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ABSTRACT

Background: Comparative analysis of liver and kidney function in patients with beta-thalassemia
major (BTM) and beta-thalassemia trait (BTT) is relatively underexplored in the existing
literature.
Objectives: This study compares liver and kidney function in children with BTM, BTT, and
healthy controls, and investigates the potential protective role of ferritin in reducing iron-related
tissue damage in BTT patients.
Materials and methods: A case-control study was conducted on 93 male children (ages 2–12)
from Ibn Al-Atheer and Ibn Sina Hospitals in Mosul, Iraq, divided into three groups: BTM (31),
BTT (31), and healthy controls (31). Serum levels of liver and kidney biomarkers (ALT, AST,
ALP, DBIL, TBIL, urea, creatinine, uric acid, and ferritin) were measured. Statistical analysis was
performed using SPSS (version 26.0) with a significance level of P-value < 0.05.
Results: In the BTM group, levels of ALP, AST, urea, and uric acid were significantly higher
compared to the control group, while no significant differences were observed between the BTT
and control groups for these parameters. ALT, TBIL, DBIL, creatinine, and ferritin levels were
elevated in both BTM and BTT groups relative to controls. Notably, all parameters except TBIL
were significantly higher in the BTM group than in the BTT group. Additionally, a significant
positive correlation was observed between ferritin and ALP in the BTM group, whereas a significant
negative correlation was found between ferritin and creatinine in the BTT group.
Conclusion: BTM significantly impaired liver and kidney function, while BTT showed mild
increases in ALT, TBIL, DBIL, creatinine, and ferritin. In BTM, ferritin correlated with ALP,
indicating potential iron toxicity, whereas in BTT, the negative correlation with creatinine may
suggest a protective mechanism. Further research is needed to clarify ferritin thresholds for toxicity
versus protection.
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INTRODUCTION

T
halassemia is an inherited disorder that diminishes
haemoglobin production, leading to varying de-
grees of anaemia and increased mortality risk. It
was first recognized by Dr. Thomas Cooley in

1925 as ’erythroblastic anaemia,’ later renamed thalassemia
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by Whipple and Brad Ford [1, 2]. The disorder is more preva-
lent in regions like Southeast Asia, the Middle East, and the
Mediterranean, but migration has contributed to its rising
rates in North America and Northern Europe [3].

According to the gene involved, two main classes of
thalassemia are recognized: Beta-thalassemia and Alpha-
thalassemia. Further classification of beta-thalassemia de-
scribes three subtypes: Major, intermediate, and minor (tha-
lassemia trait). Beta-thalassemia major (BTM) is the most
severe form, leading to severe anaemia [4].

Although iron plays vital cellular and physiological roles, it
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could induce organ toxicity and death, particularly in people
undergoing chronic red blood cell transfusions, as in BTM.
Ferritin acts as the primary iron storage protein, and this, to
some extent, could reduce the iron toxicity effect in the tissues
[5]. In patients with beta-thalassemia, the lowest level of iron
in the liver that can cause fibrosis is about 16 milligrams per
gram of dry-weight liver without any additional factors [6].

A clinical study, revealed that there is significant connec-
tion between iron-induced liver damage and iron deposition
in the liver [7]. However, iron chelating therapy and antioxi-
dants have a potentially helpful effect in lowering the risk of
metabolic disorders and reducing iron overload that results
from lifelong transfusions in BTM patients [2, 8]. Systemic
effects extend beyond the liver; moreover, a study demon-
strated that systemic iron overload in BTM patients can result
in iron deposition within the parathyroid glands over time,
potentially leading to hypoparathyroidism, particularly in in-
dividuals over the age of 10 years [9].

Beta thalassemia trait (BTT) is traditionally known as a
benign carrier state. Its effect on the liver and kidneys is still
unclear, and the subclinical iron-induced toxicity raises ques-
tions. A study noticed a reduction in hemoglobin levels in
pregnant women with BTT, raising concerns about potential
subclinical hemolysis and non-transferrin-bound iron release
[10]. Such events could lead to hepatic and renal stress or
toxicity, indicating a need for further investigation. Interest-
ingly, research on other chronic conditions like celiac disease
has shown that kidney function and trace element levels can
alter even when no clear symptoms are present [11]. This
highlights the importance of investigating subtle renal and
hepatic biochemical changes in patients with BTT.

Progressive kidney failure is the main problem in people
with beta-thalassemia. It is worth finding out early if patients
are likely to develop kidney failure because they can take steps
to slow down the damage to their kidneys. Thers actions
can help reduce the number of people who reach the point of
needing a kidney transplant or dying from kidney failure [12].

Previously conducted studies have been concerned mainly
with BTM and beta-thalassemia intermedia (BTI) as serious
health issues. In BTM, the association between high ferritin
levels and liver dysfunction is well established in the literature
[13–15]. While there is insufficient literature and informa-
tion about the impact of BTT disorder on liver and kidney
functions. A study revealed that subtle tubular abnormal-
ities existed even without transfusion-related iron overload,
indicating that iron metabolism changes in BTT could affect
renal function [16]. Elevated ferritin levels signify a greater
capacity for iron sequestration, which may provide indirect
protection against iron toxicity and potential kidney injury
[4]. This perspective is often overlooked in discussions about
BTT. In addition, the comparison between the effects on liver
and kidney functions in BTM patients versus carriers of BTT
patients is not mentioned in the previous works. Detecting
any alteration in the specific parameters of liver and kidney
tests, particularly in BTT patients, will increase our current
understanding of thalassemia and positively influence future
research.

This study aims to provide insights into the compara-
tive analysis of liver and kidney functions among children
with BTM, BTT, and healthy controls, contributing to un-
derstanding the systemic implications of these disorders and
demonstrating the extent to which liver and kidney functions
are affected in individuals with BTT. It also aims to high-
light the sequestration role of ferritin against iron-mediated

damage to the kidneys.

MATERIALS AND METHODS

Design and subjects

A case-control study was designed for the comparisons of
liver and kidney function parameters among the three groups:
31 patients with BTM, 31 patients with BTT, and 31 healthy
controls. A prior-power analysis was performed by G*power
software to estimate the proper sample size, the values were
set to be: power (1 − β err prob) of 0.80, an err prob of
0.05, and effect size (f) of 0.33, three groups, and a one-way
ANOVA test. After the calculation, the total sample size
was 93. Over three months of monitoring in Ibn Al-Atheer
Hospital and Ibn Sina Hospital in Mosul, Iraq, male children
(aged range 2–12 years) were enrolled as two groups of pa-
tients (BTM and BTT) and healthy group according to the
inclusion and exclusion criteria. A questionnaire form was in-
cluded age, family history of thalassemia, treatment protocol,
medications, and the existence or not the following conditions:
Hematological and chronic illnesses, autoimmune disorders,
chronic infections, heart failure, diabetes, severe kidney and
liver diseases, and pre-transfusion time.

The Scientific Affair Committee of the Medical Physics De-
partment, College of Science, University of Mosul approved
the study proposal (Reference number 4/74 on 14-6-2023)
which was in compliance with the Declaration of Helsinki.
Informed consent was also obtained from parents or legal
guardians of all participants before enrolment in the study.

Inclusion criteria of patients with BTM

The inclusion criteria for the BTM group consisted of boys
aged 2 to 12 years who had been diagnosed with BTM by a
specialized physician based on a complete blood count (CBC)
and haemoglobin electrophoresis, supported by family his-
tory of their respective conditions. Eligible patients had pre-
transfusion haemoglobin levels within the range of about 9-
10.5 g/dL, adhered to the standard treatment protocol, and
agreed to participate.

Inclusion criteria of patients with BTT

The inclusion criteria for the BTT group comprised boys
aged 2 to 12 years who were diagnosed with mild to moderate
anaemia, indicated by a routine complete blood count (CBC)
showing haemoglobin levels slightly above 10 g/dL along with
microcytosis. These patients had an asymptomatic condition
and had no history of regular blood transfusions or chelation
therapy and agreed to participate.

Exclusion Criteria of BTM and BTT

Beta thalassemia patients with sickle cell disease, autoim-
mune disorders, chronic infections, heart failure, uncontrolled
diabetes, and severe liver disease. were excluded. Patients
with BTT who received blood transfusions within the last 6
months were also excluded.

Inclusion and exclusion criteria of healthy control
group

The inclusion criteria for the healthy control group consist
of boys who were matched in age with the patient groups
and had no known history of thalassemia, anaemia, or other
haematological or chronic illnesses. Additionally, they had no
family history of thalassemia. Participants who were taking
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other medications, such as iron supplements, multivitamins,
or corticosteroids, were excluded from the study. Those who
had received a blood transfusion within the past year were
also excluded.

Sample collection

Using disposable syringes, venous blood samples (5 ml)
were drawn from each research group. After allowing
the blood to clot, two millilitres of it were transferred to
an ethylenediaminetetraacetic acid tube for the evaluating
haematological parameters, and the remaining blood was
transferred to a gel tube for separation and serum extrac-
tion. The blood was then centrifuged at 2000 RPM for ten
minutes, serum was fresh frozen into several Eppendorf tubes,
where the biochemical parameters were analysed later.

Biochemical assays

The CBC examination was performed using the French
Horiba device (Horiba Yumizen H550 6-part CBC, French
company). Biochemical tests were performed, including ala-
nine aminotransferase (ALT) (reference range: 3–36 U/L), as-
partate aminotransferase (AST) (reference range: 15–50U/L),
alkaline phosphatase (ALP) (reference range: 65–300), di-
rect bilirubin (DBIL) (reference range: 1.7–5.1 µmol/L), total
bilirubin (TBIL) (reference range: 5.1–17 µmol/L), and kid-
ney function indicators such as urea (reference range: 1.8–6.4
mmol/L), creatinine (reference range: 26.5–61.9 µmol/L), and
uric acid (reference range: 120–320 µmol/L) were estimated
by using the Thermo-Fasher device (Thermo scientific Indiko,
American Company, fully automated, benchtop clinical chem-
istry analyser). Ferritin (reference range: 7–142 ng/mL) was
estimated by Vidas (bioMérieux SA, France).

Statistical analysis

A statistical package for the social sciences (SPSS) soft-
ware for Windows, version 26.0 (IBM Corp., Armonk, NY,
USA) was used to analyse the data. Normally distributed
data were expressed as mean and standard deviation (Mean
± SD), while abnormally distributed data were stated as me-
dian and interquartile range (IQR). The Shapiro-Wilk test
was used to estimate data normality. The Kruskal-Wallis and
analysis of variance (ANOVA) tests were performed for mul-
tiple comparisons. Post-hoc comparisons were applied using
the Bonferroni method. Spearman’s rank correlation analysis
was also used to detect potential relationships between fer-
ritin and other studied parameters. Throughout our analysis,
a P-value below 0.05 was considered a statistically significant
difference.

RESULTS

The ANOVA test showed no significant differences in age
between the BTT and BTM groups and the control group
(Mean ± SD: 6.74 ± 1.56, 7.29 ± 1.46, and 7.34 ± 1.80,
respectively; P-value = 0.247), as shown in Figure 1.

The Kruskal-Wallis and ANOVA tests found significant dif-
ferences in ALP, AST, ALT, TBIL, and DBIL among the three
groups. Thereafter, the significant P-values of the Bonferroni
correction were used for multiple tests to adjust the pairwise
comparisons and determine the significant differences. The
results showed that the levels of ALP, AST, ALT, TBIL, and
DBIL were significantly higher in the BTM group than in the

Figure 1. The age distribution for beta-thalassemia patient
groups and their age-matched controls. The P-value = 0.247
and ANOVA test was used.

healthy control group (P-value < 0.05). Additionally, a sig-
nificant increase was observed in ALT, TIBL, and DBIL in
the BTT group in comparison with the healthy control group
(p < 0.05). No significant differences were identified in the
levels of ALP and AST between the BTT and control. The
comparisons between the BTM and BTT groups revealed a
significant increase in ALP, AST, ALT, and DBIL in the BTM
group (P-value < 0.05). In contrast, no significant variations
were observed in the levels of TBIL between the BTM and
BTT groups (Table 1).

The results showed a significant increase in the levels of
urea, uric acid, creatinine, and ferritin in the BTM group
compared to the healthy control group (P-value < 0.05). Cre-
atinine and ferritin levels were significantly higher in the BTT
group compared to the control (P-value < 0.05). In contrast,
there was no significant difference in urea and uric acid levels
between the BTT and healthy control groups. Furthermore,
the levels of urea, uric acid, creatinine, and ferritin were sig-
nificantly higher in the BTM group compared to the BTT
(P-value < 0.05) as seen in Table 2.

The Spearman correlation was conducted to identify sig-
nificant correlations between ferritin and liver and kidney pa-
rameters in both the BTM and BTT groups. The results
showed a significant positive correlation between ferritin and
ALP levels in the BTM group (correlation coefficient = 0.397,
P-value = 0.036), as seen in Table 3 and Figure 2. Addition-
ally, a significant negative correlation was found between fer-
ritin and creatinine in the BTT group (correlation coefficient
= − 0.490, P-value = 0.005), as seen in Table 4 and Figure 3.
No significant differences were detected between ferritin and
other parameters in both groups.

DISCUSSION

The hereditary haemolytic disorder beta-thalassemia is the
most prevalent disorder among children, in which haemoly-
sis has a direct impact on the parameters of the liver and
then the kidneys. To the best of the authors’ knowledge,
this is the first study that compares liver and kidney function
parameters between BTM and BTT. Our results showed ele-
vated ALT, AST, ALP, TIBL, and DBIL in the BTM group
compared with the control groups. Similarly, studies showed
significant increases in liver enzymes and TBIL in BTM pa-
tients compared to healthy controls [17, 18]. BTM leads to
severe disruption in the normal synthesis of haemoglobin, re-
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Table 1. Comparison of liver function parameters between major, trait, and control†.

Parameters BTM No.=31 BTT No.=31 Control No.=31 P-value

[Mean ± SD] or [Median (IQR)]

ALP (U/ L) 215(115)A**,B** 95(24)A** 79(30)B** 0.0001**K

AST (U/ L) 175(22)A**,B** 33(15)A** 22(9)B** 0.0001**K

ALT (U/ L) 190(50)A**,B** 42.3 ± 10.4A**,C* 27.3 ± 5.9B**,C* 0.0001**K

TBIL (µ m/L) 25(12)B** 18.5 ± 2.7C** 8.1 ± 2.3B**,C** 0.0001**K

DBIL (µ m/l) 9.5 ± 2.4A**,B** 5.6 ± 1.8A**,C** 2.5 ± 0.7B**,C** 0.0001**N

† SD: Standard deviation, IQR: Interquartile range, BTM: Beta thalassemia major, BTT: Beta thalassemia trait, ALP: Alkaline
Phosphatase, ALT: Alanine Aminotransferase, AST: Aspartate Aminotransferase, DBIL: Direct bilirubin, TBIL: Total bilirubin, No.:
Number, A: Significant between BTM vs. BTT, B: Significant between BTM vs. Control, C: Significant between BTT vs. Control, *;
significant p-value < 0.05, **; highly significant P-value = 0.0001, K: Kruskal-Wallis Test, N: ANOVA test. P-value < 0.05 was
considered significant.

Table 2. Comparison of kidney function parameters and ferritin between major, trait, and control†.

Parameters BTM No.=31 BTT No.=31 Control No.=31 P-value

[Mean ± SD] or [Median (IQR)]

Uria (mmol/L) 8(1.7)A**,B** 4.7 ± 0.69A** 4.0 ± 0.8B** 0.0001**K

Uric acid (mmol/L) 371.6 ± 73 A**,B** 226.9 ± 37.7 A** 233(60)B** 0.0001**K

Creatinine (µmol/L) 190(50)A**,B** 42.3 ± 10.4A**,C** 27.3 ± 5.9 B**,C** 0.0001**K

Ferritin (ng/mL) 25(12)A**,B** 18.5 ± 2.7A**,C** 8.1 ± 2.3B**,C** 0.0001**K

† SD: Standard deviation, IQR: Interquartile range, BTM: Beta thalassemia major, BTT: Beta thalassemia trait, No.: Number, A:
Significant difference between BTM vs. BTT, B: significant difference between BTM vs. control, C: Significant difference between
BTT vs. control, *: Significant P-value < 0.05, **: Highly significant P-value < 0.0001, K: Kruskal-Wallis Test

Table 3. Ferritin correlation with liver and kidney parameter
in beta thalassemia major group†.

Parameter Correlation coefficient P-value

ALP U/L 0.379* 0.036
AST U/L -0.07 0.702
ALT U/L 0.031 0.867
TBIL µm/l 0.302 0.098
DBIL µm/l 0.262 0.155
Uria mmol/l -0.271 0.140
Uric acid mmol/l -0.014 0.94
Creatinine µmol/l 0.02 0.909

† ALP: Alkaline Phosphatase, AST: Aspartate Aminotransferase,
ALT: Alanine Aminotransferase, TBIL: Total bilirubin, DBIL:
Direct Bilirubin, P-value less than 0.05 was significant.

quiring patients with this genetic disorder to undergo periodic
blood transfusions. These transfusions can result in iron ac-
cumulation in the body, causing complications that primarily
affect the liver and other vital organs [19].

In addition, the storage of excess iron and the synthesis
of ferritin and transferrin occur in the liver as a central site.
Normal liver function involves protein-bound iron, and free
ferrous has extreme toxicity. Iron, when in its unbound state,
catalyses the generation of free radicals, a process linked to
both hepatotoxicity and lipid peroxidation [20]. Oxidative
stress caused by iron overload leads to lipid peroxidation in

Figure 2. Correlation of ferritin levels with alkaline phos-
phatase (ALP) levels in beta thalassemia major group.

the liver cell membrane, which changes its permeability. Con-
sequently, liver cell destruction occurs, leading to elevated
levels of ALP, AST, and ALT in the blood [21].

The present study indicated that ferritin had significant
correlations with ALP in individuals diagnosed with BTM.
Usually, liver enzymes and bilirubin elevations can be a sign
of liver diseases resulting from cirrhosis, hepatitis, narrowing
of the bile ducts, inflammation of the gallbladder, infection of
the biliary ducts, and liver tumours [22]. In this study, pa-
tients with BTM exhibited significantly higher bilirubin levels
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Table 4. Ferritin correlation to liver and kidney parameter
in beta thalassemia trait†.

Parameter Correlation coefficient P-value

ALP U/L 0.330 0.069
AST U/L 0.062 0.742
ALT U/L 0.349 0.054
TBIL µm/l -0.226 0.221
DBIL µm/l 0.017 0.926
Uria mmol/l -0.041 0.826
Uric acid mmol/l 0.088 0.638
Creatinine µmol/l -0.490* 0.005

† ALP: Alkaline Phosphatase, AST: Aspartate Aminotransferase,
ALT: Alanine Aminotransferase, TBIL: Total bilirubin, DBIL:
Direct bilirubin, P-value less than 0.05 was significant.

Figure 3. Correlation of ferritin levels with creatinine levels
in beta thalassemia trait group.

compared to those with BTT and healthy controls. The el-
evated level may be due to increased erythrocyte lysis. This
is the primary cause of hyperbilirubinemia, which has the
adverse effect of causing damage to other hepatic cells as a
result of iron overload [23]. While the levels of AST, ALT,
and ALP were elevated in the beta thalassemia groups com-
pared to controls, their elevations were significantly higher in
BTM than in BTT. Additionally, in patients with BTT, only
ALT was significantly elevated compared to the control group.
BTM is characterized by a more severe deficiency in beta-
globin synthesis, leading to severe anaemia and iron overload,
which often results in extensive organ damage and dysfunc-
tion. In contrast, BTT typically presents with mild anaemia,
iron overload, and elevated ferritin levels, but does not usually
require transfusion therapy. Ferritin levels in the BTT group
were significantly elevated compared with the control group,
similar to the BTM group. In the same context, Bhowad
et.al. showed a significant elevation in ferritin levels and cre-
atinine of BTM patients compared to controls [24]. Repeated
transfusions in BTM cause significant elevation in the levels
of ferritin and free iron, which contribute to additional liver,
renal, and endocrine abnormalities [25].

In a previous study, a decline in renal function was ob-
served in severe beta thalassemia patients undergoing transfu-
sion therapy and treated with deferasirox as an iron-chelating
agent. The authors reported findings of proteinuria and ele-

vated levels of urine uric acid, consistent with the results of
the current study [26]. Our study revealed significant eleva-
tions in urea, creatinine, and uric acid levels in BTM patients
compared to both BTT and control groups. Urea, uric acid,
and creatinine are waste products that are filtered out of the
blood by the kidneys. In patients with BTM, elevated lev-
els of urea, creatinine, and uric acid may result from vari-
ous factors, including increased red blood cell turnover, renal
dysfunction secondary to iron overload, or adverse effects of
iron chelation therapy. However, the absence of a significant
correlation between serum ferritin and these renal markers
may be attributed to the fact that iron metabolism and renal
waste filtration are governed by distinct physiological path-
ways. Consequently, although both systems may be indepen-
dently affected in BTM, their biochemical markers do not
necessarily exhibit a direct correlation.

The association between renal dysfunction and BTT has
been highlighted in two recent studies. The first study showed
that common tests for kidney function, like serum creatinine,
urea, and uric acid, did not differ much between BTT patients
and healthy people, but other signs of kidney tubule problems
were present. These included higher levels of uric acid and
potassium being lost in urine, along with increased amounts
of neutrophil gelatinase-associated lipocalin (NGAL), which
is a sensitive marker for early kidney damage [16]. The second
study further revealed that renal dysfunction can develop in
both BTM and, to a lesser degree, in BTT, suggesting that
even milder forms of the disease may carry a risk of subclin-
ical renal impairment [2]. The current study demonstrated a
significant elevation in creatinine levels among patients with
BTT, while urea and uric acid levels did not differ signifi-
cantly compared to controls. Ferritin levels were significantly
higher in BTT patients than in controls but remained lower
than those observed in BTM patients. Notably, a negative
correlation was identified between ferritin and creatinine lev-
els in BTT patients, despite both being elevated compared to
controls. Ferritin, a key indicator of iron storage, reflects iron
overload and is commonly linked to kidney dysfunction, es-
pecially in transfusion-dependent BTM cases. The potential
role of ferritin in sequestering excess iron may offer a degree of
protection to renal and other tissues from iron-induced tox-
icity. This protective mechanism may partially explain the
observed inverse correlation between ferritin and creatinine
levels. However, the dual role of ferritin, as both a marker
of iron burden and a possible protective agent, requires fur-
ther investigation to clarify its implications in renal function
within the context of thalassemia.

Similarly, Bhowad et al. reported a significant negative cor-
relation between ferritin and creatinine levels in patients with
BTM and thalassemia intermedia, suggesting that higher fer-
ritin levels may not directly reflect renal impairment in these
cases [24]. This inconsistent correlation challenges the con-
ventional view of ferritin as a straightforward indicator of
kidney dysfunction. The relationship between ferritin and
renal function in beta-thalassemia appears to be more nu-
anced than a simple linear association. Moderately elevated
ferritin levels may exert a protective effect by safely storing
excess iron, potentially contributing to lower creatinine lev-
els and mitigating renal damage. However, once ferritin ex-
ceeds a certain threshold, it may instead reflect significant
iron overload, leading to oxidative stress and subsequent kid-
ney injury, as evidenced by elevated creatinine levels. These
findings suggest a threshold-dependent dual role of ferritin in
renal pathophysiology among beta-thalassemia patients, war-
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ranting further investigation.

The complicated relationship here highlights the need
for a more careful understanding of iron markers in beta-
thalassaemia, especially in research with more participants.
Identifying a potential inflection point in the correlation be-
tween ferritin and creatinine could yield valuable insights for
clinical management.

As with any study, we must acknowledge several limita-
tions. While creatinine clearance provides a more accurate
assessment of renal function than serum creatinine alone, the
practical challenge of obtaining timed urine samples from chil-
dren restricted this study to serum-based measurements. Ad-
ditional limitations include the narrow age range (2–12 years)
and the inclusion of only male participants.

CONCLUSION

Pediatric male patients with BTM showed significant el-
evations in ALP, AST, ALT, TBIL, DBIL, urea, uric acid,
creatinine, and ferritin levels, indicating multi-organ involve-
ment. In contrast, patients with BTT exhibited subclinical
increases in ALT, total and direct bilirubin, creatinine, and
ferritin. The positive correlation between ferritin and ALP in
BTM patients suggests potential hepatic iron toxicity. Con-
versely, the inverse correlation between ferritin and creatinine
in BTT patients may reflect a protective compensatory mech-
anism, wherein excess iron is sequestered in ferritin to reduce
free iron toxicity. However, this remains a hypothesis requir-
ing further investigation. These findings highlight the need
for regular hepatic and renal function monitoring in BTT
cases. Future longitudinal studies should also establish fer-
ritin thresholds to differentiate between protective and toxic
effects.
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