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Abstract

Allopurinol, by xanthine oxidase inhibition, could be a therapeutic option in patients with chronic heart failure (CHF). The
purpose of the study was to assess the effects of high dose allopurinol on serum uric acid (sUA) and cardiac biomarkers, N-
terminal pro-brain natriuretic peptide (NT-proBNP), growth differentiation factor-15 (GDF-15) and osteopontin (OPN), in
patients with CHF. In 57 patients with stable CHF, New York Heart Association (NYHA) class III and reduced systolic
function, under optimal medical therapy, ejection fraction (EF) and E/e’ ratio as markers of left ventricular function were
assessed by echocardiography. sUA, NT-proBNP, GDF-15 and OPN were measured before and after 6 months of treatment
with allopurinol 600 mg/day. Patients with elevated filling pressures (E/e’ = 13) at baseline had lower EF and higher levels of
NTproBNP, GDF 15 and sUA. After 6 months, for 23 patients (40%) who improved their NYHA class, also the levels of NT-
proBNP and GDF 15 decreased, along with lower sUA values. OPN was elevated at baseline and increased even further after
6 months, being unaffected by the CHF clinical course. Treatment with high doses of allopurinol was favourable, but
heterogeneous effects were registered on cardiac biomarkers in CHF patients. Since the therapeutic benefits were associated
with important sUA level decrease, sUA is a useful marker of CHF outcome and efficiency of allopurinol treatment.

Rezumat

Allopurinolul, prin inhibarea xantinoxidazei, ar putea fi o optiune terapeutica la pacientii cu insuficientd cardiaca cronica
(ICC). Scopul studiului a fost de a evalua efectele allopurinolului in doze mari asupra nivelului acidului uric seric (AUS) si a
biomarkerilor cardiaci, N-terminal pro-brain natriuretic peptide (NT-proBNP), factorul 15 de diferentiere a cresterii (GDF-
15) si osteopontina (OPN), la pacientii cu ICC. Au fost evaluati ecocardiografic, inregistrandu-se fractia de ejectie (FE) a
ventriculului stang si raportul E/e’, marker al functiei diastolice ventriculare, 57 de pacienti cu ICC stabila, clasa III conform
New York Heart Association (NYHA) si functie sistolica scazutd, sub tratament medical optim. Au fost determinate AUS,
NT-proBNP, GDF-15 si OPN finainte si dupa 6 luni de tratament cu allopurinol 600 mg/zi. Pacientii cu presiuni de umplere
crescute (E / e "> 13) au avut la includere FE mai mica si valori mai mari de NTproBNP, GDF 15 si AUS. Dupa 6 luni, la 23
de pacienti (40%), odata cu ameliorarea clasei NYHA, au scazut atdt NT-proBNP cat si GDF 15, in paralel cu scaderea mai
importantd a AUS. Nivelul OPN, crescut la includerea in studiu, a continuat sd creasca dupa 6 luni, nefiind influentat de
evolutia ICC. Tratamentul cu allopurinol in doze mari are efecte favorabile, dar heterogene, asupra biomarkerilor cardiaci in
ICC. Deoarece beneficiile terapeutice s-au asociat cu scdderea nivelului AUS, acesta este un marker util de evolutie si de
eficientd a tratamentului cu allopurinol in ICC.
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Introduction Growth differentiation factor 15 (GDF-15) is a
cardioprotective  cytokine, member of the
Transforming Growth Factor Beta cytokine
superfamily. Although not expressed in the normal
heart, its level increases in cardio myocytes and
other cardiovascular cells during incident
cardiovascular stress [1]. GDF15 is not useful for
the CHF diagnosis, but it provides independent
prognostic information [2].

Chronic heart failure (CHF) has become a major
epidemic disease, with high morbidity and
mortality. Several cardiac biomarkers might prove
beneficial to identify patients at higher risk and to
improve the heart failure therapy. Beside natriuretic
peptides, validated CHF biomarkers, other
prognostic biomarkers have emerged.
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Osteopontin  (OPN) is an extracellular matrix
protein overexpressed in a variety of diseases. The
normal heart expresses low levels of OPN, however
OPN levels increase markedly in patients with CHF
and predict detrimental cardiac remodeling and
dysfunction [3].

Serum uric acid (sUA) is the end-product of
xanthine oxidoreductase. Since xanthine oxidase
upregulation appears to be a major source of
oxidative stress in response to hypoxia and
inflammation, sUA level is an important index of
impaired oxidative metabolism and a metabolic
biomarker of a poor prognosis in CHF [4, 5].
Allopurinol, by inhibiting xanthine oxidase,
decreasing oxidative stress and lowering sUA,
could be a therapeutic option in CHF on top of
optimal medical treatment. However the usual dose
of xanthine-oxidase inhibitors has generated
conflicting results in clinical studies [4, 6-8]. At the
moment, there is no data regarding the effects of
high dose allopurinol on clinical outcomes and
cardiac biomarkers in CHF patients.

The purpose of the study was to assess the effects
of a high dose, 600 mg/day of allopurinol, on sUA
level and on biomarkers of cardiovascular stress,
NT-proBNP and GDF15, and extracellular matrix
remodeling, osteopontin (OPN), in patients with
CHF with reduced systolic function.

Materials and Methods

Study population

Fifty-seven patients, 43 men and 14 women, with a
mean age of 60 + 12 years, with stable CHF NYHA
class III and EF < 40% were included in the study.
Exclusion criteria were: decompensated heart
failure, recent myocardial infarction, significant
valvular disease, impaired kidney function and
severe pulmonary or liver diseases. The patients
had been treated with optimal CHF medical therapy
(beta-blockers, angiotensin converting enzyme
inhibitors, furosemide, spironolactone and digoxin)
for at least 6 months prior to study initiation, and no
patients were taking urate lowering medication. The
study took place between May 2011 and April
2012. The patients were informed about the
methodology and purpose of the current research
study and subsequently signed a written informed
consent. The study was approved by the local
Ethics Committee.

A comprehensive clinical and echocardiographic
examination and laboratory tests were performed in
all patients.

Echocardiographic Data

The echocardiography was performed using an
Aloka 4000 ultrasound system with a 2.5 MHz
probe. The left ventricular (LV) end-diastolic
volume (LVEDYV), the LV end-systolic volume

562

(LVESV) and EF were assessed using the Simpson
method. The mitral peak velocity of early filling (E)
and the peak velocity of late filling (A) were
evaluated. The septal and lateral annular velocities
(e’) were measured wusing tissue Doppler
echocardiography. The LV diastolic function and
LV filling pressures were estimated using the ratio
between E and the averaged septal and lateral e’,
expressed as E/e' ratio. An E/e' > 13 was considered
a marker of elevated LV filling pressures.
Biochemical assessments

sUA levels were assessed using an enzymatic-
colorimetric method using a Roche Diagnostics kit
(normal range: < 7.2 mg/dL).

Creatinine was determined wusing a kinetic
enzymatic colorimetric method (Jaffe) (normal
range 0.8-1.2 mg/dL). The estimated glomerular filtration
rate (eGFR) was calculated using the Modification
of Diet in Renal Disease (MDRD) equation.
NT-proBNP was determined using Roche Cardiac
Reader kit (normal range <125pg/mL).
Growth-differentiation factor 15 (GDF 15) concentrations
was determined using R&D Systems human GDF-
15 Quantikine Elisa (enzyme linked immunesorbent
assay) kit (normal range: 319 + 90 pg/mL).
Osteopontin  (OPN) was determined using
“Quantikine Human Osteopontin (OPN)
Immunoassay” R&D Systems DODT00 ELISA kit
(normal range: 0.312 - 20 ng/mL).

The clinical examination, echocardiography and the
laboratory tests for sUA and cardiac biomarkers
were assessed before and after six months of
treatment with 600 mg/day allopurinol along with
the CHF optimal medical treatment.

Data analysis

Results are presented as mean =+ standard deviation
(SD) for continuous numerical variables and
percentages for categorical variables. The y2 test,
Fisher test were used to compare categorical
variables, while Student t test was the test of choice
for numerical variables. Significant correlations
between continuous variables were evaluated using
Pearson's method. A p value less than 0.05 was
considered statistically significant. Statistical analysis
was performed using SPSS statistics, version 21.0.

Results and Discussion

sUA and cardiac biomarkers at baseline

Among the fifty-seven patients with NYHA III
stable CHF with reduced EF (< 40%), 43 patients
(75%) had ischemic cardiomyopathy (Table I). 18
(32%) CHF patients had permanent atrial
fibrillation. The mean level of creatinine was 1.07 £+
0.19 mg/dL and the estimated glomerular filtration
rate (¢GFR) was 75.7 + 16.05 mL/min/1.73 m®.
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Table I

Demographics, clinical characteristics, pharmacological
treatment and echocardiographic parameters of the
study population

Demographic and Clinical Data

Mean age (years) 60 (+ 12)
Men (No.) 43 (75%)
Functional NYHA class III (No.) 57 (100%)
Ischemic CHF (No.) 43 (75%)
Atrial fibrillation (No.) 18 (32%)
Systolic BP (mmHg) 126 £ 18
Diastolic BP (mmHg) 78 £ 11
Heart rate (beats/min) 70+ 13
Serum creatinine 1.07 £0.19
eGFR (mL/ min/1.73 m?) 75.7+16.0
Serum Uric Acid (mg/dL) 79+22

Pharmacological treatment

Beta-blocker (Bisoprolol 5-10 mg/day) 57 (100%)

ACEI (Trandolapril 2-4 mg/day) 57 (100%)
Loop diuretics (Furosemide 40 mg/day) 48 (84%)
Spironolactone (25-50 mg/day) 27 (47%)
Digoxin (0.25 mg/day) 20 (35%)
Echocardiographic parameters (mean value)

LVEF % 33+£6
E (m/s) 0.7+0.2
Mean e’ (cm/s) 6.5£ 1.7
E/e’ 11.5+£6.7

ACEI - Angiotensin converting enzyme inhibitors, BP — Blood
Pressure, eGFR - estimated glomerular filtration rate, LVEF —
left ventricular ejection fraction, E - peak velocity of early mitral
filling, e’ —tissue Doppler averaged annular velocities

All patients were treated with beta-blockers and
angiotensin converting enzyme inhibitors, 48
patients (84%) with loop diuretics (furosemide), 27
patients (47%) with spironolactone and 20 patients
(35%) with digoxin.

The mean LVEF was 33.2 + 6.1 % and the mean
E/e’ ratio was 11.5 = 6.7. 38 patients (66%) had the
E/e ' > 13, while 19 patients (34%) had E/e ' < 13
(Table I).

Patients with E/e' > 13 had significantly lower EF
(29.8 £ 3.9 vs. 34.6 + 4.4 %, p = 0.001) and higher
NT-proBNP (2531 + 709 vs. 643.8 + 430 pg/mL,
p <0.003) and GDF15 (1173 + 478 vs. 921 + 383 pg/mL,
p = 0.03) values. OPN levels were increased (42.9
+ 16 vs. 22.68 £ 4.32 ng/mL normal range), without
significant difference with respect to E/e’ ratio
(Table 1I).

Thirty-five patients (61%) were hyperuricaemic.
The mean sUA for the entire group was 7.9 +
2.2 mg/dL, higher in patients with E/e’ > 13 (8.6 +
2.2 vs. 7.3+ 1.4 mg/dL, p = 0.08).

Table 11

Mean values of EF, cardiac biomarkers and serum uric acid (sUA) before allopurinol treatment in the global

study population and according to E/e’ ratio

Parameter Global Study Filling pressures p
Population E/e’ <13* E/e’ > 13*

EF (%) 33+6 34+4 30+4 0.001

sUA (mg/dL) 79+2.2 73+x14 8.6+22 0.08

NT-proBNP (pg/mL) 1625 + 1268 643 +430 2531+ 709 0.003

GDF (pg/mL) 1047 + 505 921 + 383 1173 £ 478 0.03

OPN (ng/mL) 49+ 14 43+ 16 55+10 0.28

p* for comparison between E/e’ < 13 and E/e’ = 13; p < 0.05

sUA and cardiac biomarkers after six months of
600 mg/day allopurinol treatment

After 6 months of a high dose allopurinol treatment,
forty-nine patients were included in the final
analysis, while eight patients (14%) did not
complete the study. One patient had a stroke, one
patient received cardiac resynchronisation therapy
and two patients (3.5%) died. Four patients (7%)
had side effects during allopurinol treatment,
allergodermia in three patients and alopecia in one
patient, all  reversible after  allopurinol
discontinuation. Kidney function did not worsen in
any of the patients on high doses of allopurinol.
After 6 months, 23 patients (41%) improved the
functional NYHA class and 26 patients (46%) were
clinically stationary (NYHA class III). The sUA,
NT-proBNP and GDF15 mean values decreased,

while OPN significantly increased after 6 months of
a high dose of allopurinol treatment (Figure 1).
Compared to NYHA class III patients, the patients
that registered a clinical improvement had
significantly higher EF (48 + 12.1 vs. 25.1 + 3.1 %,
p < 0.001) and lower NT-proBNP (670 + 487 vs.
1143 + 879 pg/mL, p < 0.001) (Table I1I). GDF15
decreased in NYHA class II patients and increased
even further in NYHA class III patients (856 + 170
vs. 1240 + 492 pg/mL, p = 0.04). OPN continued to
increase in all patients, without significant
difference with respect to NYHA functional class
(56.6 £ 25.7 mean value, 58.3 + 35.8 vs. 55.6 £
18.7 ng/mL, p = 0.74).

After six months, the mean sUA level decreased
from 7.9 + 2.2 mg/dL to 4.4 + 1.6 mg/dL. Patients
that registered a symptomatic improvement had
significantly lower sUA levels than patients with

563



FARMACIA, 2015, Vol. 63, 4

NYHA functional class III (4.2 = 1.6 vs. 5.5 +
1.3 mg/dL, p = 0.04) (Table III).

In patients with stable CHF and NYHA functional
class III, sUA and cardiac biomarkers were
markedly increased above the normal range one
year before the inclusion in the study, despite
optimal CHF medical therapy.

In this study, hyperuricaemia was highly prevalent
(61%). The mean sUA was increased (7.9 + 2.2 mg/dL),
patients with more severe CHF, advanced diastolic
dysfunction and lower EF having higher sUA
values (8.6 + 2.2 mg/dL) (Table II). Since the
kidney function was normal in CHF patients, it can
be assumed that hyperuricaemia is the result of

increased production rather than decreased renal
clearance. Accordingly, hyperuricaemia reflects
xanthine oxidase enzymatic upregulation, produced
along with multiple reactive oxygen species [9-11].
In a large cohort of patients with heart failure it has
been demonstrated that sUA is an important marker
of impaired oxidative metabolism and prognosis
only in patients with normal kidney function, when
it is the result of increased xanthine oxidase activity
[5]. Oxidative stress and proinflammatory
cytokines has been implicated in other
cardiovascular diseases, in vascular aging [12] and
in diabetes mellitus [13].
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Figure 1.

Variation of sUA (A) and NT-proBNP (B), GDF15 (C) and OPN (D) levels in the global study population at

the study beginning and after 6 months of treatment with allopurinol 600 mg/day
p* for comparison between mean values of sUA and cardiac biomarkers; p < 0.05

Table 111

Mean values of EF, cardiac biomarkers and serum uric acid (sUA) before and after 6 months of 600 mg/day
allopurinol treatment in the global study population and according to NYHA class

Before After 6 months of 600mg/day Allopurinol Treatment p

Allopurinol Global Study NYHA 1II NYHA III

Treatment Population (23 patients) * (26 patients) *
EF (%) 33+6 42+ 14 48 £ 12 25+3 <0.001
SerumUA (mg/mL) 79+22 44+1.6 42+1.6 55+1.3 0.04
NTproBNP (pg/mL) | 1625+ 1268 997 + 853 670 + 487 1143 + 879 <0.001
GDF15 (pg/mL) 1047 + 505 1033 +423 856 + 170 1240 + 492 0.04
OPN (ng/mL) 49 £ 14 57 £25 58 +35 55+19 0.74

p* for comparison between NYHA class II and NYHA class III; p < 0.05

The mean GDF15 level was considerably increased
at the initiation of the study (941 + 84 versus 319 +
90 pg/mL normal range), significantly higher in
severe heart failure with increased LV filling
pressures and higher NT-proBNP (1173 + 478 pg/mL,
p = 0.03) (Table II). In a study conducted by
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Kempf, about 75% of 455 patients with CHF had
GDF-15 levels above the upper limit of the normal
range, irrespective to heart failure aetiology [14]. In
Val-HeFT study, high GDF 15 levels were found in
85% of 1734 CHF patients. GDF 15 was associated
with severe symptoms and was strongly related
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with BNP, eGFR, high-sensitivity troponin T and
SUA [2]. The relation between GDF-15 and NT-
proBNP in heart failure supports the hypothesis that
both biomarkers are induced by biomechanical
stress [14, 15]. In heart failure patients with preserved
EF and elevated filling pressures, GDF15 was significantly
increased. Combined GDFI15 and NT-proBNP
improved the heart failure diagnostic accuracy [16].
GDF15 is expressed in myocytes and other
cardiovascular cells not only by mechanical stress,
but also by metabolic stress (cardiac ischemia,
oxidative stress, inflammation) [17-19]. In the
ARISTOTLE study, in patients with atrial
fibrillation, GDF-15 was an independent risk factor
for major bleeding, mortality, and stroke. The
authors concluded that GDF 15 is a marker of
oxidative stress and inflammation [20]. Similar
variations between GDF15 and sUA have recently
been found in patients with left-sided heart failure
[12]. Tissue hypoxia, impaired oxidative metabolism,
and inflammatory cytokine activation are the same
strong inducers of increased GDF 15 expression
and sUA elevation [21, 22].

In this study, OPN levels were higher than the
normal range (42.9 £ 16.7 ng/mL), irrespective to
LV filling pressures (55.3 + 10 ng/mL vs. 22.6 +
4.3 normal range) in CHF patients (Table III).
OPN is a member of matricellular proteins exerting
regulatory functions and is critically involved in
cardiac adaptation to biomechanical strain, cardiac
remodeling, fibrosis and myocardial dysfunction
[23]. OPN was significantly elevated in 420
patients with heart failure and systolic dysfunction,
with higher levels in patients with moderate -
severe heart failure, NYHA class II-IV [3]. In an
acute heart failure setting, OPN added prognostic
value to NT-proBNP and identified patients with
high risk of mortality and rehospitalisation [24].
The persistence of elevated cardiac biomarkers in
CHF despite optimal medical therapy suggests that
conventional medication only has a partial
influence on complex mechanisms involved in the
disease progression. Treatment with xanthine-
oxidase inhibitors, by improving the oxidative
metabolism and inflammation, is a rational
therapeutic option in CHF.

After six months of a high dose allopurinol
treatment, 46% of CHF patients had a favourable
clinical evolution (class NYHA II). Patients with
symptoms improvement had higher EF (48 + 12 %
vs. 25 £ 3 %, p < 0.001) and lower NT-proBNP
values (670 £ 487 vs. 1143 £+ 879 pg/mL, p < 0.001)
(Table III). The benefit of xanthine-oxidase
inhibitors on the left ventricular function has also
been demonstrated in high profile studies on CHF, in
which EF increased and there were registered favourable
effects on natriuretic peptide levels [6, 25, 26].
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The decrease in sUA levels under high doses of
allopurinol was sustained, prompt and significant,
from 7.9 + 2.2 mg/dL at baseline to 4.4 + 1.6 mg/dL
after six months. Patients with improvement in
heart failure symptoms had significantly lower sUA
levels (4.2 £ 1.6 vs. 5.5 + 1.3 mg/dL, p = 0.04) with
a decrease over 35% compared to patients who
remained in the same functional CHF class. In a
large cohort of patients with CHF, the treatment
with allopurinol was independently associated with
an improved rate of survival at 1.4 years [4].
GDF15 decreased in patients with improvement in
CHF functional status (865 + 170 versus 1240 +
492 pg/mL, p = 0.04) (Table III). Moreover, the
decreased level of GDF15 on high dose allopurinol
treatment was  associated with a  better
hemodynamic profile and considerably greater
reduction in sUA. The similar variation of sUA and
GDF15 after 6 months of high doses of allopurinol
treatment suggests that allopurinol acts on the same
mechanism responsible for increased sUA
production and GDF 15 expression. To our
knowledge, this is the first study demonstrating the
efficacy of high-dose allopurinol in decreasing
GDF 15 levels while improving the cardiac
function and CHF symptoms.

GDF 15 levels continued to increase in patients
who remained in the same functional CHF class
after six months. In VAL-HeFT study, consistent
with the observations at baseline, the increases in
GDF-15 over the course of 12 months were
independently associated with increasing levels of
biomarkers reflecting cardiac strain (BNP), injury
(troponin  T), inflammation (uric acid) and
worsening renal function [2, 12]. GDF 15 was the
most predictive marker for mortality, even stronger
than NT-proBNP in patients with advanced chronic
heart failure [27].

OPN continued to increase after six months in CHF
patients included in the study, regardless of the
clinical course of the disease. Allopurinol treatment
did not influence the OPN expression. The
progressive increase of OPN levels expresses an
unsuccessful attempt to ameliorate the myocardial
matrix remodeling by allopurinol. Since the functional
significance of increased OPN in CHF is not fully
understood, there is a need for better understanding
the complex mechanisms involved in OPN expression
in order to provide new therapeutic targets.

The results of the present study emphasize the
beneficial, but unequal effects, of allopurinol
treatment on cardiac biomarkers which reflect the
myocardial ~ mechanical ~ (NT-proBNP) and
metabolic stress (GDF15 and sUA) in CHF.
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Conclusions

Hyperuricaemia, highly prevalent in heart failure, is
a marker of xanthine oxidase activation and
increased oxidative stress, important pathogenic
mechanisms involved in heart failure severity and

progression.
The high dose allopurinol treatment has beneficial,
but heterogeneous effects on heart failure

pathogenic mechanisms and cardiac function. In
patients with a favourable clinical outcome,
allopurinol significantly decreased serum uric acid
and GDF 15 levels, a new biomarker of oxidative
stress and inflammation.

In summary, high doses of allopurinol should be
associated to the conventional treatment in chronic
heart failure, serum uric acid being an available and
accessible metabolic biomarker, for the assessment
of treatment efficacy.
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