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Abstract

Diabetic kidney disease (DKD) is the leading cause of end-stage kidney disease (ESKD) in the Western world. Better con-
trol of glycemia and blood pressure, including renin-angiotensin system blockade (RASB), appear to have slowed DKD
progression rate but have been unable to substantially decrease the annual incidence of new cases of DKD related ESKD.
Thus, new treatment targets are needed. Higher levels of serum uric acid (SUA) have been associated with increased risk and
progression of DKD in persons with types 1 (T1D) and 2 (T2D) diabetes and of chronic kidney disease (CKD) in general.
This review presents the epidemiological, clinical, and clinical trial evidence regarding the hypothesis that SUA reduction

could slow progression of DKD and/or CKD in general.
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Introduction

Despite improvements in glycemia [1] and blood pressure
control and the use of renin angiotensin system blocking
(RASB) drugs [2] the number of persons in the US who
develop diabetes-related end-stage kidney disease (ESKD)
each year continues to rise [3], in parallel with the world-
wide epidemic of diabetes [4]. In fact, we have yet to expe-
rience the full impact of the recent marked increases in
the number of people with obesity and diabetes, who may
take decades to reach ESKD [4]. Importantly, the benefits
of RASB on progression of glomerular filtration rate loss
(GFR) loss in patients with diabetic kidney disease (DKD)
has only been seen in patients with estimated GFRs <60 mL/
min/1.73 m? and the delay in reaching ESKD averaged less
than 2 years [2]. Thus, new treatments are needed. Herein
we examine the clinical evidence linking higher levels of
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serum uric acid (SUA) with the risk and progression of DKD
and review trials that have attempted to test whether SUA
reduction can slow or arrest GFR decline in this condition.

Serum uric acid and DKD risk

A number of epidemiological studies have reported an asso-
ciation between SUA levels and risk of DKD. The first was
an inception cohort study that was carried out at the Steno
Diabetes Center [5]. The study enrolled all newly diagnosed
type 1 diabetic (T1D) patients seen at this center between
September 1979 and August 1984. The patients all had
measurements of SUA within the first 3 years after T1D
onset i.e., before any abnormalities in albuminuria or GFR’.
Follow-up was for a median of 18.1 years. During this time,
macroalbuminuria developed in 25% of the subjects in the
highest quartile of SUA values (>4.2 mg/dL) vs. only 10%
in the lower three quartiles (p =0.006). These findings were
independent of baseline body mass index (BMI), HbAlc,
albumin excretion rate, serum creatinine, serum choles-
terol, and mean arterial blood pressure (BP). Adjusted for
these variables, the HR was 2.93 [1.25-6.86] per 1.7 mg/
dL (100 umol/L) increase in SUA; P 0.013) [5]. However,
baseline SUA did not predict the risk of microalbuminuria
or GFR loss.

In another study of normoalbuminuric T1D patients, con-
ducted in the US, Jalal et al. [6] asked whether baseline SUA
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was a risk factor for micro- or macroalbuminuria over the
subsequent 6-years; SUA at baseline was higher in the 25
subjects progressing to micro- or macroalbuminuria vs. the
299 remaining normoalbuminuric (p=0.02). After adjust-
ments for age, sex, T1D duration, treatment with renin-angi-
otensin system blockers (RASB), BMI, BP, HbAlc, serum
creatinine, cystatin C, and lipid levels, higher baseline SUA
increased the odds of new onset of increased albuminu-
ria by 1.8 fold (p=0.005) [6]. Consistent with these find-
ings, a cross-sectional study of 20,464 adult patients with
T1D from Italy, 11,162 of whom had SUA measurements,
found that each 1 mg/dL increase of SUA was associated
with an increased prevalence of DKD (OR =1.56; 95% CI
1.49-1.63; P<0.001), low eGFR (< 60 mL/min/1.73 M?,
OR=2.31; 95% CI 2.17-2.47; P<0.001), and increased
albumin excretion rate (OR=1.30; 95% CI 1.25-1.36;
P<0.001) [7].

An association between SUA and DKD risk has also been
reported among individuals with T2D. In another study
from Italy, Zoppini et al. followed 1,449 T2D patients with
eGFR > 60 mL/min/1.73 m? and no overt proteinuria. Hyper-
uricemia in this study was defined as SUA >7.0 mg/dL in
men and > 6.5 mg/dL in women. After 5-years of follow-up,
the cumulative incidence of new onset CKD (eGFR < 60 mL/
min/1.73 m?) was higher in patients with (29.5%) vs. without
hyperuricemia (11.4%, P=0.001) [8]. Hyperuricemia was
also associated with increased CKD risk after adjusting for
age, sex, BMI, smoking, T2D duration, BP, BP treatment,
insulin therapy, HbAlc, eGFR, and albuminuria, (OR 2.10
[1.16-3.76], P=0.01), corresponding to a 21% increase in
CKD risk for each 1-SD increase in SUA [8].

Serum uric acid and DKD progression

Increase SUA levels have been also implicated in the pro-
gression of DKD among patients who already have devel-
oped this complication. A group of 355 T1D patients from
the T1D Joslin Kidney Study with high normoalbumi-
nuria or microalbuminuria and baseline eGFR > 60 mL/
min/1.73 m? was followed for 6 years for the study outcome
of rapid GFR decline defined as GFR loss > 3.3%/yr, this
selected because this rate was above the 95th %tile of nor-
mal GFR loss with increasing age. The study found a pro-
gressively increasing risk of rapid eGFR decline with SUA
levels increasing from < 3.0 to> 6.0 mg/dL (p=0.0002) [9].
Patients with rapid GFR decline had lower eGFR, higher
albumin excretion rate, and a higher prevalence of micro-
albuminuria. They also had longer T1D duration and were
older than those with slower decline, but were not signifi-
cantly different for glycemia, BMI or lipid levels [9]. The
odds ratio for rapid GFR decline, 1.5 (95% CI 1.3-1.9) per
1 mg/dL increment in baseline SUA, remained statistically
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significant after adjustment for baseline albumin excretion
rate, sex, and HbA 1 and eGFR [9].

In a large two year follow-up study of 2518 patients with
T2D, Hayashino et al. considered the endpoints of transi-
tion from normoalbuminuria to micro- or macroalbuminuria
and progression from microalbuminuria to macroalbumi-
nuria [10]. Using a Cox proportional hazards model, they
evaluated the association between baseline SUA quartiles
(means of 3.6, 4.9, 5.8, and 7.3 mg/dL for the 1st to 4th
quartiles, respectively) and these outcomes after adjustment
for potential confounders. They observed a U-shaped risk
curve for progression from micro- to macroalbuminuria. As
compared to the 2nd quartile, hazards ratios for this outcome
were 2.17 [95% CI 1.15-4.08; p=0.016] for the 1st quartile,
3.04 (95% CI 1.67-5.53; P<0.001) for the 3rd, and 3.56
(95% CI 1.83-6.93; P<0.0011) for the 4th quartile. The
association of higher SUA levels with DKD progression
might have been expected, but the increased hazard for low-
est SUA quartile was surprising and remains unexplained.
Also, this study found no significant associations of SUA
with progression from normo-to microalbuminuria or with
eGFR change [10].

In another study, Chang et al. followed 2367 patients with
T2D for a mean of 4.6 years. They categorized their out-
comes by CKD stage as stable (47.9%), progressing (20.6%),
or regressing (31.5%) [11]. The progression group had the
highest (6.9 + 1.8 mg/dL), and the regression group the low-
est (5.4+ 1.5 mg/dL) baseline SUA levels. By multivariate
Cox regression analyses SUA > 6.3 mg/dL was an independ-
ent risk factor associated with progression in CKD stage.
[HR 1.54 (95% CI 1.42-1.68)] [11].

SUA reduction and DKD progression

In pre-clinical studies, uric acid was shown to induce altera-
tions of the nitric oxide (NO) pathway, to induce pro-inflam-
matory cytokines, and to activate the renin-angiotensin sys-
tem, these findings suggesting possible causal links between
SUA and kidney disease [12, 13]. This was also supported
by reports of mild UA elevation causing renal disease in
animal models [14]. Two small and relatively brief rand-
omized, placebo-controlled, proof-of-concept studies from
Hong-Kong [15] and Spain [16] (including 37% and 25% of
subjects with diabetes, respectively) suggested that allopu-
rinol-induced decreases in SUA reduced the rate of GFR
loss in humans. Consistent with these findings, a post hoc
analysis of a 3-year randomized placebo-controlled trial of
losartan in persons with T2D and CKD (RENAAL) found
that participants experiencing a SUA reduction in the first
6 months after randomization to losartan had reduced risk of
serum creatinine doubling or ESKD compared with patients
where SUA did not decrease [17]. Also, a large 4-year
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randomized placebo controlled primary cardiovascular dis-
ease (CVD) trial with the sodium-glucose co-transporter
2 (SGLT2) inhibitor empagliflozin demonstrated substan-
tial reductions in CVD endpoints [18]. A post hoc analysis
also found preservation of eGFR and reduced renal events
(doubling of serum creatinine and ESKD) in empagliflo-
zin treated patients in this study [19]. The SUA lowering
effect of SGLT?2 inhibitors was among several hypothesized
mechanisms for this potential renoprotective effect of empa-
gliflozin [19]; however, SUA reduction was not mentioned
in the report of a primary renal outcome trial which dem-
onstrated similar renal benefits for canagliflozin, another
SGLT-2 inhibitor [20].

Although these studies and a thorough review of the role
of SUA in renal disease [21] were suggestive of a potential
benefit of SUA reduction on renal disease progression,
they were not sufficient to recommend widespread addi-
tion of SUA reduction to the standard of care for patients
with diabetes at increased risk of DKD. Nonetheless, in
aggregate, these studies provided the conceptual basis for
large clinical trials to determine whether lowering SUA in
established DKD specifically, or in CKD in general, could
slow or prevent further GFR loss. Two such trials have
been undertaken [22, 23]. One, the Preventing Early Renal
Function Loss in Type 1 diabetes (PERL), was a double-
blind, placebo-controlled, parallel group, randomized clin-
ical trial conducted at 16 centers in the USA, Canada and
Denmark with NIH and JDRF support. PERL enrolled 530
persons with T1D, eGFR 45-100 mL/min/1.73 m?, micro-
albuminuria to moderate macroalbuminuria OR significant
GFR loss (>3 mL/min/1.73 m%/year) in the previous 3-5
yrs, and SUA >4.5 mg/dL [24]. The primary outcome was
measured GFR [iohexol plasma disappearance (iGFR)]
adjusted for the baseline iGFR after 3 years of allopurinol
or placebo administration and 2 months of drug washout.
Secondary outcomes included eGFR trajectories based
on serum creatinine and or cystatin C, albumin excretion
rate and CVD events. Participants were randomized in a
1:1 ratio to oral allopurinol (200-400 mg/day, adjusted
for eGFR) or to placebo. PERL also followed guideline
recommendations for RASB in persons with DKD [25].
At baseline, the mean age was 50.7 years in the allopuri-
nol and 51.8 years in the placebo group; the iGFR values
were 68.7 and 67.3 mL/min/1.73 m?, respectively. Mean
SUA decreased in the allopurinol group from 6.1 at base-
line to 3.9 mg/dL during treatment whereas it remained at
6.1 mg/dL in the placebo group. Despite this sustained,
36% reduction in SUA, the iGFR decreased at similar rates
in the allopurinol and placebo groups, leading to virtually
identical mean baseline-adjusted iGFR at the end of the
2-month washout in the two treatment groups (61.2 mL/
min/1.73 m? in both, p=0.99) [22]. Results were similarly
neutral in secondary analyses limited to participants with

average drug exposure > 80% over the 3-year treatment and
in pre-specified subgroup analyses based on SUA levels
(£6.0 vs.> 6.0 mg/dL), iGFR values (<60 vs.> 60 mL/
min/1.73 mz), and other clinical characteristics. Also, no
clinically meaningful effects were observed on secondary
outcomes including iGFR at the end of treatment, iGFR
and eGFR slopes, progression to ESKD or serum creati-
nine doubling, and time to CVD events. Urinary albumin
excretion rates at the end of the washout period and at the
end of treatment were significantly higher [40% (95% CI
0-80) and 30% (95% CI 0-60) respectively], in patients
treated with allopurinol vs. those treated with placebo.
Thus, in PERL, SUA reduction with allopurinol had no
beneficial effect on the rate of GFR decline or other kid-
ney outcomes in patients with type 1 diabetes, early-to-
moderate diabetic kidney disease, and high-normal SUA.

The other trial (controlled trial of slowing of Kidney
Disease progression From the Inhibition of Xanthine
oxidase [CKD-FIX]) randomized 369 patients to either
allopurinol (n=185) or placebo (n=184) [23]. Eligi-
ble patients were adults with stage 3 or 4 CKD and high
risk of progression based on ACR >265 mg/g or eGFR
decline rate > 3.0 mL/min/1.73 m? in the preceding
12 months. CKD was considered as caused by DKD in
75 (41.2%) and 90 (49.7%) of the allopurinol and placebo
groups, respectively. Overall baseline age, 62.4 +12.7,
eGFR, 31.7+ 12.0 mL/min/1.73 m?, and SUA levels,
8.2+ 1.8 mg/dL, were nearly identical in the two groups.
Allopurinol, initially 100 mg/day, was escalated, as toler-
ated, to 300 mg/day. The primary outcome was change in
eGFR at 104 weeks. One-hundred and thirty-two (73%)
allopurinol and 144 (80%) placebo group patients com-
pleted the trial. Mean SUA levels remained constant in
the placebo group but decreased in the allopurinol group
to 5.1 mg/dL [95% CI 4.8-5.3] at 12 weeks and remained
at 5.3 mg/dL [95% CI 5.1-5.6], a~35% reduction, up
to 104 weeks. eGFR declined by 3.33 mL/min/1.73 m?/
year [95% CI 4 x 11 to 2 x 55] in the allopurinol and
3.23 mL/min/1.73 m?/year [95% CI 3 x 98 to 2 X 47] in
the placebo group (P=0.85). There were no group differ-
ences in the secondary composite endpoints of a 30% or a
40% eGFR decline plus ESKD, or death from any cause.
Baseline ACR [716.9 (244.3, 1857)], [median (range)],
was nearly identical in the two groups and changed little
over the 104 weeks in both groups, thus not confirming
the adverse influence of allopurinol on urinary albumin
excretion observed in the PERL trial. In summary, the
CKD-FIX Study in patients, a majority with non-diabetic
kidney disease and with older age, lower GFR and higher
SUA levels at baseline than in the PERL study, but with a
similar relative SUA level reduction during the trial, also
failed to demonstrate any benefit of allopurinol on renal
functional decline.
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Conclusions

Several observational studies have pointed to SUA as a risk
factor for DKD development and/or progression, and small
proof-of-concept clinical trials have suggested that SUA
reduction with allopurinol could have beneficial effects in
preventing or slowing GFR decline. However, two recent
pivotal trials, properly designed, powered, and executed,
have failed to show statistically benefit of allopurinol on
kidney outcomes [22, 23]. A likely explanation for the dis-
crepancy between these trials and previous observational
studies is that the predictive effect of SUA on kidney func-
tion loss may be indirect and attributable to the association
of SUA with other traits that are causally related to DKD,
such as, for instance, insulin-resistance and the metabolic
syndrome [26]. This hypothesis is also supported by two
recent Mendelian randomization studies in large cohorts
[27, 28], one of which involved T1D subjects [27], which
could not demonstrate a causal relationship between SUA
and eGFR or CKD. Thus, current evidence does not support
a therapeutic role of SUA reduction in the progression of
renal disease.
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