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Introduction

Non-transfusion-dependent thalassemia (NTDT) is a spec-
trum of thalassemia that does not require regular lifelong 
transfusion for survival. This group of thalassemia may 
require occasional transfusions in special circumstances 
such as infection, pregnancy or growth retardation and may 
require more regular transfusions later in life due to com-
plications or splenomegaly [1, 2]. The NTDT group largely 
includes beta-thalassemia intermedia, hemoglobin (Hb) E/
beta-thalassemia, and Hb H and Hb H/Constant Spring (Hb 
H/CS) disease.

Although perceived as a milder form of thalassemia, 
NTDT has a different pathological mechanism which 
relates mainly to chronic hemolysis and hypoxia, and is 
associated with several complications that differ from those 
seen in transfusion-dependent thalassemia (TDT). These 
complications are extramedullary hematopoiesis, pulmo-
nary hypertension and thrombosis [3].

Iron overload is also one of the major complications in 
NTDT [4, 5]. The condition is mainly a result of increased 
gastrointestinal absorption from ineffective erythropoiesis 
which leads to iron deposit in the liver [6, 7]. Origa et al. 
showed that in thalassemia intermedia, iron accumulation 
was seen predominantly in hepatocytes and the serum fer-
ritin level was low when comparing to thalassemia major. 
This was associated with the low level of the iron-regulat-
ing hormone hepcidin in thalassemia intermedia [8]. Iron 
overload is associated with other complications therefore 
early detection and prompt treatment is needed [3].

Abstract In the present study, we sought to determine 
the prevalence of iron overload in patients with non-trans-
fusion-dependent thalassemia (NTDT) and its association 
with genotype and other clinical risk factors, and to evalu-
ate the correlation between serum ferritin (SF) and liver 
iron concentration (LIC). Myocardial and liver iron con-
centration was measured by MRI using a T2* gradient 
multi-echo sequence in NTDT patients, aged 10–50 years. 
Of 91 patients, 54 (59 %) had hepatic iron overload. None 
had cardiac iron overload. The clinical risk factors for 
hepatic iron overload were age >20 years (adjusted OR 
30.2, 95 % CI 4.5–203, p < 0.001), hemoglobin level <7 g/
dL (adjusted OR 6.3, 95 % CI 1.01–39.5, p = 0.049), and 
cumulative RBC transfusion >10 units (adjusted OR 53.6, 
95 % CI 3.2–884, p = 0.005). Beta-thalassemia genotype 
was associated with higher risk of iron overload by univari-
ate analysis, but the association was not significant when 
adjusted for other clinical factors. The correlation coeffi-
cient between SF and LIC was 0.60 (p < 0.001). In con-
clusion, the prevalence of hepatic iron overload is high 
in NTDT. Older age, lower hemoglobin level, and higher 
cumulative RBC transfusion are significant risk factors. SF 
and LIC show a significant positive correlation.
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In Thailand, the prevalence of all types of thalassemia 
is high. Especially unique in northern Thailand, the preva-
lence of Hb H and Hb H/CS disease is as high as 1:65 of 
general population [9]. Currently available data of com-
plications and iron overload are mostly derived from beta-
thalassemia. Recently, beta-thalassemia genotype was 
reported to be an independent risk factor for pulmonary 
hypertension in NTDT patients [10]. The proposed expla-
nation was the more severe phenotype of beta-thalassemia. 
The knowledge of the effect of alpha-thalassemia and beta-
thalassemia genotype on iron overload in NTDT is limited.

Thalassemia international federation (TIF) recommends 
that assessment of iron overload in NTDT patients be done 
by measurement of liver iron concentration (LIC) by mag-
netic resonance imaging (MRI) at 1–2 years interval [2]. 
Assessment of LIC is the gold standard for the quantifica-
tion of total body iron [11]. MRI measurement of LIC is 
preferred over a liver biopsy as it is non-invasive and can 
reduce sampling error in case of uneven iron accumulation. 
However, the method is costly and not widely available. 
Serial measurement of serum ferritin may be used for the 
assessment of iron overload in case that MRI is not availa-
ble. Previous studies have shown that the serum ferritin has 
a significant positive correlation with LIC as in TDT, but 
with a lower ratio of serum ferritin to LIC [12–14]. How-
ever, a study shows no significant correlation between LIC 
and serum ferritin in thalassemia intermedia [8].

This study aimed to determine the prevalence of iron 
overload and its correlation with genotype and other clini-
cal risk factors in patients with NTDT, and to study the 
correlation of serum ferritin and LIC as measured by MRI. 
The identified risk factors and serum ferritin level can be 
used to select the high-risk patients for MRI study where 
the resources are limited.

Patients and methods

This is a prospective cohort of NTDT patients, age 
10–50 years, who attended the Adult and Pediatric Hema-
tology clinics at Chiang Mai University Hospital from Sep-
tember 2013 to May 2014. NTDT was defined as thalas-
semia disease that received not more than 3 red blood cell 
transfusion per year in the past 5 years. Patients who had 
contraindications for MRI and patients with fever or active 
infections that may interfere with the blood test results 
were excluded. The study protocol was approved by the 
institutional research ethics committee. All patients and 
their parents in case of minorities gave written informed 
consent.

The medical records were reviewed for thalassemia 
diagnosis and genotypes, transfusion history, history of 
splenectomy, comorbidities, and the maximum ferritin level 

in the last 5 years. All patients were evaluated for complete 
blood counts, liver function tests, serum ferritin, and MRI 
for cardiac T2* and LIC.

Complete blood counts were performed using an auto-
mated hematological analyzer (Beckman Coulter AC.T 
5diff, Coulter Corp., Miami, FL, USA). Serum ferritin was 
measured by a chemiluminescent method (Roche Cobas 
E601, Roche Diagnostics, Germany) as per the manufac-
turer’s recommendation. Magnetic resonance acquisition 
was performed using a 1.5-T MR scanner (GE, HDxt, Mil-
waukee, WI, USA), used 8-channel body array as described 
previously [15]. For the measurements of myocardial and 
hepatic iron overload, a T2* gradient-echo multi-echo 
sequence was used. Both cardiac and hepatic T2* analysis 
and hepatic iron quantification were done on a workstation 
(Advantage Window 4.6, GE healthcare) using a commer-
cial analysis software (Star Map 4.0, GE Healthcare). Car-
diac iron overload was defined as cardiac T2* <20 ms and 
hepatic iron overload was defined as LIC ≥5 mg Fe/g dry 
weight.

Continuous data were reported as mean and standard 
deviation and categorical data were reported as frequency 
and percentage. The Chi-square test or Fisher’s EXACT 
test was used to compare between categorical variables and 
the Student’s t test was used to compare between continu-
ous variables as appropriate. Variables that were signifi-
cantly related with iron overload with the p value of less 
than 0.05 in the univariate analysis were entered into the 
multivariate analyses. Multivariate binary logistic regres-
sion analysis was used to identify the independent risk fac-
tors for hepatic iron overload. Odds ratios (OR) and 95 % 
confidence intervals (CI) were calculated for all associa-
tions that emerged. A p value of less than 0.05 was consid-
ered as statistically significant. The correlation coefficient 
between serum ferritin and LIC was examined. The predic-
tive model between serum ferritin and LIC was constructed 
using an exponential regression method, running a regres-
sion of logarithmic transformation of ferritin on the two-
parameter exponential function, yi = β1β

xi
2
+ ∈i. Statisti-

cal analysis was performed by Stata/IC 13.0 for windows 
(StataCorp LP, College Station, TX, USA).

Results

Ninety-one patients were included in this study. There 
were 33 (36.3 %) male patients. The mean age was 
24.6 ± 8.4 years. Fifty-four (59.3 %) patients had beta-
thalassemia disease and 37 (40.7 %) patients had alpha-
thalassemia disease. The subtype of thalassemia, the his-
tory of transfusion, splenectomy and iron chelation, the 
laboratory data, and the iron parameters are summarized in 
Table 1.
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Table 2 shows the clinical and laboratory characteristics 
of NTDT patients according to hepatic iron overload sta-
tus. The age, genotype, cumulative lifetime RBC transfu-
sion, previous splenectomy and Hb level were significantly 
different between the groups with and without hepatic iron 
overload. Serum alanine aminotransferase and ferritin lev-
els were also different.

The association of clinical and laboratory characteris-
tics and hepatic iron overload by univariate and multivari-
ate analysis are shown in Tables 3 and 4, respectively. By 
univariate analysis, the age ≥20 years, beta-thalassemia 
genotype, cumulative lifetime RBC transfusion ≥10 units, 
previous splenectomy and a Hb level <7 g/dL were signifi-
cantly associated with hepatic iron overload. By multivari-
ate analysis, only the age ≥20 years, cumulative lifetime 

RBC transfusion ≥10 units, and a Hb level <7 g/dL were 
significantly associated with hepatic iron overload.

Figure 1 shows a scatter plot between serum ferritin and 
LIC. The correlation coefficient (r) between serum ferritin 
and LIC was 0.60, p value <0.001. The predictive model 
was then adjusted by running a regression of logarithmic 
transformation of ferritin on the two-parameter exponential 
function. The coefficient of determination (R2) was 0.99, p 
value <0.001. The predicting value of ferritin was 547 ng/
mL for LIC of 5 mg Fe/g dry weight. The sensitivity, speci-
ficity, positive predictive value, negative predictive value 
and kappa analysis for percentage agreement was 92.7, 
91.7, 94.4, 89.2, and 92.31 %, respectively.

Discussion

The prevalence of hepatic iron overload as determined by 
LIC ≥5 mg Fe/g dry weight in NTDT patients from this 
study is high at 59 %. The prevalence is in agreement with 
a previous study in a large NTDT population by Taher et al. 
which reported a prevalence of 63.6 % [16]. The cut-off 
level of LIC ≥5 mg Fe/g dry weight for hepatic iron over-
load was used in this study according to the current recom-
mendation that iron chelation should be started when LIC 
is ≥5 mg Fe/g dry weight in patients with NTDT as iron-
related morbidities increase with the LIC level [2, 5, 17]. 
Our study also shows agreement with previous studies with 
the absence of cardiac iron overload, even in patients with 
high LIC level [18, 19].

From univariate analysis, genotype is a significant fac-
tor for hepatic iron overload. The prevalence of hepatic iron 
overload was 76 % in the beta-thalassemia group, 48 % in 
Hb H/CS disease and none in Hb H disease. The difference 
was not significant between the beta-thalassemia and Hb H/
CS disease groups, but was distinctly seen in Hb H disease 
that in this study the hepatic iron overload is absent. When 
adjusted with other risk factors, the genotype showed no 
significant effect. This is likely because the hepatic iron 
overload depends more on the disease severity, such as the 
Hb level and history of transfusion, than the genotype per 
se.

The identified significant risk factors for hepatic iron 
overload from our study were the age ≥20 years, Hb 
level <7 g/dL and the cumulative lifetime transfusion ≥10 
units. Our results confirm with several previous studies 
that serum ferritin and LIC increase with age [12, 20–22]. 
NTDT patients accumulate iron over time because of 
chronic hemolytic anemia and ineffective erythropoiesis 
leading to an increase in growth differentiation factor 15 
(GDF-15), hypoxia-inducible transcription factor (HIF), a 
decreased hepcidin and therefore increased gastrointestinal 
absorption and iron deposition in the liver [6, 23–25]. The 

Table 1  Clinical and laboratory characteristics of NTDT patients 
included in the study

CS Constant Spring, Hb hemoglobin, LIC liver iron concentration, 
RBC red blood cell

Characteristics NTDT patients (n = 91)

Age (years) 24.6 ± 8.4

Male gender (%) 33 (36.3 %)

Type of thalassemia (%)

 Hb E/beta-thalassemia 49 (53.8 %)

 Beta-thalassemia intermedia 5 (5.5 %)

 Hb H disease 13 (14.3 %)

 Hb H/CS disease 20 (22.0 %)

 Hb H/CS with Hb E trait 4 (4.4 %)

Cumulative lifetime RBC transfusion (%)

 None 22 (24.2 %)

 <10 units 36 (39.5 %)

 ≥10 units 33 (36.3 %)

Previous splenectomy (%) 27 (29.7 %)

Iron chelators (%)

 None 64 (70.3 %)

 Deferiprone 24 (26.4 %)

 Desferrioxamine 2 (2.2 %)

 Combined deferiprone and desferriox-
amine

1 (1.1 %)

Hb level (g/dL) 7.9 ± 1.3

ALT (U/L) 30 ± 27

Serum ferritin level (ng/mL) 767 ± 692

Maximum serum ferritin level in the past 
5 years (ng/mL)

1381 ± 1635

Cardiac T2* (ms) 44.5 ± 6.2

LIC by MRI (mg Fe/g dry weight) 8.5 ± 6.7

 <5 37 (40.7 %)

 5 to <10 20 (22.0 %)

 10 to <20 27 (29.7 %)

 ≥20 7 (7.6 %)
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pathogenesis also emphasizes the important role of lower 
Hb level on iron overload. The current TIF guideline rec-
ommends an assessment for iron overload by either MRI 
or serum ferritin for NTDT patients starting from 10 years 
of age. Our study adds that the older patients with lower 

baseline Hb level will particularly benefit from iron over-
load assessment.

Transfusional iron is the main source of iron overload 
in TDT. The current TIF guideline recommends measuring 
the ferritin level after 10–20 transfusions have been given. 

Table 2  Clinical and laboratory characteristics of NTDT patients according to hepatic iron overload status

ALT alanine aminotransferase, CS Constant Spring, Hb hemoglobin, RBC red blood cell

Characteristics LIC ≥5 mg Fe/g dry  
weight (n = 54)

LIC <5 mg Fe/g dry  
weight (n = 37)

p value

Age (years) 27.3 ± 7.7 20.5 ± 7.8 <0.001

Male gender (%) 17 (31.5 %) 16 (43.2 %) 0.252

Type of thalassemia (%) <0.001

 Hb E/beta-thalassemia and beta-thalassemia intermedia 43 (79.6 %) 13 (35.2 %)

 Hb H disease 0 12 (32.4 %)

 Hb H/CS disease with or without Hb E trait 11 (20.4 %) 12 (32.4 %)

Cumulative lifetime RBC transfusion (%) <0.001

 None 2 (3.7 %) 20 (54.1 %)

 <10 units 20 (37.0 %) 16 (43.2 %)

 ≥10 units 32(59.3 %) 1 (2.7 %)

Previous splenectomy (%) 24 (44.4 %) 3 (8.1 %) <0.001

Hb level (g/dL) 7.4 ± 1.2 8.7 ± 1.4 <0.001

ALT (U/L) 39 ± 29 18 ± 18 <0.001

Serum ferritin level (ng/mL) 1086 ± 731 300 ± 180 <0.001

Maximum serum ferritin level in the past 5 years (ng/mL) 2061 ± 1824 390 ± 283 <0.001

Table 3  Association of clinical 
risk factors and hepatic iron 
overload by univariate analysis

Hb hemoglobin, RBC red blood cell

Characteristics Odds ratio 95 % confidence  
interval

p value

Age ≥20 years old 7.2 2.8–18.8 <0.001

Beta-thalassemia 7.2 2.8–18.6 <0.001

Cumulative lifetime RBC transfusion ≥10 units 52.4 6.7–410.8 <0.001

Previous splenectomy 9.1 2.5–33.2 0.001

Hb level <7 g/dL 3.8 1.3–11.2 0.017

Table 4  Association of clinical 
and laboratory characteristics 
and hepatic iron overload by 
multivariate analysis

Hb hemoglobin, RBC red blood cell

Characteristics Adjusted odds ratio 95 % confidence  
interval

p value

Age ≥20 years old 30.2 4.5–203 <0.001

Beta-thalassemia 3.2 0.8–13.0 0.104

Cumulative lifetime RBC transfusion≥ 10 units 53.6 3.2–884 0.005

Previous splenectomy 4.7 0.5–42.8 0.165

Hb level <7 g/dL 6.3 1.01–39.5 0.049
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Our study shows that the cumulative lifetime transfusion of 
more than 10 units of RBC is a risk for hepatic iron over-
load in NTDT. Although the NTDT patients are not regu-
larly transfused, the records of cumulative transfusion are 
important and should be periodically reviewed to identify 
the patients at risk. Of note, there was a large variation of 
the number of cumulative red blood cell transfusion in this 
study. Some patients received frequent transfusions in their 
childhood, and became non-transfusion-dependent after 
splenectomy. Therefore, the 95 % confidence interval of the 
adjusted odds ratio of the cumulative red blood cell transfu-
sion was large.

Our study shows two unique characteristics of the cor-
relation of serum ferritin and LIC as measured by MRI in 
NTDT patients. Firstly, the serum ferritin to LIC ratio is 
lower than that seen in TDT patients. This is in agreement 
with the previous large studies [12–14]. The ferritin cut-
off point at the LIC of 5 mg Fe/g dry weight is ~550 ng/
mL, lower than 800 ng/mL from the previous study [5, 12]. 
Secondly, the predictive model between serum ferritin and 
LIC shows a nonlinear correlation. The model shows that 
at higher LIC, the serum ferritin varies in a larger range. 
Interpretation of the response to treatment by serum ferri-
tin alone at higher LIC needs to take this into account. The 
finding of nonlinear correlation between serum ferritin and 
LIC was also shown in pediatric patients with sickle cell 
disease who received chronic blood transfusion. The serum 
ferritin was shown to be associated with iron overload and 
liver injury [26].

In conclusion, there is a high prevalence of hepatic iron 
overload in NTDT patients. The risk factors are increas-
ing age ≥20 years, lower Hb level <7 g/dL and cumulative 
lifetime transfusion ≥10 units. Genotype does not show the 
significant association with iron overload which implies 
that iron overload is related more to the severity of the dis-
ease. The ratio of serum ferritin to LIC in NTDT is lower 
than that seen in TDT. The nonlinear relationship between 
serum ferritin and LIC should be considered when inter-
preting the treatment response especially when the LIC is 
high.
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