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Introduction
Thalassemia syndromes are hereditary hemolytic 
diseases resulting from unbalance synthesis of glo-
bin chains of the hemoglobin molecule, leading to 
abnormal red blood cells. It can be divided into 
two groups, transfusion-dependent thalassemia 
(TDT) and non-transfusion-dependent thalas-
semia (NTDT). NTDT is a spectrum of thalas-
semia, relative to those with TDT, NTDT just 
needs occasional transfusion in special circum-
stances like as infection, growth retardation, or 
pregnancy.1 The NTDT group largely includes β 
thalassemia intermedia (β-TI), HbE/β thalas-
semia, and hemoglobin H disease (HbH disease).2 

High value of iron overload was associated with a 
significantly increase risk of complications in 
NTDT, like cardiac dysfunction, chronic liver dis-
ease, hepatic cirrhosis, diabetes mellitus.3 Chronic 
hepatocellular iron deposition is a key factor in the 
process of liver fibrosis and cirrhosis, pulmonary 
hypertension, thrombosis and osteoporosis in 
NTDT patients.4–6 Many studies already indi-
cated without treatment, iron overload in NTDT 
patients keeps on accumulating and iron–related 
morbidity often appears beyond 10 years of age 
(or later at 15 years in HbH disease).7,8 A database 
of 584 Thalassemia intermedia (TI) patients dem-
onstrated that the key role of advancing age in 
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many complications in TI, specifically iron over-
load.9 A positive correlation has been confirmed 
between advancing age and iron overload in liver.10 
Theoretically, the aging NTDT patients should 
display higher LIC values due to increasing iron 
deposition in liver. However, the age-related 
changes of liver iron overload in NTDT patients 
have been rarely reported.

Thalassemia International Federation (TIF) rec-
ommends that assessment of iron overload by 
either SF or MRI for NTDT patients starts from 
10 years of age. The observational studies identified 
a significant positive correlation between SF and 
LIC in NTDT patients.8,11,12 SF and LIC are the 
useful markers to monitor the iron chelation ther-
apy. The thresholds of SF and LIC in chelation 
treatment: SF levels ⩾ 800 ng/ml can highly pre-
dict LIC ⩾ 5 mg Fe/g dry weight(dw) for initiating 
chelation therapy; SF thresholds above 2000 ng/ml 
were highly predictive of LIC ⩾ 7 mg Fe/g dw, so 
the chelation treatment should be escalated to fur-
ther reduce iron overload.13,14 Currently, there are 
three kinds of iron chelating agents used in clinic: 
deferoxamine (DFO), deferiprone (DFP) and def-
erasirox (DFX), which were introduced to China 
in 1998, 2003 and 2010, respectively.

For most NTDT patients in developing countries 
including China. Previous literature indicates a 
high frequency of thalassemia in the population of 
southern China, mainly south of the Yangtze 
River, particularly in the provinces of Guangxi, 
Guangdong, Yunnan, Fujian and Sichuan. The 
previous meta-analysis revealed a higher preva-
lence of prevalence of α-thalassemia was 7.88% 
in China.15 The most common α-thalassemia 
mutation in mainland China is --SEA which 
induces the health burden resulting from Hb H 
diseases and Hb Bart’s hydrops fetalis. Non-
deletion types of Hb H disease (--/αTα) usually 
display more severe than the deletion types (--/-α) 
with early anemic symptoms, jaundice, spleno-
megaly and a higher proportion of required blood 
transfusion.16 The prevalence of β-thalassemia 
was 2.21%, the most common β-globin gene 
mutation was CD41/42 in southern China. In 
addition, the prevalence of α + β-thalassemia in 
mainland China was found to be 0.48%.15

There is limited data of iron overload in patients 
with NTDT in Chinese real world when the lack 
of special care occurs. To answer the questions 
about the iron overload, we designed this study to 

describe the prevalence of iron overload in main-
land Chinese NTDT patients and evaluate age-
related elasticity changes of liver iron overload in 
NTDT patients.

Subjects and methods

Patients
This cross-sectional study included 178 NTDT 
patients, who attended the Department of Hema-
tology at First Affiliated Hospital of Guangxi 
Medical University, China from January 2017 to 
May 2019. NTDT was defined as thalassemia dis-
ease that received not more than 3 times 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 Medical 
Ethics Committee of First Affiliated Hospital of 
Guangxi Medical University [approval number: 
NO. 2017(KY-E-094), and assured that all meth-
ods were performed in accordance with the rele-
vant guidelines and regulations. All of patients 
provided their written informed consent to partici-
pate in this study. Adults(⩾18) finished the 
informed consent by themselves. And for minors 
(<18), the informed consents were obtained from 
the guardians on the behalf of the minors’ partici-
pants involved in this study. The medical records 
were reviewed for thalassemia diagnosis and geno-
types, transfusion history, history of splenectomy, 
comorbidities, and the maximum ferritin level. All 
patients were evaluated for complete blood counts, 
liver function tests, SF levels, and MRI examina-
tions for cardiac T2* and LIC by the local insti-
tute. The reporting of this study conforms to the 
STROBE statement, and the checklist is available 
as Supplementary Material.

Serum ferritin
Laboratory tests of procoagulant blood specimen 
were performed 2 weeks after the last blood  
transfusion. Measurements were carried out by 
an Electrochemiluminescence immunoassay 
(COBASE E 601, Roch, USA).

MRI protocols
LIC measurement was performed by MRI analysis 
(Ferriscan®-Resonance Health, Australia); myo-
cardial iron deposition was assessed as previously 
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described by our group.17 MRI evaluations was 
performed in all patients. LIC < 3 mg Fe/g dw 
and cardiac T2* > 20ms was considered normal. 
Abnormal LIC can be divided into mild: 3–<7 mg 
Fe/g dw, moderate: 7–<15mg Fe/g dw, severe: ⩾ 15 
mg Fe/g dw.13 To NTDT patients who cannot be 
screened for MRI, SF thresholds for chelation 
therapy is recommended into initial chela-
tion  >800 ng/ml, interruption of chelation <300 
ng/ml and escalating chelation dose  >2000 ng/ml.

Statistical analysis
Data were expressed as mean ± one standard 
deviation, or median (range) as appropriate. 
Mann Whitney U test or t test were used for com-
parison of continuous variables between groups. 
The significance of the correlation between 
parameters was assessed using Spearman rank as 
the data was not normally distributed. Categorical 
data were compared using the chi-square test. 
Binary logistic regression analysis was performed 
for the risk factors of iron overload. Statistical 
analyses were carried out using SPSS Statistics 
16.0 (SPSS Inc., USA). A p value less than 0.05 
was considered statistically significant, and all p 
values were two sided.

Results

Patients’ characteristics
A total of 178 patients were recruited in this 
study, including 106(59.55%) men. A total of 99 
(55.6%) had HbH disease, whereas 79 (44.4%) 
with β-TI and HbE/β thalassemia. The median 
age was 23 years old (range, 4–63). Some 63 
(35.39%) patients were splenectomized. The 
mean hemoglobin level was 84.5(40.90–117.00) 
g/L, whereas the median numbers of transfusion 
were 4.25(0–360.00) Unit. 142 patients (79.78%) 
were non-chelated. The median SF level of 175 
NTDT patients was 996(27.15–19,704.00) ng/
ml. LIC was detected in 176 patients (99%) and 
the median LIC value was 8.90(0.60–43.00) mg 
Fe/g dw. Cardiac T2*was assessed in 106 patients 
(59.55 %) since 72 patients refused to or cannot 
tolerate the test, and the median cardiac T2* was 
33.06(7.46–75.08) ms. The 6 patients (5.66%) 
(3 with HbH disease and 3 with β-TI) had car-
diac T2*<20 ms (Table 1), 83.3% patients of 
them with splenectomy, they rare transfused, but 
the Hemoglobin levels was not low and with 

Table 1. The main characteristics of NTDT patients along with the main 
results of the study (n = 178).

Characteristics No.of patients
n (%)

Male 106(59.55)

Age(years), median(range) 23(4–63)

Age group

 <10 16(8.99)

 10–<20 55(30.90)

 20–<30 55(30.90)

 ⩾30 52(29.21)

Splenectomy

 Yes 63(35.39)

 No 115(64.61)

Hb(g/L), median(range) 84.55(40.90–117.00)

Blood transfusion number (IU),
median (range)

4.25(0–360.00)

Previous chelation therapy

 DFO 12(6.74)

 DFP 2(1.12)

 DFX 11(6.18)

 DFO + DFX 5(2.81)

 DFO + DFP 5(2.81)

 DFX + DFP 1(0.56)

 None 142(79.78)

SF(ng/mL), median(range) 996.00(27.15–19704.00)

SF category

 <300 23(13.14)

 300–<800 54(30.86)

 800–<2500 64(36.57)

 ⩾2500 34(19.43)

LIC(mg Fe/g dw), median(range) 8.90(0.60–43.00)

(Continued)
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Table 2. The comparison of indices of Hb and iron overload of NTDT patients.

Indexes Genotype p

HbH disease (n = 99) β TI/HbE/β (n = 79)

Hb (g/L), median(range)  91.00(40.90–117.00)   79.00(42.80–116.80) <0.001

SF (ng/ml), median(range) 695.90(27.15–19704.00) 1519.00(159.00–9951.94) <0.001

LIC (mg Fe/g dw), median(range)   6.50(0.60–43.00)  14.55(0.60–43.00) <0.001

Hb, hemoglobin; LIC, liver iron concentration; NTDT, non-transfusion-dependent thalassemia; SF, serum ferritin.

Characteristics No.of patients
n (%)

LIC* category

 <3.0 36(20.45)

 3.0–<7 41(23.30)

 7–<15 42(23.86)

 ⩾15 57(32.39)

Cardiac T2*(ms), median(range) 33.06(7.46–75.08)

 <10 1(0.94)

 10–<20 5(4.72)

 ⩾20 100(94.34)

DFO, deferoxamine; DFP, deferiprone; DFX, deferasirox; Hb, hemoglobin; LIC*, liver 
iron concentration; NTDT, non-transfusion-dependent thalassemia; SF, serum ferritin.
Cardiac T2* refers to cardiac magnetic resonance relaxometry T2*.

Table 1. (Continued)

severe serum and liver iron deposition. Patients 
with β-TI and HbE/β thalassemia showed a statis-
tically significant lower Hb and higher values of 
SF and LIC than those of HbH disease patients 
(Table 2). In this study, 73 patients had compli-
cations, including 12 patients undergo anemic 
heart disease is defined according the echocardio-
gram results, 14 had gallstone, 10 had extramed-
ullary hematopoiesis, according to their fasting 
and 2 h postprandial blood glucose levels, 27 
patients had hypoglycemic, 17 had impaired glu-
cose tolerance, and only 1 had diabetes. Only 1 
patient had hypothyroidism, 4 had subclinical 
hypothyroidism, and none had hyperthyroidism, 
18 had elevated parathyroid hormone. Iron 

overload was positively correlated with the occur-
rence of complications (r = 0.264, p < 0.001).

Correlation between LIC, SF, age and Hb in 
NTDT patients
There was a strong correlation between SF and 
LIC (r = 0.83, p < 0.001) (Figure 1(a)). There 
was a statistically significant positive correlation 
between age and LIC (r = 0.41, p < 0.001) (Figure 
1(b)). There were 7 patients (3.6%) (5 with HbH 
disease, 1 with β-TI and 1 with HbE/β thalas-
semia) < 10 years old found liver iron overload. 
The youngest patient with liver iron overload was 
5 years old with 5.6 mg Fe/g dw in LIC (Figure 
1(b)). There was a statistically significant nega-
tive correlation between Hb and LIC (r = -0.19, 
p = 0.01) (Figure 1(c)). No correlation was found 
between Hb and SF (r = -0.07, p = 0.38). (Figure 
1(d)). No correlation between LIC and Hb, car-
diac T2* values can be verified.

Age-related elasticity changes of liver iron 
overload in NTDT patients
When the NTDT patients were stratified into the 
various age groups (<10, 10–20 <, 20–30 <, 
and ⩾ 30), there were 16 (8.99%) patients 
aged  < 10, 55 (30.90%) aged between 10 and 
20 years, 55 (30.90%) aged between 20 and 
30 years, and 52 (29.21%) aged ⩾ 30 years. The 
age-related dynamic changes of liver iron overload 
in patients with NTDT were determined using SF 
and LIC and are illustrated in Tables 3 and 4. The 
correlation analysis between age and SF, LIC 
revealed that liver iron deposition in patients with 
<20-year old group was mainly normal or mild 
level (SF < 800 ng/ml: 56.36–80.0%; LIC  < 3 mg 
Fe/g.dw: 24.07–56.25%). In ⩾ 20 years of age 
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group, NTDT patients showed moderate to severe 
level of liver iron overload (SF ⩾ 800 ng/ml: 
66.35%; LIC ⩾ 7 mg Fe/g.dw: 67.59%), particu-
larly in ⩾ 30 years of age group, SF ⩾ 800 ng/ml: 
74.00%; LIC ⩾ 7 mg Fe/g.dw: 76.92%. In addi-
tion, the level of LIC in patients ⩾ 30-year old 
group was significantly higher than those in other 
groups. The detailed analysis of proportions of 
different LIC indicated in ⩾ 30 -year old group, 
76.92% patients suffered from moderate and 
severe LIC, of whom 50.00% had severe LIC 
(Tables 3 and 4, Figures 2 and 3). We compared 
the distribution of SF and LIC between patients 
with and without splenectomy, and the results 
showed that the distribution of SF in splenectomy 
groups was significantly different, and with sple-
nectomy patients suffered from moderate and 

severe SF, 42.62% of the patients underwent sple-
nectomy with severe LIC overload, however, the 
distribution were not different. (Tables 3 and 4).

Multivariate analyses of risk factors for iron 
overload in NTDT patients
Multivariate analyses of the effects of variables 
including age, thalassemia genotype, gender, sple-
nectomy status and hemoglobin level on iron over-
load risk are shown in Table 5. The independent 
significant risk factors for having iron overload were 
age (for 10–<20 years old, OR:6.01, 95% CI: 
1.07–33.90; for 20–<30 years old, OR:13.62, 95% 
CI: 2.34–79.35; and for ⩾ 30 years old, OR 77.75, 
95% CI: 8.76–690.49). In age group, the distribu-
tion in different age groups provided a significant 

Figure 1. Correlation among age, Hb, serum ferritin and LIC in NTDT patients. (a) Correlation between SF 
and liver iron concentration (r = 0.83, p < 0.001). The dotted line represents reference range for LIC of 3.0 mg 
Fe/g dw, and the solid line represents SF of 800 ng/ml, (b) LIC was positively associated with age correlation 
(r = 0.41, p < 0.001). The dotted line represents reference range for LIC of 3.0 mg Fe/g dw, and the solid line 
represents age of 5 year, (c) correlation between Hb and liver iron concentration (r = -0.19, p = 0.01) and (d) 
correlation between Hb and serum ferritin (r = -0.07, p = 0.38).
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trend in iron overload response to age group As 
expected, β-TI (OR:4.67, 95% CI: 1.30–16.82) 
and splenectomy (OR:3.37, 95% CI: 1.10–10.30) 
were found as independent risk factors for iron 
overload. In hemoglobin level group, a nearly 5-fold 
independent increase in confirmed iron overload 
risk in 60–<90 g/L group compare with ⩾ 90 g/L 
group (OR:4.61, 95% CI,1.27–16.65).

Discussion
NTDT is characterized by limited or no require-
ment for regular blood transfusion. Recently, 

there is increasing evidence that NTDT may be 
associated with a variety of clinical complications 
later in life. Iron overload is one of the major 
complications in NTDT and is strongly corre-
lated with various morbidities in NTDT patients 
therefore early detection and prompt treatment is 
needed. Our study provides insight into the prev-
alence of iron overload in mainland Chinese 
NTDT patients which have not previously been 
reported. Based on the data from 178 NTDT 
patients, compared with reported research in 
non-Chinese NTDT patients, we have identified 
a high prevalence of iron overload in the 

Figure 2. Blox-plot demonstrating the distribution trend between LIC and age groups.

Figure 3. Shift in proportion of patients with severe, moderate, mild and normal LIC values. The proportion of 
severe LIC in ⩾ 30-year old NTDT group is significantly higher than that in other groups (p = 0.001).

https://journals.sagepub.com/home/tah
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mainland Chinese NTDT patients, especially 
LIC. The iron overload in patients with β-TI and 
HbE/β thalassemia are more serious than those in 
HbH disease patients. The youngest patient with 
liver iron overload was 5 years old. NTDT 
patients ⩾ 30 years old with irregular treatment 
may suffer with a high burden of iron overload. 
These findings are rarely reported and provide 
more clinical features of NTDT patients in China, 
especially iron overload. In this manuscript we 
report that the minimum age for liver iron over-
load is 5 years, which is earlier than previously 
reported in the literature. This probably due to the 
following factors : most patients suffering from 
thalassemia do not live in first world countries and 
have limited access to modern medicine technol-
ogy. In China, due to ethnicity, and underlying 
genotypes, the low income, inadequate health 
insurance, shortage of blood, limited availability 
of chelators and lack of specific knowledge of the 
disease, the NTDT patients were poorly-chelated 
and modestly transfused in our study, the hemo-
globin levels is lower than international’s, which 
induce severe ineffective erythropoiesis, resulting 
in severe iron deposition.

In China, our previous published paper has 
already proved that TDT patients in China were 
poorly-chelated and had a high burden of iron 
overload, 6 years old TDT patient was tested car-
diac iron overload.17 To NTDT patients, as early 
as 2015, few studies about Chinese NTDT 
patients were reported. A retrospective review 
from 6 registered centers (the OPTIMAL CARE 
study) reported that 584 NTDT patients’ mean 
age was 25.44 ± 13.86 (2–76 years) and SF level 
was 967.5 ± 853.9 (17–10,793) ng/mL.9 In 
another study of 91 patients with NTDT, 59% 
had hepatic iron overload (LIC levels: 8.5 ± 6.7 mg 
Fe/g dw and SF levels: 767 ± 692 ng/ml).18 In our 
study, the median age of our NTDT patients was 
23 (4–63) years old, the median SF level was 
996(27.15–19,704.00) ng/ml and the median 
LIC value was 8.90(0.60–43.00) mg Fe/g dw. 
Our data described the clinical characteristics of 
mainland Chinese NTDT patients and displayed 
more severity of iron overload in Chinese NTDT 
population compared with other reported data. 
To our knowledge, this was the largest study on 
iron overload of Chinese NTDT population. 
Thinking about its reason, in China, while pro-
gress has been made for the control and treatment 
for thalassemia trait over the last decade, the lack 

of disease specific knowledge, lack of specialist 
physicians and the limited resources within the 
health insurance system pose challenges to opti-
mum care are included in common factors. A 
considerable proportion of NTDT patients are 
insufficiently transfused and poorly-chelated. 
Therefore, health care for patients suffering with 
NTDT in China continues to pose a great chal-
lenge to the public health services.

Table 3. Comparison of distribution of serum ferritin levels in different age 
and splenectomy groups (n,%).

Indexs SF (ng/ml) X2 p

<800 800–< 2500 ⩾2500

Age (years) 19.67   0.003

 <10 12(80.00) 1(6.67)  2(13.33)  

 10–<20 31(56.36) 17(30.91)  7(12.73)  

 20–<30 21(38.18) 23(41.82) 11(20.00)  

 ⩾30 13(26.00) 23(46.00) 14(28.00)  

Splenectomy 23.83 <0.001

 No 63(56.25) 37(33.03) 12(10.71)  

 Yes 14(22.22) 27(42.86) 22(34.92)  

SF, serum ferritin.

Table 4. Comparison of distribution of LIC levels in different age and 
splenectomy groups (n,%).

Indexes LIC (mg Fe/g dw) X2 p

<3 3–< 7 7–<15 ⩾15

Age (years) 33.94 <0.001

 <10  9(56.25)  4(25.00) 2(12.50)  1(6.25)  

 10–<20 13(24.07) 18(33.33) 14(25.93)  9(16.67)  

 20–<30 11(20.37) 10(18.52) 12(22.22) 21(38.89)  

  ⩾30  3(5.77)  9(17.31) 14(26.92) 26(50.00)  

Splenectomy  5.67  0.13

 No 28(24.35) 28(24.35) 28(24.35) 31(26.96)  

 Yes  8(13.11) 13(21.31) 14(22.95) 26(42.62)  

LIC, liver iron concentration.
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As we all know, many patients who undergo sple-
nectomy appear to restore Hb levels in the short 
term by about 10–20 g/l, splenectomy is an impor-
tant factor for thalassemia, Chinprateep et  al.19 
use cardiac MRI to measure the left ventricular 
diastolic function in thalassemia major patients 
with normal left ventricular systolic function and 
showed that Homozygous beta-thalassemia and 
splenectomy were strong predictors of the left 
ventricular diastolic dysfunction (LVDD). A 
multi-center study in Thailand of review of dis-
ease-related complications and management in 
adult patients with thalassemia showed that 
severe iron overload started earlier in patients 
with TDT than NTDT and was associated with 
diabetes mellitus, and splenectomy and advanced 
age were important risk factors for developing 
major complications in both groups,20 also in a 
prospective analysis for prevalence of complica-
tions in Thai non-transfusion-dependent Hb 

E/β-thalassemia and Hb H disease, splenectomy, 
degree of anemia, and iron overload seem to be 
determining risks of developing these complica-
tions.21 Similar to what is reported in the litera-
ture, in our study patients undergoing splenectomy 
had moderate to severe serum iron overload, and 
in a multifactorial analysis, splenectomy was a 
risk factor for iron overload complications. It has 
been suggested that the intact spleen may be a 
reservoir of excess iron and may have a possible 
scavenging effect on iron free fractions including 
non-transferrin-bound iron (NTBI), which 
explains the higher serum level of NTBI in sple-
nectomised TI patients.22

As well known, the association between iron over-
load and morbidity in NTDT patients has been 
strongly confirmed and the need for chelation 
therapy is quite apparent.23 Without treatment, 
iron overload in NTDT patients continues to 
accumulate, and most of patients eventually 
touch LIC thresholds of clinical significance. 
Serum ferritin levels ⩾ 800 ng/dl and LIC lev-
els  > 5 mg Fe/g dw in NTDT patients have been 
associated with a significantly greater risk of long-
term morbidities.1 Previous studies already 
strongly demonstrated that the main independent 
risk factors for complications in NTDT were 
naivety to RBC transfusion therapy, naivety to 
iron chelation therapy, splenectomy.23,24 In the 
ORIENT study, the mean SF level for 52 β-
thalassemia intermedia patients was 
826.9 ± 69.5 ng/mL (72–2065.6 ng/mL). Among 
them, 48.1% patients were osteoporosis, 19.2% 
had extramedullary hematopoiesis, and 17.3% 
had liver disease, 7.7% patients suffered diabetes 
mellitus.25 Among the OPTIMAL CARE study, 
22.8% had experienced osteoporosis, 17.3% had 
evidence of hypogonadism and 14% experienced 
a thrombotic event.9 Our current study about 
liver fibrosis on Chinese NTDT patients with 
iron overload showed that the serum levels of 
three well-established markers of liver fibrosis 
(blood collagen type IV, precollagen type III and 
hyaluronic acid) were significantly increased in 
105 NTDT patients and these were related to 
liver iron overload even in the absence of hepati-
tis.26 In this study, among 178 Chinese NTDT 
patients, 98 (56.0%) patients had SF  > 800 ng/
ml and 99 (56.25%) patients had LIC  > 7 mg 
Fe/g dw. The prevalence of diverse complications 
in NTDT patients with iron overload was 
47.86%, for endocrine-related complications was 
36.43%. It means that Chinese NTDT patients 

Table 5. Multivariate analyses of risk factors for iron overload in NTDT 
patients.

Characteristics OR 95% CI of OR p-Value

Age group (years)

 <10  1.00 – –

 10–<20  6.01 1.07–33.90 0.04

 20–<30 13.62 2.34–79.35 0.004

 ⩾30 77.75 8.76–690.49 < 0.001

Genotype group

 α-Thalassemia  1.00 – –

 β- thalassemia Intermedia  4.67 1.30–16.82 0.02

 β-Thalassemia/Hb E  7.11 0.68–74.36 0.10

Female gender  1.16 0.39–3.44 0.79

Splenectomy  3.37 1.10–10.30 0.03

Hb group(g/L)

 <60  4.30 0.44–41.93 0.21

 60–<90  4.61 1.27–16.65 0.02

 ⩾90  1.00 – –

95% CI, 95% confidence interval; NTDT, non-transfusion-dependent thalassemia; 
OR, odds ratio.
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suffer with serious iron overload and the risk of 
multiple complications in Chinese NTDT is 
quite high.

Since iron overload in NTDT patients is associ-
ated with the development of serious morbidities, 
it is important to management of iron overload. 
Among the many risk factors for iron overload, 
patient age is reported to be a very critical factor.7 
Our data showed a trend toward a significant 
increasing prevalence of iron overload in the older 
age categories. It also indicated a significant cor-
relation between LIC and age (r = 0.41, p < 0.001). 
Our analysis has illustrated that the levels of LIC 
in patients ⩾ 30-year old group are significantly 
higher than those in other groups. The detailed 
analysis of proportions of different LIC indicated 
in ⩾ 30 -year old group, 76.92% patients suf-
fered from moderate and severe LIC, in which 
50.0% was in severe LIC. Moreover, in our study, 
the multivariate analyses of risk factors for iron 
overload indicated that age ⩾ 30 -year old is the 
main risk factor in NTDT patients. The 
OPTIMAL CARE study already revealed that the 
prevalence of complications in NTDT patients 
increases with age and the high prevalence of 
morbidities has been observed as they advance in 
age.9 The previous studies also demonstrated that 
age  > 20 years, hemoglobin  < 7 g/dl, cumulative 
RBC transfusion  > 10 units are the clinical risk 
factors for hepatic iron overload.18 Therefore, it is 
very important and necessary to evaluate iron 
overload in patients with NTDT and to optimize 
chelation therapy base on the assessment by LIC 
and serum ferritin at the optimal age. Our study 
can provide an important clinical implication. For 
NTDT patients who are lack blood transfused 
and poorly-chelated, especially in developing 
countries, patients ⩾ 30 years of age with NTDT 
may have a high burden of iron overload and may 
have a prevalence of moderate and severe LIC. 
These NTDT patients need to be offered close 
clinical follow up as they age to avoid disease-
related morbidity. Our study may help develop 
guidelines to the clinical assessment and manage-
ment of iron overload in NTDT patients in devel-
oping countries.

In conclusion, we present the findings of a large 
cohort of Chinese NTDT patients. Because of 
the lack of disease knowledge, lack of blood trans-
fusion and poorly chelation, the vast majority of 
Chinese NTDT patients show a high prevalence 

of iron overload. Our results show the effects  
of poor chelation of young patients and that the 
first assessment of LIC should take place as  
early as 5 years of age. The age of patient is a risk 
factor of iron overload in NTDT patient. For 
patients ⩾ 30 years of age, particularly those with 
insufficient transfusion and poor chelation, this 
group of patients should be evaluated for LIC to 
avoid disease-related morbidity.

Limitations of the study
The main limitations of present work are: (1) it 
was a non-randomized observational investiga-
tion in a single-center study with a relatively small 
sample size. (2) Cardiac MRI scans could not be 
performed in all cases. (3) Wide gene spectrum in 
China, and mix genotype of thalassemia were 
enrolled in this study. Although the evaluation 
and radiographic of these patients was a snapshot 
at a defined time point in their disease, we suggest 
that the data obtained justifies the implementa-
tion of a larger multicenter trial in the future.
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