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Abstract  

Background:  Thalassemia Patients frequently experience  

complications like bone affection and damage. Serum fibroblast  

growth factor (FGF23)/thalassemia bone disease development  

is influenced by FGF23. Correlation of FGF23 with serum  
Calcium (Ca), phosphorus (Ph) and Ferritin level in thalassemia  

patients is an important step to investigate and treat thalassemia  

bone disease.  

Aim of Study:  To assess the FGF-23 level in the serum of  
adult β -thalassemia patients and its correlation to ferritin,  

calcium, and phosphorus levels.  

Patients and Methods:  Fifty-three patients with β -
thalassemia; transfusion dependent thalassemia (TDT) and  

non-transfusion dependent (NTDT) were included. Any patient  
with chronic inflammation, renal impairment, or failure were  

excluded. Serum ferritin, phosphorous, calcium, and FGF-23  

were checked and analyzed.  

Results:  Mean age of the studied population was 30 ±7.6  
years, 37.3% males and 62.3% females. TDT were 41.5% &  

NTDT were 58.5%. Patients suffering from Bony pains were  

54.7% and cardiac complications were 18.9%.  

Significant correlations were found between serum FGF-
23 and each of Bony pains and Cardiac complications ( p -
value <0.001).  

Significantly negative correlations between serum FGF-
23 and each of serum Ferritin & Ca ( p-value <0.001). Addi-
tionally, FGF-23 and serum Ph level have a strong positive  
correlation (p-value <0.001).  

Conclusion:  FGF-23 was significantly correlated with  

(Ferritin, Ca, & Ph levels), Suggesting its participation in Ca  
homeostasis and thalassemia bone disease. Further studies  

with larger number of patients is required for more under-
standing to FGF-23 role in thalassemia and its complications.  
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Introduction  

REPEATED  blood transfusions and iron excess  
are features of the inherited hemolytic anemia  

known as thalassemia. Concomitant iron chelation  

is necessary to prevent the problems of iron excess  

since the body has a limited capacity to eliminate  

iron [1] . Occurrence of complications in thalassemia  

patients could be due to repeated blood transfusions,  

ironoverload, or chelation therapy.  

The combined effects of chronic anemia and  
iron overload can lead to multiple end-organ  
complications such as cardiomyopathy, increased  

risks of blood-borne, liver, pituitary, and bone  
diseases [2] . In fact, thalassemia bone diseaseis  

one of the most important and common associated  

complications.  

There is still much to learn about thalassemia  
bone disease. An interplay of risk factors that  
include genetic factors, hormonal deficiency, bone  
marrow expansion, iron toxicity, chelators, skeletal  
dysmorphism and increased turnover of bone, may  
be implicated [1] .  

The high prevalence of bone disease in trans-
fusion-dependent thalassemia is seen in both young-
er and older patients as life expectancy continues  
to improve [1] .  

There are 22 members of the fibroblast growth  
factor (FGF) family, each with a distinct function  

[3] . In bone cells, a protein known as fibroblast  
growth factor 23 is created using instructions from  
the FGF-23 gene. This protein is necessary in  

phosphate homeostasis. Phosphorus has a variety  

of purposes, but among them, it is essential for the  

development and growth of bones in children as  

well as for maintaining bone strength in adults [4] .  
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FGF23 is functionally unique from other mem-
bers of this family because it suppresses 1- 
hydroxylase activity in the kidney and operates  

primarily as a phosphaturic factor [5] . The kidneys  
are instructed by fibroblast growth factor 23 to  

halt reabsorbing phosphate into the circulation [6] .  

Recent investigations have discovered connec-
tions between FGF23 and other iron status markers.  

Among them is the inverse relationship between  
FGF23 andserum iron [7] , hemoglobin (Hb) [8] ,  
and ferritin [9] .  

In this study we aim to assess FGF23 in the  
serum of adult β -thalassemia patients and detect  

its correlation to serum ferritin, calcium & phos-
phorus levels.  

Patients and Methods  

In this case-control study, 53 adult β -thalassemia  
patients (TDT & NTDT) diagnosed by hemoglobin  
electrophoresis were enrolled. Patients were re-
cruited from Kasr Al-Ainy Clinical Hematology  
Department and Clinic from May 2020-May 2022.  

Written informed consent was taken from all  
subjects. The study was approved by the ethical  
committee. Any adult patient with beta thalassemia  

and aged more than 14 years was included. Patients  
with chronic inflammatory condition, renal impair-
ment or renal failure were excluded from the study.  

All subjects were subjected to full history taking  

and complete physical examination. Laboratory  

investigations were done in the form of complete  
blood count (CBC), liver function test, renal func-
tion tests, Hepatitis C virus Antibody (HCV-Ab),  

Serum Ferritin, serum phosphorous, calcium.  

FGF23 was measured in serum of all patients  
using Ray-Biotech* ELISA kit.An anti-human  
FGF-23 antibody is used in the FGF-23 assay,  

which is coated on a 96-well plate. Standards and  

samples are pipetted into the wells and FGF-23  

present in a sample is bound to the wells by the  
immobilized antibody. The wells are washed, and  
biotinylated anti-human FGF-23 antibody is added.  

Streptavidin that has been HRP-conjugated is  
pipetted into the wells after unbound biotinylated  
antibody has been washed away.The wells are  
cleaned once again, a TMB substrate solution is  

added, and color develops in accordance to the  
amount of FGF-23 bound to the substrate. At 450  

nm, the color intensity is determined after the stop  

solution converts blue to yellow [10] .  

Statistical methods:  
Data were coded and entered using the statistical  

package for the Social Sciences (SPSS) version  
26 (IBM Corp., Armonk, NY, USA). Data were  
summarized using mean, standard deviation, me-
dian, minimum and maximum in quantitative data  

and using frequency (count) and relative frequency  
(percentage) for categorical data. Comparisons  

between quantitative variables were done using  
the non-parametric Mann-Whitney test. For com-
paring categorical data, Chi-square ( χ

2
) test was  

performed. Exact test was used instead when the  

expected frequency is less than 5. Statistics were  

considered significant for p-values less than (0.05).  

Results  

The study included 53 adult β -thalassemia  
patients, twenty males (37.3%) and 33 females  

(62.3%). The mean age of the studied population  

was 30±7.6 years. Twenty-two (41.5%) were TDT  
patients while 31 (58.5%) were NTDT.  

Thirty one patients were receiving chelation  
(58.5%), while 22 patients were not receiving  
chelation (41.5%).  

Bony pains were presented in 29 (54.7%); 10  
(34.5%) patients were TDT while 19 (65.5%)  
patients were NTDT and bony pains was absent  
in 24 (45.3%). Splenectomy was done in  
21(39.6%) patients, 16 of them were TDT (76.2%)  

and remaining 5 patients (23.8%) were NTDT.  
Cardiac complications were present in 10 patients  

(18.9%) and diabetes mellitus in 11(20.8%). Anti  

HCV-Ab was positive in 13 (24.5%) patients  

(treated patients).  

Table (1): Descriptive analysis of the variables.  

Value  
Mean ±  Std.  
Deviation  

Minimum  Maximum  

Age in Years  30.1 ±7.57  14  55  
Hemoglobin  9.06± 1.7  5.70  13.70  
Platelets  449.17±239.58  133  926  
Total Leucocytic  9.32±3.30  5.10  22.20  

Count  
Creatinine  0.67±0.25  0.20  1.90  
Urea  27.53± 15.39  14  119  
Alanine  28.76±9.77  7  52  

Transaminase  
Ferritin  1029.26± 1304.25  30  8935  
Serum Calcium  9.06±0.596  6.70  9.90  
Serum Phosphorus  4.03±0.72  2.1  5.3  
FGF-23 in U/ml  168.62±42.92  95  312  

- Reference values of lab results are; Total Leucocytic Count (4- 
11x103), Hemoglobin (12-15g/dL), Platelets (150-450 x10 3), Urea  
(17-43mg/dL), Creatinine (0.6-1mg/dL), ALT (up to 35U/L), Ferritin  

(30-400ng/ml), Serum Ca (8.6-10.2mg/dl), Serum Ph (2.5-4.5mg/dl),  
FGF (29-72U/ml).  
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There was a significant correlation between  
serum FGF-23 on one hand and chelation status,  

Bony pains, and Cardiac complications on other  

hand, (p-value <0.001).  

Regarding the relation of serum FGF-23, serum  
Ca, serum Ph with type of thalassemia there were  

all of no statistical significance.  

Additionally, there was a substantial inverse  

relationship between Ph level and bony pains. ( p-
value <0.001), in addition to a significant positive  

correlation between bony pains and Ca level ( p -
value <0.001).  

Table (2): Value of FGF-23 expressed in (mean ±  Standard  
deviation) in each type of Thalassemia expressed.  

Thalassemia Type  
(Mean ±  SD)  

TDT=22 cases  NTDT=31 cases  

FGF-23 in U/ml  159.36±33.461  175.19±47.970  

Serum Ca  9.0909±0.53266  9.0329±0.64412  

Serum Ph  3.895±0.7662  4.126±0.6894  

TDT : Transfusion dependent Thalassemia.  
NTDT : Non transfusion dependent thalassemia.  
FGF-23: Fibroblast growth factor-23.  

Table (3): Correlation of the possible factors associated with  

serum FGF23 in Thalassemia patients expressed.  

Variable  Pearson correlation  p-value  

Ferritin  –0.159  <0.001  

Serum Ca  –0.103  <0.001  

Serum Ph  0.004  <0.001  

Discussion  

Fibroblast growth factor 23 is a glycoprotein  

that is secreted primarily from the mature osteob-
lasts and osteocytes. FGF-23 has many actions; it  

is involved in iron, Calcium, and phosphate home-
ostasis [8,9] .  

Bone disease is a severe complication that affect  

thalassemia patients particularly transfusion de-
pendent thalassemia. Understanding the pathogen-
esis thalassemia bone disease is a great step towards  

right assessment and better management [11,12] .  

This study included 53 adult β -thalassemia  
patients; 37.3% males and 62.3% females with  

mean age was 30±7.6 years in the studied popula-
tions. TDT patients represented 41.5% of the study  

population, while 58.5% were NTDT.  

Our results stated that 54.7% of patients in-
volved were complaining of bony pains and this  

agrees with previous studies, where bony pain was  
present in 34% of adult β  thalassemia patients [13] .  

Eighteen point nine percent of our patients were  
complaining of Cardiac complications, a significant  
positive correlation that is found between FGF-23  

level and occurrence of cardiac complications in  

our patients, this was In agreement with Batra et  

al., 2016, that reported the occurrence of many  

cardiac complications as ventricular hypertrophy,  

systemic hypertension, up to occurrence of cardiac  

events or mortality in association with elevated  

FGF-23 level [14] .  

According to our results we found that all our  

patients showed elevated FGF-23 level (168.62 ±  
42.92U/ml), numerous previously published studies  
detected an increase of serum FGF-23 level fol-
lowing intravenous iron infusion so it isexpected  
to found high level of FGF-23 in thalassemia  
[15,16,17] .  

Interestingly, 9 of our patients have normal  
ferritin, and only 17 patients have elevated ferritin  

with values exceedingly more than (1000ng/ml)  

and despite this great variability in ferritin level  

among our patients, all patients experienced ele-
vated serum FGF-23 level. Evidently this raises  

the possibility of involvement of other factors that  
control the secretion of FGF-23 in thalassemia  
patients.  

Other factors that could be implemented in the  

secretion of FGF-23 may be related to morbidities  

that the thalassemia patients suffer from as hypoc-
alcemia, hyperphosphatemia [11,18] .  

According to our results FGF-23 was signifi-
cantly inversely correlated with ferritin level and  

significantly positively correlated with phosphorus  

level all agreement with Honda et al., who found  

the same correlations in hemodialysis patients [19] .  
Both Stefanopoulos et al., & Yang WP et al., also  
supported our results and related elevation of  

phosphate level in thalassemia patient due to chron-
ic hemolysis, repeated transfusions, or occurrence  

of hypoparathyroidism in thalassemia patients  
[20,21] .  

However, that correlation disagreed with  

Yoshiko et al., that observed the decrease of phos-
phate level induced by increased FGF-23 due to  

decreased phosphate reabsorption in renal tubules  

[22] .  

Another significant inverse correlation between  
FGF-23 and serum calcium level was found in our  
results and this disagreed with Rayego-Mateoset  
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al that stated that there is an elevation of serum  

calcium associated with elevated FGF-23 level and  
this is regulated via other factors as parathormone,  

and vitamin D [23] .  

Conclusion:  

Thalassemia bone disease is a major problem  

facing thalassemia patients. Its pathogenesis in-
cludes interplay between variable of factors.  

One of the continuously appearing involved  

factors is FGF-23 that plays an important role in  
homeostasis of phosphorus and calcium. FGF-23  
is variably by iron status especially in thalassemia  

patients.  

Further studies with more patients may help us  

more and more to understand the correlations  

between FGF-23 with Ca, phosphorus and in spe-
cific the correlation between FGF-23 and iron  

overload.  
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