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ABSTRACT
Context: Hyperuricemia is an independent risk factor for progression of kidney disease.
Objective: To determine whether lowering serum uric acid level (sUA) to below 6 mg/dL
(target) improves mild to moderate chronic kidney disease (CKD) and whether CKD stage
influences the benefit of lowering sUA to target.
Design: Retrospective epidemiologic cohort study conducted over 8 years. Estimated
glomerular filtration rate (eGFR) was required in the 6 months preceding the index date
(defined as first occurrence of sUA < 7 mg/dL), and at least 1 sUA and eGFR were required
during follow-up. Patients were urate-lowering therapy (ULT) naïve, aged 18 years or older,
and had CKD Stages 2 to 4 at baseline. Health Plan enrollment with drug benefit was required.
Exclusions included active cancer, dialysis, or other kidney disease.
Main Outcome Measures: A 30% decrease or 30% improvement in eGFR from baseline.
Results: A total of 12,751 patients met inclusion criteria; 2690 patients received ULT during follow-up and 10,061 did not. Target sUA was achieved in 1118 patients (42%) receiving
ULT. A 30% improvement in eGFR was likelier in patients who achieved the target (odds
ratio [OR] = 1.78, p < 0.001). Pairwise comparison of CKD stages showed a 30% improvement in eGFR in CKD Stage 2 (OR = 2.26, p = 0.017) and Stage 3 (OR = 2.23, p < 0.001) but
not Stage 4 (OR = 1.50, p = 0.081).
Conclusion: Patients who achieve an American College of Rheumatology target sUA
below 6 mg/dL during ULT have higher rates of eGFR improvement, especially in CKD
Stages 2 and 3.

INTRODUCTION

Gout has a substantial and growing
impact on the health and well-being of
patients around the world. The 2007 to
2008 National Health and Nutrition Examination Survey of self-reported gout
showed a prevalence of 3.9% compared
with the 1988 to 1994 estimate of 2.7%.1,2
An epidemiologic study from British
Columbia notes an increase in both the
prevalence (2.4%-3.8%) and incidence
(1.71-2.89) of gout from 2000 to 2012.3
This increase in gout comes with substantial costs both to the individual and to the
health care system.
Elevated serum uric acid level (sUA), the
principal cause of gout, has been shown to
be an independent risk factor for progression of kidney disease in both animal and
human studies. Large epidemiologic studies from Taiwan4 and Austria5 showed

hyperuricemia as an independent risk factor for kidney disease. Studies by Siu et al6
and Kim and colleagues7 demonstrated
that when sUA is reduced, the progression
of kidney disease can be slowed. A 10-year
follow-up study of hyperuricemia and glomerular filtration rates (GFRs) from Iseki
et al8 in Okinawa showed that hyperuricemia was a strong independent risk factor for
a decline in GFR. Sircar and colleagues,9
in a 6-month, double-blind study in hyperuricemic patients, randomly assigned
to receive urate-lowering therapy (ULT)
or placebo demonstrated patients receiving ULT improved their GFR by 3.2 mL/
min/1.73 compared with the placebo group,
which declined by 4.4 mL/min/1.73m2
(p < 0.05). Hyperuricemia has been shown
to also have adverse effects on diabetes10
and cardiovascular disease11 and increased
overall all-cause mortality.12

In a previous study, we demonstrated
that in patients who achieved an American College of Rheumatology (ACR)
sUA target of less than 6 mg/dL while
receiving ULT had a 37% reduction in
the risk of their kidney disease worsening,
defined as a 30% decrease in GFR from
baseline.13 This current study is designed
to determine whether ULT can improve
mild to moderate chronic kidney disease
(CKD) when patients achieve the ACR
target of an sUA below 6 mg/dL (target)
and whether baseline CKD stage influences the benefits when the target is attained with ULT.

METHODS

Setting and Patients

This retrospective cohort study used
the Kaiser Permanente (KP) Southern
California (KPSC) electronic medical
records and administrative databases from
January 1, 2008, through July 31, 2014.
KPSC has 15 Medical Centers and 225
medical offices serving more than 4 million
members. The first instance of an sUA
above 7 mg/dL was defined as the index
date, not the first diagnosis of gout. To
be eligible for study entry, patients were
age 18 years or older on the index date
and had 12 months of continuous KPSC
membership and pharmacy benefits both
before and after the index date. The 1-year
follow-up period was selected because
previous work showed that GFR changes
tended to occur within months of ULT
initiation.13 All study patients were naïve to ULT for at least 1 year before the
index date (Figure 1). Patients with mild
to moderate renal impairment at baseline
(CKD Stages 2, 3, and 4) were included.
Those with CKD Stages 1 and 5 as well as
patients with human immunodeficiency
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virus, active cancer treatment, dialysis,
or renal disease including proteinuria
and kidney transplant were excluded
(Figure 2).

Outcomes

Study patients had at least 1 estimated
GFR (eGFR) measurement in the 6
months before the index date. All subjects
had at least 1 sUA and eGFR laboratory
test in the period 3 to 12 months after
the index date (follow-up period). We
excluded eGFR laboratory values within
90 days of the index date from the analysis because this was not enough time for
the beneficial effects of ULT to manifest.
Outcomes were defined as either a 30%
decrease or a 30% improvement in eGFR
from baseline.7 The eGFR was calculated
from the serum creatinine level using the
Modification of Diet in Renal Disease
(MDRD) calculation.14

Figure 1. Study timeline.
GFR = glomerular filtration rate (mL/min); sUA = serum uric acid.

Statistical Analysis

A 30% change in eGFR by ULT status
stratified by baseline CKD stage was the
primary outcome. Demographic characteristics and comorbidities were categorized and compared between ULT status
and CKD stages. The primary outcome
of eGFR change was compared between
ULT status using χ2 test, and a p value of
less than 0.05 (2-sided) was considered
statistically significant. Among patients
receiving ULT, the odds ratios (ORs) and
95% confidence intervals (CIs) were estimated using multinomial logistic models
on the treatment outcome (achieving
target or not achieving target). The same
analysis was used to further stratify patients by CKD stage. All analyses were
performed using SAS Version 9.3 (SAS
Institute Inc, Cary, NC). The Southern
California Permanente Medical Group
institutional review board approved this
study.

RESULTS

After inclusion and exclusion criteria
were applied to the 133,265 patients
with baseline sUA above 7 mg/dL,
there were 12,751 remaining who were
then analyzed by ULT status (Figure 2).
ULT 10,061 did not receive ULT. The
racial/ethnic breakdown of the cohort
was primarily white but with a large
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Figure 2. Inclusions and exclusions for study subjects.
f/u = follow=up; GFR = glomerular filtration rate (mL/min); KP = Kaiser Permanente; lab = laboratory value; sUA = serum
uric acid; ULT = urate-lowering therapy.

Table 1. Demographics of study cohort a
Characteristic
Male sex
Age, years
< 50
50-59
60-70
> 70
Race
White
Asian
Hispanic
Black
Other

ULT
(n = 2690)
63

No ULT
(n = 10,061)
59

CKD
Stage 2
(n = 4343)
68

CKD
Stage 3
(n = 6299)
59

CKD
Stage 4
(n = 2109)
48

6
16
32
47

10
19
30
41

16
29
34
22

5
13
31
51

6
12
24
58

53
15
17
13
2

52
13
20
13
2

48
17
19
13
3

54
12
18
14
2

55
9
24
11
1

Data are presented as percentages. Some percentages may not total to 100 because of rounding.
CKD = chronic kidney disease; ULT = urate-lowering therapy.
a
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representation of Asian, Hispanic, and
African Americans, mirroring the population of Southern California (Table 1). A
younger, higher-percentage male population was seen in CKD Stage 2 compared
with CKD Stages 3 and 4. Comorbidities for cardiovascular disease, diabetes,
dyslipidemia, hypertension, osteoarthritis, and obesity are shown in Table 2.
Rheumatoid arthritis was diagnosed in
2% to 4% of the patients. Allopurinol
prescriptions accounted for 97% of the
ULT prescriptions, with another 2% of
patients receiving febuxostat and 1%
receiving probenecid. Table 3 shows the
impact of ULT on changes in eGFR.
The use of ULT had significant impact
on the 30% eGFR improved function
(13.16% vs 11.47%, p = 0.016) and the
30% eGFR decreased function (6.01%
vs 6.10%, p = 0.026) compared with the
group not receiving ULT.
Table 4 shows the changes in eGFR
in patients receiving ULT for the entire
cohort and for the individual stages.
There were 2690 patients receiving ULT,
of which 1118 achieved the target sUA
and 1572 did not. Patients at target,
with mild to moderate CKD showed
improvement (OR = 1.78; 95 CI = 1.42.2.23; p = 0.001), compared with patients
receiving ULT not at target. Individual
CKD Stages 2, 3, and 4 were evaluated
for nonprogression of CKD (eGFR decreased by more than 30%) and CKD
improvement (eGFR improved by more
than 30%). In patients with sUA below
6 mg/dL, eGFR improvement by 30%
or more was seen in those with CKD
Stage 2 (OR = 2.26; 95% CI = 1.16-4.41;
p = 0.017) and CKD Stage 3 (OR = 2.23;
95% CI = 1.65-3.00; p ≤ 0.001), but
not in CKD Stage 4 (OR = 1.50; 95%
CI = 0.95-2.37; p = 0.081).

DISCUSSION

Hyperuricemia has been conclusively
linked to decline in renal function. Hyperuricemic mouse models demonstrate
the underlying pathophysiology responsible for kidney damage with glomerular
changes including vascular wall thickening, tubulointerstitial inflammation,
fibrosis, and arterial hypertension.15,16
Hyperuricemia can cause endothelial
changes and vascular pathologies leading
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to renal insufficiency. 17 Studies using
mouse models show that allopurinol has
the potential of reversing kidney disease
when the sUA is normalized.16,17 Whereas
the guidelines for treating symptomatic

gout are well defined, the treatment of
asymptomatic hyperuricemia remains
controversial. In human subjects, Obermayr et al5 showed that risk of incident
kidney disease increased with sUA greater

Table 2. Comorbidities and therapies of study cohorta
Factors
CV-related disease
Diabetes
Dyslipidemia
Hypertension
Obesity (BMI < 30 kg/m2)
Osteoarthritis
Rheumatoid arthritis
Gout diagnosis at index date
Corticosteroids
Colchicine
NSAIDs
ULT prescription
Allopurinol
Febuxostat
Probenecid

ULT
(n = 2690)
51
50
86
95
48
46
4
47
52
17
82

No ULT
(n = 10,061)
46
47
85
92
46
42
3
24
49
9
79

97
2
1

NA

CKD
Stage 2
(n = 4343)
32
36
78
85
49
37
2
33
48
11
83

CKD
Stage 3
(n = 6299)
52
51
88
96
45
47
3
30
50
11
80

CKD
Stage 4
(n = 2109)
63
62
91
98
43
43
4
20
49
9
74

29
7
52

55
57
48

16
36
0

Data are presented as percentages. Some percentages may not total to 100 because patients had more than 1
comorbidity or treatment.
BMI = body mass index; CKD = chronic kidney disease; CV = cardiovascular; NA = not applicable;
NSAIDs = nonsteroidal anti-inflammatory drugs; ULT = urate-lowering therapy.
a

Table 3. Changes in glomerular filtration rate based on use of urate-lowering
therapy (ULT)
Therapy
No ULT (% of row total)
ULT (% of row total)
Total (% of row total)

Decrease 30%
605 (6.01)
164 (6.1)a
769 (6.03)

Change in glomerular filtration rate
-30% to +30%
Improve 30%
8302 (82.52)
1154 (11.47)
2172 (80.74)
354 (13.16)b
10,474 (82.14)
1508 (11.83)

Total
10,061
2690
12,751

p = 0.026.
p = 0.016.
- = decrease; + = increase.
a
b

Table 4. Impact of serum uric acid target by 30% change in glomerular filtration rate
Category
At target, % Not at target, %
Difference
Patients with < 30% decline in glomerular filtration rate
CKD Stage 2
4.24
5.58
-1.34
CKD Stage 3
3.21
6.29
-3.08
CKD Stage 4
15.0
10.56
4.44
Total
5.0
6.9
-1.9
Patients with < 30% improvement in glomerular filtration rate
CKD Stage 2
7.06
3.26
3.8
CKD Stage 3
19.87
10.02
9.85
CKD Stage 4
30.0
22.18
7.82
Total
17.1
10.4
6.7

Odds ratio (95% CI)

p value

0.75 (0.39-1.45)
0.49 (0.29-0.83)
1.49 (0.82-2.72)
0.71 (0.51-1.00)

0.390
0.008
0.189
0.048

2.26 (1.16-4.41)
2.23 (1.65-3.00)
1.50 (0.95-2.37)
1.78 (1.42-2.23)

0.017
< 0.001
0.081
< 0.001

CI = confidence interval; CKD = chronic kidney disease.
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than 8 (OR = 1.74; CI = 1.45-2.09) and
was more likely when the sUA is above
9 (OR = 3.12; CI = 2.29-4.25).5 A study
by Uchida and colleagues18 also showed
that hyperuricemia can lead to end-stage
renal disease using 3 different propensity
scores. Hyperuricemia, independent of
gout, has recognized comorbidities of
kidney, cardiac, cerebral disease, and an
increase in all-cause mortality.11,12,19 A
recent multicenter international review
by Sivera et al 20 did not recommend
treating asymptomatic hyperuricemia,
citing articles that showed no significant
differences in GFR, serum creatinine
level, or proteinuria. A double-blind,
placebo-controlled study by Sircar et al,9
not included in the review by Sivera and
colleagues, showed a significant improvement in GFR with ULT. Our study also
shows the potential benefit of normalizing the sUA in hyperuricemic patients
with CKD. The beneficial effect is not
uniform across the CKD spectrum; patients with CKD Stages 2 and 3 appear
to have the greatest benefit when ACR
target sUA is reached.
The 2012 ACR guidelines suggest
initiation of ULT in the setting of tophi,
frequent gout attacks, or CKD Stage 2
or worse.21 Guideline protocol states that
patients should have sUA monitoring
every 2 to 5 weeks during ULT initiation
and every 6 months after the target sUA is
achieved. The recent American College of
Physicians recommendation takes a different approach, favoring treating acute
attacks over the ACR treat-to-target
approach.22 Compliance issues in gout
treatment are substantial as reported by
Riedel et al23 in an allopurinol compliance
study; the diagnosis of gout was made in
42.6% of their 9482 study patients, of
which 56% of the patients were compliant
with their allopurinol regimen during the
2-year follow-up period and 44% were
noncompliant. Even with strong evidence
for the treatment of gout, it often remains
underdiagnosed and undertreated.24,25
Untreated or poorly treated gout leads
to increases in direct health care costs
and indirect costs of absenteeism in the
workplace. Actual cost estimates for
gout vary widely because of the degree
of disease burden and different methods.
Patients incur direct costs up to $25,000,
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with higher costs seen in patients with
higher sUA and tophi. In addition to
the direct costs, indirect costs have a
major impact through lost wages.26 A
US study estimated that patients with
gout annually missed 4.6 days of work
and were less productive at work than
were individuals without gout.27,28 There
is a linear relationship between disease
burden, as measured by presence of tophi
and number of gout flares, and overall
health-related quality of life. 29 Wood
et al30 compared patients who were controlled with patients who were inadequately
controlled, defined by sUA greater or less
than 6 mg/dL, respectively, and counted
the number of gout flares over 12 months.
Patients whose sUA was under control
had better quality of life, better productivity, fewer work absences, and less impairment while working than did patients
with inadequate control.
One innovative study from KP Northern
California used a protocol-driven pharmacist intervention compared with usual
care. The primary measure was each group’s
ability to achieve the ACR sUA target of
6 mg/dL during a 26-week period.31 Patients in the intervention group lowered
their sUA, on average, by 1.5 mg/dL, with
35% of the patients achieving the ACR
target compared with 13% in the control
group (risk ratio = 2.8; 95% CI = 1.1- 7.1;
p = 0.03). One conclusion from this study
emphasized the importance of periodic
contact with the patient. Contact including request for laboratory testing, office
visits, phone calls, and letters seemed to
improve overall compliance and lessen
the risk of adverse consequences of hyperuricemia and gout. Factors contributing to improved control include active
management, typically by a rheumatologist, and dose escalation of ULT leading
to fewer gout flares.32
In this study we extended the work
of our first study to examine whether
lowering sUA could improve kidney
function and whether that improvement
was influenced by CKD stage. We did
not include “normal” patients with no
signs of renal disease (Stage 1 CKD)
or those who had “pre-end-stage renal
disease” (Stage 5 CKD). We have noted
in previous work that the GFR changes
with ULT tend to occur within the first

year in patients with more advanced
disease, whereas asymptomatic patients
would not be expected to show changes
for years. In addition, patients with CKD
Stage 5 would require only a small change
in eGFR to trigger the designation of
an outcome. For example, a patient with
an eGFR of 15 mL/min would require
a change of only 4.5 mL/min, which is
well within the daily variation and imprecision of MDRD testing in advanced
kidney disease.33
This study has several notable strengths.
It reflects the real world because the
patients are from KPSC’s 4.2-millionmember enrollment. Furthermore, KPSC’s
integrated electronic medical system
includes clinic notes, hospitalizations,
pharmacy, and laboratory data. We used
an eGFR change of 30% that is based on
the literature34 and a desire to establish a
sufficiently high bar to not overstate the
effects of therapy.
Study limitations include characteristics of all epidemiologic studies, including
the inability to control laboratory acquisition and compliance issues, making this
essentially a usual-care study across our
entire population. We “lost” more than
100,000 potential patients because they
did not obtain GFR or sUA tests during the follow-up period. Table 2 shows
only 47% of the study patients had a gout
diagnosis at the index date. The study
design used the first incidence of laboratory test of sUA above 7 mg/dL for the
diagnosis of gout, rather than the initiation of ULT. This would account for the
seemingly low number of patients with
gout in the study. Proteinuria is a frequent
feature of kidney disease, but because it
was not a determinant for therapy, it was
not included as a comorbidity factor.
Additionally, we were not able to control
for use of over-the-counter nonsteroidal
anti-inflammatory drugs or differences
in diet because these items are generally
not contained in the clinical record. It is
known from other work that nonsteroidal anti-inflammatory drugs are nearly
universally used either by prescription
or over the counter.35,36 Only 3% of the
study patients used an ULT other than
allopurinol, 2% for febuxostat and 1%
for probenecid. There were not sufficient
numbers of patients in these subgroups
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for separate analysis. As more patients
use febuxostat in the future, a study will
be needed to see if allopurinol benefit
also holds for febuxostat. All patients
came from a single medical group, albeit a very large one with more than 4.2
million members that mirrors Southern
California in its diversity by age, race,
and ethnicity. Finally, our laboratory uses
the MDRD equation for estimation of
GFR instead of the newer CKD Epidemiology Collaboration equation, potentially underestimating the actual GFR.37
Our study shows that in patients with
mild to moderate CKD, achieving the
ACR target sUA of less than 6 mg/dL
may have a beneficial effect on their
kidneys. The OR of 30% improvement
when the sUA is below 6 mg/dL for the
entire cohort was 1.78 (95% CI = 1.422.23; p < 0.001), with the primary benefit
coming from the CKD Stage 3 subset
with an OR of 2.23 (95% CI = 1.653.00; p < 0.001). Goicoechea et al 38
prospectively followed up 113 patients
for 2 years with assessments at 6, 12, and
24 months. Changes in sUA, inflammatory markers, and cardiovascular events
and eGFR were apparent by 6 months.38
This information and our previous study
results suggest that improvement can
occur within a few months (unpublished
data); therefore, we elected to limit our
follow-up period to 1 year.

CONCLUSION

Our study shows the benefit to the
kidney of treating hyperuricemia to the
ACR sUA target of below 6 mg/dL, with
the greatest beneficial effect in patients
with CKD Stages 2 and 3. This study
joins the growing body of research findings suggesting that ULT should be considered in patients with hyperuricemia
and CKD.39 v
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Gout
Causes of the gout are: … hereditary disease, high living and exercises …
overabundance of wine and venery. Bacchus pater, Venus mater, ira obstetrix arthriditis.
— Sir William Rowley, KB, c 1690-1768, Admiral of the Fleet, British Royal Navy Officer
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