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ABSTRACT: Based on the clinical observation that patients with right or left heart
failure often present with hyperuricaemia, the relation between serum urate values
and haemodynamic variables was studied in patients with primary pulmonary
hypertension (PPH) as well as in patients with advanced ischaemic heart disease or
dilated cardiomyopathy.

The study was a retrospective analysis of 39 patients with PPH and 36 patients with
left heart disease, examining serum urate levels in association with haemodynamic
variables.

Elevated urate concentrations were found in 79% of the PPH patients. There was
no association between serum urate levels and mean pulmonary artery pressures, but
a significant correlation was found between urate levels and the cardiac index (r=0.48;
p=0.0021) and an even stronger correlation between serum urate levels and mean
right atrial pressures (r=0.83; p<0.0001). A similar association was found in a sub-
group of 21 PPH patients not receiving diuretics. In 36 patients with ischaemic heart
disease or dilated cardiomyopathy, hyperuricaemia was present in 78% and was
significantly associated with elevated right atrial pressures (r=0.40; p=0.031) and even
more so with elevated left atrial pressures (r=0.55; p=0.0005) but not with the cardiac
index (r=0.034; p=0.86).

The data show that hyperuricaemia in patients with cardiac dysfunction is closely
related to elevated right or left atrial filling pressures.
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Hyperuricaemia is a metabolic disorder frequently en-
countered in clinical practice. Elevated serum uric acid
levels are present in 2±18% of the population, depending
on age, sex, and several other factors. In most patients,
hyperuricaemia is caused by altered renal excretion of uric
acid but in many instances the exact mechanisms causing
hyperuricaemia are not fully understood [1].

Two young female patients with primary pulmonary hy-
pertension (PPH) were recently observed, who presented
with acute gouty arthritis and markedly elevated serum uric
acid levels. In one of these patients, the gout attack and the
detection of unexplained hyperuricaemia led to a diag-
nostic work-up that revealed pulmonary hypertension
(unpublished data). Both hyperuricaemia and gout attacks
are uncommon in young females. Therefore, it was
hypothesized that the elevated uric acid levels might have
been related to pulmonary hypertension. Comparing hae-
modynamic variables and serum uric acid levels in patients
with PPH, it was found that hyperuricaemia was a common
finding in this group of patients and that there was a
striking relation between right heart dysfunction and serum
uric acid levels.

To find out whether this finding was unique for patients
with pulmonary hypertension, the relation between hae-
modynamics and uric acid levels was studied in patients
with predominantly left heart dysfunction due to conges-
tive cardiomyopathy or ischaemic heart disease. In these
patients, there was also a high prevalence of hyperur-
icaemia and a significant correlation between serum uric
acid levels and atrial filling pressures.

The following paper reports in detail findings on
hyperuricaemia in patients with cardiac dysfunction.

Patients and methods

Data was reviewed from all 61 patients with PPH
referred for lung transplantation between 1993 and 1997.
PPH was defined according to published criteria [2]. Fur-
thermore, the charts were analysed from 100 consecutive
patients with ischaemic heart disease (IHD) or dilated car-
diomyopathy (DCM) referred for heart transplantation.

Serum uric acid levels were compared with the hae-
modynamic variables obtained during heart catherization.
Patients were excluded from the analysis when haemody-
namic variables and serum values of uric acid and crea-
tinine were not available from the same time point (defined
as a maximum interval of 7 days), when the patients re-
ceived treatment with the xanthine oxidase inhibitor allo-
purinol or an uricosuric agent, and when a coexisting renal
disease was present, or when the kidney function was
severely impaired (e.g. serum creatinine levels >200
mmol.L-1).

Statistical analysis

The statistical analysis was carried out on a Macintosh
computer using Statview 512 software (Brainpower, Ag-
oura Hills, CA, USA). Results are presented as mean�SD.
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A univariate linear regression analysis was performed to
compare serum urate concentrations with haemodynamic
variables. A multivariate regression analysis was per-
formed to test the possibility that the urate concentrations
were related to serum creatinine concentrations. The
significance level was set at p<0.05.

Results

A total of 39 patients with PPH and 36 patients with left
heart disease (IHD: n=15; DCM: n=21) were eligible for
analysis. The demographic data as well as the renal func-
tion parameters and the haemodynamic variables of these
patients are shown in table 1.

Patients with primary pulmonary hypertension

The upper normal values for urate in the general
population are 360 mmol.L-1 in females and 415 mmol.L-1

in males [1]. Based on this definition, in the present PPH
group, hyperuricaemia was found in 10 of 14 (71%) male
patients as well as in 21 of 25 (84%) female patients.
Hyperuricaemia was found in all patients who had
evidence of an impaired cardiac function (as indicated

by a mean right atrial pressure >8 mmHg and a cardiac
index <2.0 L.min-1.m-2).

No association was found between the mean pulmonary
artery pressures and uric acid levels (r=0.018; p=0.91) or
between the pulmonary vascular resistances and uric acid
levels (r=0.29; p=0.07; data not shown). In contrast, there
was a significant correlation between the cardiac index and
uric acid levels (r=0.48; p=0.0021; fig. 1). An even stron-
ger and highly significant correlation was found between
uric acid levels and mean right atrial pressures (r=0.83,
p<0.0001; fig. 2).

A multivariate regression analysis was performed to
exclude the possibility that the elevated uric acid con-
centration was simply due to impaired kidney function.
This analysis showed that the association between the urate
concentrations and right atrial pressures was independent
from serum creatinine levels (p=0.0001) whereas the
correlation between cardiac index and serum urate levels
was no longer of statistical significance when corrected for
creatinine levels (p=0.27).

The correlation between right atrial pressures and serum
uric acid levels remained highly significant when males
(r=0.773, p=0.0012) and females (r=0.862; p<0.0001) were

Table 1. ± Baseline characteristics of the patients

Pulmonary
hypertension

Left heart
disease

No. of patients 39 36
Age yrs 41�13

(19±75)
54�8
(29±68)

Male/Female 14/25 33/3
Functional class n

NYHA II 3 5
NYHA III 25 21
NYHA IV 11 10

Diuretic therapy n
Yes 18 36
No 21 0

Haemodynamic variables
CI L.min-1.m-2 2.0�0.7

(1.1±3.8)
2.1�0.6
(1.0±3.7)

PAP mmHg 58�14
(34±95)

26�12
(15±52)*

PVR dynes.s.cm-5
1287�579
(322±2543)

319�146
(118±640)*

PRA mmHg 8�5
(1±21)

7�5
(1±19)*

Ppcw/PLA mmHg
7�3
(4±11)

20�9
(5±38)

Kidney function
Serum creatinine

mol.L-1
88�29
(46±180)

102�26
(65±173)

Serum uric acid
mmol.L-1

504�150
(265±912)

524�169
(238±1071)

Data given as absolute number or mean�SD (range) where ap-
propriate. Left heart disease includes ischaemic heart disease
and dilated cardiomyopathy. NYHA: New York Heart Associa-
tion; PAP: mean pulmonary arterial pressure; CI: cardiac index;
PVR: pulmonary vascular resistance; PRA: right atrial pressure;
Ppcw/PLA: pulmonary capillary wedge pressure/left atrial pres-
sure; *: data from right heart catherization were available from
29 patients in the left heart disease group.

0

4

3

2

1

C
I  

L·
m

in
-1

·m
-2

200 400 600 800 1000
Uric acid  µmol·L-1

Fig. 1. ± Correlation between serum urate levels and cardiac index (CI)
in primary pulmonary hypertension. *: males with diuretics; J: males
without diuretics; m: females with diuretics; ¨: females without
diuretics. r=0.48, p=0.0021, n=39.
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Fig. 2. ± Correlation between serum urate levels and mean right atrial
pressure (PRA) in primary pulmonary hypertension. *: males with
diuretics; J: males without diuretics; m: females with diuretics; ¨:
females without diuretics. r=0.83, p<0.0001, n=39.
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analysed separately. In contrast, the correlation between
cardiac index and uric acid levels was only significant in
females (r=0.611, p=0.0012) but not in males (r=0.178;
p=0.54; data not shown).

Since loop diuretics and thiazids are known to impair
renal uric acid excretion and may cause hyperuricaemia, a
subgroup analysis of the 21 PPH patients who were not
treated with diuretics was performed. In this subgroup, uric
acid levels were elevated in 5 of 8 male and 9 of 13 female
patients (mean�SD: 473�133 mmol.L-1; range 266±732
mmol.L-1). Both, the correlation between cardiac index and
urate levels (r=0.63; p=0.0024) and the correlation be-
tween right atrial pressures and serum uric acid levels
remained highly significant (r=0.80; p<0.0001) in this
subset of patients.

Patients with ischaemic heart disease/dilated cardiomy-
opathy

To further address the question whether hyperuricaemia
might be related to low cardiac output or to an elevated
filling pressure, the data were evaluated from 36 unsel-
ected patients with left heart failure who had been referred
for heart transplantation. Hyperuricaemia was a common
finding in this group, occurring in 28 out of 36 (78%)
patients. As in patients with PPH, there was a significant
correlation between serum uric acid levels and right atrial
pressures (r=0.40; p=0.031, fig. 3). However, in the pa-
tients with IHD/DCM, there was no association between
serum uric acid levels and the cardiac index (r=0.034;
p=0.86) but a highly significant correlation between the
serum uric acid levels and pulmonary capillary wedge
pressures/left atrial pressures (r=0.55, p=0.0005; fig. 4).
A multivariate regression analysis showed that the as-
sociation between left atrial pressures and uric acid levels
was independent fromserumcreatinine (p=0.0045), where-
as the association between right atrial pressures and uric
acid levels was no longer statistically significant (p=0.29).
A more detailed comparison between the PPH group and
the IHD/DCM group was not performed since the two
groups differed too much with regard to age and sex,
variables which are known to influence serum uric acid

levels [1]. Since there were only three females in the IHD/
DCM group, a sex-based subgroup analysis was not
performed. Moreover, all eligible patients with IHD/DCM
were receiving diuretic therapy so that a subgroup ana-
lysis of patients without diuretics was not feasible.

Discussion

Elevated serum urate concentrations proved to be a
common finding in patients with PPH as well as in patients
with severe left heart disease. In both groups, hyperur-
icaemia was strongly related to elevated cardiac filling
pressures. Notably, there was a striking correlation be-
tween serum urate levels and right atrial pressures in
patients with PPH and between serum urate levels and left
atrial pressures in patients with IHD/DCM. In the PPH
group, there was also a significant correlation between uric
acid levels and cardiac index. This association, however,
was no longer significant when the results were corrected
for the serum creatinine concentrations. In patients with
IHD/DCM, hyperuricaemia did not correlate with cardiac
index. These findings indicate that hyperuricaemia in pa-
tients with cardiac disease is primarily related to increased
filling pressures rather than to low cardiac output.

The mechanisms responsible for the elevated serum
urate concentrations in patients with heart failure are
unclear. Uric acid is formed by catabolism of the purine
bases adenine and guanine. Approximately two-thirds of
the uric acid is excreted through the kidneys and one-third
through the gastrointestinal tract [1]. Hyperuricaemia can
result from overproduction or reduced excretion of uric
acid, or both. Overproduction of uric acid in advanced
heart failure could be related to tissue hypoxia which is
known to increase adenosine triphosphate degradation [3]
and to stimulate the expression of xanthine oxidase [4]. On
the other hand, it is reasonable to assume that low cardiac
output and venous congestion result in impaired glomer-
ular filtration and tubular excretion of uric acid. Hormonal
factors or circulating substances such as catecholamines,
angiotensin II, endothelin, thromboxane, atrial natriuretic
peptide, or brain natriuretic peptide may also be involved
in the impaired renal removal of uric acid.
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Fig. 3. ± Correlation between serum urate levels and right atrial pres-
sures (PRA) in patients with ischaemic heart disease or dilated card-
iomyopathy (right heart catheterization data were available from 29
patients). r=0.4, p=0.031, n=29.

1000800600400200
0

10

20

30

40

Uric acid  µmol·L-1

Pp
cw

/P
LA

  m
m

H
g

Fig. 4. ± Correlation between serum urate levels and pulmonary cap-
illary wedge pressures (Ppcw)/left atrial pressures (PLA) in patients with
ischaemic heart disease or dilated cardiomyopathy. r=0.55, p=0.0005,
n=36.
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A high prevalence of hyperuricaemia has previously
been described in children and adults with cyanotic con-
genital heart disease and has been linked to abnormal uric
acid excretion rather than urate overproduction [5±7] but
the exact mechanisms have not been elucidated. To the
authors' knowledge, a potential correlation between right
atrial filling pressures and serum uric acid levels has not
been investigated in this group of patients.

Hyperuricaemia, a part of the so-called metabolic syn-
drome, has been identified as a risk factor for coronary
heart disease and there have been reports linking increased
levels of uric acid to mortality in IHD, thereby raising
speculation about a possible pathogenetic role of hyper-
uricaemia in IHD [8]. The present findings suggest that in
these patients, hyperuricaemia may be merely an indicator
of cardiac dysfunction and therefore, of an increased risk of
death.

The present study has several limitations. The most im-
portant is the fact that most of the patients received
diuretics. These drugs have a well known potential for
increasing serum urate concentrations [1]. However, the
fact that a subgroup analysis of 21 PPH patients without
diuretics gave results similar to the whole group suggests
that, at least in PPH, hyperuricaemia cannot simply be
explained by diuretic therapy. Unfortunately, it was not
possible to find patients with advanced left heart failure
who were not receiving diuretics. There was also no data
on creatinine clearance and urinary urate excretion so that
it was not possible to differentiate between overproduction,
decreased glomerular filtration, and impaired tubular
secretion of uric acid. Future studies will have to address
these issues and will have to identify whether the findings
presented here also apply to different categories of diseases
such thromboembolic pulmonary hypertension, congenital
heart disease, or pulmonary hypertension due to chronic
obstructive pulmonary disease or interstitial lung disease.

Despite these limitations, the present findings appear
clinically important for several reasons. Hyperuricaemia
can result in acute and chronic arthritis, and may itself
contribute to renal dysfunction in patients with cardiac
disease. Thus, physicians should be aware of the high
incidence of hyperuricaemia in patients with cardiac dys-

function. In addition, cardiac disease and pulmonary
hypertension should be ruled out in patients with otherwise
unexplained hyperuricaemia, especially in young females
in whom hyperuricaemia is uncommon. Furthermore, the
detection of progressive hyperuricaemia in patients with
cardiac disease may be an indicator of deteriorating cardiac
function and thus may have prognostic implications. Fin-
ally, a clarification of the mechanisms leading to hyper-
uricaemia in patients with cardiac disease will improve our
understanding of renal dysfunction in cardiovascular di-
sease.

References

1. Kelley WN, Panella TD. Gout and other disorders of
purine metabolism. In: Wilson JD, Braunwald E, Iss-
elbacher KJ, Petersdorf RG, Martin JB, Fauci AS, Root
RK, eds. Harrisons Principles of Internal Medicine, 12th
Edn. New York, MacGraw-Hill, 1991; pp. 1834±1843.

2. Rich S, Dantzker DR, Ayres SM, et al. Primary pul-
monary hypertension: a national prospective study. Ann
Intern Med 1987; 107: 216±223.

3. McCord J. Oxygen-derived free radicals in post ischemic
tissue injury. N Engl J Med 1985; 312: 159±163.

4. Hassoun PM, Yu FS, Shedd AL. Regulation of endo-
thelial cell xanthine dehydrogenase/oxidase gene expr-
ession by oxygen tension. Am J Physiol 1994; 266: L163±
L171.

5. Ross EA, Perloff W, Danovitch GM, Child JS, Canobbio
MM. Renal function and urate metabolism in late survi-
vors with cyanotic congenital heart disease. Circulation
1986; 73: 396±400.

6. Dearth JC, Tompkins RB, Giuliani ER, Feldt RH. Hy-
peruricemia in congenital heart disease. Am J Dis Child
1978; 132: 900±902.

7. Perloff W, Rosove MH, Child JS, Wright JB. Adults with
cyanotic congenital heart disease: hematologic manage-
ment. Ann Intern Med 1988; 109: 406±413.

8. Freedman DS, Williamson DF, Gunter EW, Byers T.
Relation of serum uric acid to mortality and ischemic
heart disease. The NHANES I epidemiologic follow-up
study. Am J Epidemiol 1995; 141: 637±644.

685HYPERURICAEMIA IN HEART FAILURE


