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Serum Urate and Incidence of Kidney Disease Among
Veterans with Gout
Eswar Krishnan, Kasem S. Akhras, Hari Sharma, Maryna Marynchenko, Eric Wu, 
Rima H. Tawk, Jinan Liu, and Lizheng Shi

ABSTRACT. Objective. To study the association between serum urate level (sUA) and the risk of incident kidney
disease among US veterans with gouty arthritis. 
Methods. From 2002 through 2011 adult male patients with gout who were free of kidney disease
were identified in the data from the Veterans Administration VISN 16 database and were followed
until incidence of kidney disease, death, or the last available observation. Accumulated hazard curves
for time to kidney disease were estimated for patients with average sUA levels > 7 mg/dl (high)
versus ≤ 7 mg/dl (low) based on Kaplan-Meier analyses; and statistical comparison was conducted
using a log-rank test. A Cox proportional hazard model with time-varying covariates was used to
estimate the unadjusted and adjusted hazard ratios for kidney disease.
Results. Eligible patients (n = 2116) were mostly white (53%), with average age 62.6 years, mean
body mass index 31.2 kg/m2, and high baseline prevalence of hypertension (93%), hyperlipidemia
(67%), and diabetes (20%). Mean followup time was 6.5 years. The estimated rates of all incident
kidney disease in the overall low versus high sUA groups were 2% versus 4% at Year 1, 3% versus
6% at Year 2, and 5% versus 9% at Year 3, respectively (p < 0.0001). After adjustment, high sUA
continued to predict a significantly higher risk of kidney disease development (HR 1.43, 95% CI
1.20–1.70). 
Conclusion.Male veterans with gout and sUA levels > 7 mg/dl had an increased incidence of kidney
disease. (J Rheumatol First Release My1 5 2013; doi:10.3899/jrheum.121061)
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Gout is by far the most common form of inflammatory
arthritis, characterized by elevated levels of serum urate
(sUA), which crystallizes and is deposited in joints, tendons,
and surrounding tissues1. Based on data from the latest US
National Health and Nutrition Examination Survey, gout
affected about 7.5 million US adults in 2009-20102. Patients
with gout frequently experience other medical problems,
including metabolic syndrome, obesity, diabetes, hyper-

tension, and other cardiovascular diseases3,4,5. Additionally,
between 30% and 60% of patients with gout exhibit a
decrease in renal function over time6. In a recent study7 of
the prevalence of chronic kidney disease, about 39% of
patients with gout had chronic kidney disease as defined by
estimated glomerular filtration rate < 90 ml/min/1.73 m2. 

Hyperuricemia, or an abnormally high sUA concen-
tration, has a substantial prevalence of 21% in the US and is
a primary risk factor for the development of gout8. Recent
reports indicate that hyperuricemia itself may contribute to
the pathogenesis of certain gout-related comorbidities,
including kidney disease6,9. Findings from animal studies
have suggested several potential mechanisms by which
elevated sUA levels could exacerbate renal impair -
ment6,10,11; for example, sUA may play a key role in the
development of renal microvascular disease, inflammation,
and activation of the renin-angiotensin and cyclooxy-
genase-2 systems, events that in turn aggravate kidney
disease and cardiovascular conditions6.

However, epidemiologic research has yielded conflicting
evidence regarding the causal linkage between sUA concen-
tration and the incidence and progression of chronic kidney
disease12. Studies have identified high levels of uric acid as
a significant predictor of the development of kidney
disease13,14,15,16,17,18,19,20. One prospective study conducted
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among 21,457 seemingly healthy subjects found that the
odds of new-onset kidney disease increased 1.74-fold with
slightly elevated sUA (7.0 to 8.9 mg/dl) and 3.12-fold with
elevated sUA (≥ 9.0 mg/dl) relative to normal sUA (< 7.0
mg/dl)14. Conversely, other reports have not supported the
hypothesis that sUA contributes to chronic kidney
disease21,22,23,24, including a cohort study of 5808 elderly
participants in which sUA showed a significant association
with prevalent but not incident kidney disease21.

The relationship between sUA concentration and kidney
disease requires further clarification, and has not been
studied extensively within gout-specific populations. Risks
of hyperuricemia and renal impairment are high among
patients with gout; thus, it is important to understand the
implications of sUA control in this disease area. Using a
retrospective cohort design, we estimated the effect of sUA
levels on the risk of developing new-onset kidney disease in
male US veterans diagnosed with gout.

MATERIALS AND METHODS
Data source. The database analysis was performed using electronic medical
records from the South Central Veterans’ Affairs Health Care Network
(VISN 16) data warehouse. The VISN 16 data warehouse is an integrated,
de-identified, individual-level database that includes records for more than
445,000 veterans located in Arkansas, Louisiana, Mississippi, Oklahoma,
and parts of Alabama, Florida, Missouri, and Texas. The health care
network represents 10 medical centers and 40 community-based outpatient
clinics. The database contains demographic data, inpatient and outpatient
records, pharmacy prescriptions, laboratory results, vital sign data (height,
body weight), and mortality information (date of death) for each patient
treated within the network. The data are updated monthly and maintained
by the VISN 16 Information Technology Development Group. Data
covering the period January 1, 2002, to January 1, 2011, were used for our
study.
Sample selection. Patients were eligible for study if they had at least 2
recorded sUA measurements between June 30, 2002, and January 1, 2011,
and were continuously enrolled in the database for a minimum of 6 months
before and 12 months after their first sUA measurement during this period.
The index date for each patient was defined as the date of the first sUA
measurement. Patients without at least 2 sUA values recorded during their
continuous eligibility period were excluded.

The study sample was further restricted to patients aged ≥ 18 years who
received at least 2 separate diagnoses of gout [International Classification
of Disease-9 Clinical Modification (ICD-9-CM): 274.xx] on different
dates. Because veterans enrolled in the VISN 16 database are predomi-
nantly male, the study excluded female subjects. Patients were excluded if
they received any diagnoses for other inflammatory diseases including
rheumatoid arthritis (ICD-9: 714), diffuse diseases of connective tissue
such as lupus, scleroderma, etc. (ICD-9-CM: 710), vasculitis (ICD-9-CM:
446), psoriatic arthritis (ICD-9-CM: 696.0), autoimmune disease 
(ICD-9-CM: 283.0, 580-583, 242.0, 340, 358.0, 130.3, 422.0, 422.9, 429.0,
390-398), pseudogout (ICD-9-CM: 712.2, 727.82, 275.4), and other
inflammatory arthritis (ICD-9-CM: 711.1, 711.3, 712, 713.1, 720). Finally,
patients were excluded if they had a history of kidney disease prior to the
index date, identified by recorded diagnosis codes (ICD-9-CM: 580-588,
250.4, 590, 593, 791.0) and/or procedure codes for dialysis [Current
Procedural Terminology (CPT): 90935, 90937, 90945, and 90947]. Even
though the specific ICD-9-CM codes used to define kidney disease vary
somewhat across studies, they have been widely used in the
 literature24,25,26,27.

Endpoint assessment. The endpoint assessed in our study was time to first
diagnosis of kidney disease, starting from the index date and using the same
ICD-9 codes as for the exclusion criterion above. All measures of sUA
concentration and the covariates of interest during the post-index period
were included in the analysis. Each patient’s mean sUA level was estimated
for each 6-month cycle starting from the index date until the end of
continuous eligibility. Because sUA readings were not available for every
cycle, linear extrapolation using adjacent sUA measurements was applied
to obtain sUA levels for all cycles. These measures were then dichotomized
as low (≤ 7 mg/dl) or high (> 7 mg/dl) sUA within each 6-month interval.
Additionally, for the purposes of descriptive analyses, the patient sample
was divided into overall low or high sUA groups according to whether
average sUA level over the entire study period was ≤ 7 mg/dl or > 7 mg/dl,
respectively; the average of sUA measurements was estimated using the
average area under the curve (AUC) method. There is variation in the liter-
ature in the sUA concentration level used to define hyperuricemia.
However, many studies define hyperuricemia in men as sUA ≥ 7
mg/dl9,14,28,29. For this study, sUA > 7 mg/dl was considered a high sUA. 

All other predictors of kidney disease were measured using health
records during the 6-month pre-index baseline period: age at the index date,
year of index date, race (white or nonwhite), state of residence (Arkansas,
Louisiana, Mississippi, Oklahoma, or Texas), body mass index (BMI), and
baseline tobacco use, diabetes, hyperlipidemia, and hypertension. These
factors were selected a priori based on the existing literature and data 
availability16,30,31,32,33.
Statistical analysis. Baseline characteristics assessed during the 6-month
period prior to the index date were summarized for the overall study sample
in terms of mean ± SD or proportion.

In the unadjusted Kaplan-Meier analysis, time to first kidney disease
diagnosis was compared between the overall low versus overall high sUA
groups. Accumulated hazard curves for time to event were estimated for
both sUA groups, and the statistical comparison was conducted using a
log-rank test. The multivariate adjusted analysis used a Cox proportional
hazard model to estimate the relative risk of kidney disease associated with
high versus low sUA, with sUA category assessed during each 6-month
cycle as a time-varying covariate. To address the correlation between
different cycles for the same patient, a model-based, robust sandwich
estimate was estimated for the covariance matrix resulting in robust
standard errors for the parameters34. The model adjusted for the full set of
demographics (age, race, region, year of index date) and baseline risk
factors for kidney disease (BMI, hypertension, diabetes, smoking, and
hyperlipidemia) measured in our study. The estimated association of sUA
level and risk of kidney disease was expressed using a hazard ratio (HR)
and 95% CI.

As additional exploratory analyses, we tested each baseline predictor in
a univariate Cox proportional hazards model to determine whether it was
associated with risk of incident kidney disease in the study population. The
use of gout medications (allopurinol, colchicines, probenecid, and febuxo -
stat) prior to kidney disease diagnosis date was descriptively summarized
for the 2 sUA cohorts. In addition, in the main analysis, we required 2 gout
diagnoses (ICD-9-CM codes) to identify patients with gout. To assess
whether this definition of gout was robust, we conducted additional sensi-
tivity analyses using 2 different gout definitions: at least 3 gout diagnoses;
and at least 2 gout diagnoses and at least 1 gout medication. 

To assess whether the initial kidney disease diagnosis was merely due to
errors in coding or an exploratory diagnosis that was not confirmed later, we
estimated the proportions of patients with subsequent kidney disease diagnosis
within Years 1, 2, and 3 following the initial kidney disease diagnosis.
Additionally, because hypertension is an independent risk factor for kidney
disease and was potentially not well managed during the study period, we
conducted additional sensitivity analysis for the risk of kidney disease by
using diagnosis of hypertension or the use of antihypertensive medications as
time-varying risk factors in the Cox proportional hazards model.

Statistical significance was assessed at the 5% level. Analyses were
conducted using SAS version 9.2.
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RESULTS
A total of 2116 male veterans with gout and no recorded
history of kidney disease were eligible for inclusion. Detailed
sample counts from the selection process are provided in
Figure 1. All study subjects had ≥ 2 sUA measurements and
were continuously eligible for a minimum of 12 months from
the first sUA recording. On average, patients were followed
for a total of 12.9 (± 4.4) 6-month cycles (roughly 6.5 years),
and had 3.9 (± 2.7) separate non-missing sUA values recorded
during followup, including the initial baseline value. Based
on average sUA level throughout the study period, 1204
patients (56.9%) were categorized into the overall high sUA
group and the remaining 912 (43.1%) were included in the
overall low sUA group.

Baseline characteristics are summarized in Table 1.
Average age in the study population was 62.6 years (± 11.6),
and nonwhite subjects constituted 47% of the sample. The
majority of veterans studied resided in Mississippi (55%).
Mean BMI was high at 31.2 kg/m2 (± 6.8) and a majority of
patients had a history of hypertension (93%) and hyper -
lipidemia (67%) during the 6-month pre-index period.

The unadjusted Kaplan-Meier analysis found that
patients with overall high sUA levels had significantly
higher rates of new onset of kidney disease over time than
those with overall low sUA (p < 0.0001). As shown by the
accumulated hazard curves (Figure 2), the divergence in
rates of kidney disease between the groups emerged
immediately following the index date and was apparent
throughout the study period. The estimated rates of incident
kidney disease in the overall low versus high sUA groups

were 2% versus 4% at Year 1, 3% versus 6% at Year 2, and
5% versus 9% at Year 3, respectively.

Multivariate regression-adjusted results were consistent
with descriptive findings. High sUA levels significantly
predicted a higher risk of new onset of kidney disease
relative to low sUA levels (HR 1.43, 95% CI 1.20–1.70)
after controlling for baseline characteristics (Table 2). 

Based on univariate Cox proportional hazard models,
statistically significant predictors of new-onset kidney
disease included age (HR 1.03, 95% CI 1.02–1.04), baseline
presence of diabetes (HR 1.68, 95% CI 1.40–2.02), and
hypertension (HR 2.13, 95% CI 1.41–3.24). Use of gout
medication was comparable between patients with overall
high versus low sUA prior to diagnosis of kidney disease
(89.5% vs 90.1%; p = 0.6535).
Sensitivity analysis. Additional sensitivity analyses using
different definitions to identify patients with gout confirmed
the findings from our main analysis. Among patients with 2
gout diagnoses and at least 1 gout medication use, high sUA
levels significantly predicted a higher risk of new onset of
kidney disease relative to low sUA levels (HR 1.44, 95% CI
1.20–1.72). The risk of new kidney disease was also higher
for high versus low sUA levels (HR 1.49, 95% CI
1.24–1.79) when the analysis was conducted only on
patients with at least 3 gout diagnoses (Table 2).

The findings were consistent when hypertension
diagnosis or the use of antihypertensive medications was
used as a time-varying covariate. In all groups of patients,
high sUA levels were associated with a significantly higher
risk of new onset of kidney disease.
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Figure 1. The selection process for study subjects. ICD: International Classification of Disease-9 Clinical
Modification; sUA: serum urate level.
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Table 1. Patient characteristics. A patient is considered to have high serum urate (sUA) if the average area under
the curve for sUA levels is > 7 during the study period. Otherwise, the patient is considered to have low sUA.
High versus low samples are used for survival analysis.

Patients with No Kidney Disease Prior to Index Date
Characteristics All Patients, High sUA, Low sUA, p,

n = 2116 n = 1204 n = 912 High vs Low sUA

Demographic
Age at 1st sUA test date, yrs; 

mean ± SD 62.6 ± 11.63 61.1 ± 11.86 64.5 ± 11.04 < 0.0001
Race, n (%) < 0.0001

White 1120 (53) 565 (47) 555 (61)
Others 996 (47) 639 (53) 357 (39)

Region, n (%) < 0.0001
Arkansas 341 (16) 159 (13) 182 (20)
Louisiana 368 (17) 219 (18) 149 (16)
Mississippi 1157 (55) 695 (58) 462 (51)
Oklahoma 223 (11) 116 (10) 107 (12)
Texas 27 (1) 15 (1) 12 (1)

Body mass index, mean ± SD 31.2 ± 6.79 31.5 ± 6.24 30.9 ± 7.45 0.0250
Average no. of 6-month cycles

during the study period, mean ± SD 12.9 ± 4.37 12.6 ± 4.46 13.3 ± 4.22 0.0008
Average no. of sUA values, mean ± SD 3.9 ± 2.68 4.1 ± 2.99 3.6 ± 2.17 0.0001
Index year, n (%) 0.3930

2002 632 (30) 340 (28) 292 (32)
2003 576 (27) 326 (27) 250 (27)
2004 249 (12) 143 (12) 106 (12)
2005 209 (10) 121 (10) 88 (10)
2006 134 (6) 78 (6) 56 (6)
2007 116 (5) 70 (6) 46 (5)
2008 115 (5) 76 (6) 39 (4)
2009 85 (4) 50 (4) 35 (4)

Comorbidities, n (%)
Diabetes 416 (20) 205 (17) 211 (23) < 0.0001
Hyperlipidemia 1,412 (67) 769 (64) 643 (71) 0.0010
Hypertension 1,964 (93) 1,121 (93) 843 (92) 0.5530
Smoking 173 (8) 116 (10) 57 (6) 0.0050

Figure 2. Accumulated hazard curve for time to the first diagnosis of kidney disease. Patients with high serum
urate (sUA) have a significantly higher kidney disease diagnosis rate compared to those with low sUA. A patient
is considered to have high sUA if average area under the curve for sUA levels was > 7 during the study period.
Time to kidney disease was measured from index date until kidney disease diagnosis, death, or the end of data
collection, whichever came first. Patients with kidney disease prior to the index date were excluded. 
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Among the 564 patients with kidney disease during the
study period, 455 patients had at least 1 year of continuous
followup after the initial kidney disease diagnosis. Of these
455 patients, 53.4% had another kidney disease diagnosis
claim within the 1-year period. Among the 372 patients with
a new kidney disease diagnosis and at least 2 years of
continuous followup, 51.9% had another kidney disease
diagnosis within 1 year, and 61.0% within 2 years following
the initial diagnosis. Similarly, 270 patients had a new
kidney disease diagnosis and had at least 3 years of
continuous followup. Of these 270 patients, 50.0%, 59.6%,
and 65.9% had another kidney disease diagnosis within 1
year, 2 years, and 3 years following the initial diagnosis.

DISCUSSION
Our retrospective cohort study evaluated the association
between sUA levels and risk of new-onset kidney disease
diagnoses among male US veterans with gout and no prior
evidence of kidney disease. The burden of hyperuricemia
was high among study subjects, with about 60% of patients
demonstrating an average sUA level > 7 mg/dl during
followup. Patients classified as having high sUA had a 9%
risk of being newly diagnosed with kidney disease by the
end of Year 3, compared to a 5% risk in the low sUA group
(p < 0.0001). In the longitudinal multivariate analysis,
elevated sUA levels continued to predict a significantly
higher risk of new kidney disease after adjustment for
demographics and baseline health factors. Sensitivity
analyses using different gout definitions or the use of 
hypertension diagnosis/antihypertensive medications as
time-varying covariates confirmed this finding.

While it is difficult to compare the kidney disease devel-
opment rates from our study to those from the general
population because of differences in definitions, study
design, and patient populations, the incidence of recognized
chronic kidney disease in the US Medicare population aged
65 years and older was 4.3%, but ranged between 0.62% and
0.71% for those between the ages of 45 and 64 years in
200835. In our study, patients with low serum urate had an
average age of 64.5 years, and the kidney disease devel-
opment rate at Year 3 was 5%.

The main results corroborate findings from earlier

studies that detected a statistically significant association
between sUA level and risks of kidney disease development
and/or progression. The contributory role of sUA in kidney
disease has been supported by several analyses of general
community-based populations from the US14,16,17 and other
countries15,18,19,20. The largest of these studies, conducted
among 177,570 members of an integrated health system in
California, found that sUA level in the highest quartile
predicted a 2.14-fold increase in the hazard of developing
endstage kidney disease relative to the lowest quartile, after
adjustment for a comprehensive set of other potential
confounders16. A few other studies have reported similar
results within disease-specific populations. Elevated uric
acid was associated with a significantly increased risk of
chronic kidney disease in hypertensive women36 and was
correlated with a more rapid decline in residual renal
function among patients undergoing peritoneal dialysis37.
The present analysis, which was conducted in a distinct
patient population of male veterans diagnosed with gout,
adds to the body of evidence that elevated sUA is an
independent risk factor for new-onset kidney disease. Our
findings suggest that sUA may have important clinical
implications in terms of managing complications such as
development of kidney disease in patients with gout, beyond
its utility as an indicator for gout severity.

Not all epidemiologic studies have identified hyper-
uricemia as an independent predictor of kidney
disease21,22,23,24. A community-based study of elderly
individuals found that higher quintiles of sUA correlated
significantly with prevalent kidney disease in a
cross-sectional analysis, and predicted kidney disease
progression based on decreases in glomerular filtration rate;
however, baseline sUA (as a continuous variable) did not
show any association with the development of new kidney
disease21. Reasons for the discrepancy between these
studies and our results are unclear, but may be related to
differences in patient population or other study features. Of
note, our study assessed sUA level as a time-varying factor
to account for updates in patients’ sUA status after the index
date; on average, patients in the study sample had 3.9 sUA
measurements available during followup. Earlier studies
instead evaluated initial sUA at baseline as a predictor of
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Table 2. Hazard ratios for development of kidney disease for patients with no kidney disease prior to index date.
Cox proportional hazard model was estimated controlling for age, index year, region, body mass index, race,
tobacco use — past or present, and baseline hyperlipidemia, hypertension, and diabetes. Serum urate level was
used as a time-varying covariate.

Lower 95% Upper 95%
Identification of Patients with Gout N Hazard Ratio Confidence Limit Confidence Limit

At least 2 gout diagnoses 2116 1.43 1.20 1.70
At least 2 gout diagnoses and at

least 1 gout medication 2006 1.44 1.20 1.72
At least 3 gout diagnoses 1879 1.49 1.24 1.79
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kidney disease development; use of baseline sUA may be
more susceptible to misclassification bias toward the null if,
for example, a nontrivial number of patients achieve reduc-
tions in sUA before the onset of renal impairment.

The identification of hyperuricemia as a modifiable risk
factor raises the question of whether interventions aimed at
sUA control have the potential to reduce the risk of kidney
disease in patients with gout. In a recent posthoc analysis of
a clinical trial evaluating hyperuricemic gout patients
receiving febuxostat therapy for up to 5 years, a 1 mg/dl
decrease in sUA was projected to yield an improvement of 1
ml/min in estimated glomerular filtration rate38. To inform
clinical management guidelines, additional evidence from
clinical trials is needed to confirm the longterm efficacy of
urate-lowering therapy in improving renal function among
hyperuricemic gout patients.

Our study is subject to several limitations, including the
general limitations of observational and retrospective
analyses. Although every effort was made to control for
confounding differences between patients with low versus
high sUA, unobserved confounding factors may have led to
bias that was not fully adjustable. As with other electronic
medical record databases, the VISN 16 database may not
capture all clinical activity of the selected patients.
Additionally, all patients were enrolled in the Veterans
Affairs network, which may reduce the representativeness
of the study sample. The greater homogeneity of the patient
sample reduces the potential for confounding but may limit
the generalizability of the results to the overall US gout
population. In addition, our study used a well-established
cutoff point of sUA > 7 mg/dl to identify high sUA,
although more recently, several studies used sUA > 6 mg/dl
as a cutoff point for men. Finally, our observational study
identified gout using diagnosis codes. Availability of other
clinical measures could have added reliability to the identi-
fication of gout, but a recent study that assessed the validity
of using ICD-9 codes to identify gout in the VA database
suggested that this database can be used to identify
gout-related visits with good accuracy39. Similarly, our
study identified kidney disease on the basis of diagnosis and
procedure codes rather than clinical laboratory measure-
ments, because serum creatinine and glomerular filtration
rate values were not available. It is difficult to know whether
the identification of kidney disease using diagnosis and
procedure codes underestimated or overestimated the actual
presence of kidney disease, but this outcome definition was
not expected to cause systematic differences between the
cohorts. Our sensitivity analysis of patients with a new
kidney disease diagnosis showed that the majority of these
patients had another kidney disease diagnosis within a year
following the initial diagnosis. The use of ICD-9 codes to
identify kidney disease is common in the literature, even
though the specific ICD-9 codes vary across studies24,25,26,27.
To our knowledge, there are no studies validating the use of

ICD-9 diagnosis to identify kidney disease in the VA
database, but some studies have validated the use of ICD-9
codes to identify patients with chronic kidney disease in
Medicare claims40.

In this US Veterans Affairs population, gout patients with
sUA > 7 mg/dl developed more kidney disease as defined
using ICD-9-CM and CPT procedure codes than gout
patients with sUA < 7 mg/dl. Followup intervention studies
are needed to assess the feasibility of preventing kidney
disease in hyperuricemic gout patients through reductions in
sUA levels. Further studies on the contribution of different
sUA levels and treatments on the development of kidney
disease among gout patients are warranted.
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