Porter and 

Shah, 2010). For this reason, serial trends in 

serum ferritin are generally more informa-

tive than an isolated measurement. 

The principal finding of this study was 

a significant moderate negative correlation 

between adherence to iron chelation therapy 

and serum ferritin levels (r=−0.512; p= 

0.002). This finding indicates that patients 

with higher adherence tended to have lower 

serum ferritin levels. The direction of this 

association is consistent with previous 

evidence showing that inadequate adherence 

to iron chelation therapy is associated with 

greater iron burden and poorer clinical 

outcomes (Trachtenberg et al., 2011; Sidhu 

et al., 2021). 

A systematic review of children and 

adolescents with thalassemia reported that 

greater adherence to iron chelation therapy 

was associated with lower serum ferritin 

levels and improved cardiac, hepatic, and 

endocrine outcomes (Reddy et al., 2022). 

Another systematic review among adults 

also demonstrated substantial variation in 

adherence measurement and reported adhe-

rence levels across studies, highlighting the 

importance of standardized assessment 

methods (Locke et al., 2022). These findings 

support the clinical relevance of adherence 

assessment in patients receiving long-term 

iron chelation therapy. 

The biological explanation for the 

observed association is plausible. Iron 

chelators bind excess iron and facilitate its 

elimination from the body. Consistent 

administration therefore facilitates ongoing 

removal of transfusion-derived iron, 

whereas inadequate treatment administra-

tion may result in insufficient iron removal 

and continued accumulation (Porter and 

Garbowski, 2014; Moukalled et al., 2018). 

Clinical trials have demonstrated the efficacy 

of deferasirox, deferiprone, and deferoxa-

mine in reducing or controlling iron burden 

in patients with thalassemia (Cappellini et 
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al., 2006; Pennell et al., 2006; Tanner et al., 

2007). 

Nevertheless, adherence should not be 

considered the only determinant of serum 

ferritin levels. Iron burden in transfusion-

dependent thalassemia is influenced by 

several factors, including transfusion inten-

sity, duration of transfusion exposure, type 

and dose of chelation therapy, baseline iron 

burden, treatment interruptions, and 

inflammatory conditions (Porter and Shah, 

2010; Farmakis et al., 2022). Therefore, the 

moderate correlation observed in this study 

suggests that adherence is associated with 

serum ferritin but does not explain all of the 

variation in serum ferritin levels. 

The present study has several limita-

tions. First, its cross-sectional design 

prevents determination of a temporal or 

causal relationship between adherence and 

serum ferritin levels. Second, the sample size 

was relatively small, with only 35 patients 

from a single hospital, which may limit the 

generalizability of the findings. Third, 

adherence was assessed using a question-

naire and may therefore be affected by recall 

and social desirability bias. Fourth, serum 

ferritin is an indirect marker of iron burden 

and may be influenced by biological and 

inflammatory factors. Finally, potentially 

relevant clinical variables, such as trans-

fusion frequency, duration of thalassemia, 

type and dose of chelation therapy, and 

treatment duration, were not incorporated 

into a multivariable model. 

Despite these limitations, the findings 

provide preliminary evidence of a significant 

association between adherence to iron 

chelation therapy and serum ferritin levels 

among patients with thalassemia major at 

Gotong Royong Hospital, Surabaya. Regular 

assessment of adherence, continued patient 

and family education, and routine monitor-

ing of serum ferritin may help clinicians 

identify patients who require additional 

support in maintaining their treatment 

regimen. 

There was a significant moderate 

negative correlation between adherence to 

iron chelation therapy and serum ferritin 

levels in patients with thalassemia major at 

Gotong Royong Hospital, Surabaya (r= 

−0.512; p= 0.002). Higher adherence was 

associated with lower serum ferritin levels. 

Regular assessment of adherence and serum 

ferritin is recommended, while further 

longitudinal studies with larger samples are 

needed to clarify this relationship and other 

contributing factors. 
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