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a large historical multicentre study
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Summary
The relationship between diabetes mellitus (DM) and cardiac complications
has never been systematically studied in thalassaemia major (TM). We evaluated a large retrospective historical cohort of TM to determine whether DM is
associated with a higher risk of heart complications. We compared 86 TM
patients affected by DM with 709 TM patients without DM consecutively
included in the Myocardial Iron Overload in Thalassaemia database where
clinical/instrumental data are recorded from birth to the first cardiovascular
magnetic resonance (CMR) exam. All of the cardiac events considered were
developed after the DM diagnosis. In DM patients versus non-DM patients we
found a significantly higher frequency of cardiac complications (465% vs.
169%, P < 00001), heart failure (HF) (302% vs. 117%, P < 00001), hyperkinetic arrhythmias (186% vs. 55%, P < 00001) and myocardial fibrosis
assessed by late gadolinium enhancement (299% vs. 184%, P = 0008). TM
patients with DM had a significantly higher risk of cardiac complications [odds
ratio (OR) 284, P < 00001], HF (OR 232, P = 0003), hyperkinetic arrhythmias (OR 221, P = 0023) and myocardial fibrosis (OR 191, P = 0021), also
adjusting for the absence of myocardial iron overload assessed by T2* CMR
and for the covariates (age and/or endocrine co-morbidity). In conclusion,
DM significantly increases the risk for cardiac complications, HF, hyperkinetic
arrhythmias and myocardial fibrosis in TM patients.
Keywords: cardiac complications, diabetes mellitus, thalassaemia major,
myocardial iron overload, cardiovascular magnetic resonance.
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Cardiac Complications and DM in TM
Thalassaemia major (TM) is a hereditary disease characterized
by severe anaemia that requires regular transfusions, which can
cause iron overload. The introduction of chelation therapy has
improved the survival of these patients, but cardiomyopathies
remain the main cause of mortality, while endocrinopathies
are the most frequent morbidities. Diabetes mellitus (DM) is
the third most common endocrine complication (BorgnaPignatti et al, 2004). Different studies have reported a prominent role of iron overload, liver fibrosis and hepatitis C virus
(HCV) infection in the development of the abnormal glucose
metabolism, which it is characterized at an early stage by insulin resistance, followed by progressive insulin deficiency leading to overt DM (Gamberini et al, 2008; Mowla et al, 2004).
The complex aetiopathogenesis of DM justifies why it is not
used to differentiate type 1 or type 2 DM in TM (Gamberini
et al, 2008; Mowla et al, 2004).
An association between DM and the risk of cardiovascular
disease has been shown in the non-thalassaemic population
(Butler et al, 1998). Diabetic cardiomyopathy has been recognized as a distinct clinical entity; it is characterized by metabolic abnormalities determining structural alterations
(myocardial fibrosis and/or hypertrophy), functional changes,
such as systolic and diastolic dysfunction, and clinical manifestations, such as heart failure (HF) and arrhythmias (Fang
et al, 2004).
In TM patients myocardial iron overload (MIO) and
chronic anaemia are the leading causes of cardiomyopathy,
but other factors, such as myocarditis, pulmonary hypertension and endocrine abnormalities, play a role (De Sanctis
et al, 2008; Pepe et al, 2009). Only one single-centre study
on a small cohort of TM patients showed a significant higher
prevalence of cardiac complications in diabetic versus nondiabetic patients (Gamberini et al, 2004). However, the relationship between DM and cardiac disease has never been
studied in a systematic way in a large multi-centre TM population, using cardiac magnetic resonance (CMR) imaging.
This retrospective cohort study aimed to systematically evaluate in a large historical cohort of TM in the CMR era whether
DM was associated with a higher risk of heart complications.

institutional ethics committees. All patients gave written
informed consent.

Magnetic resonance imaging (MRI)
MRI examinations were performed at all sites with a 15T
scanner (GE Signa/Excite HD, Milwaukee, WI, USA) using
previously reported cardiac-gated techniques (Meloni et al,
2010; Pepe et al, 2006).
For the MIO measurements, a multislice multiecho T2*
approach was used (Pepe et al, 2006). Three parallel shortaxis views (basal, medium and apical) of the left ventricle
(LV) were acquired. T2* image analysis was performed using
custom-written, previously validated software (HIPPO
MIOT), able to map the myocardial T2* distribution into a
16-segment LV model according to the American Heart
Association/American College of Cardiology (AHA/ACC)
(Cerqueira et al, 2002). The global heart T2* value was
obtained by averaging all segmental T2* values. The reproducibility of the methodology had been previously assessed
(Pepe et al, 2006; Ramazzotti et al, 2009).
For quantification of the liver iron burden, the T2* value
was calculated in a large region of interest of standard
dimensions, chosen in a homogeneous area of parenchyma
(Positano et al, 2009).
Steady-state free procession images were acquired in
sequential 8-mm short-axis slices from the atrio-ventricular
ring to the apex to assess biventricular function parameters
quantitatively by standard methods, using MASS software
(Medis, Leiden, The Netherlands). The inter-centre variability
had been previously reported (Marsella et al, 2011).
Late gadolinium enhanced (LGE) images were acquired
10–18 min after intravenous administration of Gadobutrol
(10 mol/l, 02 mmol/kg) using a fast gradient-echo inversion
recovery sequence. Short-axis vertical, horizontal, and oblique long-axis views were acquired. The LGE was evaluated
visually by experienced observers and was considered present
if visualized in two different views (Pepe et al, 2009). The
transmural extent of LGE was defined as the extent of LGE
>50% in each segment through the LV wall.

Methods
Diagnostic criteria
Study population
We considered data on 957 TM patients (487% males, mean
age 308  87 years), consecutively included in the Myocardial Iron Overload in Thalassaemia (MIOT) database where
clinical and instrumental data are recorded from birth to the
date of the first T2* CMR (September 2006-December 2010).
Sixty-eight thalassaemia centres and 8 CMR sites are linked
to the web-based MIOT database (Meloni et al, 2009a;
Ramazzotti et al, 2009).
This study conforms with the principles outlined in
the Declaration of Helsinki and was approved by the
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DM was defined by fasting plasma glucose ≥70 mmol/l or
2-h plasma glucose ≥ 111 mmol/l during an oral glucose
tolerance test or a random plasma glucose ≥111 mmol/l
(American Diabetes Association, 2011).
HF was identified by patient history, diagnosed by clinicians based on symptoms, signs and instrumental findings
according to the AHA/ACC guidelines (Jessup et al, 2009).
CMR was considered for the evaluation of the global systolic
function and HF was identified when LV and/or right ventricular (RV) ejection fraction (EF) were ≤4 standard deviation
(SD) from the mean value normalized to age and gender.
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Heart dysfunction (HD) was diagnosed in presence of
LVEF and/or RVEF <2 SD from the mean value normalized
to age and gender. Previously defined cut-offs were followed
for biventricular function parameters (Meloni et al, 2011).
Arrhythmias were diagnosed only if electrocardiogramdocumented and requiring specific medication. Arrhythmias
were classified according to the AHA/ACC Guidelines
(Buxton et al, 2006).
Pulmonary hypertension was diagnosed if the trans-tricuspidal velocity jet was >32 m/s.
The term ‘cardiac complications’ included HF, arrhythmias and pulmonary hypertension that developed only after
the DM diagnosis.
Non-MIO was defined when all segmental T2* values were
greater or equal than the conservative normal cut-off of
20 ms. MIO was defined when at least one segment was
lower than the conservative normal cut-off of 20 ms
(Positano et al, 2007).

Statistical analysis
All data were analysed using SPSS version 13.0 (SPSS, Inc.,
Chicago, IL, USA). Continuous variables were described as
mean  SD and categorical variables as frequencies and percentages.
The normality of distribution of the parameters was
assessed by using the Kolmogorov-Smirnov test. For continuous values, comparisons between groups were made by independent-samples t-test or by Wilcoxon’s signed rank test.
The chi-square test was used for non-continuous variables.
Odds ratios (OR) and 95% confidence intervals (CI) were
calculated using logistic regression. ORs were adjusted for the
covariates (age and/or endocrine co-morbidity) that were
significantly different between groups and significantly associated with the dependent variable. An interaction term
between DM and non-MIO was used to evaluate whether the
effect of DM was different in MIO and non-MIO patients. In
all tests, P < 005 was considered to be statistically significant.

Results
Patient characteristics
Eighty-six (9%) out of 957 TM patients were affected by
DM; 77 (884%) patients were under treatment with insulin,
7 (81%) with oral antiglycaemic agents, and 2 (35%) did
not receive any therapy. The duration of DM was
139  95 years.
Among the 871 patients without DM, 709 patients were
selected according to the same age range as DM patients
(19–51 years) and were considered as a comparison group.
Table I reports clinical data in patients with and without
DM. Among MIO patients, no significant differences between
DM and non-DM patients were found for global heart T2*
(191  102 vs. 209  101 ms, P = 0206).
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Cardiac end-points
In DM patients all cardiac complications occurred after the
diagnosis of DM.

Table I. Comparison of demographic and clinical data in TM
patients with and without DM.
DM
(N = 86)
Sex (male/female)
Age (years)
Transfusions starting
age (years)
Chelation starting
age (years)
Splenectomy (%)
Mean pre-transfusion
Hb (g/l) in the year
before CMR
Serum Ferritin (lg/l)
DFO therapy at
MRI (%)
Duration of DFO
therapy
at MRI (months)
Others chelation
regimens
(monotherapy,
combined or
sequential)
with DFP (%)
Duration of other
chelation regimens
with DFP (months)
Current smoker (%)
Hypertension (%)
Chlolesterol (mmol/l)
Triglycerides (mmol/l)
Obesity (%)
Body Mass Index
HCV-antibody
positive, (%)
HCV-RNA positive
(%)
Endocrine
co-morbidity (%)
Hypogonadism (%)
Hypothyroidism (%)
Hypoparathyroidism
(%)
MIO (%)
MRI LIC (mg/g/dry
weight)

No-DM
(N = 709)

P-value

35/51
374  62
12  09

350/359
320  67
16  16

76  65

49  42

0001

814
96  06

546
96  07

<00001
0094

1611  2077
361

1379  1279
359

1601  101

2058  1586

0129
<00001
0325

0492
0933
0236

494

435

0365

418  564

461  835

0769

154
38
327  095
136  068
52
222  29
895

163
22
301  078
127  066
48
287  528
806

0837
0416
0083
0524
0782
0252
0044

548

40

0010

767

492

<00001

686
419
163

417
195
61

<00001
<00001
0001

663
78  98

536
87  115

0026
0205

DM, diabetes mellitus; CMR, cardiovascular magnetic resonance;
DFO, desferrioxamine; MRI, magnetic resonance imaging; DFP,
deferiprone; MIO, myocardial iron overload; LIC, liver iron
concentration.
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Cardiac complications were significantly higher in DM
versus non-DM patients (P < 00001) (Fig 1). In particular, a
significant difference was found in the frequency of HF
(P < 00001) and hyperkinetic arrhythmias (P < 00001)
(Fig 1). The difference in the frequency of hyperkinetic
arrhythmias was due to the supraventricular type (atrial
tachycardia, atrial fibrillation and atrial flutter) (DM 163%
versus non-DM 42%, P < 00001). No differences were
found in the frequency of hypokinetic arrhythmias (DM 0%
versus non-DM 03%, P = 1000).
The frequency of pulmonary hypertension was comparable
between DM (12%) and non-DM patients (21%);
P = 1000.
Compared to patients without DM, patients with DM
showed a significantly higher presence of myocardial fibrosis
(P = 0008) (Fig 1). Among the patients with myocardial
fibrosis, a coronary distribution with an ischemic transmural
pattern was detected in 87% of DM patients versus 09% of
non-DM patients (P = 0084). All patients positive for LGE
with transmural pattern did not have a clinical history of
previous myocardial infarction.
Heart dysfunction (LV and/or RV) was more frequent in
DM (453%) than in non-DM patients (347%), but did not
reach statistical significance (P = 0052). Between the two

Fig 1. Prevalence of significant cardiac end-points for patients with
and without diabetes mellitus (DM).

groups, the occurrence of RV dysfunction was significantly
different (DM 186% vs. non-DM 111%, P = 0044), while
no differences were found in the biventricular dysfunction
(P = 0162) and LV dysfunction (P = 0602). No significant
differences were found between DM and non-DM patients in
the frequency of LV (P = 0304) and RV (P = 0301) dilatation, and in the left (P = 0507) and right (P = 0357) atrial
areas.

Relationship between DM and cardiac involvement
No significant differences in the DM duration were found
between the patients with no MIO and the patients with
MIO (169  100 vs. 133  90; P = 0077).
To evaluate the impact of the DM on cardiac involvement
also regarding the absence of cardiac iron burden, we always
adjusted the risk of cardiac findings for non-MIO (Table II).
DM patients were significantly more likely to have overall
cardiac complications, HF, hyperkinetic arrhythmias and
myocardial fibrosis, also adjusting for age and endocrine
co-morbidity (Fig 2).
No significant interaction between DM and non-MIO
was found for cardiac complications (P = 0197), HF
(P = 0686), myocardial fibrosis (P = 0645) and heart dysfunction (P = 0299). Thus, the DM effect was comparable
in MIO and non-MIO patients.
Given that the interaction between DM and heart iron
was significant for hyperkinetic arrhythmias (P = 0016), we
analysed the transverse risk for hyperkinetic arrhythmias
correlated to DM in non-MIO and MIO patients. In patients
without heart iron the risk for hyperkinetic arrhythmias was
significantly higher for DM, also adjusting for age and endocrine co-morbidity (OR 387, CI 143–1049; P = 0008).
Conversely, in patients with heart iron the risk for hyperkinetic arrhythmias was not significantly higher for DM (OR
191, CI 074–449; P = 0180). The risk for hyperkinetic
arrhythmias, adjusted for age and endocrine co-morbidity,
was significantly lower in DM patients with MIO (OR 019,
CI 005–069; P = 0012), and was similar in non-DM

Table II. Logistic regression analysis: Odds Ratios and 95% confidence intervals of DM versus non-DM patients for cardiac findings.
Adjusted for non-MIO

Cardiac complications
Heart failure
Hyperkinetic arrhythmias
Myocardial fibrosis
Heart dysfunction (LV and/or RV)
Biventricular dysfunction
LV dysfunction
RV dysfunction

Adjusted for non-MIO and covariates

OR (95% CI)

P-value

OR (95% CI)

P-value

423
314
409
212
145
146
077
182

<00001
<00001
<00001
0006
0093
0235
0487
0048

284
233
221
191

<00001
0003
0023
0021

(265–676)
(187–526)
(216–774)
(124–363)
(037–233)
(078–272)
(037–160)
(101–330)

(171–469)‡
(133–406)‡
(112–437)‡
(111–329)†

093 (044–198)*
133 (071–249)*

0855
0366

Covariates: *age; †Endocrine co-morbidity; ‡Age and endocrine co-morbidity.
OR, odds ratio; 95% CI, 95% confidence interval; DM, diabetes mellitus; MIO, myocardial iron overload; LV, left ventricle; RV, right ventricle.
ª 2013 John Wiley & Sons Ltd
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Fig 2. Logistic regression analysis: ORs (95% CI) of DM versus
non-DM patients for significant cardiac end-points. DM, diabetes
mellitus; OR, odds ratio; 95% CI, 95% confidence interval.

patients with or without MIO (OR 122, CI 061–244;
P = 0572).
In our study population the risk for heart dysfunction was
significantly higher in MIO versus non-MIO patients (OR
165, CI 123–222; P = 0001).
No independent effect of HCV-RNA was observed for any
cardiac endpoint. A near-significant interaction between
DM and HCV-RNA was found for myocardial fibrosis (P =
0056). Adjusting for MIO and for other endocrine
co-morbidity in comparison with the non-DM and non-HCVRNA patients, the risk for myocardial fibrosis was not significantly higher in patients with only HCV-RNA positivity (OR
098, CI 063–155; P = 0946) or in patients with only DM
(OR 086, CI 034–220; P = 0864), but the risk was significantly higher in patients who were positive for both DM and
HCV-RNA (OR 269, CI 131–555; P = 0007).
The DM duration was not significantly different between
the patients with or without cardiac complications (111 
91 vs. 143  96; P = 0135), patients with or without heart
failure (128  93 vs. 139  97; P = 0671) and patients
with or without myocardial fibrosis (164  88 vs. 133 
98; P = 0175). Conversely, the duration of the DM was significantly shorter in patients with hyperkinetic arrhythmias
than in patients without hyperkinetic arrhythmias (783 
701 vs. 1531  926; P = 0006).

Discussion
In rare diseases such as thalassaemia, collaborative projects like
the MIOT network are recommended to produce evidence that
aids better management of patients. We retrospectively
assessed the relationship between cardiac complications and
DM in a large historical cohort of TM patients, homogenous
for optimized transfusion and chelation treatments. Moreover,
all patients underwent CMR examination assessing heart iron
burden, bi-ventricular function parameters and myocardial
fibrosis with a high level of reproducibility (Marsella et al,
2011; Pepe et al, 2009; Ramazzotti et al, 2009).
In our TM population, the frequency of DM was 9%,
higher than the value of 54% previously reported in a study
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population that was comparable in size, but younger (Italian
Working Group on Endocrine Complications in Nonendocrine Diseases, 1995). The increased prevalence is probably the consequence of the increased longevity of the
thalassaemia population. In fact, a longitudinal study performed in a single Italian centre showed that the overall
prevalence of DM increased progressively over the years
(Gamberini et al, 2008).
The DM patients were significantly older, started chelation
therapy significantly later and showed higher cardiac iron
burden and significantly higher frequency of HCV hepatitis.
These data confirm the prominent role of iron overload, liver
fibrosis and HCV infection reported in the development of
the abnormal glucose metabolism in thalassaemia patients
(Gamberini et al, 2008; Mowla et al, 2004).
No significant differences were found between the patients
with and without DM with regard to desferrioxamine (DFO)
therapy or to other chelation regimens with deferiprone
(DFP) (in monotheraphy, combined or sequential) and in
their durations at the time of CMR (Table I).
The high endocrine co-morbidity observed in TM patients
with DM is in agreement with data reported in the literature
(Gamberini et al, 2004). The siderosis may explain this
multi-organ endocrine failure, as indirectly supported by the
higher level of heart iron and as shown in a previous crosssectional and longitudinal study (Gamberini et al, 2008).

Relationship between DM and cardiac involvement
TM patients with DM showed an increased frequency of cardiac complications (heart failure, arrhythmias and pulmonary
hypertension) (Fig 1). The influence of DM on cardiac complications was comparable in patients with or without MIO
and the risk for cardiac complications was significantly
higher also adjusting for age and endocrine co-morbidity
(Fig 2). The influence of previous and different chelation
regimens could explain why no significant difference was
found in the DM duration between the patients with no
MIO and MIO.
In our cohort we confirmed a low frequency of pulmonary
hypertension in well-treated TM forms (Derchi et al, 1999;
Pepe et al, 2009) and DM did not influence the frequency of
pulmonary hypertension.
Our data further upheld heart failure as the main cardiac
complication in TM patients, even when well-treated and
well-chelated (Borgna-Pignatti et al, 2004). TM patients with
DM showed increased frequency of HF (Fig 1) with a
significantly higher risk, also when adjusting for age and
endocrine co-morbidity (Fig 2). The influence of DM on HF
was comparable in patients with or without MIO. Our data
are concordant with the robust evidence regarding the relationship between DM and HF in the general population
(Maisch et al, 2011).
In our large well-treated population, hyperkinetic arrhythmias (mainly represented by supraventricular forms) were
ª 2013 John Wiley & Sons Ltd
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the second most frequent cardiac complication, as previously
reported (Borgna-Pignatti et al, 2004). In patients without
MIO the risk of hyperkinetic arrhythmias was significantly
higher for DM patients, also adjusting for age and endocrine
co-morbidity, suggesting an independent role of diabetic cardiomyopathy in hyperkinetic arrhythmias in thalassaemia.
Moreover, in DM patients without MIO the risk for hyperkinetic arrhythmias, when adjusted for age and endocrine
co-morbidity, was significantly higher than in DM patients
with MIO. These findings confirm that, as previously
reported (Kirk et al, 2009; Marsella et al, 2011), cardiac iron
overload contributes less to the development of arrhythmias
than to cardiac failure. DM seems to increase the stiffness of
the ventricle independently of MIO. In contrast, iron-overloaded hearts were probably so stiff already that the additional diagnosis of DM did not make much of a difference.
Also, in the general population DM patients show a higher
incidence of cardiac arrhythmias, although the physiological
basis is not completely known (Schannwell et al, 2002).
However, the higher incidence of hyperkinetic arrhythmias in
DM was expected, due to the greater stiffness of the diabetic
ventricles where microvascular damage probably plays a key
role (Schannwell et al, 2002).
Our study strongly supports that DM is positively associated with myocardial fibrosis in TM, as this was the fibrosis
detected by LGE. LGE has been used to document the presence of myocardial fibrosis in the general DM population
(Kwong et al, 2008; Maisch et al, 2011) and myocardial
fibrosis by LGE has been previously shown in TM patients
(Kirk et al, 2011; Meloni et al, 2009b,c; Pepe et al, 2009).
The frequency of myocardial fibrosis in this large Italian
cohort of TM patients (Meloni et al, 2009b,c; Pepe et al,
2009) was significantly higher than that detected in a small
study group of English TM patients (Kirk et al, 2011) (157/
833 patients versus 1/45 patients; P = 0004). The significantly higher frequency of HCV infection in the Italian TM
population might resolve these differences in LGE frequency.
As shown in this study, the risk for myocardial fibrosis was
significantly higher in patients that were positive for both
DM and HCV-RNA. Thus, HCV infection seems to be one
of the possible mechanisms for myocardial fibrosis both
directly through myocarditis (Omura et al, 2005) and indirectly through pancreas and liver damage with the development of diabetes.
DM appears to reinforce the oxidative stress and cardiac
microvascular angiopathy produced by HCV infection.
Moreover, in DM patients the higher frequency of a positive
LGE with a transmural ischaemic pattern also confirms the
higher risk for coronary artery disease in diabetic TM and
the role of the macroangiopathy in diabetic cardiomyopathy.
The frequency of heart dysfunction was higher in DM
patients, with a P-value (0052) close to statistical significance.
The lack of association between DM and heart dysfunction
probably reflects the predominant role of the iron burden
in mild heart systolic dysfunction in thalassaemia; moreover,
ª 2013 John Wiley & Sons Ltd
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this finding might be due to the small number of cases with
mild heart systolic dysfunction alone. The comparable data
regarding LV/RV dilatation and the atrial areas reflect the predominant role of chronic anaemia versus diabetic cardiomiopathy in conditioning the remodelling of the four cardiac
chambers.
The lack of correlation between DM duration and cardiac
complications probably reflects two biases. First of all, there
is a potential delay between the DM diagnosis and the real
onset of the disease; this delay could fluctuate due to the different standard care in the various centres, particularly in the
past. Second, although the physiological basis for arrhythmias
in diabetic cardiomyopathy is not completely known, the
greater stiffness of diabetic ventricles probably plays a key
role (Schannwell et al, 2002) and the onset of cardiac active
therapy (i.e. ACE-I), usually years after DM diagnosis, could
have prevented arrhythmias in patients where the DM
duration was longer.
In our retrospective historical cohort, the hypothesis that
the presence of DM leads to higher frequency of cardiac
complications also independently of cardiac iron status
appears to be fully confirmed. In fact, DM damages the cardiac vessels, especially the microvasculature. Microvascular
disease has long been felt to be predominantly present in the
eyes, kidneys and nerves. However, it is becoming increasingly clear that this process also affects the microvasculature
of the heart (Butler et al, 1998; Fang et al, 2004).

Limitations
An interaction term between DM and non-MIO was used to
evaluate whether the effect of DM was different in MIO and
non-MIO patients. Unfortunately, the evaluation for MIO
was performed only at the time of the first T2* CMR examination because non-invasive techniques for MIO quantification were previously unavailable.
Moreover, our retrospective cohort did not have data
regarding pancreatic iron burden because the T2* pancreatic
technique was not implemented for clinical use in the MIOT
network until 2012 (Restaino et al, 2011), when we also
introduced the systematic collection of data (not available in
this study) regarding impaired glucose tolerance and
impaired fasting glucose in our patients.
Cardiac iron is more specific for glucose dysregulation
because it implies increased pancreatic iron for a long
duration (Noetzli et al, 2009), but it is insensitive to milder
glucose. While pancreas T2* has greater variability than liver
or cardiac T2* (Restaino et al, 2011), the disposition index
(a balance between insulin sensitivity and insulin release)
could be an important marker of intrinsic beta cell functional capacity and diabetes reversibility (Noetzli et al, 2012).
Another limit of this study is that the resolution of LGE
imaging is insufficient to visualize diffuse myocardial fibrosis
resulting from microvascular disease in diabetic cardiomyopathy, though the resolution of CMR for this purpose is
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significantly greater than any other modality. One possible
way to assess this issue in future patient settings would be the
use of CMR T1 mapping techniques for the LV myocardium.

Conclusions
Cardiovascular complications remain the leading cause of
mortality and morbidity in the thalassaemia population as
well as in the general diabetes population. Our data, from a
large historical cohort of TM patients, appear to indicate that
DM increases independently the risk for heart failure, hyperkinetic arrhythmias and myocardial fibrosis in TM. Our data
are concordant with recent research in humans and animals that revealed pathophysiological mechanisms for the
increased vulnerability of the diabetic heart to failure, and
arrhythmias in the general population(Fang et al, 2004; Hess
et al, 2012), although experimental findings and prospective
data are recommended to further support the association
between DM and cardiac complications in thalassaemia.
However, our data are relevant for the prevention of glucose
disorder metabolism, particularly in young patients, and they
stress the need to intensify the chelation therapy in patients
in whom excess pancreatic iron is found by MRI where available, or when patients develop glucose metabolism disorders,
because, as previously shown (Farmaki et al, 2010), improvement is possible.
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