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Abstract

Thalassemia patients have a high cell turnover rate due to chronic hemolysis and ineffective erythropoiesis; therefore, hyperuri-
cemia is anticipated. This study aimed to identify the prevalence of hyperuricemia, gout and nephrolithiasis, conditions associated
with serum uric acid (SUA), and urine uric acid excretion (UUA) in thalassemia patients. This was a cross-sectional study in
patients aged 15 years or older at Chiang Mai University Hospital. All patients had blood and 24-h urine collection test. We
enrolled 112 thalassemia patients in which 67.0% were female, 64.3% had beta thalassemia/Hb E, 76.8% were transfusion
dependent, and 59.8% were post splenectomy. The median age was 29 (16-58) years. Mean SUA was 6.7 +2.0 mg/dl and
hyperuricemia (SUA > 6.8 mg/dl) was found in 47 cases (45.2%). Intact spleen (ORs 4.3, 95%CI 1.55-12.50, p = 0.01) and lower
FEuric (ORs 2.08, 95%CI 1.35-3.33, p<0.01) were associated with hyperuricemia significantly. Seven (6.3%) had gouty
arthritis and nine (8%) had microscopic hematuria, one case being confirmed nephrolithiasis. The mean UUA excretion was
981.3 £335.0 mg/day and UUA hyperexcretion (> 700 mg/24 h) was found in 83.3%. UUA hyperexcretion patients had renal
hyperfiltration 46%, glomerular dysfunction 84%, and tubular dysfunction 7.7%. From our study, hyperuricemia was found in
approximately 40% of thalassemia patients but gouty arthritis occurred only in few patients (6%). This may be explained by
urinary uric hyperexcretion which is found in over 80%. The significant risk factors for hyperuricemia were intact spleen and
lower fraction excretion of uric acid.
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Introduction

Thalassemia is a hereditary disease characterized by
chronic hemolysis and ineffective erythropoiesis resulting
from defects in the globin component in the hemoglobin
in red blood cells.
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Thalassemia is common problem in Thailand as the prev-
alence is high at 30% [1] compared to the global figure of only
5.2% [2]. The commonest thalassemia types in Thailand are
both beta and alpha, including hemoglobin E and hemoglobin
Constant Spring [3, 4]. In general, patients with thalassemia
have a high cell turnover rate due to chronic hemolysis and
ineffective erythropoiesis; therefore, hyperuricemia is antici-
pated. A study in beta thalassemia major children demonstrat-
ed the presence of a higher serum uric acid level (SUA) than
seen in a healthy control group [5]. Nevertheless, there is
limited data regarding SUA and prevalence of hyperuricemia
in adult thalassemia patients.

Common conditions associated with the complication of
hyperuricemia are gout and nephrolithiasis. Although hyper-
uricemia is expected in thalassemia patients, but evidence of
gouty complications in thalassemia patients have only been
documented in case reports [6, 7].

Thus, the objectives of this study are to determine the prev-
alence of hyperuricemia and its associated complications to
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as certain factors associated with a high SUA and to study the
correlation between SUA, urine uric acid (UUA), and its com-
plications in thalassemia patients.

Patients and method

This study is a cross-sectional study. All thalassemia patients,
age 15 years or older, who attended the Adult Hematology
Clinic of Chiang Mai University Hospital between
November 2016 and October 2017 were enrolled onto the
study. The diagnosis and type of thalassemia were confirmed
by hematologist review and based on hemoglobin analysis
using a high-performance liquid column chromatography
(HPLC) method. The patients with other hematologic disease,
malignancy, and active infection were chronic alcohol
drinkers and users of medication that interfered with SUA
levels including uric acid-lowering drugs (e.g., allopurinol,
febuxostat, probenecid, benzbromarone, and sulfinpyrazone),
diuretics, anti-tuberculous drugs (particularly pyrazinamide
and ethambutol), cyclosporine, levodopa, and nicotinic acid
that were excluded from the analysis of SUA and UUA due to
possible interference with the laboratory tests. Patients taking
low-dose aspirins (< 325 mg/day) for thromboprophylaxis af-
ter splenectomy were accepted for this study.

According to prevalence of allopurinol use in thalassemia
intermedia that was 25% from previous study [8], the sample
size was calculated using a one-sample proportion test for a
power of 80% and alpha error of 0.05. The estimated sample
size was 103 patients to detect a significant result regarding
hyperuricemia.

The medical records that included demographic character-
istics, thalassemia type, transfusion status, and current medi-
cation were reviewed. The laboratory investigations included
complete blood count, reticulocyte count, serum creatinine,
electrolyte, SUA, and urinalysis. A 24-h urine collection en-
abled urine chemistry tests including creatinine, electrolytes,
uric acid, protein, microalbumin, and urine neutrophil
gelatinase-associated lipocalin (uUNGAL). The uNGAL was
measured using an ARCHITECT urine NGAL assay Kkit.
Other investigations, such as MRI of the liver, the heart (to
determine tissue iron deposition), and echocardiogram (to de-
termine cardiac function), all performed within 12 months,
according to clinical indication that was also collected for
analysis. A renal ultrasonography was requested additionally
for patients with significant microscopic hematuria (three or
more red blood cells per high-power field in collected urine
specimen [9]) to determine renal calculi.

Hyperuricemia was defined as a SUA level of more than
6.8 mg/dl [10]. Hyperexcretion of uric acid was defined as
more than 700 mg/day of UUA excretion while on a normal,
unrestricted purine diet [11, 12]. The 24-h urine sample was
collected from all enrolled patients, but the chemical analysis
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of the urine was done only in patients with adequate urine
collection which was defined as more than 15 mg/kg/day of
urine creatinine excretion in females and 20 mg/kg/day in
males [13]. The flow algorithm depicting patient analysis is
shown in Fig. 1.

The estimated glomerular filtration rate (¢GFR) was calcu-
lated using the Cockcroft-Gault formula ((140 —age) x
weight / (72 X serum creatinine) x 0.85 (if female)) [14].
Patients with eGFR < 60 ml/min were excluded from the anal-
ysis as this might interfere with SUA. Renal hyperfiltration
was defined as eGFR > 135 ml/min [15]. Glomerular dysfunc-
tion in this study was defined as the presence of either pro-
teinuria (> 150 mg/day) or microalbuminuria (>30 mg/day)
[16]. In addition, at least one piece of evidence from
glucosuria, fraction excretion of phosphate >20% or high
uNGAL was defined as a marker of renal tubular dysfunction
[17].

The history taking, physical examination, medical record
review, and laboratory tests were performed in the same day.
Informed consent was obtained from all individual partici-
pants included in the study. The study was approved by the
Ethics Committee of the Faculty of Medicine, Chiang Mai
University, study code MED-2559-04246 and performed in
accordance with guidance from the declaration of Helsinki.
This study was supported by a research grant from the
Faculty of Medicine, Chiang Mai University.

Statistical analysis

The SPSS statistics software (version 23, International busi-
ness machines corporation, United States) was used for statis-
tical analysis. Results of categorical variables were expressed
as proportion or percentage, and continuous variables were
expressed as mean + standard deviation (SD) or median
(range) depending on their distribution. The Chi-square or
Fisher’s exact test was used to compare categorical variables
and a Student’s ¢ test or Mann-Whitney U test was used to
compare continuous data, where appropriate. Variables that
were calculated as significant in the univariate analysis were
entered into the multivariate analyses. Multiple logistic regres-
sion analysis was used to identify independent associated fac-
tors. Odd ratios (ORs) and 95% confidence intervals (CI) were
calculated for all associations. A p value of less than 0.05 was
considered as statistically significant.

Results

One hundred and twenty-three thalassemia patients were in-
vited onto the study and 11 patients refused to participate due
to their career commitments or routine daily activities in
which a 24-h urine collection was presumably impossible. A
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Fig. 1 Flow algorithm to show
patient analysis

Patients enrolled (N=112)
o Gout=7(6.3%)
e Microscopic hematuria = 9 (8%)
o Calyceal stone (n=1)

Allopurinol use (n= 8) |
eGFR< 60 ml/min/1.73m2 (n=1) |

Blood chemistry and SUA analysis (n= 104)
e Hyperuricemia =47 (45.2% )

Inadequate 24 hour urine collection
(n=34)

~

total of 112 patients participated in the study. The median age
of patients was 29 (range 16-58) years with the number of
females predominating, 75 (67.0%). The most common thal-
assemia type was beta thalassemia/hemoglobin E disease,
followed by homozygous beta thalassemia [72 (64.3%) and
30 (26.8%), respectively]. The patients were classed as being
transfusion-dependent thalassemia (TDT) in 76.8% and post
splenectomy in 59.8% of cases. The mean pre-transfusion
hemoglobin was 7.1 £1.0 g/dl in TDT patients and 7.6 +
1.2 g/dl in non-transfusion dependent (NTDT). The mean se-
rum creatinine was 0.5+0.2 mg/dl, and eGFR 122.7 +
37.0 ml/min with hyperfiltration was found in 42 (40.4%)
cases. The demographic data is shown in Table 1. Eight pa-
tients who had chronic kidney disease or were receiving allo-
purinol were excluded from the analysis of uric acid due to
possible interference of the drug with SUA and UUA. Out of
the 104 patients, the mean SUA was 6.7 +2.0 mg/dl and hy-
peruricemia was found in 47 out of 104 cases (45.2%).
Hyperuricemia was identified as significant in patients: with
an intact spleen (51.1% vs. 28.1%, p=0.01); higher nRBC
(222.7+155.8 vs. 152.5+117.9, p =0.05); higher serum cre-
atinine (0.6 0.2 vs. 0.5+0.1 mg/dl, p=0.03), and lower
fraction excretion of uric (FEuric) (7.9 £2.6 vs. 10.3 £3.6%,
p=0.01) compared with normal uric acid level patients. On
the other hand, hyperuricemia was found to show a significant
negative correlation with deferasirox use [2 (4.2%) vs. 11

~

Urine chemistry and UUA analysis (n=60)
e UUA hyperexcretion = 50 (83.3%)

e Renal hyperfiltration (n=23)

e Glomerular dysfunction (n=42)
o Proteinuria (n=42)
o Microalbuminuria (n= 15)

e Renal tubular dysfunction (n=4)
o High uNGAL (n=4)
o No Glucosuria or phosphaturia detected

(& /

(19.3%), p=0.02)] and aspirin use [21 (44.7%) vs. 41
(71.9%), p=0.01] compared with normouricemia patients
(Table 2). The following factors: age, sex, BMI, thalassemia
type by HPLC, transfusion status, hemoglobin, WBC, plate-
let, iron status, FEsodium, FEpotassium, FEphospate, and
PHT showed no significant different when the groups were
compared. The factors associated with hyperuricemia accord-
ing to the results of the multivariate analysis were an intact
spleen and a lower FEuric as shown in Table 3.

The 24-h urine collection was done in all enrolled patients,
but adequate urine collection was achieved only in 60 patients.
Mean UUA excretion was 981.3 +£335.0 mg/day. Fifty
(83.3%) of the patients who had adequate urine collections
had hyperexcretion of UUA. Twenty-seven (54.0%) of UUA
hyperexcretion patients had normal SUA levels. Factors asso-
ciated with high UUA excretion in normouricemia patients
were a higher eGFR (138.9+29.8 vs. 94.1 £25.1 ml/min,
p=0.01) and a higher proteinuria level (268.2+125.0 vs.
146.5 £50.7 mg/day) compared to normal UUA excretion
normouricemia patients.

Mean uNGAL was 21.0 + 8.2 mcg/l. A high uNGAL level,
classed as more than 37 mcg/l, showed a significant correla-
tion with lower eGFR (89.9 £63.4 vs. 127.9 +£32.3 ml/min,
p=0.04), higher FEphosphate (13.9+4.9 vs. 10.1 +3.3%,
p=0.04), and higher serum ferritin (2659.1 +1340.0 vs.
1434.2+£1041.8 mcg/l, p=0.03).
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Table 1 Demographic data

Characteristics N=112
Median age (years) 29 (16-58)
Sex

* Female 75 (67.0%)
Body weight (kg.) 472+6.0
Body mass index (kg/m?) 19.4+22
Thalassemia type

* Beta thalassemia/HbE 72 (64.3%)

» Homozygous beta thalassemia 30 (26.8%)

» Hb H disease or HbH/CS 10 (8.9%)
Transfusion dependent 86 (76.8%)
Pre-transfusion hemoglobin (g/dl)

* TDT 7.1+1.0

* NTDT 7.6+1.2
Post splenectomy 67 (59.8%)

Iron status
* Serum ferritin (mcg/1)
* Cardiac T2* (msec) (MRI investigation N =47)
* Liver iron concentration (LIC) (mg/g) (MRI investigation N =47)
Iron chelator
* Deferoxamine (DFO) monotherapy
* Deferiprone (DFP) monotherapy
* Deferasirox (DFX) monotherapy

1724.1+1269.4
3734127
143+62

111

15 (13.4%)

51 (45.5%)

9 (8.0%)

* DFO and DFP combination
* DFO and DFX combination
Aspirin use (81 mg/day)
Blood chemistry

 Serum creatinine (mg/dl)

« ¢GFR (ml/min/1.73 m?)

31 (27.7%)
5 (4.5%)
65 (58.6%)

0.5+0.2
122.74+37.0

A total of 50 cases of UUA hyperexcretion and renal
hyperfiltration was documented in 23 cases (46%), glomerular
dysfunction was documented in 42 cases (84 %) (42 cases with
proteinuria and 15 cases with microalbuminuria), and renal
tubular dysfunction was documented in 4 cases (7.7%) with
a uNGAL of more than 37 mcg/l.

Complications of hyperuricemia, gouty arthritis, and to-
phi were documented in seven cases (6.3%) and two cases,
respectively. The median age of gouty arthritis onset was
30 years (range 20—44 years). Details of the clinical features
of patients who had gout are shown in Table 4. Microscopic
hematuria was detected in nine (8%) cases, in which one
case had a calyceal stone and one case a renal cyst detected
from the renal ultrasound. The patient with renal calculi
was a female, 47 years old with beta thalassemia/Hb E,
was transfusion dependent, and had an intact spleen. Her
serum creatinine was 0.5 mg/dl, eGFR was 81.25 ml/min,
SUA was 7.5 mg/day, UUA excretion was 1003.6 mg/24 h,
and urine pH was 5.5.
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Discussion

This study demonstrated that the prevalence of hyperuricemia
in this cohort of thalassemia patients was 45.19% and of gouty
arthritis was 6.3%. The associated factors of high SUA from
the multivariate analysis were an intact spleen and lower
FEuric. Hyperexcretion of uric acid was found in 83.3% of
cases of which 23% had renal hyperfiltration, 84% with evi-
dence of glomerular dysfunction, and 7.7% with renal tubular
dysfunction. Microscopic hematuria was detected in 8% of
cases which included one patient with a calyceal stone.

The prevalence of hyperuricemia is 10.6% in the general
Thai populations [18]. A study on sickle cell anemia, which is
another type of chronic hemolytic hemoglobinopathy, found
that the prevalence of hyperuricemia was 9.2% [19]. A retro-
spective study into thalassemia intermedia revealed that 25%
of patients were prescribed allopurinol but there was no cer-
tainty as regards the prevalence of hyperuricemia [8]. The
prevalence of hyperuricemia in thalassemia patients from this
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Table 2 Associated factor of hyperuricemia in thalassemia patients on univariate analysis

Characteristics Non-allopurinol user (N =104)

Hyperuricemia (N =47) Normouricemia (N=57) 95%CI1 P value
Thalassemia type 0.63
* Beta thalassemia/HbE 27 (57.4%) 39 (68.4%)
» Homozygous beta thalassemia 14 (29.8%) 14 (24.6%)
» Hb H disease or HbH/CS 6 (12.7%) 4 (7.1%)
Transfusion dependent 34 (72.3%) 45 (78.9%) 0.43
Pre-transfusion hemoglobin (g/dl) 7.1+1.0 74+1.0 —0.66-0.12 0.17
* TDT 7.0+1.0 73+09 -0.15-0.69 0.27
(N=34) (N=45)
* NTDT 75+1.0 79+13 -0.53-1.40 0.37
W=13) (N=12)
Pre-transfusion nRBC 222.7+155.8 152.5+117.9 1.53-138.70 0.05
Intact spleen 24 (51.06%) 16 (28.07%) 0.02
Serum ferritin (mcg/1) 1573.1£1079.4 1889.2+1443.5 —821.47-188.52  0.22
Iron chelator
¢ Deferoxamine 22 (46.8%) 21 (36.8%) 0.20
* Deferiprone 40 (85.1%) 44 (77.1%) 0.22
* Deferasirox 2 (4.2%) 11(19.3%) 0.02
Aspirin use 21(44.7%) 41(71.9% 0.01
Blood chemistry
¢ Serum creatinine (mg/dl) 0.6+0.2 0.5+0.1 0.01-0.13 0.03
+ ¢GFR (m/min/1.73 m?) 120.9+£39.3 130.9+30.2 —3.55-23.48 0.15
* Serum uric acid (mg/dl) 83+1.5 54+1.1
Urine chemistry from adequate urine 24 h sample (N=60) 27 33
* FE uric (%) 79+2.6 10.3£3.6 —3.93-0.62 0.01
* UUA (mg/day) 998.8+282.4 922.9+372.2 —143.30-207.13  0.72
* uNGAL (mcg/L) 20.8+37.7 21.1+714 —33.91-33.20 0.98

Values presented as mean =+ SD if data normally distributed, median (range), or n (%)

study is higher than in the general population and the sickle
cell anemia population. The pathophysiology of sickle cell
disease is documented as being episodic hemolysis and
vaso-occlusion precipitated by deoxygenation or stress [20]
whereas thalassemia disease results not only in chronic hemo-
lysis but also in ineffective erythropoiesis [21] so the degree of
red blood cell turnover rate in thalassemia might be higher
than that seen in sickle cell anemia, something possibly asso-
ciated with higher endogenous uric production and higher
SUA. In addition, the mean pre-transfusion hemoglobin in this

Table 3 Odd ratios (ORs) of factors associated with hyperuricemia in
thalassemia patients by multivariate analysis

Factors 0Odd ratios 95%C1 p value
Intact spleen 434 1.55-12.50 0.01
Lower FEUric 2.08 1.35-3.33 <0.01

study was 7.1 £1.0 g/dl in TDT patients and 7.6 + 1.2 g/dl in
NTDT, which indicated the inadequate transfusion in popula-
tion of TDT according to guidelines which keep pre-
transfusion hemoglobin of 9.0-9.5 g/dl and severe cases in
NTDT populations, respectively. These data accord also with
the high prevalence of renal hyperfiltration reported.
Therefore, such a drive in ineffective erythropoiesis could be
responsible for the high level of serum uric acid and preva-
lence of hyperuricemia in this study.

From the univariate analysis, hyperuricemia was identified
as being significantly associated with patients with an intact
spleen, higher nRBC, higher serum creatinine, lower FEuric,
and as having a negative correlation with deferasirox and as-
pirin use.

Ricchi et al. revealed that a splenectomy was a risk factor
for hyperuricemia which was paradoxical to the findings from
our study [8]. They hypothesized that a splenectomy caused
an increase in the circulating erythrocyte turnover.

@ Springer
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Table 4 Report showing details of seven thalassemia patients with gouty arthritis

Characteristics Case

1 2 3 4 S 6 7
Age (years) 33 34 47 50 47 38 24
Age of onset of gout 30 33 30 20 44 34 22
SUA at diagnosis of gout (mg/dl) ND 15 ND ND ND 11.8 (At Dx Cr 1.9 eGFR 33) 144
Presence of tophi No No Yes Yes No No No
Sex Female Male Female Male Female Female Male
Thalassemia type HomoBthal B/E B/E B/E HomoBthal B/E B/E
Transfusion status TDT TDT TDT TDT TDT TDT NTDT
Spleen Intact Intact Intact Intact Splenectomy Splenectomy Intact
Pre-transfusion hemoglobin (g/dl) 7.33 6.80 543 7.37 7.6 5.17 6.03
Serum ferritin (mcg/1) 1493 1144 1035 1048 3235 2203 594.3
Iron chelation DFP DFO DFX DFP DFO DFO No
Serum creatinine (mg/dl) 0.61 0.98 0.85 0.7 0.59 5.56 0.90
eGFR (ml/min/1.73 m?) 118.03 81.12 46.5 94.64 83.74 8.01 89.51
Current SUA (mg/dl) 9.7 4.1 11.5 5.8 9.7 73 10.8
Current allopurinol dosage (mg/day) 100 300 100 100 100 200 300

ND data not available due to diagnosis outside the study center and no data available on review

Additionally, that study included only thalassemia intermedia
patients so splenectomy could have different implications in
the more severe cases. However, the spleen is the hematopoi-
etic organ in the reticuloendothelial system which is involved
in extramedullary hematopoiesis and clearance of deformed
circulating RBC so the existence of the spleen in a
dyserythropoiesis disease such as thalassemia may contribute
to the high cell turnover rate due to chronic extravascular
hemolysis and extramedullary hematopoiesis, supporting en-
dogenous overproduction of uric acid in this population but
our study showed that a significant factor for a higher preva-
lence of hyperuricemia in thalassemic patients was with when
the spleen was intact. This may be explained by the indica-
tions for a splenectomy in our center that are not quite the
same as those generally recommended [22], as we are ex-
tremely concerned about the long-term complications of sple-
nectomy (increased risk of thrombosis, pulmonary hyperten-
sion, and infection [23]). Therefore, not all severe thalassemia
patients had undergone a splenectomy. Moreover, a quarter of
our study population was NTDT, a demographic which usu-
ally do not undergo a splenectomy.

Hyperuricemia is not only associated with overproduction
of uric acid but is also associated with inefficient renal excre-
tion of uric acid presenting as lower FEuric. FEuric is the
percentage of the uric acid filtered by the kidney which is
excreted in the urine. Although this study showed that most
of the patients had a high 24-h UUA excretion, the high UUA
could be from a high filtered load of uric acid resulting from
the overproduction. UUA excretion was quantitative whereas
FEuric was the qualitative measure of renal handling. This
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finding was similar to that of the previous study which showed
evidence of inefficient renal excretion of uric acid in most
patients with gout, including patients with apparent
overexcretion of uric acid [11].

This study demonstrated lower SUA in patients who used
deferasirox, a finding that was similar to two previous studies
in children with thalassemia [23, 24]. Deferasirox increases
UUA excretion from renal tubular dysfunction, and low SUA
has been found in over 90% of patients who used deferasirox
for 6 years [22, 23]. In addition, the use of this medication was
also associated with increased risk of nephrolithiasis among
thalassemia patients [24, 25].

In terms of low-dose aspirin, there was study which demon-
strated a decrease of UUA excretion in the elderly who were
taking aspirin [24] but some studies showed no effect of low-
dose aspirin with SUA and UUA in healthy young adults [25]
and in gouty arthritis patients [26]. Therefore, the effect of low-
dose aspirin with SUA/UUA is controversial. However, this
study did not show any difference in the use of aspirin between
UUA hyperexcreters and normoexcreters confirming that there
was no effect as a result of low-dose aspirin on UUA excretion.
All splenectomized thalassemia patients in this study were pre-
scribed aspirin for thromboprophylaxis. The finding that aspi-
rin use was significantly lower in patients with hyperuricemia
than those who were normouricemia could be explained by
aspirin being a dependent factor associated with a splenectomy
which was the factor associated with hyperuricemia from the
multivariate analysis.

A previous study found that serum uric acid level was
associated with the thalassemia type which a higher incidence
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of hyperuricemia in thalassemia intermedia than in thalasse-
mia major, explained by the higher cellular turnover second-
ary to the use of hydroxyurea as a fetal hemoglobin inducer in
over 90% of thalassemia intermedia children in that study
[27]. On the contrary, we could not found a correlation be-
tween thalassemia type and SUA. This may be explained by
the different populations that there is no hydroxyurea usage in
thalassemia intermedia patients in our study. A study in com-
munity populations in China revealed that lower hemoglobin
was associated with hyperuricemia due to an increase in eryth-
ropoietic response, confirming that there was a trend in ane-
mia patients such as thalassemia sufferers to have higher SUA
than in healthy population. Moreover, in the same study, it was
found that a higher WBC count was also associated with hy-
peruricemia due to both WBC and uric acid being markers of
the inflammatory process and there was no differential in the
count of nRBC (representing a high erythroid turnover) from
other nucleated cells which could be counted as WBC [28].
There was a low variation in the baseline hemoglobin of this
study so we could not demonstrate a correlation between de-
grees of anemia with SUA. In the case of WBC, this study
separated the nRBC from WBC and we found that the factor
associated with hyperuricemia was the nRBC not WBC.

In terms of UUA excretion, several different reference
ranges have been suggested for hyperexcretion of 24 h UUA
as it can vary from 700 to 1000 mg/day [11, 29] Since all
thalassemia patients are routinely advised to avoid a high iron
diet, especially red meat, organ meat, seafood, and alcohol
[30], all of them also included in a high purine diet [31], the
low body weight and low purine diet intake of thalassemia
patients, the cut off point for UUA in this study was
700 mg/day. This study demonstrated the prevalence of
UUA hyperexcretion in 83.3% and 38.3% of individuals at
the cut point of 700 and 1000 mg/day of UUA, respectively. A
previous study documented a high UUA excretion (defined as
higher UUA excretion than normal control) in 38% of beta
thalassemia major patients [32] and 20% of beta thalassemia
minor children (Uricosuria defined as >0.53 mg/dl on 24-h
urine collection) [33]. However, the uricosuria definition, age
group, and severity of thalassemia were different in each study
so the prevalence might not directly compare.

NGAL is a protein which is expressed and secreted by
immune cells, hepatocytes, and renal tubular cells. The ex-
pression of uNGAL rises 1000-fold in response to renal tubu-
lar injury [17]. Nowadays, it is used as a biomarker for early
acute kidney injury especially in the case of tubulopathy [34].
According to a previous study, the uNGAL cut off level to
predict renal function in different situations was highly vari-
able ranging approximately from 10 to 200 mcg/l [35, 36].
Our study demonstrated that a uNGAL level greater than
37 mcg/l was significantly associated with lower eGFR and
higher excretion of phosphate confirming the reliability of this
new marker in renal function monitoring in thalassemia

patients, showing a correlation with a previous study in beta
thalassemia [37]. Some published data supports that the hyper-
excretion of UUA was a result of tubular dysfunction [33, 38].
Furthermore, tubular dysfunction could be attributed to hemo-
siderin deposition in proximal tubules [39]. This study con-
firmed the significant correlation between renal tubular dys-
function by uNGAL and high ferritin level. Although there is
a high prevalence of UUA hyperexcretion, renal tubular
dysfuction was detected in 7.7% of cases so tubular dysfunc-
tion from renal hemosiderin deposition might not be the only
cause of hyperexcretion of UUA in thalassemia patients.

Some studies have shown a relationship between uricosuria
and renal hyperfiltration [40, 41]. There were 40% of patients
(thalassemia intermedia and major) who showed renal
hyperfiltration in one study in which none of the patients
had a decreased eGFR and also found that female gender
and previous history of splenectomy were independent pre-
dictors of renal hyperfiltration [38]. Similarly, this study
showed 40.4% of renal hyper filtration in thalassemia patients.
The mechanism of renal hyperfiltration has not been well in-
vestigated, but has been observed most frequently in patients
who were not regularly transfused, suggesting that renal
hyperfiltration could be a consequence of chronic anemia or
chronic hypoxia. Chronic hypoxia/anemia causing
hyperdynamic circulation results in an increase in renal plas-
ma flow and a decrease in glomerular vascular resistance [42].
Furthermore, long standing glomerular capillary stretching as
a result of hyperfiltration and subsequent endothelial and ep-
ithelial injury were associated with glomerular dysfunction
[43] so this study and others prior to this also found evidence
of proteinuria or albuminuria in more than half of thalassemia
patients [44, 45]. This study found that the hyperexcretion of
UUA in thalassemia patients was mainly due to glomerular
dysfunction and hyperfiltration rather than renal tubular
dysfunction.

The prevalence of gout in the general population is approx-
imately 1% in China [46] and 0.16% in Thailand [47].
Therefore, the high prevalence of gout in these thalassemia
patients could not be explained by the racial factor, but by
the disease itself. Data concerning the prevalence of gouty
arthritis in thalassemia patients is limited. Chronic tophaceous
gout, a long standing complication of gouty, has rarely been
reported in thalassemia patients [6, 7]. From the characteristics
of all seven gouty cases in this study, there was a trend to
develop gout among those who had a very high SUA and a
decreased eGFR. Therefore, physician should be aware of the
development of gouty arthritis in these patients.

Another major complication of hyperuricemia is renal cal-
culi. This study demonstrated 8% of microscopic hematuria of
which one case had a calyceal stone. The prevalence of hema-
turia showed a correlation with another study into all variants
of'beta thalassemia [48]. The prevalence of renal calculi in this
study was lower than the range of 4.9 to 12.5% which has
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been previously reported [49, 50]. This lower prevalence
might have been related to the use of uricosuric agents and
the method that was used to determine renal calculi. In the
study by Ricchi et al. [8], they found a prevalence of 12%
(determined by abdominal ultrasonography), and 25% of their
patients used uricosuric drugs for the treatment of hyperurice-
mia. It is well recognized that uricosuric agents increase uric
acid excretion through the kidney and can cause renal calculi,
particularly those with hyperexcretion of uric acid, such as
thalassemia patients. Our patients did not receive uricosuric
agent for the treatment of hyperuricemia; therefore, this could
explain the low prevalence of renal calculi in this study.
However, as only cases with significant microscopic hematu-
ria underwent an ultrasonographic study to confirm the pres-
ence of renal calculi, the low prevalence of renal calculi in this
study might be underestimated as patients who were asymp-
tomatic or did not have significant hematuria were not given
an ultrasound to detect the calculi. Lastly, the mean age of the
patients in this study was lower than those reported in previ-
ous studies and whether age also influences the presence of
renal calculi was not clear. Hyperuricosuria, low urinary vol-
ume, and persistently low urinary pH are risk factors for uric
acid nephrolithiasis [51] a condition also found in the case
with a renal stone in this study with a UUA of 1003 mg/day
with a urine pH 5.5.

The limitations of this study were as follows: first, this is a
cross-sectional study which could not represent the variation
in SUA and UUA over time; second, this study recruited pa-
tients attending the hematology clinic so asymptomatic thal-
assemia minor patients were not included in this study; finally,
there was no age and sex matched healthy control population
with which to compare; nevertheless, there are several studies
in children which demonstrated clearly higher serum uric acid
levels than in a normal healthy control group [5]. The novel
renal biomarkers such as N-acetyl-3-glucosaminidase (NAG),
[3,-microglobulin ((3,M), or cystatin-C could be used in fur-
ther studies to identify detailed renal function and particular
mechanisms involved in uric acid handling.

In conclusion, hyperuricemia was found in approximately
40% of thalassemia patients but gouty arthritis only occurred
in 6%. This may be explained by urinary hyperexcretion of
uric acid which was found in over 80% of thalassemia pa-
tients. Although majority of the patients had hyperexcretion
of uric acid, the prevalence of renal calculi in this population
was very low. The significant risk factors for hyperuricemia
were an intact spleen and a lower excretory fraction of uric
acid. Various renal abnormalities such as hyperfiltration and
glomerular and tubular dysfunction were also detected in most
cases. Since thalassemia patients now have an increasing
lifespan due to more effective medical care, there is a corre-
sponding increase in the likelihood of the occurrence of gouty
complications, renal calculi, or renal dysfunction in long-term
follow-ups.
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