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Iron overload correlates with serum liver fibrotic
markers and liver dysfunction: Potential
new methods to predict iron overload-related
liver fibrosis in thalassemia patients
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Chunlan Yu1, Kaiqi Sun3, Yongrong Lai1 and Yang Xia3

Abstract
Background: Early detection of liver fibrosis in thalassemia patients and rapid initiation of treatment to interfere with its

progression are extremely important.

Objective: This study aimed to find a sensitive, easy-to-detect and noninvasive method other than liver biopsy for early

detection of liver fibrosis in thalassemia patients.

Methods: A total of 244 Chinese Thalassemia patients with non-transfusion-dependent thalassemia (NTDT, n¼ 105) or

thalassemia major (TM, n¼ 139) and 120 healthy individuals were recruited into the present study, and blood collagen

type IV (C IV), precollagen type III (PIIINPC) and hyaluronic acid (HA), aspartate aminotransferase (AST), alanine amino-

transferase (ALT) and ferritin were measured. Liver iron concentration was determined by MRI. The correlation of serum

markers with liver iron load and liver function was evaluated.

Results: Serum C IV, PIIINPC and HA were significantly elevated in Chinese patients with NTDT and further elevated in TM

patients. Moreover, C IV, PIIINPC and HA were also positively correlated to serum ferritin and liver iron concentration and

further elevated during the progression to multi-organ damage in NTDT patients. Finally, serum ferritin and liver iron

concentration were significantly correlated with liver dysfunction determined by AST and ALT.

Conclusion: Taken together, our results indicate that monitoring serum C IV, PIIINPC and HA is a potentially sensitive method

to predict the risks for iron overload-related liver fibrosis in Chinese thalassemia patients.

Keywords
Liver fibrosis, thalassemia, markers, iron, Chinese

Received: 19 December 2015; accepted: 3 April 2016

Introduction

Thalassemia is a genetic disease causing failure to
produce red blood cells resulting in transfusion require-
ment from an early age in its severe form (thalassemia
major) or anemia without transfusion requirement
(thalassemia intermedia).1,2 As a result of hepatitis
virus C (HCV) infection3,4 or iron overload,5 patients
with thalassemia often develop liver fibrosis, a
life-threatening complication resulting from excessive
accumulation of extracellular matrix without effective
treatments.6,7 Therefore, early prediction of hepatic
fibrosis is critical for thalassemia patients. The invasive
nature and associated serious complications of the
current diagnostic gold standard,8,9 liver biopsy, have
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raised the demand for less-invasive methods for the
evaluation of iron load in the liver. Imaging techniques
such as transient elastography, real-time tissue elasto-
graphy, and magnetic resonance elastography can
reveal liver fibrosis, but usually at its later stages.
Therefore, it is imperative to identify biomarkers for
the prediction of iron overload-related liver fibrosis,
which is crucial for timely treatment of liver fibrosis
and prevention of its progression.

Some serum biomarkers including collagen type IV
(C IV), precollagen type III (PIIINP), and hyaluronic
acid (HA) have been used for the evaluation of liver
fibrosis in patients with chronic hepatitis B,10 chronic
HCV11–13 and alcoholic liver disease.14–16 Two small
pilot studies suggest that HA and PIIINP positively
correlate with iron overload in Chinese thalassemia
patients.17,18 These findings raise an intriguing possibil-
ity that liver iron overload and liver function are likely
correlated with serum markers of liver fibrosis. To test
this hypothesis, 244 Chinese thalassemia patients with-
out hepatitis B or C infections were recruited, and
serum levels of C IV, PIIINP and HA as well as
liver function (alanine aminotransferase (ALT) and
aspartate aminotransferase (AST)) were determined.
Additionally, the liver iron load and serum ferritin
(SF) concentration were also measured in these
patients. Finally, the correlation among serum bio-
markers, liver iron concentration (LIC) and liver func-
tion was evaluated to determine whether these three
serum biomarkers are correlated with iron overload
and liver dysfunction in Chinese thalassemia patients.
Our findings lay the groundwork for the potentially
noninvasive early detection of iron overload-related
liver fibrosis in thalassemia patients.

Materials and methods

Participants

The study protocol conformed to the Declaration of
Helsinki and was approved by the Medical Ethics
Committee of the First Affiliated Hospital of Guangxi
Medical University. All participants, or their legal
guardians if individuals were under 18, gave written
informed consent.

Patients newly diagnosed and treated in our medical
center for non-transfusion-dependent thalassemia
(NTDT) or thalassemia major were prospectively and
consecutively enrolled between November 2010 and
November 2013. Patients (n¼ 256) were diagnosed
based on hemoglobin electrophoresis and genetic and
clinical analysis of thalassemia.19–21 Patients with indi-
cators of hepatic or renal impairment, HbS variants,
systemic diseases or a history of hepatitis B or C virus
infection were excluded (n¼ 12).

The following criteria were used to determine
whether TM patients were well-chelated:22,23

(i) patients received chelation therapy after the first
10–20U of transfusions or when the SF was higher
than 1000 ng/ml; (ii) patients received the treatment
with chelator deferoxamine (DFO) at 20–40mg/kg/
day (children) or 50–60mg/kg/day (adults), chelator
deferiprone (DFP) at 75mg/kg/day (adults or children)
or chelator deferasirox (DFX) at 20–40mg/kg/day
(adults or children) for at least five days weekly; and
(iii) patients showed �90% adherence to the instruc-
tions on chelation therapy provided by hematologists.

Healthy age-matched controls receiving routine
physical examination (n¼ 120) were consecutively
recruited from the outpatient center of the First
Affiliated Hospital of Guangxi Medical University.
Physical examinations, including routine blood test,
detection of liver and kidney function and SF, and
hemoglobin electrophoresis, showed normal results
and they had no history of hepatitis B or C virus infec-
tion (Figure 1 and Table 1).

Measurements

Blood (5ml) was collected from all participants after
12-hour fasting and the serum levels of C IV, PIIINP,
HA, ALT, AST and SF were measured. C IV, PIIINP,
and HA were determined using a commercially avail-
able time-resolved fluoroimmunoassay (Beijing North
Institute of Biological Technology, Beijing, China).
Serum levels of ALT and AST were measured with an
automatic chemistry analyzer. SF was determined by
electro-chemiluminescence immunoassay (COBAS E
601, Roche, USA). All the blood samples processed
for measurement had no hemolysis.

Liver iron concentration (LIC) was measured by
magnetic resonance imaging (MRI) R2 in patients
older than 10 years who had no contraindications and
tolerated the procedure.24–27 MRI R2 was performed
using a 1.5-T MRI scanner (Siemens Magnetom
Avanto, Siemens Medical Systems, Erlangen,
Germany) as described previously.28 LIC was read cen-
trally using a validated MRI R2 technique (FerriScan;
Resonance Health Ltd, Claremont, WA, Australia) and
the MRI staff in this study received intensive on-site
training by liver MRI specialists from Resonance
Health Ltd.

Statistical analysis

Statistical analysis was performed with SPSS 16.0
(IBM, USA). Data are expressed as percentages,
median (range), or median (interquartile range, IQR)
as appropriate. Inter-group differences in continuous
variables were assessed using the Mann–Whitney
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U test. Since the three serum markers of liver fibrosis
showed abnormal distribution, bivariate Spearman
rank correlation analysis was used for the evaluation
of possible correlations. A value of two-sided p less
than 0.05 was considered statistically significant.

Results

Cohort characteristics

During the study period, 256 patients were diagnosed
with NTDT or TM at our medical center; 12 were

256 patients diagnosed with TM or NTDT by
based on hemoglobin electrophoresis, genetic
analysis of thalassemia and clinical
manifestations of thalassemia

Excluded, n=12
Patients with indicators of hepatic or renal
impairment, HbS variants of thalassemia
syndromes, systemic diseases or a history of
infection with hepatitis B or C virus

139 TM patients, 105 NTDT patients 120 healthy controls biologically un-related to
the patients

12 hours fasting

Draw blood and detect C IV, HA, PIIINP,
serum frritin, ALT, AST

Detect liver iron concentration (LIC)

Subjects under age 10 and/or have
contraindications to MRI excluded

Figure 1. Flowchart of participant enrollment.

TM: thalassemia major; NTDT: non-transfusion-dependent thalassemia; HA: hyaluronic acid, ng/ml; PIIINP: precollagen type III, ng/ml;

C IV: collagen type IV, ng/ml; ALT: alanine aminotransferase; AST: aspartate aminotransferase; MRI: magnetic resonance imaging.

Table 1. Demographic characteristics in healthy Chinese controls

and Chinese patients with non-transfusion-dependent thalassemia

(NTDT) or thalassemia major (TM)

Parameters

NTDTa

(n¼ 105)

TM

(n¼ 139)

Controls

(n¼ 120)

Age (years),

median (range)

24.0 (10–63) 8.0 (3–49) 21.5 (5–61)

Male, n (%) 61 (58.1) 81 (58.3) 71 (59.2)

Age group

(years), n (%)

<11 5 (4.8) 93 (66.9) 8 (6.7)

11–20 39 (37.1) 43 (31.0) 38 (31.7)

20–30 33 (31.4) 2 (1.4) 43 (35.8)

>30 28 (26.7) 1 (0.7) 31 (25.8)

Hepatomegaly,

n (%)

31 (29.5) 42 (30.2) –

Splenomegaly,

n (%)

34 (32.4) 32 (23.0) –

Splenectomized,

n (%)

47 (44.8) 26 (18.7) –

Chelation

therapy, n (%)

–

DFO 9 (8.6) 36 (25.9) –

DFP 8 (7.6) 24 (17.3) –

DFOþDFP/DFX 7 (6.7) 77 (55.4) –

None 81 (77.1) 2 (1.4) –

Transfusion

volume (U),

median (IQR)

1.5 (0.0–27.5) 89.0 (12.0–456.0) –

(continued)

Table 1. Continued

Parameters

NTDTa

(n¼ 105)

TM

(n¼ 139)

Controls

(n¼ 120)

Serum ferritin

(ng/ml),

median (range)

1085 (36–19704) 4519 (121–14724) –

Serum ferritin

category

(ng/ml), n (%)

–

<1000 50 (47.6) 9 (6.5) –

1000–2500 41 (39.0) 24 (17.3) –

>2500 14 (13.4) 106 (76.2) –

aOf 105 patients with NTDT, 62 were diagnosed with hemoglobin H (HbH)

disease, 13 with hemoglobin E (HbE)/b-thalassemia and 30 with b thalas-

semia intermedia. DFO: deferoxamine; DFP: deferiprone; DFX: deferasirox;

IQR: interquartile range.
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excluded because of history of hepatitis B or HCV
infection. The remaining 244 patients were included
for final analysis. There were 105 patients with
NTDT (61 males; median age, 24 years; age range,
10–63 years) and 139 patients with TM (81 males;
median age, 8 years; age range, 3–49 years). The most
prevalent forms of NTDT worldwide are hemoglobin H
(HbH) disease, hemoglobin E (HbE)/b-thalassemia,
and b thalassemia intermedia.29 In this study, there
were 62 patients diagnosed with HbH disease, 13
with HbE/b-thalassemia and 30 with b thalassemia
intermedia (Table 1). NTDT patients received no
or only occasional blood transfusions. A small
portion of patients required transfusions because of
growth failure, pregnancy, infections or other specific
situations. All TM patients were transfusion dependent,
and 98.6% of them had a history of iron-chelation
therapy. Only three patients with TM (2.2%) were
well chelated based on the standard criteria in the pre-
sent study.

There were 120 healthy individuals in the control
group (71 males; median age, 23.5 years; age range,
5–61 years) who were not biologically related to the
patients (Figure 1 and Table 1).

Serum fibrotic markers are significantly
elevated in NTDT patients and further
elevated in TM patients

In NTDT patients, the serum levels of C IV, HA
and AST were significantly increased when
compared with healthy individuals (p< 0.05), while
there were no significant differences between NTDT
patients and healthy controls in PIIINP or ALT
levels (p> 0.05). However, the serum levels of C IV,
PIIINP, HA, ALT and AST were significantly higher
in TM patients as compared with NTDT patients
(Table 2), implicating that serum fibrotic bio-
markers are associated with the severity of liver
dysfunction in TM.

More NTDT and TM patients display elevated
serum levels of C IV, PIIINP and HA as compared
with healthy controls

The percentage of NTDT and TM patients with ele-
vated serum levels of fibrotic biomarkers was com-
pared. Results showed 48 of 105 (45.7%) NTDT
patients and 121 of 139 (87.1%) TM patients had sig-
nificantly higher serum C IV than controls did.
Specifically, more TM patients had a high serum C
IV than did NTDT patients (p< 0.001) (Figure 2).
Moreover, 34 of 105 (32.4%) NTDT patients and 99
of 139 (71.2%) TM patients had elevated HA. Similar
to C IV, more TM patients had a high serum HA than
did NTDT patients (p< 0.001) (Figure 2). Additionally,
14 of 105 (13.3%) NTDT patients and 26 of 139
(18.7%) TM patients had elevated serum PIIINP, but
there was no significant difference in the proportion of
patients with elevated serum PIIINP between the two
groups (p¼ 0.262) (Figure 2). Thus, our study impli-
cates that serum C IV and HA might be more sensitive
to predict the severity of thalassemia than serum
PIINP. Of note, approximately 13–33% of NTDT

Table 2. Serum levels of liver fibrotic markers and liver functional enzymes (median, range) in healthy Chinese controls and Chinese

patients with non-transfusion-dependent thalassemia (NTDT) or thalassemia major (TM)

Groups

C IV

(ng/ml)

PIIINP

(ng/ml)

HA

(ng/ml)

ALT

(U/l)

AST

(U/l)

NC (n¼ 120) 30 (6–92) 0.5 (0.0–12.5) 11 (0–70) 16 (6–51) 20 (13–36)

NTDT (n¼ 105) 60 (9–252)a 0.9 (0.0–53.4) 20 (0–679)a 18 (5–120) 28 (11–119)a

TM (n¼ 139) 74 (52–157)b,c 2.9 (0.0–94.7)b,c 66 (8–864)b,c 41 (8–282)b,c 42 (17–177)b,c

NC: normal control; NTDT: non-transfusion-dependent thalassemia; TM: thalassemia major. HA: hyaluronic acid; PIIINP: precollagen type III; C IV: collagen

type IV. ap< 0.05 vs NC; bp< 0.05 vs NC; cp< 0.05 vs NTDT.

100 p<0.001

p=0.262

p<0.001

NTDT TM
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Figure 2. Comparison of the percentage of NTDT and TM patients

with elevated levels of serum fibrotic biomarkers.

NTDT: non-transfusion-dependent thalassemia; TM: thalassemia

major; HA: hyaluronic acid, ng/ml; PIIINP: precollagen type III,

ng/ml; C IV: collagen type IV, ng/ml; ALT: alanine aminotransferase;

AST: aspartate aminotransferase.
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patients and around 18–87% of TM patients had
higher serum levels of circulating fibrotic biomarkers
than did the controls.

SF levels are elevated in NTDT and TM patients
and positively correlated with serum liver fibrotic
markers and liver function

In NTDT patients, the median SF was 1085ng/ml
(range, 36–9704ng/ml); 94 patients (89.5%) had SF
greater than 300 ng/ml, while 55 (52.4%) had SF greater
than 1000ng/ml. In TM patients, the median SF was
4519ng/ml (range, 121–14,724ng/ml); 136 patients
(97.8%) had SF greater than 300ng/ml, while 106
(76.2%) had SF greater than 2500ng/ml. SF showed a
significantly positive correlation with serum C IV
(R¼ 0.194, p¼ 0.002), PIIINP (R¼ 0.183, p¼ 0.004)

and HA (R¼ 0.435, p< 0.001; Figures 3(a)–(c)). In add-
ition, SF was also positively correlated with ALT
(R¼ 0.681, p< 0.001) and AST (R¼ 0.565, p< 0.001;
Figures 4(a) and (b)). Overall, SF was significantly ele-
vated in NTDT patients and further elevated in TM
patients as compared with the controls. Moreover, SF
was positively correlated to serum fibrotic biomarkers
and liver function.

LIC was elevated and positively correlated with
serum liver fibrotic markers and liver function
in NTDT and TM patients

LIC was measured in 140 patients, including 105
NTDT patients and 35 (25%) TM patients. Among
NTDT patients, median LIC was 9.9mg Fe/g dry
weight (range, 0.6–43mg Fe/g dw); 60 patients
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Figure 3. Serum ferritin levels and liver iron concentration was elevated and positively correlated with levels of serum liver fibrotic

markers in NTDT and TM patients.

NTDT: non-transfusion-dependent thalassemia; TM: thalassemia major; LIC: liver iron concentration, mg Fe/g dry weight (dw).

98 United European Gastroenterology Journal 5(1)



(57.1%) had LIC of at least 7mg Fe/g dw, while 31
(29.5%) had LIC greater than 15mg Fe/g dw. Among
TM patients, the median LIC was 42.2mg Fe/g dw
(range, 8.4–43mg Fe/g dw), and all but one patient
had LIC greater than 15mg Fe/g dw. Moreover, LIC
positively correlated with serum levels of C IV
(R¼ 0.175, p¼ 0.039), PIIINP (R¼ 0.334, p< 0.001)
and HA (R¼ 0.528, p< 0.001; Figures 3(d)–(f)).
Moreover, LIC was also positively related to ALT
(R¼ 0.693, p< 0.001) and AST (R¼ 0.604, p< 0.001;
Figures 4(c) and (d)). Taken together, LIC is signifi-
cantly elevated in NTDT and TM patients and posi-
tively correlated with serum levels of fibrotic
biomarkers and liver function.

Hepatomegaly, splenomegaly or splenectomized
(HSS) affects iron overload, serum fibrotic marker
levels and liver function in NTDT patients but not
in TM patients

As shown above, serum fibrotic markers were elevated
in NTDT patients as compared with controls and fur-
ther elevated in TM patients. Thalassemia patients may
develop multiple organ damage including HSS and liver
fibrosis. Then, whether three serum biomarkers, SF and
LCI were further elevated in patients with HSS as com-
pared with those without HSS (N-HSS) was further

investigated (Table 3). Results showed that NTDT
patients with HSS had higher levels of SF, LIC,
PIIINP and HA than did N-HSS NTDT patients
(p< 0.05). However, in TM patients, there were no dif-
ferences in these parameters between two groups
(p> 0.05). These results indicate that SF, LIC and
serum fibrotic biomarkers including PIINP and HA
are likely early biomarkers predicting the severity and
progression of thalassemia patients with NTDT.

Discussion

In this large cohort study, 244 Chinese thalassemia
patients and 120 controls were recruited, and results
demonstrated that 1) the serum levels of liver fibrotic
markers C IV, PIIINP and HA were significantly ele-
vated in NTDT and further increased in TM as com-
pared with controls; 2) serum levels of C IV, PIIINP
and HA are positively correlated with SF, LIC and liver
function. Taken together, our findings provide evidence
that monitoring SF and LIC is a potentially sensitive
method for the prediction of iron overload-related
fibrosis in thalassemia patients.

Iron overload, which occurs in a substantial propor-
tion of thalassemia patients because of increases in
gastrointestinal iron absorption30–32 and/or repeated
transfusions,33 reflects iron accumulation in the heart,
liver and endocrine glands, and can lead to cardiac
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Figure 4. Liver iron concentration was elevated and positively correlated with levels of liver functional enzymes in NTDT and TM patients.

NTDT: non-transfusion-dependent thalassemia; TM: thalassemia major; ALT: alanine aminotransferase; AST: aspartate aminotransferase.
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dysfunction, endocrine abnormalities and liver fibro-
sis.34–38 The gold standard for assessing liver fibrosis
is liver biopsy, which is costly and may cause serious
complications. Most NTDT patients in our study
showed iron overload, even though the median
amount of blood transfused was only 1.5 U before
enrollment. The iron overload in NTDT patients is
most likely due to increased intestinal absorption.
Among TM patients, the median amount of blood
transfused was 89.0 U prior to enrollment. The iron
overload in TM patients is likely due to repeated
blood transfusion and inadequate iron chelation ther-
apy. TM patients had more severe iron overload than
did NTDT patients, as evidenced by the baseline
median serum ferritin level of 4519 ng/ml in TM
patients and 1085 ng/ml in NTDT patients. This
severe iron overload in TM patients was consistent
with our previous results and supports our previous
findings that Chinese TM patients have poorer iron
chelation therapy than do Western patients, leading
to iron overload.39,40

Liver is the major organ for iron storage and metab-
olism and can be greatly affected by iron-induced tox-
icity. Liver iron accumulation can cause lipid
peroxidation, which compromises the organelle integ-
rity, thereby contributing to hepatocyte necrosis and
apoptosis, and eventually leads to hepatic fibrogen-
esis.41,42 Iron can also facilitate the differentiation of
hepatic stellate cells into collagen-producing myofibro-
blasts, which directly causes fibrosis.43,44 Liver fibrosis
results most often from iron overload or hepatitis B or
HCV infection.6,7,13 In patients with hepatitis virus
infection, several studies have confirmed the role of
serum biomarkers for assessing and predicting liver
fibrosis. Whether these serum markers correlate with
iron overload in thalassemia patients is still poorly
understood. In this study, any subject who had a his-
tory of hepatitis B or C virus infection was excluded,

and C IV, PIIINP and HA were employed as serum
markers of liver fibrosis. Together with YKL-40 and
laminin, these macromolecules are perhaps the most
extensively studied and most clinically relevant compo-
nents of the extracellular matrix (ECM).3–5,14,15,45–47 C
IV mainly localizes in the basement membrane of the
liver, particularly in the perivascular and peribiliary
regions. Serum C IV increases as the basement mem-
brane is destroyed during fibrogenesis. PIIINP is
cleaved from the amino-terminal end of procollagen
III during its secretion by fibroblasts; serum PIIINP
increases rapidly in the early phase of hepatic fibrosis
but slowly elevates at later stages. Thus, PIIINP may be
used as an early indicator of liver fibrosis. HA, a prin-
cipal component of ECM, is a glycosaminoglycan pro-
duced by the hepatic stellate cells and degraded by the
sinusoidal endothelial cells.48 Thus, elevated serum HA
may reflect endothelial dysfunction associated with
fibrosis progression. However, none of these serum
markers is perfect for the evaluation of liver fibrosis.
Thus, it is possible that a combination of these markers
can serve as a highly sensitive indicator of liver
fibrogenesis.

Findings in the present study confirmed our pre-
vious findings that serum liver fibrotic biomarkers
were significantly elevated in TM patients.17 In add-
ition, a correlation of iron overload with serum
levels of HA and PIIINP was consistent with the find-
ing from a previous study with small sample size.17,18

However, no positive correlation of serum HA with
SF and LIC was observed in earlier reports.49,50 One
of the potential explanations is that earlier studies
included 20% and 68% of patients who were positive
for hepatitis C viral RNA in which results demon-
strated hepatitis C viral infection contributed to the
increased serum fibrotic markers. Since the individuals
in the present study were negative for hepatitis B and
HCV, our findings indicate that liver iron overload is

Table 3. The comparison of iron overload, liver fibrosis and liver function in HSS and N-HSS (median, range)

NTDT TM

HSS (n¼ 83) N-HSS (n¼ 22) p value HSS (n¼ 65) N-HSS (n¼ 74) p value

SF 1283 (188–19,704) 601 (36–1590) p< 0.05 4538 (559–12,500) 4305 (121–14,724) p> 0.05

LIC 11.4 (0.8–43.0) 5.8 (0.6–20.7) p< 0.05 41.2 (8.4–43.0) 42.4 (21.1–43.0) p> 0.05

C IV 60 (9–25) 63 (18–138) p> 0.05 74 (52–126) 73 (56–157) p> 0.05

PIIINP 1.3 (0.0–53.4) 0.3 (0.0–8.7) p< 0.05 3.3 (0.0–41.6) 2.9 (0.0–94.7) p> 0.05

HA 25 (0–679) 11 (0–137) p< 0.05 64 (10–258) 67 (8–864) p> 0.05

ALT 19 (5–120) 15 (9–58) p> 0.05 42 (14–282) 37 (8–232) p> 0.05

AST 28 (11–119) 26 (12–74) p> 0.05 42 (18–177) 42 (17–175) p> 0.05

NTDT: non-transfusion-dependent thalassemia; TM: thalassemia major; SF: ferritin, ng/ml; LIC: liver iron overload, mg Fe/g dw; HA: hyaluronic acid,

ng/ml; PIIINP: precollagen type III, ng/ml; C IV: collagen type IV, ng/ml; HSS: patients with history of hepatomegaly, splenomegaly or splenectomized;

N-HSS: patients who without history of hepatomegaly, splenomegaly or splenectomized; ALT: alanine aminotransferase; AST: aspartate aminotransferase.
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another major cause of liver fibrosis in thalassemia
patients.

In our study, both NTDT and TM patients had
higher serum levels of ALT or AST as compared with
healthy controls, which is related to liver iron overload
even in the absence of hepatitis. This finding was in
agreement with previous results.51,52 Ineffective hem-
atopoiesis of the bone marrow is often present in thal-
assemia patients and may cause extramedullary
hematopoiesis, resulting in clinical hepatomegaly and
splenomegaly. Under this condition, splenectomy is
the treatment of choice. After splenectomy, the
volume of blood transfused reduces, the half-life of
red blood cells increases and the symptoms of anemia
are also improved. In our study, the NTDT patients
with HSS had significant higher SF, LIC and serum
fibrotic markers as compared with those without
HSS. In contrast, no significant difference was observed
in TM patients with or without HSS. Because the dis-
ease in TM patients was much more severe than in
NTDT patients, the serum levels of fibrotic biomarkers,
SF and LIC in TM patients are elevated to higher levels
than in NTDT patients. These biomarkers in TM
patients without HSS already reached the levels
shown in TM with HSS. In contrast, in NTDT patients
without HSS, these biomarkers were still at low levels
and thus they further increased during the progression
from N-HSS to HSS in NTDT patients. Overall, these
findings strongly support our conclusion that SF level
and LIC are potential clinical parameters for early pre-
diction of liver fibrosis associated with liver iron over-
load in thalassemia patients.

Our results demonstrate in a large cohort of patients
without hepatitis virus infection that the serum levels of
three well-established markers of liver fibrosis are sig-
nificantly increased in NTDT patients and further
increased in TM patients, and they correlate well both
with SF level and LIC. Detection of serum biomarkers
of liver fibrosis is less invasive and less risky than the
standard liver biopsy. In addition, it may be performed
repeatedly, whereas results from biopsy reflect only a
static state of the tissues. Thus, this detection is cru-
cially important for the evaluation of liver fibrosis,
especially in the reversible phase, before progressing
to irreversible cirrhosis.53,54
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