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Kwas moczowy — nerkowy i nienerkowy czynnik ryzyka
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Summary

As human beings are deprived of uricase, the final metabolite of purines is uric acid and not allantoin. This metabolite was
the subject of scientific interest predominantly in patients with heriditary or acquired forms of gout respectively. In the last
years uric acid became an important pathogenetic factor involved not only in accelerating progression of different acute and
chronic nehropathies but also as a cardiovascular toxin involved in the pathogenesis of arterial hypertension, vascular injury,
heart failure and abnormalities of carbohydrate metabolism. These facts were the reason why inhibition of uric acid synthesis
became an important therapeutic target. This interest rose even more when the presence of a metabolic link between uric
acid and fructose (which is assumed to be a cardiovascular toxin) was proven.

This review is summarizing our contemporary knowledge about uric acid as a culprit of cardiovascular and renal events
and as a target of therapeutic intervention.
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Streszczenie

Niedobdr urykazy u cztowieka sprawia, ze produktem kohcowym przemiany zasad purynowych jest nie alantoina, lecz
kwas moczowy. Ten metabolit byt przedmiotem intensywnych badan gtéwnie u chorych z wrodzong lub nabytg skazg dna-
wg. W ostatnich latach wykazano, ze kwas moczowy jest waznym winowajcg powaznych powikiah sercowo-naczyniowych
(nadcisnienie tetnicze, miazdzyca naczyn), ale i nerkowych (przyspieszenie progresji réznych nefropatii) i metabolicznych
(aberracje gospodarki weglowodanowej). Powyzsze fakty sprawity, ze zahamowanie syntezy kwasu moczowego stato sie
wazng tarczg terapeutyczng. Zainteresowanie kwasem moczowym wzrosto jeszcze bardziej, kiedy wykazano wystepowanie

metabolicznego jego zwigzku z fruktozg uwazang za zwigzek kardio- i waskulotoksyczny.
Przedstawiona praca jest podsumowaniem wspoétczesnej wiedzy dotyczacej patogenetycznych i leczniczych aspektow

urykemii.

Stowa kluczowe: kwas moczowy, efekty nerkowe i pozanerkowe, aspekty lecznicze

WHAT IS THE EVIDENCE FOR URIC
ACID AS A RENAL RISK FACTOR?

Hyperuricemia may be the result of uric acid over-
production or diminished renal uric acid excretion (and
as recently suggested apart from renal perhaps also
non-renal urate excretion) (1).

Overproduction may be the result of genetic disease,
e.g. HGPRT mutation (hypoxanthine-guanine phospho-
ribosyltransferase) or PRPPS mutations (phosphoribo-
syl-pyrophosphate synthase). Acquired conditions are
myeloproliferative or lymphopoliferative disease and
most frequently dietary causes interacting with genetic
background.

Diminished renal excretion of urate may be caused
by primary nephropathies causing renal failure or be
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caused by genetic variants of urate transporters; recent
genome-wide association analyses (Kottgen, Nature
Genetics, in press) had identified a number of loci cod-
ing for tubular reabsorption which are associated with
elevated serum urate concentrations.

In the past lead intoxication was an important cause
of elevated urate concentration, but this has virtually
disappeared in Mid Europe.

Cases of familial hereditary disease causing hype-
ruricemia, e.g. familial juvenile hyperuricemic neph-
ropathy type 1 (FJHN2), medullary cystic renal disease
type 2 (MCKD2) or glomerulocystic renal disease are
associated with progressive renal failure. There is cur-
rently uncertainty whether in these genetic diseases
caused by urate transporter mutations Allopurinol
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causes less progression of renal function by reducing
serum uric acid concentration (2, 3).

Urate and chronic kidney disease (CKD)

In the past, there had been discussions whether el-
evated serum uric acid concentration in chronic kidney
disease (CKD) is pathogenetically irrelevant or whether
it contributes to progressive reduction of renal function.
The causal function of uric acid in mediating progression
of CKD had been clearly documented in the remnant
kidney model by Kang (4). One recently identified mech-
anism is uric acid induced epithelial to mesenchymal
transition (Ryu, Am. J. Physiol. Renal, 2013 (e-pub).

Today, there is also increasing clinical evidence
that uric acid concentrations (even within the range of
normal concentrations) actively promote loss of renal
function. Therefore current studies evaluate whether
uric acid is a novel target for therapeutic intervention.
On the one hand there is strong observational evidence
that urate is a factor contributing to onset and progres-
sion of CKD: for instance in a recent 10.2 year follow-up
study uric acid was a significant risk factor for CKD, at
least in males, for individuals in the fourth quartile of
serum uric acid concentration the risk of CKD was sig-
nificantly (p < 0.0001) increased by a factor of 2.1 (5).
Similarly a study in Taiwan (6) — confirmed in Thailand
(Satirapoj, Nephrology, Carlton; in press) — showed
that the risk of onset of chronic kidney disease is sig-
nificantly increased by a factor of 1.03 (95% CI 1.1-1.6)
per > 1 mg/dl higher serum uric acid concentration.
In a health check-up study by Yamada (7) the onset of
CKD was progressively higher from the first to the fourth
quartile of serum urate concentration (1.00; 1.85; 2.57;
3.54) in males and in females as well. In cross-sectional
studies, uric acid concentration is also correlated to
the presence of CKD (8) and furthermore an increase
of plasma uric acid concentration is correlated to the
decrease of renal function, i.e. progression of CKD as
shown in a prospective cohort study; in the 4th quartile,
the adjusted odds ratio was higher by a factor of 2.86
and uric acid increase > 1 mg/dl was associated with a
risk of CKD higher by 1.63 (Cl 1.25-2.12) (9).

Apart from all-cause CKD, hyperuricemia has also
been identified as a risk factor for progression of pri-
mary kidney diseases, e.g. IgA glomerulonephritis
(10). The role of uric acid concentration in the progres-
sion of IgA-GN was underlined by a biopsy study: no
deterioration of renal function was seen in the patients
with a serum uric acid concentration < 7.5 mg/dl (11).
In line with this observation indirect evidence suggests
renal vasoconstriction triggered by uric acid in patients
with IgA glomerulonephritis (12).

Furthermore a recent kidney biopsy study in 167 pa-
tients with CKD documented a significant correlation
between tertiles of serum uric acid concentration and
hyalinosis as well as wall thickening (13).

Similarly, serum uric acid concentration has been
shown to predict the onset of diabetic nephropathy in
individuals with type 1 diabetes (14) and was even a

predictor of the onset type 2 diabetes in the off-spring
cohort of the Framingham heart study (15). This has
also been documented in a 15-year follow-up study
(1986-2001) by Krishnan (16): individuals with a serum
uric acid concentration > 7 mg/dl had a hazard ratio
(HR) of 1.94 to develop diabetes, HR 1.46 to develop
insulin resistance, and HR 2.15 to develop pre-diabe-
tes. In a 5-year follow-up study on 449 type 2 — diabetic
individuals with normal renal function and no proteinu-
ria at baseline Zoppini (17) documented that hyperuri-
cemia, defined as > 7 mg/dl in men and > 6.5 mg/dl in
women, increased the odds ratio of developing kidney
disease by a factor of 2.55 (Cl 1.71-3.85; p < 0.001).

An adverse effect of serum uric acid on kidney dam-
age has also been documented in recipients of kidney
transplants (18) and in patients at risk of acute kidney
injury: Lapsia (19) found that progressively higher se-
rum uric acid concentrations were associated with a
progressively higher incidence of AKI.

It deserves mentioning that recent evidence docu-
ments that elevated uric acid concentration increases
the risk of acute kidney injury (19, 20).

Urate nephropathy

Classical urate nephropathy was quite common
in the distant past, but in Europe it has currently vir-
tually disappeared. It is characterized by amorphous
or spindle-shaped uric acid deposits surrounded by
inflammatory infiltrates. This has been reproduced in
animal experiments (21): infusion of uric acid caused
an inflammatory reaction in the kidney with activation
of the tubular NF, B pathway.

Specific causes of elevated uric
acid increase

Gout is one specific cause of renal failure as shown
back in the 19th century. This form of renal disease has
been brilliantly been described in the classical review of
Barlow and Beilin (22). Fortunately this form of kidney dis-
ease has nowadays become very rare in Middle Europe.

Historically another frequent cause of CKD was lead
intoxication. While in Mid Europe, stringent safety rules
have led to virtual disappearance of clinically relevant
lead intoxication, Krishnan (23) showed that in patients
with gout, in the US moderately elevated serum lead
concentrations are seen even today, implicating that
there is no such a thing as a safe level of exposure to
lead. It is wise to be vigilant and think of lead intoxica-
tion in unclear cases as shown by the recent observa-
tion of lead intoxication from lead contaminated mari-
huana (24).

High fructose corn syrup has recently become a
major cause of elevated serum uric acid concentration
particularly in young individuals. High fructose corn syr-
up (HFCS) in the USA - in the European Union called
“glucose-fructose syrup” — is produced from starch
which is enzymatically broken down to glucose, is ex-
posed to xylose isomerase yielding a mixture of glu-
cose and fructose. High fructose intake is associated
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with a number of adverse sequelae: amongst others it
interferes with appetite control signal systems, causes
cell ATP depletion, triggers oxidative stress and inflam-
mation, etc. The relevance of HFCS for uric acid con-
centration has recently again been confirmed by Ling
(International Journal Obesity, London 2012; in press)
in a study on 2.272 adolescents, 25% of whom con-
sumed more than 500 ml/day of high fructose bever-
age. A significant correlation was seen between con-
sumption of fructose containing drinks and elevated
serum uric acid concentration.

Finally, medication may impact on serum uric acid
concentration, e.g. beta-blockers, diuretics, NSIAD.

Does lowering of uric acid concentration retard
progression of chronic disease?

In a post hoc meta-analysis of the RENAAL study
Miao (25) analysed the impact of lowering of serum
uric acid concentrations by Losartan in type 2 diabetic
patients. The rationale for this analysis was the fact that
Losartan inhibits uric acid reabsorption in the kidney
thus lowering uric acid concentration. The hazard ra-
tio for the occurrence of a renal endpoint was less in
individuals in whom serum uric acid concentrations
decreased while renal events were more frequent in
individuals with increasing decreasing serum uric acid
concentration. A recent meta-analysis (26), based on
Medline, Cochrane library and Chinese biomedical lit-
erature, identified 11 papers and concluded that effec-
tive uric acid lowering treatment was associated with
reduction of serum creatinine concentration with an
increase of eGFR. It is true that in a short 6-months
study in 40 of patients with IgA glomerulonephritis,
treatment with Allopurinol 100-300 mg/day failed to af-
fect eGFR (10), but this finding in a short-term study
is not in line with some recent more extended studies
also with more statistical power; e.g. lto (27) found a
significant difference of loss of GFR in patients treated
with Losartan: patients in whom the decrease of se-
rum uric acid was > 0.5 mg/dl compared to individu-
als with a decrease < 0.5 mg/dl the loss of eGFR was
only 2.1 £ 17.2 ml/min/1.73 m? versus 6.3 +* 21.5,
p < 0.001. Currently the limited but best evidence is
provided by the study of Goicoechea (28), a prospec-
tive controlled study in patients with chronic kidney
disease who received Allopurinol (or who continued
on treatment not impacting on serum uric acid). Treat-
ment with Allopurinol was associated with significantly
(p = 0.018) less decrease of eGFR and with a decrease
of albuminuria (p = 0.000); there was also a reduction
of cardiovascular events by 71% compared to standard
therapy. The study is certainly underpowered, but the
difference achieved is impressive and calls for further
studies.

Currently, the main pharmacological interventions
to lower serum uric acid concentrations are Allopurinol
and Febuxostat.

Allopurinol (a xanthine-oxidase inhibitor) — the prob-
lem is that in rare, but dramatic cases, a Stevens-
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-Johnsons syndrome may develop. The pre-disposi-
tion to this syndrome is mediated by the HLA-system
(HLA-B*58:01) (29).

Febuxostat, a further xanthine-oxidate inhibitor has
so far not been associated with the Stevens-Johnsons
syndrome; it is more effective in patients with CKD as
shown by Naoyuki (30).

The information on Febuxostat on renal function is
still incomplete. More effective lowering of serum uric
acid concentration has been documented by Becker
(81) and the study of Schumacher (32) showed that in
patients with normal as well as reduced renal function,
a goal of < 6 mg/dl was achieved more frequently with
Febuxostat than in patients treated with Allopurinol.
In a multi-center open label comparative but extremely
short-term study (33) no significant side effects were
seen in patients with impaired renal function. In a ran-
domized 12-week study of Hirawa compared Febuxo-
stat with Allopurinol in patients with CKD 3-5; after
two weeks the decrease of serum uric acid was simi-
lar with the two medications, but after 12 weeks, uric
acid was 6.8 mg/dl on Febuxostat versus 8.1 mg/dl on
Allopurinol (p < 0.025). No side effects were seen with
Febuxostat. Unfortunately, dose response curves are
not available.

In a post-hoc analysis of the “Febuxostat Urate Low-
ering Efficacy and Safety Study” (34) 116 hyperurice-
mic patients on Febuxostat were observed for 5 years.
By mathematical modeling, the effect on serum uric
acid concentration was related to the change in eGFR:
The result showed that lowering of serum uric acid by
1 mg/dl increased on average eGFR by 1 ml/min in pa-
tients with — as opposed to patients without — treatment
with Febuxostat. Whether lowering of serum uric acid
is indeed efficacious to attenuate loss of GFR is still a
matter of discussion. In patients with hereditary hype-
ruricemia, e.g. mutations of the uromodulin chain, loss
of GFR was not affected by Allopurinol in hereditary
hyperuricemia (35).

Three large trials comparing Febuxostat with
Allopurinol are currently available (31, 32, 36). In the
FACT trial Febuxostat was more effective in lowering
uric acid concentration with no effect on tophi (31), in
the APEX trial on patients with normal or moderately re-
duced renal function (eGFR > 30 ml/min/1.73 m?) again
Febuxostat was more powerful in lowering s-uric acid
concentrations and provoked no adverse effects in CKD
patients. The CONFIRMIS trial (36) included specifically
65% patients with CKD; in patients with reduced renal
function the target of < 6 mg/dl uric acid was reached
more frequently (72%) with Feboxostat 80 mg/dl com-
pared to Allopurinol 200 mg/day (p < 0.001). No major
side effects were seen in CKD patients.

Hyperuricemia - beyond renal complications

We restrict this discussion to patients with CKD. In a
brilliant overview, Johnson (37) had summarized the
evidence that — in addition to the known role in renal
disease — uric acid plays a pathogenetic role in the
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genesis of hypertension and cardiovascular disease in
general and specifically predicts cardiovascular events
in advanced nephropathy (38): in 303 patients with CKD
3-5 in a 39-months study, lethal or non-lethal CV events
were related by multivariate Cox regression analysis
apart from diabetes and smoking also to uric acid. Both
fatal (32 of 214 vs. 1 of 89 subjects) and combined fatal
and nonfatal (100 of 214 vs. 13 of 89 subjects). Ito (27)
showed that in patients with CKD and lowered eGFR
cardiovascular events were significantly more frequent
in individuals with serum uric acid > 7 mg/dl compared
to < 7 mg/dl; at a eGFR 45-59 ml/min the relative risk
was higher by a factor of 3.43.

In patients without renal impairment, the recent anal-
ysis of Loeffler (39) showed that in the NHANES survey
in 6.036 juveniles (!) the odds ratio for elevated blood
pressure per 0.1 mg/l uric acid was 1.38 (1.16-1.6;
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