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ABSTRACT
Background:  Osteoporosis is a major problem in transfusion-dependent thalassemia patients (TDT) 

patients. Osteoprotegerin (OPG) is one of several bone markers that are closely associated with osteoporosis 
in TDT patients. OPG is a glycoprotein that functions as a feedback receptor for the Receptor Activator 
of Nuclear Factor kappa B Ligand (RANKL), which is an alpha tumor necrosis factor receptor. One of the 
causes of decreased bone mass density is iron toxicity, which can be identified by showing elevated transferrin 
saturation. Bone mass dual X-ray absorptiometry (DEXA) is a gold standard for the diagnosis of osteoporosis, 
these procedures are not commonly available in Indonesia. This study was conducted to analyze the correlation 
between serum levels of OPG and transferrin saturation in TDT patients. Methods: A correlational study with 
a cross-sectional approach analyzed data from TDT patients at Hemato-Oncology Medic Outpatient Clinic, 
Hasan Sadikin General Hospital, Bandung, Indonesia. Primary data were obtained through blood sampling 
and anthropometry measurement while secondary data were obtained from the patient’s medical records. OPG 
and transferrin saturation levels were assessed using the ELISA method. Research data were analyzed using 
the rank Spearman correlation test. Results: Data were collected from 51 research subjects (30 women dan 21 
men). The median OPG level was 380 (170-1230) pg/mL and the median transferrin saturation level was 89.4 
(66.7 – 96.2)%. Analysis of correlation showed a significant correlation between and transferrin saturation level 
with a coefficient value of r -0.539 and p-value <0.001. Conclusion: There was a significant inverse correlation 
between OPG with transferrin saturation in TDT patients. 
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INTRODUCTION
Osteoporosis  is  the  most  common 

complication associated with transfusion-
dependent thalassemia (TDT) patients.1 The 
pathogenesis is multifactorial and mainly 
includes bone marrow expansion, endocrine 
dysfunction, and iron overload.2 The exact 
mechanisms by which these variables cause 
bone loss are still unclear.3,4 A meta-analysis 
by Charoenngam et al. reported that the pooled 
prevalence of fracture among patients with 
thalassemia was 16%, with subgroup analysis 
describing prevalences of 18% and 7% in 
patients with TDT and NTDT, respectively.5 
Between 28% and 32% of people in Indonesia 
have osteoporosis or low bone density.6 In the 
meantime, thalassemia’s bone problem has a 
detrimental psychological effect, reduces the 
quality of life, and raises treatment costs.7

Thalassemia bone disease (TBD) is a unique 
bone disease that can impact all elements 
of bone structure and quality, as well as 
mineral density. Osteoporosis, fractures, spinal 
abnormalities, compression of the nerves, and 
pain are among the worst morbidities associated 
with TBD. It has become a major challenge to 
control the rising morbidity burden brought 
on by the severe thalassemia phenotype.8 
The hypothalamic-pituitary-gonadal axis 
malfunction, growth hormone effects on the 
parathyroid gland, diabetes, hypothyroidism, 
inefficient hemopoiesis, and direct iron toxicity 
to osteoblasts are a few of the aetiological 
causes for thalassemic osteoporosis. Because 
iron chelation treatments affect cartilage tissue, 
they may potentially contribute to osteopenia 
and osteoporosis.8,9 Osteoprotegerin (OPG) and 
the receptor activator of nuclear factor-kappa β 
(RANK)/receptor activator of nuclear factor-
kappa β ligand (RANKL) are the major cytokines 
related to the regulation of bone resorption.10 The 
final major modulator of osteoclast activation and 
proliferation has been identified as the receptor 
activator of the nuclear factor-kappa β (RANK)/
RANKL/OPG pathway.10-12 Regular blood 
transfusions have been demonstrated to improve 
the survival of patients with thalassemia; at this 
point, they also raise the risk of iron excess and 
iron toxicity. One of the elements that lead to 

organ damage in thalassemia is non-transferrin-
bound iron (NTBI), a free radical that mediates 
iron toxicity.9,13 NTBI levels are only tested at 
a few research institutions abroad, therefore, 
surrogate markers such as serum ferritin and 
saturation transferrin have been used to measure 
iron toxicity.7,9,14,15 

The measurement of bone mass dual X-ray 
absorptiometry (DEXA) in the lumbar area, 
femoral neck, and forearm is a non-invasive 
examination that accurately assesses bone density, 
however, these procedures are not widely available 
in Indonesia. Screening TDT patients with DEXA 
is necessary for detecting osteoporosis and 
improving bone health. Consequently, a need for 
bone markers exists.7,10,16,17

The biological effects of transferrin saturation 
and the OPG/RANKL system on a variety of 
metabolic bone diseases have been a focus of 
several developing investigations; nonetheless, the 
pathophysiology of bone disease in thalassemia 
remains entirely unclear.9 These biomarkers 
are useful to provide the early assessment of 
osteoporosis when the BMD measurement of 
DEXA does not offer enough information to 
make the diagnosis.7,16-17 Thus, the objective of the 
current study was to explore the serum levels of 
OPG and to detect their relations with transferrin 
saturation, as possible early predictors of the 
skeletal changes in TDT patients.

METHODS
This is a retrospective analysis. We 

collected the data from the medical records 
from TDT patients at the Hasan Sadikin 
Hospital Hematology-Medical Oncology Clinic 
Bandung, Indonesia from July to September 
2023. This study was approved by the Health 
Research Ethics Committee, Faculty of Medicine 
Padjajaran University, and Dr. Hasan Sadikin 
Hospital Research Ethics Committee (No. 
DP.04.03/D. XIV.2.2.1/19547/2023).

The inclusion criteria were: (1) Age 18 
years and over, (2) TDT patients who have 
medical record data. Patients with the following 
conditions were excluded from the study: (1) 
TDT patients including those who have never 
received iron chelation therapy, (2) TDT patients 
who had undergone a splenectomy procedure, 
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received steroid therapy with an equivalent dose 
of prednisolone 5mg during for more than 3 
months. TDT patients with other comorbidities 
such as (1) infection disease, (2) liver disease, (3) 
hematological disorders, (4) diabetes mellitus, 
(5) chronic kidney disease, (6) bone disease, (7) 
hormonal disorders, (8) malnutrition, (9) vitamin 
D deficiency.

The blood samples were drawn from the vein 
by sterilized synergies with 5 milliliters. The 
sample was put in the labeled tube for blood to 
be used for preparing serum for the following 
biochemical and biomarkers. Blood was left at 
room temperature for 10 minutes for clotting, 
centrifuged at 6000 rpm for 10 minutes, and then 
serum was separated and frozen at -80 ºC until 
time for the laboratory analysis for the study. 

The variables were BMI (Body Mass 
Index),the electronic balance and height 
device, were used for calculating the weight 
and height and applied the equation below: 
BMI = weight (kg)/height (m2). Biomarker 
measurement estimation human OPG the specific 
kit for measuring human OPG, and transferrin 
saturation levels in serum were supplied 
by (Elabscience-USA). The measurement 
of the human OPG ELISA (enzyme-linked 
immunosorbent assay-automated microtiter 
plate) kit was performed by (Elabscience-USA) 
sandwich immunoassay technique with a normal 
range between 160 -10.000 pg/ml.18

The characteristics of patients, for categorical 
data presented in frequency and proportion, and 
for numerical data, a normality test will be 
carried out using the Kolmogorov Smirnov test. 
Comparisons of categorical variables, expressed 

as proportions, correlations were evaluated using 
Rank Spearman’s correlation coefficient. All 
statistical analyses were conducted using SPSS 
version 23.0 (SPSS, Chicago, IL).

RESULTS
There were 147 TDT patients at the Hemato-

Oncology Medic Clinic Hasan Sadikin General 
Hospital from June 2021 to June 2022. A total 
of 51 patients were enrolled in this study (Figure 
1), which consisted of 21 males (41,2%) and 30 
females (58,8%) their median age was 22 which 
ranged from 19 to 44 years. The characteristics 
of the patients are presented in Table 1.  

Based on Table 1, the median transferrin 
saturation was 89,4% with the lowest value of 
66,7% and the highest value of 96,2%. These 
results showed that the serum OPG level with 
TDT was 380 pg/ml with the lowest value of 170 
pg/ml and the highest of 1230 pg/ml (Table 1).

Table 2 shows a significantly negative 
correlation (p<0.001) between OPG and 
transferrin saturation (r = -0.539). The lower 
the OPG the higher the transferrin saturation 
measurement.

DISCUSSION
The result of this study indicated a significant 

negative correlation (r = -0.539) and (p < 
0.001) between osteoprotegrin concentration 
with transferrin saturation in TDT patients 
which are shown in Table 2. Several author’s 
studies indicated a significant decrease in the 
OPG concentration in a group of thalassemia 
major patients in comparison with the healthy 
group.19-21 A Study by Alfaqih et al. showed 

Figure 1. Flow diagram for transfusion-dependent thalassemia patients 
recruitment
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that RANKL concentrations were significantly 
higher in patients with thalassemia compared 
to the controls, but OPG concentrations were 
significantly lower in thalassemia patients. These 
results demonstrate that a dysregulated balance 
between the rate of bone resorption and bone 

production may be the cause of the dysregulated 
bone remodeling that occurs in thalassemia 
patients. It suggests that thalassemia patients 
have a net loss of bone due to a decrease in the 
rate of bone development correlated with an 
increase in the rate of bone resorption.22 Several 

Table 1. Characteristics of transfusion-dependent thalassemia patients.
Characteristics N=51
Age, years (median) 22 (19 – 44)
Female, n (%) 30 (58.8)
Duration of thalassemia, years (median) 18 (10 – 35)
Frequency of blood transfusion median (min-max) 17 (6 – 38)
Blood transfusion volume (mL/kg/years) median (min-max) 168 (68 - 574)
BMI (kg/m2)a 19.2 ± 2.6
Laboratory values

Pre-transfusion hemoglobin (mg/dl) a 7,2 ± 0,8
Random blood sugar level (mg/dl), median (min-max) 114 (69-190)

Iron Status
Fe serum (µg/dL), median (min-max) 216 (93 – 631)
TIBC (µg/dL), median (min-max) 247 (122 – 656)

Transferrin saturation (%), median (min-max)
Biochemical of bone marker

89.4 (66.7 – 96.2)

OPG (pg/mL), median (min-max) 380 (170 – 1230)

Abbreviations: BMI, Body Mass Index; TIBC, total iron binding capacity; OPG, Osteoprotegerin
 a Data are presented as the mean ± standard deviation

Table 2. Correlation of serum levels OPG and transferrin saturation in transfusion-dependent thalassemia.

Variables
Transferrin Saturation (%)

Coefficient r Coefficient 
determinant r2 P Value

OPG (pg/mL) -0.539 0,29 <0.001*
Abbreviations: OPG, Osteoprotegerin.

r = - 0,539 

Figure 2. Scatterplot of serum levels OPG and transferrin saturation in TDT 
patients.
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studies have reported that in patients with 
thalassemia, endocrine effects, iron deposition, 
iron chelation therapy, or vitamin D therapy 
down-regulate osteoblasts, which are the primary 
generators of OPG. This results in an increase 
in RANKL and a decrease in OPG, which 
increases the risk of osteoporosis.1-4 In contrast, 
another study indicated a significant increase 
in the OPG concentration in a group of TDT 
patients in comparison with a healthy group.23 

A Study by Hashemieh et al suggested that two 
cytokines, OPG and RANKL, have recently 
been recognized as important pacemakers in the 
pathogenesis of osteoporosis in TDT patients.24 
Many studies have demonstrated that NTDT 
patients have a significantly higher incidence of 
osteoporosis (81.6%) compared to TDT patients. 
This is related to a reduction or disruption of 
the bone architecture, which increases the risk 
of fractures, bone resorptions, decreased bone 
formation, and decreased bone mineral density 
(BMD).25 Osteoporosis is an important problem 
for TDT patients. OPG was a bone marker that 
played a crucial role in the development of 
osteoporosis in TDT patients.19-21

TDT patients need frequent blood transfusions 
to control their chronic anemia. Iron overload is 
caused by repeated blood transfusions, increased 
hemolysis of red blood cells, and increased 
iron absorption in the gastrointestinal tract.9 All 
body cells are very toxic to excess iron, which 
may result in major and permanent organic 
damage such as cirrhosis, diabetes, heart disease, 
hypogonadism, and osteoporosis. If untreated, 
these conditions can cause severe morbidity 
and death in TDT patients.9 Sagare et al’s study 
showed that transferrin saturation increased 
in both homozygous & heterozygous forms of 
thalassemia significantly as compared to control. 
This study showed that transferrin saturation may 
be the best way to utilize the information about 
iron overload & development of complications 
like oxidative stress due to non-bound iron 
form.15 This study analyzed the correlation 
between OPG and transferrin saturation, the 
result showed that there was a negative and 
significant correlation between OPG with 
transferrin saturation in TDT patients. This is 
the first study to obtain a significant correlation 

between OPG and transferrin saturation in adult 
TDT patients. Atmakusuma et al’s study showed 
that there was a significant correlation between 
bone mass density and transferrin saturation 
in adult patients with thalassemia. Although 
the correlation was weak, it was statistically 
significant.7 

The pathogenesis of TBD is multifactorial, 
including age, gender, childhood growth 
retardation, bone marrow expansion, iron and 
chelator toxicity, physical inactivity, low body 
weight, nutritional deficiencies, and hormonal 
deficiencies, which are still not fully understood.4 
This study included 58.8% female TDT patients 
as participants. This was consistent with studies 
by Thavonlun et al and Koohmanaee et al 
who found that the incidence of thalassemia 
bone disease is more common in females.3,4,19 
Thavonlun et al’s study showed that women 
tended to have fractures more than men. 
Thalassemia patients exhibit varying degrees 
of inefficient erythropoiesis, which are strongly 
correlated with the severity of genotype and 
clinical phenotype. Female sex was associated 
with an increased risk of osteoporosis.3,4,19 The 
ages of the subjects in this study ranged from 
19 years to 44 years with a median of 22 years. 
Wong et al study showed that the patient’s 
comparatively young ages (mostly in their 20s 
and 30s), the variety of risk factors for bone 
loss (many specific to thalassemia patients), 
the frequency of fractures, and the reaction to 
therapy with bone-preserving medications are the 
aspects that differentiate this case. Adolescence 
is a crucial time for bone accretion, during 
which endocrinopathies (such as GH and sex 
hormones) and lifestyle factors—such as diet 
and exercise—play a crucial role in maximizing 
bone development and maintaining optimal 
bone health. The peak bone mass attained and 
the rate of bone loss thereafter are the primary 
determinants of BMD in young adults and 
beyond. TDT patients have a reduced ability to 
reach maximal bone mass.26

This study had limitations that could have 
an impact on the findings. Firstly, there was 
no hormonal assessment and its relation to 
bone mass density. Secondly, this study did not 
perform a BMD DEXA examination as a gold 
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standard examination. Lastly, this study was 
limited to a single center.  

CONCLUSION
Based on the results, there was a significant 

inverse correlation between OPG with transferrin 
saturation in TDT patients. 
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