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β-thalassemia a major health challenge in many parts of the world, including the Middle East. This study aimed to explore 
the diagnostic relevance of two biochemical markers (GFAP and RANKL) in thalassemia patients. This cross-sectional study 
was conducted from January to April 2024 at the International Center for Research and Development Laboratories. A total of 90 
participants were enrolled, including 66 patients with confirmed β-thalassemia and 24 age- and sex-matched healthy controls. 
Eligibility criteria for patients included diagnosis based on hematological and genetic tests, age above 18, and absence of comor-
bidities. Individuals with acute infections, recent blood transfusions, or autoimmune/inflammatory diseases were excluded. Ve-
nous blood was collected, and serum GFAP and RANKL levels were measured using ELISA kits (Elabscience, China). Data 

were analyzed in SPSS v25 using independent t-tests. ROC analysis assessed diagnostic performance, while heatmap and PCA 
were used to examine biomarker relationships and clustering. Patients with thalassemia had significantly elevated serum levels of 
GFAP and RANKL. ROC curve analysis demonstrated excellent diagnostic accuracy for both markers: GFAP yielded an AUC 
of 100%, while RANKL showed an AUC of 99%. A strong positive correlation between the two biomarkers was observed in 
patients. PCA further confirmed a distinct biochemical profile in thalassemia, with both markers contributing prominently to 
group separation. The findings suggest that GFAP and RANKL may serve as promising biomarkers for detecting neurological 

and bone-related alterations in thalassemia. Their diagnostic potential supports further investigation into their role in disease mon-
itoring and management.  
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Introduction  

 

Thalassemia is an inherited blood disorder caused by defective 
hemoglobin synthesis, leading to chronic anemia and multiple clinical 

complications. Among its types, β-thalassemia is the most common 

form, often requiring lifelong blood transfusions. Despite medical ad-

vances, issues such as iron overload and organ damage remain signi-
ficant challenges (Su et al., 2025).  

β-thalassemia is known as the most prevalent autosomal recessi-

ve hemoglobinopathy, caused by mutations in the β-globin gene loca-

ted on chromosome 11. Globally, about 60,000 newborns are diagno-
sed annually with β-thalassemia major, with the majority residing in 

low- and middle-income countries. Approximately 1.5% of the 

world's population (around 80 to 90 million people) carry the genetic 

mutation for this disease (Rao et al., 2024; Hartman & Gallicchio, 
2025). The condition is especially widespread in regions such as the 

Mediterranean basin, the Middle East, and parts of South and South-

East Asia. In some Middle Eastern countries like Iraq, Iran, and Saudi 
Arabia, carrier rates can exceed 20% in certain population groups. 

Particularly in Iraq, β-thalassemia continues to be a major public 

health concern, exacerbated by high rates of consanguineous marriages 

and limited nationwide genetic screening programs (Rao et al., 2024).  
Classified as a hemoglobinopathy, the clinical severity of β-tha-

lassemia varies based on the underlying genetic and molecular de-

fects. Treatment primarily relies on regular blood transfusions combi-

ned with iron chelation therapy; however, newer approaches like bo-
ne marrow transplantation and gene therapy are being investigated to 

achieve curative results (Su et al., 2025). Still, the long-term effects of 

chronic low oxygen levels and iron accumulation on different organs 

(including the nervous and skeletal systems) have not been fully ex-
plored. Recently, biochemical biomarkers have gained attention for 

their potential in understanding secondary complications related to tha-

lassemia. One such marker is Glial Fibrillary Acidic Protein (GFAP), 

which is released mainly from astrocytes following neural injury or 
inflammation in the central nervous system. Elevated GFAP levels in 

the blood have been linked to conditions like stroke, traumatic brain 

injury, and neurodegenerative diseases (Heimfarth et al., 2022; Essa 

et al., 2024). Likewise, Receptor Activator of Nuclear Factor Kappa-
B Ligand (RANKL) plays a key role in bone remodeling by promo-

ting osteoclast differentiation and bone resorption. Increased RANKL 

expression is associated with bone loss and osteoporosis, common 

issues observed in thalassemia patients (Alfaqih et al., 2018).  
In recent years, multiple studies have examined the role of vari-

ous biochemical markers in predicting and monitoring thalassemia-

related complications. Markers such as serum ferritin (reflecting iron 

overload) (Hadi et al., 2025), malondialdehyde (MDA) (reflecting 
oxidative stress) (Neaimy et al., 2024), and pro-inflammatory cyto-

kines like TNF-α and IL-6 (Alayunt Nö et al., 2024), have been ex-

tensively studied. Although these markers provide valuable insights 

into iron metabolism, inflammation, and oxidative damage, they do 
not specifically target neurological or skeletal complications. In con-

trast, GFAP as a sensitive marker of central nervous system injury, 

and RANKL as a major regulator of bone resorption, offer focused 
information regarding thalassemia-related neurological dysfunction 

and bone deterioration. Studying these markers may help fill existing 

gaps in knowledge and provide a more comprehensive understanding 

of the systemic impacts of chronic thalassemia.  
Given the vulnerability of thalassemia patients to systemic com-

plications (especially neurological and bone-related) it is essential to 

investigate biomarkers like GFAP and RANKL in this population. 

Despite their clinical importance, few studies have evaluated these 
markers in thalassemia patients. Therefore, this study aims to measure 

serum levels of GFAP and RANKL in individuals with thalassemia 

compared to healthy controls, to shed light on the underlying patho-

physiological mechanisms contributing to disease complications.  

 

Materal and methods  

 

This observational cross-sectional research was carried out bet-
ween January and April 2024 at the Biochemistry Laboratory affilia-
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ted with the International Center for Research and Development La-

boratories. Prior to participation, all individuals provided written in-

formed consent in accordance with ethical protocols.  
A total of 90 subjects were recruited, comprising 66 individuals 

with clinically and genetically confirmed β-thalassemia and 24 age- 

and sex-matched healthy volunteers. Inclusion for the patient group 

required being over 18 years of age and free from chronic illnesses. 
Control participants had no documented history of hematologic or in-

flammatory conditions. Exclusion criteria for both groups included 

acute comorbidities, use of antibiotics, immunosuppressive or chemi-

cal drugs, and physiological states such as pregnancy, allergy, or re-
cent physical strain. Individuals who had undergone blood transfusion 

within two weeks prior to sample collection were also excluded.  

We used a sterile single- use 10mL syringe to draw 5 mL of 

venous blood from each participant under strict sterile conditions. 
After the samples were collected, they were transferred into simple 

tubes and left at room temperature to clot. Once the clot was formed, 

the samples were spun at 3,000 rpm to obtain serum. Then the serum 

was introduced into a large number of vials and kept at –20 oC until it 
was used for biochemical assessment (Arif et al., 2025). We conduc-

ted analysis of Glial Fibrillary Acidic Protein (GFAP ) and RANKL 

with the help of ELISA kits from Elabscience (China).The CASC 

procedures were all carried out according to the manufacturer’s in-
structions. We tested every specimen in duplicate in the interests of 

accuracy. Absorbance readings were recorded at 450nm using a 

microplate reader from Thermo Scientific.  

Data analysis was performed using IBM SPSS Statistics software 
version 25. Results for continuous variables are reported as mean ± 

standard error of the mean (SEM). The differences between the 

thalassemia and control groups were established by independent 

samples t-test at a significance level of P < 0.05. The receiver opera-
ting characteristic (ROC) curve analysis was conducted to evaluate 

the diagnostic ability of GFAP and RANKL In addition, we noted the 

area under the curve (AUC), sensitivity, specificity, and optimal 

threshold values. Patterns of correlation between biomarkers were 
distinguished using heatmap analysis. To examine further the diffe-

rences between the groups, we subjected the dataset (Malik et al., 

2023) to Principal Component Analysis (PCA) in order to determine 

the underlying structure of the variance and clustering.  

Results  

 

A total of 90 individuals participated in the study as a whole , 
including 66 people with thalassemia and 24 clinically healthy people. 

The average age between the two groups showed a significant 

difference, those with thalassemia averaging 54 years of age and the 

clinically healthy group averaging 47 years. Both groups had the 
same statistical average weight and there was no difference between 

the two groups in body mass index.  

Table 1  

T-test analysis of age, and BMI in two studied groups  

Parameters Thalassemia Control P-value 

Age, 

year  

mean ± standard error  54.1 ± 8.0 47.0 ± 9.9 

0.0009 lower 95% CI of mean 52.16 42.89 

upper 95% CI of mean 56.11 51.28 

BMI 

mean ± standard error  30.8 ± 6.9 29.5 ± 5.7 

0.4119 lower 95% CI of mean 29.10 27.09 

upper 95% CI of mean 32.51 31.91 
 

Serum levels of GFAP were markedly elevated in thalassemia 
patients compared to healthy individuals (260 ± 30 vs. 123 ± 12; P < 

0.0001). Similarly, the concentration of RANKL was significantly 

higher in the patient group (284 ± 43. vs. 130 ± 17; P < 0.0001).  

Table 2  
T-test analysis of GFAP, and RANKL in two studied groups  

Parameters Thalassemia Control P-value 

GFAP 

mean ± standard error 260 ± 30 123 ± 12 

<0.0001 lower 95% CI of mean 252.2 118.2 

upper 95% CI of mean 267.1 128.7 

RANkL 

mean ± standard error 284 ± 43 130 ± 17 

<0.0001 lower 95% CI of mean 273.4 122.7 

upper 95% CI of mean 295.0 137.9 
 

As shown in Figures 1, the 95% confidence intervals indicate a 

statistically significant elevation in mean serum levels of RANKL 

and GFAP among thalassemia patients compared to healthy controls.  

  

Fig. 1. 95% confidence intervals and the variation in group means for GFAP (a) and RANKL (b)  

Receiver Operating Characteristic (ROC) curve analysis demon-

strated that both GFAP and RANKL exhibited excellent diagnostic 

performance in distinguishing thalassemia patients from healthy cont-

rols. GFAP yielded an area under the curve (AUC) of 100%, with 
100% sensitivity and 100% specificity at a cut-off value of 152.9. 

RANKL showed an AUC of 99%, with 98% sensitivity and 100% 

specificity at a cut-off value of 195.0.  

Receiver Operating Characteristic (ROC) curves for GFAP and 
RANKL illustrate their diagnostic utility in identifying thalassemia 

patients. The high AUC values indicate excellent accuracy, sensitivi-

ty, and specificity for both biomarkers. Furthermore, principal com-

ponent analysis (PCA) showed that the first two components ac-
counted for 99% of the total variance in the data (PC1: 93.3%, PC2: 

6.6%). The score plot demonstrated clear separation between patient 

and control groups, indicating a distinct biochemical profile. Loading 

analysis revealed that GFAP and RANKL contributed most strongly 

to the variance in PC1, suggesting that these biomarkers are key indi-
cators of pathophysiological changes in thalassemia.  

Table 3 

ROC analysis of GFAP, and RANKL  

Parameters 
Area under  

the curve, % 

Sensitivity,  

% 

Specificity,  

% 

Cutoff  

value 

GFAP 100% 100% 100% > 152.9 

RANKL 99% 98% 100% > 195.0 
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Fig. 2. ROC curve of GFAP (a) and RANKL (b): correlation analysis using heatmaps revealed a strong and significant positive correlation  

between GFAP and RANKL levels in both thalassemia and control groups, with a more pronounced relationship observed among the patients  

  
Fig. 3. Heatmap correlation matrices of GFAP and RANKL levels in thalassemia patients (a) and healthy controls (b):  

color intensity reflects the strength and direction of correlation between biomarkers  

 
Fig. 4. Principal component analysis: score plot showing separation between thalassemia patients and controls along PC1 and PC2 (a);  

loading plot illustrating the strong contributions of GFAP and RANKL to PC1 (b)  

Discussion  

 

The research established that both GFAP and RANKL levels in 

the serum of thalassemia patients significantly exceeded the levels in 
the clinically healthy group. Diagnostic assessments, including ROC 

curve analysis and Principal Component Analysis (PCA), demonstra-

ted that these biomarkers were highly accurate in separating patients 

from controls. Furthermore, correlation analysis with heatmap confir-
med an association between both markers. The results acquired may 

well indicate systemic involvement of the nervous system and the 

skeletal system in the pathophysiology of thalassemia.  

Similar results have been reported regarding RANKL, as in tha-
lassemia patients, the expression of RANKL is raised or the RANKL/ 

OPG ratio is changed, which indicates a rise in osteoclast activity and 

increase in bone resorption (Toumba & Skordis, 2010, Tsartsalis et al. 

2019, Çelik et al. 2022). For example, Rashad et al. (2021) reported 
that raised serum RANKL levels were related to reduced bone mine-

ral density (BMD) in a β-thalassemia major case, which confirms its 

role in bone disease (Rashad et al., 2021). Similarly, RANKL had an 

inverse relationship with BMD in adult thalassemia as per Zoga et al. 
(2024). With respect to the increase in GFAP levels, little is known 

about children with Sickle Cell Disease manifesting raised GFAP 

(Savage et al., 2011; Aydın et al., 2024). Considering that GFAP ele-

vation in thalassemia is underresearched , our results provide new evi-

dence for possible neuroinflammatory or neurodegenerative mecha-

nisms present in these patients.  
The increased levels of GFAP observed in thalassemia patients 

could indicate mild neural stress or damage on account of chronic hy-

poxia, oxidative stress or iron overload within the central nervous sys-

tem (Pekny et al., 2004). When astrocytes are damaged, they respond 
by producing and releasing GFAP. We can detect this in the periphe-

ral blood (Ozcelikay et al., 2024). Higher RANKL levels could also 

point to an imbalance in bone remodeling that favors resorption (Raje 

et al., 2019). Gaudio et al. ( 2019) and Hamidpour et al., (2022) point 
out that the biochemical modifications provide insights into some 

more subtle but nevertheless clinically significant complications of 

thalassemia apart from anemia and iron overload. In the research 

presented here, the diagnostic value and interrelation of GFAP and 
RANKL were determined statistically. The receiver operating cha-

racteristic curve is the most frequently used method of evaluating dia-

gnostic accuracy with sensitivity and 1-specificity being plotted on 

the curve. The area under this curve (AUC) reveals the overall perfor-
mance of the fitting (Zhou et al., 2011).  
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The ROC analysis of GFAP and RANKL had an AUC of 100% 

and 99%, respectively, showing a high ability to distinguish thalasse-

mia patients from healthy people. Heatmaps are frequently employed 
in biomedical research – colours are used to indicate data, for exam-

ple in correlation or clustering (Lane et al., 2020). According to the 

heatmap compiled in our research, GFAP has a strong positive corre-

lation with RANKL, especially in the patient group. Possibly they 
share a common pathophysiological pathway due to inflammation, 

hypoxia, or iron overload. In addition, we applied principal compo-

nent analysis (PCA) to our analysis. PCA is a dimensionality reducti-

on technique. In this technique, first, correlated variables are transfor-
med to uncorrelated principal components (Kurita et al., 2021). In our 

research, the results of the PCA revealed a clear distinction between 

thalassemia sufferers and healthy controls. In the PCA explanation, 

the loading plot of PC1 and PC2 indicated that first two components 
could explain 99% of total variance. The largest shares in GFAP and 

RANKL were shown in PC1 and thus are considered to possess bio-

logical significance in distinguishing the biochemical profiles of tha-

lassemia. Therefore these two candidate biomarkers have the potential 
to be systemic markers.  

The noticeable rise in GFAP and RANKL levels in thalassemia 

patients indicates that they could serve as early indicators of neurolo-

gical and skeletal complications. Employing the tested metabolites in 
clinical follow-up seems promising on account of the strong diagnos-

tic performance achieved in ROC analysis and the demarcation of 

groups effected by PCA. Possible future applications of our findings 

may involve routine biomarker screening in coordination with ima-
ging studies such as DEXA scans or brain MRIs, which may improve 

timely detection of secondary complications in chronic thalassemia 

care.  

The study has certain limitations. Due to its cross-sectional de-
sign, it is impossible to determine causal relationships. The size of the 

sample was limited while the absence of correlating clinical or ima-

ging data (particularly neuroimaging or bone densitometry) detracts 

from the value of the biological findings. Future research should in-
volve large and longitudinal cohorts and be evaluated through neuro-

cognitive, radiological and skeletal measurements. Examination of 

therapeutic modulation of these markers, for example the effect of 

anti-resorptive agents or iron chelation on GFAP and RANKL would 
be of value.  

 

Conclusion  

 
The serum GFAP and RANKL levels were significantly higher 

in patients suffering from thalassemia in comparison to healthy indivi-

duals and this could play a role in the systemic complications of the 

disease. The two biomarkers showed an impressive diagnostic perfor-
mance with high sensitivity and specificity. This argues for their use 

in identifying at-risk patients. A strong positive correlation was found 

between GFAP and RANKL. The clear separation of groups in PCA 

analysis shows that they can be complementary indicators of neuroin-
flammatory and skeletal changes in patients with thalassemia. These 

results could be used to design research aimed at integrating bioche-

mical markers into future screening and monitoring of complications 

in thalassemia.  
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