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Aim: to evaluate the relationship between uric acid (UA), hepatic and cardiac iron overload (T2*-MRI), fer-
ritin, endocrinological diseases and cardiac complications in a large thalassemia major (TM) cohort. Meth-
ods: A total of 369 TM patients (187 men; 33 ± 6 years) were retrospectively studied, from the myocardial
iron overload in thalassemia (MIOT) electronic databank. Results: Multiple regression model identified
male sex (p < 0.001), BMI (p < 0.001) and T2* (p ≤ 0.001) as UA independent correlates. Moreover, UA
and derivatives of reactive oxygen species (an oxidative index; r = -0.3; p ≤ 0.05) are inversely correlated.
Conversely, the multivariate logistic analysis identified low UA (NANHES-III criteria) as one independent
predictor for low global heart T2* (p < 0.5) together with liver iron concentrations (>3 mg/g/dw), heart
failure, endocrinopathies, ferritin (>2000 ng/l), alanine transaminase (>40 UI/l) and/or aspartate transam-
inase (>35 UI/l) and/or glutamyl transferase (>64 UI/l). Discussion: UA appears directly associated to T2*
and inversely with derivatives of reactive oxygen species, and as such reduced according to increased
oxidative stress and cardiac iron overload in TM patients.
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Although iron chelation therapy has improved prognosis and survival in β-thalassemia major (TM), these patients
are subjected to oxidative damage in different organs by secondary iron overload [1]. Heart is particularly susceptible
to oxidative stress damage that can lead to heart failure, which is one of the main causes of thalassemic complications,
together with hepatic and endocrinological complications [1,2]. Antioxidants represent an effective protective barrier
against oxidative damage [3–5]. In particular, uric acid (UA) is a powerful endogenous antioxidant, responsible for
the majority of blood antioxidant power (contribution estimated around 60/80%), which has been also associated
with cardiovascular (CV) risk [6–8].

MRI represents the elective strategy to assess iron overload in different organs, including liver and heart [2,9].
In particular, CV magnetic resonance provides the opportunity to quantify biventricular function parameters with
excellent reproducibility [10] and the late gadolinium enhancement (LGE) CV magnetic resonance is a noninvasive
technique validated to detect necrosis/fibrosis [11,12]. Although UA has been alternatively found associated or not
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to levels of ferritin in TM, there are no data focused on the association between UA levels and MRI parameters of
iron overload in such patients [3,5,13].

Thus, the aim of the present study was to study the relationship between UA levels and iron status, assessed by
means of serum ferritin levels and MRI-liver iron concentrations (LIC) and iron heart concentration assessed using
MRI-T2* in a large cohort of TM patients. In addition, the association of UA with endocrinological features and
CV complications in such patients was also evaluated.

Materials & methods
Study population
We analyzed 369 TM patients (187 men; mean age 33 ± 6 years) consecutively enrolled in the myocardial iron
overload in thalassemia (MIOT) study [14]. The MIOT project is a network of nine MRI centers and 68 thalassemia
centers wherein MRI examinations are performed using homogeneous, standardized and validated procedures and
wherein patients’ demographic, clinical, laboratory, instrumental and follow-up data are collected in a centralized
database via the world wide web [14].

All patients had been regularly transfused since early childhood and began chelation therapy from the mid-to-late
1970s, although patients born after the seventies received chelation therapy from early childhood.

The study complied with the Declaration of Helsinki. All patients gave written informed consent to the study.
The project was approved by the institutional ethics committee.

Biochemical analysis
All clinical and laboratory investigations were carried out at the thalassemia centers wherein the patients were
treated.

Biochemical analysis included analysis of UA, ferritin, fasting glucose, creatinine, alanine transaminase (ALT),
aspartate transaminase (AST) and gamma glutamyl transferase (GGT), by routine clinical chemistry analyzers.
Standardized protocols were adopted by all clinical laboratories, which meet the standard for blood withdrawal,
taken at morning after a night’s fasting, samples centrifugation at 2500 × g, for 10 min and immediate analytical
evaluation. For UA, External Quality Assessment programs in Laboratory Medicine, conducted by the spin-off
QualiMedlab-CNR (Pisa, Italy) in co-operation with ProBioQual (Lyon, France), evidenced that intra-assay and
inter-assays coefficients of variation were below 5% [15].

Severe iron status was defined when ferritin resulted >2000 ng/ml [16,17].
In a subgroup of patients, data on another parameter of oxidative stress was obtained. In brief, levels of

derivatives of reactive oxygen species (d-ROMs) were evaluated by using the d-ROMs test (Diacron, Italy), as
previously described [18]. The results are expressed as arbitrary units (AU; d-ROM reference value corresponds to
<320 AU).

MRI exam
MRI was performed using a 1.5-T scanner (GE Signa/Excite, WI, USA).

For iron overload assessment, T2* gradient-echo multiecho sequences were acquired. For the heart a multislice
approach was used: basal, medium and apical slices were acquired [19,20]. A mid-hepatic slice was obtained [21].
T2* image analysis was performed using a custom written, previously validated software (HIPPOMIOT R©) [22].
The software provided the T2* value for all the 16 segments of the left ventricle (LV). Global heart T2* value was
obtained by averaging all segmental values. Hepatic T2* values were calculated in a circular region of interest [23]

and were converted into LIC using the Wood’s calibration curve [24,25].
Steady-state free procession cine images were acquired during 8 s breath-holds in sequential 8 mm short-axis slices

from the atrioventricular ring to the apex to assess biventricular function parameters quantitatively in a standard
way, using MASS software (Medis, Leiden, The Netherlands) [10].

LGE images were acquired in short axis views from 10 to 18 min, after intravenous administration of gadobutrol
(Gadovist; Bayer Schering Pharma; Berlin, Germany) (0.2 mmol/kg), using a fast gradient-echo inversion recovery
sequence. Depending on the left ventricle size, 10–14 short axis views were acquired. Also, vertical, horizontal
and oblique long axis views were acquired. Inversion times were adjusted to null for the normal myocardium.
The LGE was evaluated visually by experienced observers using a two-point scale, considered present if visualized
in two different views [12]. LGE images were not acquired in patients with a glomerular filtration rate less than
30 ml/min/1.73 m2 and in patients who refused the contrast medium administration.
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Table 1. Demographic, clinical and laboratory characteristics of thalassemia major patients.
Variables All Women Men p-value

Demographic, clinical and instrumental parameters

Age (years) 33 ± 6 34 ± 6 33 ± 6 ns

LIC (mg/g dw) 8 ± 9 8 ± 8 8 ± 10 ns

Global heart T2* (ms) 29 ± 12 29 ± 12 30 ± 12 ns

Cardiac dysfunction n (%) 148 (40) 54 (30) 94 (50) �0.001

Heart failure n (%) 57 (15) 18 (10) 39 (20) �0.001

Arrhythmias n (%) 31 (8) 10 (5) 21 (11) �0.05

Smoking habit n (%) 90 (24) 34 (19) 56 (30) �0.05

BMI (kg/m2) 23 ± 3 22 ± 3 23 ± 3 �0.05

Endocrinological diseases

Type 2 diabetes n (%) 42 (11) 26 (13) 16 (8) ns

Hypogonadism n (%) 184 (50) 98 (54) 86 (46) ns

Hypoparathyroidism n (%) 44 (12) 23 (13) 21 (11) ns

Hypothyroidism n (%) 94 (25) 49 (27) 45 (24) ns

Biochemical parameters

UA (mg/dl) 4.4 ± 1.2 4.0 ± 1.0 4.7 ± 1.3 �0.001

Ferritin (ng/l) 1238 ± 1213 1314 ± 1380 1161 ± 1021 ns

Glycemia (mg/dl) 100 ± 36 100 ± 38 101 ± 35 ns

Creatinine (mg/dl) 0.8 ± 0.9 0.8 ± 1.0 0.8 ± 0.6 ns

ALT (UI/L) 45 ± 41 40 ± 41 53 ± 40 �0.001

AST (UI/L) 41 ± 33 36 ± 31 47 ± 34 �0.001

GGT (UI/L) 34 ± 33 27 ± 29 40 ± 38 �0.001

LIC: Liver iron concentration; ns: Not significant; UA: Uric acid.

Statistical analysis
Analyses were performed using the statistical package Statview, version 5.0.1 (SAS Institute, Abacus Concept,
Inc., CA, USA). All continuous variables were expressed as mean ± standard deviation. Categorical variables were
expressed as frequencies and percentages.

Comparisons between groups were made by independent samples t-test or Mann–Whitney test. χ2 test was
performed for categorical variables, while regression analysis was performed to assess the relationship between
continuous variables.

Owing to skewness, log transformation of ferritin, glycemia, ALT, AST and GGT were used for statistical
analyses. Log-transformed values were then back-transformed for data presentation.

All variables in Table 1 were evaluated as determinants for UA levels in TM patients, and variables with univariate
association of p ≤ 0.05 were included into a multivariate regression to estimate independent factors for elevated
UA.

Variables with univariate association of p ≤ 0.05 were entered into a logistic multivariate analysis to estimate
independent predictors for global heart T2* after adjusting for risk factors.

A two-tailed probability value of 0.05 was considered statistically significant.

Diagnostic criteria for cardiac complications
Heart dysfunction was diagnosed in the presence of left ventricular and/or right ventricular ejection fractions <2
standard deviation from the mean values normalized to age and [26] gender.

Heart failure was identified based on symptoms, signs, biomarkers and instrumental parameters, according to
the AHA/ACC [27] guidelines.

Arrhythmias were diagnosed and classified according to the AHA/ACC guidelines [28].

Results
Characteristics of patients
Demographic and clinical characteristics of the enrolled TM patients are shown in Table 1.
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Table 2. Predictors for global heart T2* <20 ms in logistic univariate and multivariate models.
Variables Univariate Multivariate

OR 95% CI p-value OR 95% CI p-value

Age �38 years 2.2 1.2–4.1 �0.05 – – –

LIC �3 mg/g/dw 5.4 2.9–9.8 �0.001 4.0 1.9–8.5 �0.001

Heart failure 4.2 2.3–7.5 �0.001 4.1 1.8–9 �0.001

Smoking habit 1.9 1.1–3.2 �0.05 – – –

endocrinopathies 2.6 1.5–4.5 �0.001 3.6 1.8–7.2 �0.001

UA (�7.0 mg/dl in men and �5.7 mg/dl in
women)

6.2 0.8–47 ≤0.05 8.8 1.1–74 �0.05

Ferritin �2000 ng/l 6 3.4–10.6 �0.001 3.0 1.4–6.4 �0.01

ALT �40 UI/l and/or AST �35 UI/l and/or GGT
�64 UI/l

3 1.6–5.4 �0.001 2.6 1.2–5.3 ≤0.01

LIC: Liver iron concentration; OR: Odd ratio; UA: Uric acid.

There were 91 patients (25%; 43 men) with significant cardiac iron (global heart T2* value <20 ms). The
contrast medium was not administrated in 47 patients. No patient showed an ischemic pattern of myocardial
fibrosis. Among the patients with LGE areas, the 56.1% had two or more foci of fibrosis, involving the septum
more frequently.

Heart dysfunction, heart failure and arrhythmias (supraventricular in the 93.5% of the cases) were significantly
more frequent in males.

UA & its correlates in TM patients
UA levels ranged from 1.5 to 8.7 mg/dl (skewness: 0.7; kurtosis: 0.4) in the whole population.

As expected, UA levels were significantly higher in male than in female patients (4.8 ± 1.3 vs 4.0 ± 1.0 mg/dl;
p < 0.001). Hyperuricemia, defined as a UA level >7.0 mg/dl in men and >5.7 mg/dl in women according to
the US National Health and Nutrition Examination Survey (NHANES-III) laboratory definition, was observed in
10 (5%) males and 9 (5%) females, respectively.

UA did not correlate with ferritin or LIC values. No association between UA and endocrinological diseases
or cardiac complications was observed. Other than sex, among all the variables reported in Table 1, UA directly
correlated with global heart T2* (r = 0.2; p < 0.001), BMI (r = 0.25; p < 0.001) and GGT (r = 0.11; p < 0.05).
The multiple regression model identified male sex (T-value = 4.9; p < 0.001), BMI (3.8; p < 0.001) and global
heart T2* (3.3; p ≤ 0.001) as independent correlates of UA levels.

Data on alcohol consumption were available in 367 subjects; subjects who consumed alcohol (male: >60 g/day;
female: >40 g/day) had higher UA levels (4.4 ± 1.3 vs 3.6 ± 0.8 mg/dl; p ≤ 0.01). When this variable was
added to the multivariate analysis, it remained as an independent factor (T-value = 2.2; p < 0.05) for UA together
with male sex, BMI and heart T2*.

Moreover, in a small subgroup of patients (n = 68), we obtained data on d-ROMs, and mean values were
309 ± 60 AU, with 33% of patient showing values above 320 AU (reference range). An indirect relationship was
observed between UA and d-ROMs (r = -0.3; p ≤ 0.05).

Global heart T2* predictors
Patients with T2* global heart ≥20 ms showed higher levels of UA in respect to those with global heart T2* <20 ms
(4.5 ± 1.3 vs 4.1 ± 1.1 mg/dl; p < 0.01).

At the univariate analysis, age <38 years (75th percentile), LIC (>3 mg/g/dw), heart failure or endocrinopathies
(Type 2 diabetes, or hypogonadism, hypoparathyroidism, hypothyroidism), smoking habit, lower UA (according
to NANHES-III criteria), ferritin (>2000 ng/ml) and elevation of liver enzymes resulted in significant predictors
for low global heart T2* (<20 ms) (Table 2). The multivariate logistic analysis confirmed low UA as one significant
independent predictor for low global heart T2* (Odds ratio: 8.8; CI: 1.1–74; p < 0.5), together with LIC
(>3 mg/g/dw), heart failure, endocrinopathies, ferritin (>2000 ng/l), ALT (>40 UI/l) and/or AST (>35 UI/l)
and/or GGT (>64 UI/l) (Table 2).
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Discussion
Our data suggest that UA levels did not correlate with ferritin or MRI-LIC, nor with extent of endocrinological
diseases or cardiac complications, but it was independently correlated with global heart T2* values (so lower whether
higher cardiac overload) in TM patients.

Accordingly, UA resulted in an interesting biomarker in the cardiological field, considered with suspicion due
to its frequent correlation with CV established risk factors, outcomes and overall mortality [6–8]. Nonetheless, as
elevated UA is associated with CV risk and events, in different studies this power is lost after adjustment for
potential confounders, thus suggesting that UA is not independent from other risk factors [6,29]. Accordingly, the
role of UA as a CV causative factor appeared uncertain in different recent meta-analyses [30,31].

Now at the core of the discussion about UA is whether this parameter represents an independent risk factor
for CV events with a direct and causal role or whether it is just a marker for an adverse risk profile [6]. We
recently evaluated UA significance as predictor for hard events (HE; mortality and nonfatal myocardial infarction)
in a large cohort of patients referred for coronary angiography [29]. High UA results associated with HE only in
women, although this relationship loses its significance after multivariate adjustment [29]. Moreover, being that UA
is correlated with the ferric reducing ability of plasma (an index of antioxidant capacity), its elevation appears more
likely compensatory than causative for HE [29].

In TM patients, although recurrent transfusions may favor oxidative stress, data concerning the antioxidant
status are quite contradictory, because the total antioxidant capacity or single different antioxidants have been
generally found enhanced in TM patients in respect to control subjects, and interpreted as a reaction to increased
oxidant status [32–36]. As higher UA may be associated with severity of ineffective erythropoiesis and as a result of
destruction of nucleated red cells. Previous data generally show higher UA levels in TM patients compared with
control subjects, although in one case hyperuricosuria without hyperuricemia was observed in a group 37 children
with TM [4–5,37]. This point is important because, beyond its antioxidant capacity, experimental data suggested
that UA at high levels may act as pro-oxidant adverse factor, as it directly induces cardiomyocyte growth and
heart interstitial fibrosis, affecting growth and profibrotic signaling pathways, and inducing superoxide production
and endothelin-1 protein and mRNA expression [38,39]. In this context, although none report the percentage of
hyperuremic patients, it is important to evidence that although UA resulted higher in TM in respect to control
subjects, mean level found in such studies were not high at all (in the first study 5.5 vs 4.7 mg/dl, in the other one
4.11 vs 3.27 mg/dl; patients vs controls) [4,5]. Accordingly, in our population UA mean corresponded to 4.4 mg/dl
(well lower than the reference limit of the NHANES-III criteria), likely not so high to reach values such as to induce
pro-oxidizing effects, with a percentage of hyperuricemic patients that resulted low (5%). Moreover, although the
odds ratio and CI (index of the accuracy of the estimate) for UA are quite wide, UA results significantly related
inversely to cardiac iron overload (being UA directly related to global heart T2* values: higher T2*, lower cardiac
iron). Moreover, there is an inverse relationship between UA and d-ROMs (index of oxidative stress). Thus, UA
appeared reduced according to increased oxidative stress and cardiac iron overload in TM patients. In this context,
it is important to remind that increased UA may be related to higher intake of purine or fructose and alcohol,
information not reported in the available studies on TM patients [6,40]. Unfortunately, also in the MIOT database
a food frequency questionnaire is not available, although TM subjects enrolled followed dietary habits that were
characteristic of the Mediterranean diet. Instead, alcohol consumption that we evaluated in a subgroup of TM
patients, emerges as an independent predictor for UA levels.

It is known that UA is related to renal function. In our population there was not a significant correlation between
UA and creatinine, index of kidney function. This result may be due to the fact that in the overall population
the majority of patients had conserved renal function, as only 19 subjects (5%) had glomerular filtration rate
<60 ml/min/1.73 m2.

We observed that UA elevation is closely associated with BMI, and also directly with triglycerides and inversely
with high density lipoproteins (n = 368; r = 0.3; p < 0.001 and n = 364; r = -0.27; p < 0.001, logTG and
high density lipoproteins, respectively; data not shown), being possibly involved in the development of the cluster
of CV risk factors associated with metabolic syndrome in our TM population. Now, there are increasing data
which evidence the relationship between UA and metabolic syndrome and its components, although there are
no data on the relationship between UA and metabolic risk factors in TM [41–43]. Previous findings, obtained
with different other antioxidants, especially levels of catalase activity and reduced glutathione, found a relationship
between higher oxidative stress and metabolic parameters in β-thalassemia patients [32]. Thus, it remains to be
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evaluated if the direct correlation of UA with BMI in TM patients may reflect a compensative antioxidant response
to overweight/obesity-induced oxidative stress.

We did not observe a significant relationship between UA and ferritin levels, an association which has been
alternatively observed or not found in other TM cohorts [3,5,13]. Instead, we confirmed the close association
between serum ferritin and liver enzymes (AST: r = 0.4; p < 0.001, ALT: r = 0.33; p < 0.001 and GGT: r = 0.12;
p < 0.05; data not shown), which suggests that hepatocellular injury and liver dysfunction are related to iron
overload [44].

Interestingly, female patients which presented cardiac fibrosis also had higher levels of UA with respect to female
patients without cardiac fibrosis (4.4 ± 1.3 vs 3.9 ± 1 mg/dl; p < 0.05). This result, observed only in TM females,
could be interesting in view of the fact that TM females survive longer and develop less cardiac complications
(heart failure or arrhythmias), at parity of accumulated heart iron [10,45]. Moreover, as myocardial fibrosis and iron
overload represented two independent events in TM [46], these findings may suggest a different relationship between
cardiac fibrosis, iron overload and oxidative stress in TM patients belonging to different sexes. Interestingly, in
the CV field, increasing data suggest a stronger association between UA and cardiac ischemic disease in women,
compared with a lesser degree in men [6,29]. However, now it is difficult to advance hypothesis and identify the
mechanisms at the basis of sex specific differences associated to these events.

Conclusion
UA results directly related to global heart T2* values and inversely with d-ROMs, and as such it appeared reduced
according to increased oxidative stress and cardiac iron overload in TM patients.

In addition, UA did not correlate with iron status assessed by means of serum ferritin levels and MRI-LICs,
neither with endocrinological features and CV complications.

Summary points

• The relationship between uric acid (UA), hepatic and cardiac iron overload (T2*-MRI), ferritin, endocrinological
diseases and cardiac complications was evaluated in a large thalassemia major cohort.

• Multiple regression model identified male sex, BMI and T2* as UA independent correlates.

• UA and derivatives of reactive oxygen species (an oxidative index) are inversely correlated.

• The multivariate logistic analysis identify low UA (NANHES-III criteria) as one independent predictor for low
global heart T2* together with liver iron concentration (>3 mg/g/dw), heart failure, endocrinopathies, ferritin
(>2000 ng/l), alanine transaminase (>40 UI/l) and/or aspartate transaminase (>35 UI/l) and/or glutamyl
transferase (>64 UI/l).

• UA appears to be directly associated to T2* and inversely with derivatives of reactive oxygen species, so reduced
with increased oxidative stress and cardiac iron overload in thalassemia major patients.
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