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Plain English Summary

Patients with thalassemia major, a serious inherited blood disorder, require regular blood transfusions
to survive. A side effect of these transfusions is iron overload, where too much iron builds up in the
body, particularly in the liver. This can cause liver scarring (fibrosis) and fatty liver (steatosis). Our study
used a quick, painless, and non-invasive test called transient elastography (FibroScan) to measure liver
scarring and fat in 80 thalassemia patients. We found that nearly one-third of patients had significant
liver scarring. Higher levels of liver enzymes and ferritin (a blood marker of iron stores) were strongly
linked to more severe scarring. In contrast, fatty liver was less common and was not linked to the
patient's body weight or iron levels. This suggests that in thalassemia patients, liver damage is primarily
driven by iron overload. We recommend using FibroScan regularly alongside blood tests to monitor liver
health in these patients, allowing for earlier intervention.
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Introduction

Thalassemia major (TM) is a hereditary
hemoglobinopathy characterised by defective
synthesis of the beta-globin chain, necessitating
lifelong regular blood transfusions for survival (1).
A paramount consequence of this therapy is
chronic iron overload, as the human body lacks
an active mechanism to excrete excess iron. The
liver, a primary site for iron storage, is particularly
vulnerable, leading to oxidative stress,
hepatocyte injury, and inflammation, which can
progress to fibrosis and ultimately cirrhosis (2).
The early detection of liver injury is critical for
preventing irreversible damage. Serum alanine
transaminase (ALT) and aspartate transaminase
(AST) are established biochemical markers of
hepatocellular injury, often elevating before
clinical signs of liver dysfunction become
apparent (3). Furthermore, hepatic steatosis, the
accumulation of fat in the liver, has been reported
in TM patients at a young age, potentially
independent of iron overload and linked to
metabolic alterations and body composition
changes resulting from chronic anaemia and
sedentary lifestyle (4).

Historically, liver biopsy was the gold standard for
assessing fibrosis and steatosis, but its invasive
nature, sampling error, and procedural risks limit
its utility for routine monitoring. The advent of
transient elastography (TE) has revolutionised
the non-invasive assessment of liver disease. TE
simultaneously measures liver stiffness, a
surrogate for fibrosis, and the controlled
attenuation parameter (CAP), a quantitative
measure of steatosis, with high reproducibility
(5).

While data on liver complications in TM patients
from Western and some Asian countries exist,
such studies are scarce from the Iraqgi population.
This study, therefore, aimed to evaluate the
prevalence and severity of hepatic steatosis and
fibrosis in Iraqgi patients with TM using TE and to
investigate their correlations with serum ferritin,
liver enzymes (ALT, AST), and body mass index
(BMI).

Materials and Methods

Study Design and Population

A cross-sectional study was conducted over six
months (January to June 2024) at the
Thalassemia Centre of Al-Zahraa Teaching
Hospital in Najaf, Iraq. A total of 80 patients with
a confirmed diagnosis of beta-thalassemia major,
established via  high-performance liquid
chromatography (HPLC), and aged 12 years or
older, were enrolled. Participants were recruited
consecutively during their routine follow-up visits.
The exclusion criteria were designed to minimise
confounding factors and included: a history of
chronic viral hepatitis (B or C), autoimmune liver

diseases, other haematological disorders (e.g.,
sickle cell disease), diabetes mellitus, active
systemic infections, febrile iliness at the time of
assessment, and pregnancy.

Data and Sample Collection

Demographic and clinical data, including age,
sex, and type of iron chelation therapy, were
recorded. The height and weight of each
participant were measured to calculate the body
mass index (BMI) as weight in kilograms divided
by height in meters squared (kg/m?). A 5 mL
venous blood sample was drawn from each
participant. Serum was separated and analysed
for ALT, AST (using an enzymatic colourimetric
method on a Monarch 240 analyser, Biorex
Diagnostics, UK), and ferritin (measured by
chemiluminescent immunoassay on a Mindray
CL900i analyser, China).

Transient Elastography Assessment

All participants underwent transient elastography
(TE) using the FT100 Mini560/800 Shear Wave
Quantification Ultrasound Diagnostic System.
The procedure was performed by a certified
gastroenterology and hepatology specialist. With
the patient in a supine position and the right arm
in maximal abduction, the probe was placed on
the skin over the right lobe of the liver. Ten valid
measurements were obtained for each patient,
and the median value was recorded.

Liver stiffness measurement (LSM) was reported
in kilopascals (kPa) and interpreted for fibrosis
staging as follows (6):

FO-F1: No or minimal fibrosis (2 — 7.0 kPa)

F2: Moderate fibrosis (7.1 — 9.4 kPa)

F3: Significant fibrosis (9.5 — 14.4 kPa)

F4: Cirrhosis (214.5 kPa)

For analysis, patients were categorized into two
groups: no/mild fibrosis (F0-F2) and significant
fibrosis (F3-F4).

Steatosis was graded using the controlled
attenuation parameter (CAP) measured in dB/m,
as follows (7):

S0: No steatosis (<248 dB/m)

S1: Mild steatosis (248 — 267 dB/m)

S2: Moderate steatosis (268 — 279 dB/m)

S3: Severe steatosis (=280 dB/m)

Statistical Analysis

Data were analysed using SPSS Statistics
version 30 (IBM Corp., USA). Continuous
variables were expressed as mean * standard
deviation (SD), and categorical variables as
frequencies and percentages. The association
between continuous variables (e.g., liver
enzymes, ferritin, BMI) and ordinal outcomes
(fibrosis stage, steatosis grade) was assessed
using Spearman's rank correlation coefficient (p).
Binary logistic regression was used to evaluate
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the predictive value of liver enzymes for
significant fibrosis (F3-F4). A p-value of less than
0.05 was considered statistically significant.

Results

Baseline Characteristics of the Study Population
A total of 80 TM patients were studied, with a
mean age of 22 + 6.3 years and a near-equal
gender distribution (51.2% male, 48.8% female).

The cohort had a low mean BMI of 20.5 + 3.0
kg/m?, indicative of a generally thin population.
Most patients (60%) were on oral iron chelation
therapy. Mean serum ALT and AST levels were
elevated at 35.7 + 29.4 U/L and 45.4 + 30.8 U/L,
respectively. Serum ferritin  was markedly
elevated in all participants, with a mean of 3292
+ 2515 ng/mL (Table 1).

Table 1: Baseline Characteristics of the Study Participants (n=80)

Variable

Value

Age (Years)
BMI (kg/m?)
Sex

Male

Female

Iron Chelation
Oral
Intravenous
Combined
Ferritin (ng/mL)
ALT (U/L)

AST (U/L)

22+6.3
205+ 3.0
n (%)

41 (51.2%)
39 (48.8%)
n (%)
48 (60.0%)
27 (33.8%)
5 (6.3%)
3292 + 2515
3571294
454 + 30.8

Prevalence of Hepatic Fibrosis and Steatosis

Assessment by TE revealed that 67.5% of
participants had no or mild fibrosis (FO-F2), while
32.5% had significant fibrosis (F3-F4), as

detailed in Table 2 and illustrated in Figure 1. The
distribution of fibrosis stages was: F0-F1: 46.3%,
F2:21.3%, F3: 26.3%, and F4: 6.3%.

Table 2: Distribution of Hepatic Fibrosis Stages (n=80)

Fibrosis Stage (TE)

Frequency Percentage

FO-F1

F2

F3

F4

No/Mild Fibrosis (FO-F2)
Significant Fibrosis (F3-F4)

37 46.30%
17 21.30%
21 26.30%
5 6.30%
54 67.50%
26 32.50%

Fibrosis score

[

Frequency
8

FO-F1 F2

F3 F4

Fibrosis score

Figure 1: Bar chart showing the distribution of hepatic fibrosis stages among the study
participants

Regarding hepatic steatosis, most patients
(56.7%) had no or mild steatosis (S0-S1).
Moderate steatosis (S2) was present in 34.6% of

patients, and severe steatosis (S3) was found in
8.6% (Table 3, Figure 2).
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Table 3: Distribution of Hepatic Steatosis Grades (n=80)

Steatosis Grade (CAP) Frequency Percentage
SO0 (None) 7 8.60%
S1 (Mild) 38 48.10%
S2 (Moderate) 28 34.60%
S3 (Severe) 7 8.60%

8

Frequency
B

Mo steatosis

Mild steatosis

Steatosis

Severe steatosis

Moderate steatosis
Steatosis

Figure 2: Bar chart showing the distribution of hepatic steatosis grades among the study
participants

Correlations with Liver Enzymes, Ferritin, and
BMI

A key finding was the strong positive correlation
between liver enzyme levels and the severity of

ALT and AST

hepatic fibrosis. Both ALT and AST
demonstrated statistically significant correlations
with fibrosis stage (p<0.001 for both), as shown
in Figure 3.

— LT
— AST

Mo-Mild fibrosis
Fibrosis

Significant fibrosis

Figure 3: Scatter plots illustrating the positive correlation between (A) ALT levels and liver
fibrosis stage, and (B) AST levels and liver fibrosis stage

In contrast, no significant correlation was found
between either ALT (p=0.275) or AST (p=0.375)
and hepatic steatosis grade.

Serum ferritin levels showed a significant positive
correlation with the degree of liver fibrosis
(p=0.012). Patients with significant fibrosis (F3-
F4) had markedly higher ferritin levels compared
to those with no/mild fibrosis. However, ferritin
was not significantly associated with hepatic
steatosis (p=0.323).
Body mass index (BMI) demonstrated no
significant correlation with either hepatic
steatosis (p=0.835) or fibrosis (p=0.193).
Furthermore, no significant association was
found between hepatic steatosis and liver fibrosis
stage (p=0.151).

Discussion

This  cross-sectional study provides a
comprehensive assessment of liver health in Iraqi
patients with TM, using the non-invasive transient

elastography. Our findings indicate that
significant liver fibrosis is prevalent in a
substantial proportion (32.5%) of patients,

underscoring the persistent burden of iron-
overload-related hepatotoxicity despite chelation
therapy. Conversely, severe steatosis was less
common, affecting only 8.6% of the cohort.

The prevalence of significant fibrosis in our study
aligns closely with reports from ltalian cohorts by
Ferraioli et al. (33.6%) and Fraquelli et al. (35%)
(8, 9). This consistency across different
populations highlights the universal challenge of
managing iron-induced liver damage in TM. The
lower prevalence of significant fibrosis (32.5%)
compared to the 60% reported by Al-Khabori et
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al. (10) could be attributed to differences in
chelation regimens, genetic factors, or the
exclusion of diabetic patients in our study, which
removed a key driver of progressive liver
disease.

The strong, statistically significant correlations
between ALT, AST, and fibrosis severity are a
central finding of our research. This aligns with
previous studies by Khan et al. and Ferraioli et
al., reinforcing the role of these enzymes as
accessible, non-invasive  biomarkers  for
predicting fibrotic progression in TM patients (8,
11). Similarly, the significant association between
elevated serum ferritin and advanced fibrosis is
consistent with the pathophysiological
understanding of iron-mediated hepatotoxicity
and is supported by the work of Ali et al. and
Khan et al. (3, 12). This confirms that ferritin
remains a crucial indirect marker for monitoring
the risk of iron-overload-related organ damage.
Interestingly, our study found no significant
association between BMI and either hepatic
steatosis or fibrosis. This contrasts with studies
in the general population, where BMI is a key risk
factor for metabolic dysfunction-associated
steatotic liver disease (MASLD). This
discrepancy can be explained by the unique body
composition of TM patients, who often have low
muscle mass and altered fat distribution due to
chronic anaemia and endocrinopathies, meaning
a normal BMI may mask underlying metabolic
imbalances (4). The lack of correlation between
steatosis and fibrosis further suggests that in TM,
the primary driver of liver fibrosis is iron overload
rather than steatosis-related inflammatory
pathways.

Study Limitations and Future Directions

This study has several limitations. Its cross-
sectional design allows for the identification of
associations but not causal relationships. The
sample size, while adequate for initial
assessment, limits the power for more complex
multivariate  analyses. The absence of
histological confirmation, while ethically and
practically justified for a monitoring study, means
the TE findings are not validated against the
traditional gold standard. Furthermore, we did not
assess other potential contributors to liver
disease, such as hepatitis status via PCR or
genetic factors.

Future prospective, longitudinal studies with
larger cohorts are warranted to validate the
predictive value of ALT/AST and ferritin for
fibrosis progression. Incorporating additional
biomarkers and advanced imaging techniques
could provide a more holistic view of liver health
in TM patients.

Conclusion

In patients with thalassemia major, elevated liver
enzyme levels and serum ferritin are significantly
associated with the severity of liver fibrosis, as
assessed by transient elastography. Hepatic
steatosis is present but less severe and not
correlated with BMI or iron overload in this cohort.
These findings underscore that the primary
hepatotoxic driver in TM is iron overload. The
integration of transient elastography into routine
clinical practice, complemented by vigilant
monitoring of liver enzymes and ferritin, provides
a powerful, non-invasive strategy for the early
detection and management of hepatic
complications, ultimately aiming to improve long-
term outcomes for these patients.
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