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Allopurinol for prevention of progression of kidney
disease with hyperuricemia
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ABSTRACT

Hyperuricemia is associated with hypertension and progressive chronic renal disease. This is a retrospective cohort study in
chronic kidney disease (CKD) patients with hyperuricemia from 1998 to 2008. Patients were divided into two groups: treatment
group who received allopurinol in a dose of 100 mg/day and the other group remained untreated. Clinical, hematologic, biochemical
parameters and outcome were measured at baseline and 6 months, 1 year, and 2 years of treatment. A total of 183 patients were
enrolled. Mean age of the allopurinol group was 50.15 + 14.42 years and control group was 53.23 + 13.86 years. Male-female ratios
were 2.57:1 and 2.21:1 for the treatment and control groups, respectively. Baseline characteristics and the laboratory parameters
were similar in both groups. Patients who received allopurinol had lower blood pressure at 6 months, 1 year, and 2 years when
compared to baseline. There was a significant decrease in the serum uric acid (UA) levels in the treatment group at the end of 6
months, 1 year, and 2 years with respect to base line. An inverse correlation as noted between serum UA levels and the estimated
glomerular filtration rate at 6 months, 1 year, and 2 years. Allopurinol treatment decreases blood UA levels and is associated with

better blood pressure control and decreased progression of renal disease in CKD patients with hyperuricemia.
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Introduction

Current research shows that serum uric acid (UA) levels
are associated with hypertension,**! a risk factor for
chronic kidney disease (CKD). A rat model of mild
hyperuricemia demonstrated that mild elevations in UA,
even within the normal limits, can cause hypertension
and renal microvascular disease without causing urate
crystal deposition in kidneys.!™ In a population-based
study of Appalachian adults, increasing the serum UA
levels were positively associated with CKD, independent
of age, gender, smoking status, alcohol intake, education,
diabetes mellitus, hypertension, body mass index (BMI),
and total cholesterol.[”?
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Recent epidemiologic data from 21,475 healthy
volunteers who were followed prospectively for a
median of 7 years suggest that elevated levels of UA
independently increase the risk for new-onset kidney
disease. Hyperuricemia could be a consequence of
impaired kidney function, diuretic therapy or oxidative
stress, such that elevated serum urate level represents a
marker, rather than a cause of CKD. Strategies to reduce
the serum UA, including dietary changes such as lower
intake of fructose- and sugar-sweetened beverages and
red meat™® and UA lowering drugs like allopurinol™
may be useful in preventing or arresting the progression
of kidney disease. For animal models of established
renal diseases, correction of the hyperuricemic state
can significantly improve the blood pressure control,
decreasing proteinuria and slowing the progression of
renal disease.!'™ Recent randomized controlled trials
reported that UA-lowering medication with allopurinol
was associated with a lower serum creatinine level in the
treatment group compared to controls./”’ We therefore
conducted a cohort study to analyze the renal effects of
allopurinol treatment in CKD patients with hyperuricemic.

Materials and Methods

This study is a retrospective cohort analysis of CKD
patients with hyperuricemia, attending out-patient
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department (OPD) of Nephrology at Nizam’s Institute of
Medical Sciences, Hyderabad from 1998 to 2008.

With a margin of error of 10 and confidence interval of
95% and 50% of response distribution the sample size
was calculated to be 192. The details are shown in the
Figure 1. The information about the patients was obtained
directly from medical records preserved in the OPD of
Nephrology. The records were periodically updated by
doctors during each follow-up of the patient.

The included subjects had to fulfill the following
inclusion criteria at the time of entry: estimated
glomerular filtration rate (eGFR) lower than 90 ml/min,
and serum UA > 7.0 mg/dl in men 6.5 mg/dl in women.
Patients with allopurinol intolerance, active infections
or inflammatory diseases, and chronic hepatopathy and
those with a history of gouty arthritis and renal stones
were excluded.

We collected data of CKD patients from January 1998
to December 2008. Data collected included gender, age,
body weight, blood pressure, history of smoking and
drinking alcohol, blood glucose, triglycerides, cholesterol,
blood urea nitrogen, serum creatinine, serum UA
concentration, 24 h urinary protein, liver function test,
and the treatment received. Modification of the diet in
the renal disease (MDRD) equation was used to calculate
eGFR. We divided the patients into two groups: Treatment

group who received allopurinol in a dose of 100 mg/day
and the control group who did not receive allopurinol.

Subjects were followed-up at regular intervals for 2
years. During each follow-up session, systolic blood
pressure (SBP) and diastolic blood pressure (DBP) were
recorded. Laboratory parameters such as daily urinary
protein excretion, hemoglobin level, white blood cell
count, platelet count, serum creatinine level, alanine
aminotransferase level, fasting total cholesterol level,
low-density lipoprotein cholesterol level, high-density
lipoprotein cholesterol level, triglyceride level, and fasting
UA level were all recorded.

The study end points were as follows:[! stable renal
function indicated by stable serum creatinine and
stable eGFR level at the end of the study compared to
base line worsening of renal function indicated by
an increase in serum creatinine level and/or decrease
in eGFR compared to baseline, but not yet requiring
dialysis.

All statistical analyses were performed using the
Statistical Package for the Social Sciences (SPSS) version
11.0, April 2002 (SPSS Inc., Chicago, IL) Program for
Windows XP. Values are expressed as mean = standard
deviation (SD). Categorical data were compared by means
of Chi-square test, and continuous variables, by means of
Student t-test. Comparison of various parameters between

Total CKD patients 15,600
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Figure 1: Flow chart showing sample size collection

Patients not on allopurinol (90)
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baseline and different intervals was performed by means
of paired Student t-test. Statistical significance is defined
as two-tailed P less than 0.05.

Results

A total of 183 patients were enrolled in the study. Baseline
characteristics and laboratory parameters are listed in
Table 1. The most common cause of renal disease in
both groups was diabetes mellitus. Other causes of renal
disease in our study population are listed in Table 2. There
was no significant difference in the medications used in
both groups [Table 3] except for a higher percentage
of patients in the control group used calcium channel
blocker.

Blood pressure control

SBP and DBP of both groups at 6 months, 1 year, and 2
years are shown in Figure 2. When we compared the blood
pressures between the two groups, there was a significant
fall in the mean SBP and DBP at the end of 2 years in the
allopurinol group when compare to the control. This may
explain the higher percentage of patients in the control
group used calcium channel blockers.

Serum UA and proteinuria

Serum UA levels of all the subjects in allopurinol and
control group at the start and end of the study are shown
in Figure 3. Within the allopurinol group there was a
significant fall in serum UA at 6 months, 1 year, and 2
years when compared to baseline.

There was no significant difference in the proteinuria
[Figure 4] in allopurinol and control groups at baseline, 6
months and 1 year. At the end of 2 years, when compared
to baseline, though there was a decrease in proteinuria
in allopurinol group and increase in proteinuria in the
control group, this was not statistically significant.
However, control group had a significant increase in
proteinuria compared to allopurinol group at the end
of 2 years.

Renal function

The eGFR of both the groups at 6 months, 1 year, and
2 years are shown in Table 4. eGFR was similar in both
the groups at base line. In the control group, there was a
significant fall in eGFR at 6 months, 1 year, and 2 years
compared to baseline eGFR, whereas in allopurinol group
there was no significant change in eGFR at 6 months, 1
year, and 2 years compared to baseline and there was a
significant fall in eGFR at 1 year and 2 years in the control
group when compared to allopurinol group.

Discussion

In patients with renal disease, there is decreased UA
urinary excretion, and whether this will give rise to

Table 1: Baseline characteristic of CKD patients in
allopurinol group and control group

Parameters Allopurinol group Control group P value
(n=93) (n=90)
Age (years) 50.15+14.42 53.23+13.86 0.143
Sex (male:female) 2.57:1 2.21:1 0.7642
Weight (kg) 67.88+14.53 65.81+14.35 0.199
SBP (mmHg) 157.6+12.36 153+23.36 0.904
DBP (mmHg) 93.84+7.64 86.88+14.27 0.09
Hemoglobin (g/dl) 11.9+2.08 11.92+2.034 0.98

Total leukocyte 9112.87+2811.08 9149.35+3040.84 0.93

count (cell/mm3)

Platelet count 2.948+0.969 2.85+0.952 0.6251
(lakhs/mm?)

Serum creatinine 2.32+1.10 2.05+0.79 0.060
(mg/dl)

eGFR (ml/min) 35.43+13.84 38.9+15.17 0.106
24 h urinary 783.78+65.7 971.51+£31.05 0.44
protein (mg)

Serum uric acid 9.07+1.877 9.18+1.65 0.667
(mgy/dl)

Serum total 158.46+55.91 141.9+59.32 0.209

cholesterol (mg/dl)

CKD: Chronic kidney disease, SBP: Systolic blood pressure, DBP: Diastolic
blood pressure, eGFR: Estimated glomerular filtration rate

Table 2: Primary kidney disease in allopurinol and
control group

Etiology Allopurinol group Control group
N (%) N (%)

Type 2 DM 33 (35.4) 36 (40.0)

Chronic interstitial nephritis 23 (24.7) 29 (32.22)

Chronic glomerulonephritis 27 (29.0) 18 (20.0)

Systemic lupus erythematosis 2 (2.15) 4 (4.4)

Focal segmental 2(2.15) 1(1.1)

glomerulonephritis

Membranoproliferative - 1(1.1)

glomerulonephritis

Autosomal dominant 3(3.22) 1(1.1)

polycystic kidney diseases

Obstructive nephropathy 3(3.22) -

DM: Diabetes mellitus

Table 3: Comparison of medications used in allopurinol
and control group

Allopurinol group  Control group P value
no. (%) no. (%)

ACEI 38 (40.8) 47 (52.2) 0.163
ARB 46 (49.4) 36 (40) 0.254
Clonidine 7 (7.5) 9 (10) 0.74
B blocker 54 (58.06) 40 (44.44) 0.09
Calcium channel 45 (48.385) 63 (70) 0.0048
blocker
Asprin 37 (39.78) 46 (51.11) 0.1648
Statin 64 (57) 68.81 (63.33) 0.5323
Diuretics 46 (49.4) 38 (42.22) 0.304

ACEI: Angiotensin converting enzyme inhibitor, ARB: Angiotensin receptor
blocker
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Figure 2: Comparison of mean systolic blood pressure and diastolic blood pressure of chronic kidney disease patients of allopurinol and control group

Blood pressure P value comparison P value comparison

(mmHg) to baseline within to baseline within
allopurinol group control group

At base line

At 6 months 0.0001/0.009 0.193/0.174

At 1 year 0.0001/0.0001 0.153/0.30

At 2 years 0.0001/0.0001 0.09/0.07

hyperuricemia depends on the gastrointestinal excretory
compensation. Patients with CKD develop hyperuricemia
as GFR declines; hence the prevalence of elevated serum
UA in patients with CKD is higher.'!! In our study, the
prevalence of hyperuricemia in CKD was 29.5%. In
Siu et al. study™ the prevalence of elevated serum UA
levels in patients with renal diseases was 19.6%. It was
an underestimation of the proportion of patients with
co-existing hyperuricemia and renal disease as they
excluded patients with advanced stages of renal disease.

In epidemiologic studies, urate levels were reported to
be correlated with the development of chronic renal
insufficiency in patients with hypertension and impaired
renal function.[!2!% In a recent community-based
prospective study of 13,338 participants, UA level
was described to be an independent risk factor for the
development of kidney disease and mortality.[*>! In
addition, a prospective controlled trial by Sui et al.™
examined the effect of decreasing UA level in patients
with CKD and hyperuricemia. However, Fessel et al.l'®
and Yu et al.l'’? did not show a significant association
between kidney dysfunction and hyperuricemia. A recent
study by Michel et al.™*®' also showed a weak association
of hyperuricemia and progression of CKD though UA had
a strong cross-sectional association with prevalent CKD.

Despite multiple epidemiological and prospective studies,
the role of UA in the progression of kidney disease and
development of kidney failure remains unclear.[*2%
Hyperuricemia has been related to high blood pressure.
This is thought to be mediated through activation of
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Figure 3: Comparison of mean serum uric acid of chronic kidney disease
patients in allopurinol and control group

the renin-angiotensin system by multiple mechanisms;
directly, by decreasing neuronal nitric oxide synthase
in the juxtaglomerular apparatus,™!! indirectly, through
decreasing renal perfusion by stimulating the afferent
arteriolar vascular smooth cell proliferation!??! and
through the induction of cyclo-oxygenase-2 in the
macula densa and arterioles.?®! Qur study showed
21.85% of patient with hyperuricemia had hypertension.
It was reported that up to 50-70% of hyperuricemic
patients had hypertension in other studies,™! and
conversely, 25% of hypertensive patients had elevated
UA levels.PYHyperuricemia is a clinical finding in 25-40%
of adult patients with untreated hypertension.4

In experimental rat models, controlling UA levels with
allopurinol prevented the development of hypertension
and renin and neuronal nitric oxide synthase level
changes.! In our study, patients who received allopurinol
had significantly lower mean SBP and DBP at 6 months
(P < 0.0001), 1 year (P < 0.0001), and 2 years
(P < 0.0001) when compared to baseline. Allopurinol
by decreasing the serum UA levels decreases the blood
pressure. This is in contrast to Siu et al.,””! which
showed that only SBP decreased in the treatment group
after allopurinol treatment, but blood pressure was
not significantly different from the control group. In
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Figure 4: Comparison of mean proteinuria chronic kidney disease patients in allopurinol and control group at 6 months, 1 year, and 2 years with the base line

Table 4: Comparison of mean eGFR of CKD patients in allopurinol and control group

Follow-up Allopurinol % change P value in comparison Control % change P value in comparison
group compare to baseline within group compare to baseline within
(mg/dl) to baseline allopurinol group (mg/dl) to baseline control group

At base line 35.43+13.84 38.9+15.17

At 6 months 35.6+13.21 +0.48 0.5 32.68+12.12 -15.98 <0.0001

At 1 year 35.2+13.25 -0.64 0.6 27.91+11.18 -28.25 <0.0001

At 2 years 35.01+13.4 -1.18 0.4 24.43+9.86 -37.19 <0.0001

Goicoechea et al.,”® blood pressure control was similar
in both groups, and no significant differences were
observed in the follow-up period in SBP and DBP. The
reason may be patients had established renal diseases
with impaired renal function, and most patients had
long-standing hypertension at the time of recruitment.
Structural damage to the arteries and kidneys had been
incurred, and the high blood pressure at that point
probably was multifactorial in pathogenesis. Thus,
although serum UA level was normalized, hypertension
probably was irreversible. Therefore, it seems that to
ameliorate the hypertensive effect of hyperuricemia,
early treatment with allopurinol may be necessary, and
once the disease has been established, the effect of
decreasing serum UA levels may be limited.

Kang et al.'® found that hyperuricemic rats showed
greater proteinuria, greater blood pressure, and greater
serum creatinine levels than controls, which were treated
with allopurinol to decrease serum UA levels. However,
Siu et al.,” could not show a benefit of using allopurinol
in decreasing the amount of proteinuria in hyperuricemic
patients. In our study, though there was mild increase
in proteinuria in control group and mild decrease in
proteinuria in allopurinol group compared to baseline,
those were was not statistically significant. However,
when we compared the levels of proteinuria at the end
of 2 year, there was a significant increase proteinuria in
the control group compared to allopurinol group. This
suggests that allopurinol has definite beneficial effect in
decreasing the proteinuria.

High UA level has been associated with a greater incidence

of end-stage renal disease.!'>?%! The researchers found
that mean eGFR decreased from 97 ml/min/1.73 m?
to 88 ml/min/1.73 m? after a median of 59 months of
follow-up, and that higher serum UA levels at baseline
were associated with a greater risk of eGFR decline in 900
healthy normotensive adults. After adjusting for potential
confounding factors (including BMI, blood glucose level,
urinary albumin-to-creatinine ratio, baseline eGFR, age,
and sex), the researchers found that each 59 umol/1
(1 mg/dl) increase in serum UA level at baseline was
associated with a 23% increase in the risk of an eGFR
decrease of >2 ml/min/year.?”! In a community based
study among 13,338 individuals, the base-line serum UA
level was associated with a significantly increased risk for
developing kidney disease in univariate and multivariable
analysis.!”!

In our study, control subjects showed a fall in the eGFR
at 1 year and 2 years. Our results were similar to Siu
et al.” and Goicoechea et al.!*! which also showed
that allopurinol is able to slow the progression of renal
diseases. Allopurinol was able to slow the progression of
renal disease after a mean time of 23.4 = 7.8 months. 2"
The precise mechanism is not known, but probably related
to multiple factors. UA has a number of detrimental
effects. It can cause endothelial dysfunction, which can
be improved with allopurinol,?®! and it can also activate
circulating platelets™®! and impair endothelial nitric oxide
production. In different small randomized controlled
trials, allopurinol treatment resulted in the improvement
of oxidative stress, endothelial function,!3% and
progression of CKD.! Hyperuricemia has also been
shown to cause an increase in glomerular hydrostatic
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pressure, caused by direct UA stimulation of vascular
smooth muscle cell proliferation in the afferent arterioles,
which induces a more rigid vessel wall and loss of the
autoregulatory and protective mechanisms. Arterial
pressure then is transmitted directly to the glomerulus,
causing glomerular hypertension, resulting in glomerular
hypertrophy and sclerosis.*!! Allopurinol therefore, by
diminishing serum UA levels, serve as an agent to decrease
glomerular hydrostatic pressure indirectly and thus help
alleviate renal damage.

As expected, there was a significant decrease in the mean
serum UA levels in treatment group, and there was inverse
correlation between serum UA levels and the eGFR at 6
months, 1 year, and 2 years. Goicoechea et al.,!*! also
showed that there was a significant inverse correlation
between UA levels and eGFR in the whole data and within
each experimental group. This means that, the beneficial
effect of allopurinol slowing down the progression of
renal disease could be related to the decrease of UA level.
Chonchol et al.m® evaluated the association between
hyperuricemia and progression of kidney disease in
5808 participants from the cardiovascular health system,
demonstrating a 14% (odds ratio [OR] 1.14; Nearly, 95%
confidence interval [CI] 1.04-1.24 per 1-mg/dl rise in UA)
increase in kidney disease progression, defined by eGFR
decline <3 ml/min/1.73 m?/year, but no relationship
between baseline serum UA levels and incident CKD (OR
1.00; 95% CI 0.89-1.14) Kanbay et al.*?! reported that
treatment of asymptomatic hyperuricemia improved renal
function. Likewise, Siu et al.™ reported that the treatment
of asymptomatic hyperuricemia delayed progression of
kidney disease. The results of our study are similar to other
studies™?! in decreasing the progression of renal disease
by allopurinol in CKD patients with hyperuricemia. The
unique feature of our study is that, we had more number
of patients and a longer follow-up time.

There are several limitations to our study. It was not
designed in a randomized control, double-blinded
fashion. The results of our study may be limited
by the concomitant use of statins, antiplatelet and
renin-angiotensin-aldosterone system blocker drugs.
Although there were no baseline differences in the use of
these drugs between the groups, these treatments could
have been modified during the study according to good
clinical practices and we could not delineate completely
the possible beneficial effect contributed by these drugs
preservation of kidney function.

We conclude that allopurinol might help in slowing down
the progression of renal disease in CKD patients with
hyperuricemia, but the mechanism is unclear.
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