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OBJECTIVEdRecent studies have suggested an association between hyperuricemia and ad-
verse renal outcomes in nondiabetic populations. Data on the relationship between hyperuricemia
and the risk of incident chronic kidney disease (CKD) in type 2 diabetic patients with normal or
near-normal kidney function are lacking.We determined whether baseline serum uric acid levels
predict the subsequent development of CKD in patients with type 2 diabetes.

RESEARCH DESIGN AND METHODSdWe followed 1,449 type 2 diabetic patients
with normal kidney function and without overt proteinuria for 5 years for the occurrence of
incident CKD (defined as overt proteinuria or estimated glomerular filtration rate [eGFR] ,60
mL/min/1.73 m2).

RESULTSdDuring a 5-year follow-up period, 194 (13.4%) patients developed incident CKD.
The cumulative incidence of CKDwas significantly greater in patients with hyperuricemia than in
those without hyperuricemia (29.5 vs. 11.4%, P , 0.001). In univariate logistic regression
analysis, the presence of hyperuricemia roughly doubled the risk of developing CKD (odds ratio
[OR] 2.55 [95% CI 1.71–3.85], P , 0.001). After adjusting for age, sex, BMI, smoking status,
diabetes duration, systolic blood pressure, antihypertensive treatment, insulin therapy, HbA1c,
eGFR, and albuminuria, hyperuricemia was associated with an increased risk of incident CKD
(adjusted OR 2.10 [1.16–3.76], P , 0.01). In continuous analyses, a 1-SD increment in the
serum uric acid level was significantly associated with a 21% increased risk of CKD.

CONCLUSIONSdIn type 2 diabetic individuals with preserved kidney function, hyperuri-
cemia seems to be an independent risk factor for the development of incident CKD.
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The tide of type 2 diabetes is rising in
the U.S. and all over the world,
thereby becoming an increasingly

powerful threat to global health (1).
Type 2 diabetes also has become the
leading cause of end-stage renal disease
in the world, and the number of patients
diagnosed each year with end-stage renal
disease attributed to type 2 diabetes is
rising (2).

The pathophysiology of diabetic ne-
phropathy is complex and still not fully
elucidated (3). Several prospective stud-
ies have suggested that hyperuricemia is
associated with an increased risk of inci-
dent cardiovascular events and death in
both nondiabetic and type 2 diabetic in-
dividuals (4–9). Hyperuricemia also is
largely prevalent in patients with chronic
kidney disease (CKD) (10,11). However,

hyperuricemia might have a pathogenic
role in the development and progression
of CKD, rather than solely reflecting de-
creased renal uric acid excretion. Indeed,
several (12–17), but not all (18–20), pro-
spective studies recently have shown a
significant association between hyperuri-
cemia and adverse renal outcomes in both
the general population and other nondia-
betic high-risk patient populations. How-
ever, epidemiologic data are limited about
the relationship between hyperuricemia
and adverse renal outcomes in patients
with type 1 (21,22) or type 2 (23) diabetes.

In a post hoc analysis of 1,342 pa-
tients with type 2 diabetes and nephrop-
athy participating in the Reduction of End
Points in Non–Insulin-Dependent Diabe-
tes Mellitus With the Angiotensin II An-
tagonist Losartan (RENAAL) Trial, the
investigators reported that the risk of ad-
verse renal outcomes was decreased by
6% per 0.5 mg/dL decrement in serum
uric acid levels during the first 6 months
of treatment with losartan (23). These find-
ings support the view that serum uric acid
may be a modifiable risk factor for renal
disease in type 2 diabetic patients (23).

To our knowledge, however, no large
prospective studies are available on the
relationship between hyperuricemia and
incident CKD in patients with type 2 di-
abetes and normal or near-normal kidney
function. Thus, the purpose of this pro-
spective, observational studywas to deter-
mine whether baseline serum uric acid
levels are associated with an increased
incidence of CKD in a large cohort of type
2 diabetic patients with preserved kidney
function at baseline and without a pre-
vious history of cardiovascular disease.

RESEARCH DESIGN AND
METHODSdThe study was per-
formed within the framework of the
Verona Diabetes Study, an observational
longitudinal study on chronic complica-
tions in type 2 diabetic outpatients attend-
ing the diabetes clinic at the University
Hospital of Verona (24). Data included
in this analysis are based on a cohort of
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1,449 white type 2 diabetic outpatients,
who were recruited over the period of
January 2000 to January 2002 and then
followed up until December 2007. These
participants represent ~40% of the whole
cohort of type 2 diabetic individuals (n =
3,924) who regularly attended our diabe-
tes clinic during the years 2000–2002,
after excluding 1) patients with overt pro-
teinuria or an estimated glomerular filtra-
tion rate (eGFR) ,60 mL/min/1.73 m2

(n = 701); 2) those who had a previous
history of cardiovascular disease (defined
as angina, myocardial infarction, ischemic
stroke, and coronary revascularization),
severe chronic obstructive pulmonary dis-
ease, and malignancies (n = 727); and 3)
those who had incomplete baseline labo-
ratory data for analysis (n = 1,047).

Baseline demographics, blood pres-
sure, plasma lipids, and HbA1c were not
significantly different between the 1,449
participants of the study and those (n =
1,047) who had incomplete laboratory
data (data not shown). All participants
were periodically seen (every 6–9months)
for routinemedical examinationsof glycemic
control and chronic complications of
diabetes. More details about the study
design and recruitment methods have
been reported elsewhere (9). The local
ethics committee approved the study pro-
tocol. All participants gave their informed
consent.

Clinical and laboratory data
BMI was calculated by dividing weight
in kilograms by the square of height in
meters. A physicianmeasured blood pres-
sure in duplicate with a mercury sphyg-
momanometer (at the right upper arm
using an appropriate cuff size) after the
patient had been seated quietly for at least
5 min. Subjects were considered to have
arterial hypertension if their blood pres-
sure was $140/90 mmHg or if they were
taking any antihypertensive medications.
Detailed information in our informatic
database regarding specific classes of an-
tihypertensive medications (e.g., ACE in-
hibitors, angiotensin receptor blockers, or
diuretics) currently is available in a subset
of 632 participants. Information on co-
morbid conditions and smoking history
was obtained from all patients by inter-
views during medical examinations.

Venous blood was drawn in the morn-
ing after an overnight fast. Serum uric acid
(uricase/peroxidase enzymatic method),
creatinine (measured using a Jaffé rate-
blanked and compensated assay), and
other biochemical blood measurements

were determined by standard laboratory
procedures (DAX 96; Bayer Diagnostics,
Milan, Italy). Both intra- and interassay co-
efficients of variation for serum uric acid
were within 2.5%. LDL was calculated by
the Friedewald equation. HbA1c was mea-
sured by an automated high-performance
liquid chromatography analyzer (Bio-Rad
Diamat, Milan, Italy); the upper limit of
normal for our laboratory was 5.8%.

Subjects were considered to have
hyperuricemia if their serum uric acid
level was $416 mmol/L ($7.0 mg/dL) in
men and $386 mmol/L ($6.5 mg/dL) in
women or if they were on allopurinol
therapy. These cutoff values of the serum
uric acid level are those commonly used
to define hyperuricemia in our clinical
laboratory.

eGFR was estimated from the four-
variable Modification of Diet in Renal Dis-
ease (MDRD) study equation, as follows:
eGFR = 175.03 (serum creatinine21.154)3
(age20.203) 3 1.212 (if black)3 0.742 (if
female) (25). eGFR also was estimated
from the CKD–Epidemiology Collabora-
tion (CKD-EPI) creatinine equation (26).
Urinary albumin excretion was measured
from an early-morning urine sample on
at least two consecutive occasions as the

albumin-to-creatinine ratio (ACR) by an
immunonephelometric method. Micro-
albuminuria was defined as an ACR
.2.5 and ,30 mg/mmol for men and
.3.5 and ,30 mg/mmol for women
(1,25). For this study, incident CKD was
defined as the occurrence of an eGFR
,60mL/min/1.73 m2 or persistent macro-
albuminuria (i.e., ACR$30 mg/mmol for
both sexes in at least two of three consec-
utive samples) in participants with nor-
mal or near-normal kidney function at
baseline.

Statistical analysis
Data are presented as means 6 SD or
proportions. Skewed variables were loga-
rithmically transformed to improve nor-
mality prior to analysis. The unpaired
t test and the x2 test with Yates correction
for continuity (for categorical variables)
were used to compare the baseline charac-
teristics of participants stratified by the
presence or absence of sex-specific hyper-
uricemia (Table 1). Amultivariable logistic
regression analysis also was used to iden-
tify the factors independently associated
with the development of incident CKD.
Three forced-entry multivariable logistic
regression models were performed. In all

Table 1dBaseline clinical and biochemical characteristics of patients with type 2
diabetes and normal kidney function stratified by sex-specific hyperuricemia

Without hyperuricemia With hyperuricemia* P

n 1,290 159
Sex (men/women) 783/507 105/54 0.223
Age (years) 66 6 10 67 6 9 0.449
Diabetes duration (years) 16 6 9 14 6 8 0.024
BMI (kg/m2) 27.8 6 4 30.3 6 5 ,0.001
Current smokers (%) 24.5 19.0 0.048
Hypertension (%) 83.7 95.0 ,0.001
Systolic blood pressure (mmHg) 136 6 18 139 6 16 ,0.001
Diastolic blood pressure (mmHg) 80 6 8 81 6 9 0.109
HbA1c (%) 7.41 6 1.3 7.12 6 1.2 0.001
LDL cholesterol (mmol/L) 3.37 6 0.8 3.41 6 0.8 0.749
Triglycerides (mmol/L) 1.52 6 0.8 1.84 6 1.2 ,0.001
HDL cholesterol (mmol/L) 1.45 6 0.4 1.31 6 0.3 ,0.001
eGFR (mL/min/1.73 m2) 82.1 6 14 76.6 6 13 ,0.001
Microalbuminuria (%) 19.0 23.9 0.172
Insulin therapy users (%) 29.7 29.6 0.973
Antihypertensive drug users (%) 71.4 89.9 ,0.001
Allopurinol users (%) 0 60.4 ND
Uric acid (mmol/L) 271.9 6 66 380.5 6 122 ND
Incident CKD (%)† 11.4 29.5 ,0.001

Data are means 6 SD or proportions. Cohort size, n = 1,449. P values refer to the t test or the x2 test (for
categorical variables). ND, not determined. *Hyperuricemia was defined as allopurinol use or uric acid level
$416 mmol/L in men and $386 mmol/L in women. Hypertension was defined as blood pressure $140/
90 mmHg and/or drug treatment. †Incident CKD was defined as the occurrence of an eGFR ,60 mL/min/
1.73 m2 or persistent macroalbuminuria.
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these models, serum uric acid was in-
cluded as either a dichotomous or a con-
tinuous variable. The first model was
adjusted for age (years) and sex (male ver-
sus female); the second model was further
adjusted for BMI (kg/m2), HbA1c (%), di-
abetes duration (years), smoking history
(yes or no), systolic blood pressure (yes;
mmHg), antihypertensive treatment (yes
or no), insulin therapy (yes or no), eGFR
(mL/min/1.73 m2), and albuminuria
(mg/mmol). In the third model, we addi-
tionally adjusted for the changes of sys-
tolic blood pressure and HbA1c at the
end of follow-up plus the same set of co-
variates that were included in the second
model. These covariates were chosen as
potential confounding factors on the basis
of their significance in univariate analyses
or on the basis of their biological plausi-
bility. Results are presented as odds ratios
(ORs) with 95% CIs. ORs for all continu-
ous variables were computed for each SD
change. Statistical analysis was performed
using the statistical package SPSS version
14.0. P values,0.05 were considered sta-
tistically significant.

RESULTSdThe 1,449 patients (888
men, mean age 66 years) with type 2 di-
abetes included in the study had a mean
baseline serum uric acid level of 2846 81
mmol/L with a significant difference be-
tween sexes (298 6 80 vs. 261 6 77
mmol/L in men and women, respectively,
P , 0.001). They also had a mean base-
line eGFR of 82 6 14 mL/min/1.73 m2,
and 80.5% (n = 1,166) of patients had
normal albuminuria and 19.5% (n = 283)
had microalbuminuria; by study design,
no participants had macroalbuminuria.
Approximately 85% of participants had
hypertension at baseline (defined as blood
pressure $140/90 mmHg or drug treat-
ment). The glycemic control of partici-
pants was fairly good (mean HbA1c 7.4%).

Clinical and biochemical character-
istics of participants grouped according to
the presence or absence of hyperuricemia
are summarized in Table 1. Patients with
hyperuricemia (n = 159 [11%]) had a
shorter duration of diabetes, higher BMI,
higher systolic blood pressure, higher tri-
glycerides, and lower values of HbA1c,
HDL cholesterol, and baseline eGFR
than their counterparts without hyperuri-
cemia. In addition, they were less likely to
be smokers and were more likely to have
hypertension and to be treated with anti-
hypertensive agents. Detailed information
regarding specific classes of antihyperten-
sive drugs currently was available only

in a subset of 632 subjects. No significant
differences were found in the use of ACE
inhibitors, angiotensin receptor blockers,
or diuretics in the hyperuricemic versus
normouricemic group (data not shown).
Frequency of microalbuminuria also ten-
ded to be greater in those with hyperuri-
cemia, but the difference did not achieve
statistical significance. Sex distribution,
age, LDL cholesterol, and the proportion
of patients using insulin did not differ be-
tween the groups.

During a mean follow-up of 5 years,
194 (13.4%) patients developed incident
CKD (148 developed an eGFR ,60
mL/min/1.73m2, 29 developed persistent
macroalbuminuria, and 17 developed
both conditions). During the follow-up,
36 subjects died of any cause, of whom
5 had developed incident CKD; they were
considered alive for statistical analyses. Of
note, a significantly greater proportion
(P , 0.001) of patients with hyperurice-
mia developed incident CKD (29.5%)
during the follow-up in comparison with
those without hyperuricemia (11.4%)
(Table 1).

At the end of the follow-up period,
the rates of hypertension were 93.7%
(127 new patients developed incident
hypertension) in the normouricemic
group and 98.1% (5 patients developed
incident hypertension) in the hyperurice-
mic group, respectively. At the end of
follow-up, mean HbA1c was 7.516 1.2%
and 7.27 6 1.2% in the normouricemic
and the hyperuricemic groups, respec-
tively. Conversely, mean values of plasma
lipids slightly decreased in both groups at
the end of follow-up (LDL cholesterol
2.88 6 0.7 and 2.62 6 0.6 mmol/L, tri-
glycerides 1.36 6 0.7 and 1.59 6 0.9
mmol/L, and HDL cholesterol 1.32 6
0.3 and 1.216 0.3mmol/L, respectively).

As shown in Table 2, in univariate lo-
gistic regression analysis, the presence of
hyperuricemia (included as a categorical
variable) roughly doubled the risk of
developing CKD (OR 2.55 [95% CI 1.71–
3.85], P , 0.001). The significant as-
sociation between hyperuricemia and the
risk of incident CKD was consistent in all
subgroups evaluated (Fig. 1).

Also shown in Table 2, after adjusting
for age and sex (model 1), hyperuricemia
was associated with subsequent devel-
opment of CKD. Results remained es-
sentially unchanged after additionally
adjusting for BMI, diabetes duration,
smoking status, systolic blood pressure,
HbA1c, eGFR, albuminuria, and use of in-
sulin or antihypertensive agents (model
2). The association between hyperurice-
mia and incident CKD remained statisti-
cally significant even when we additionally
adjusted for changes of HbA1c and systolic
blood pressure at the end of follow-up
(model 3).

Almost identical results also were
observed when analyses were repeated
with serum uric acid as a continuous var-
iable (Table 3). In such cases, a 1-SD in-
crement (i.e., 81 mmol/L) in the serum
uric acid level was associated with a
21% increased risk of incident CKD after
adjusting for potential confounders
(model 2). Similar results were found af-
ter additional adjustment for changes of
HbA1c and systolic blood pressure at the
end of follow-up (model 3).

Results remained essentially un-
changed when we used the newer CKD-
EPI equation (instead of the MDRD study
equation) to estimate GFR in our patient
cohort. Also, in this case, elevated levels of
serum uric acid, either as a dichotomous
variable (adjustedOR 2.74 [95%CI 1.73–
4.33], P , 0.001) or as a continuous

Table 2dAssociation between hyperuricemia (included as a categorical variable) and
incident CKD in patients with type 2 diabetes

OR (95% CI) P

Unadjusted association 2.55 (1.71–3.85) ,0.001
Multiple adjusted association
Model 1 2.68 (1.76–4.09) ,0.001
Model 2 2.10 (1.16–3.76) ,0.01
Model 3 2.01 (1.10–3.74) 0.01

Cohort size, n = 1,449. In these univariable and multivariable logistic regression models, hyperuricemia was
included as a categorical variable (defined as allopurinol use or uric acid level$416mmol/L inmen and$386
mmol/L in women). Multivariable logistic regression models were adjusted as follows: model 1: age and sex;
model 2: model 1 plus BMI, smoking status, duration of diabetes, insulin therapy, HbA1c, eGFR, albuminuria,
systolic blood pressure, and use of antihypertensive drugs; and model 3: model 1 plus BMI, smoking status,
duration of diabetes, insulin therapy, eGFR, albuminuria, use of antihypertensive drugs, and changes of both
HbA1c and systolic blood pressure at the end of follow-up.
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variable (1.25 [1.05–1.49], P = 0.01),
were closely associated with an increased
risk of incident CKD, independently of
age, sex, BMI, diabetes duration, smoking
status, systolic blood pressure, HbA1c,
eGFR, albuminuria, and use of insulin
or antihypertensive agents.

In all multivariable regression mod-
els, together with elevated uric acid levels,
other independent predictors of incident
CKD were older age, use of antihyperten-
sive drugs (or hypertension when it was
included as a categorical variable in the re-
gression models), lower eGFR, and higher

albuminuria at baseline (see Supplementary
Tables 1–3).

CONCLUSIONSdSeveral (12–17),
but not all (18–20), prospective studies
have suggested a significant association
of hyperuricemia with the development
and progression of kidney disease in
mainly nondiabetic populations. How-
ever, prospective data on the relationship
between hyperuricemia and adverse renal
outcomes in patients with type 2 diabetes
are scarce (23). In a post hoc analysis of
1,342 patients with type 2 diabetes and

CKD participating in the RENAAL trial,
Miao et al. (23) reported that losartan
lowered serum uric acid by 0.16 mg/dL
(P = 0.031) compared with placebo dur-
ing the first 6 months and that the risk of
renal events, defined as a doubling of se-
rum creatinine or end-stage renal disease,
was significantly decreased by 6% per
0.5 mg/dL decrement in uric acid. This
effect was independent of other risk
markers, including eGFR and albumin-
uria. The authors concluded that a part
of the losartan’s renoprotective effect
could be attributed to its effect on serum
uric acid (23).

To our knowledge, this is the first
large prospective study specifically aimed
at examining the association of serum uric
acid levels with the risk of incident CKD
in patients with type 2 diabetes and nor-
mal or near-normal kidney function. In
this 5-year observational study, we found
that hyperuricemia is strongly associated
with an increased incidence of CKD (i.e.,
defined as eGFR,60 mL/min/1.73 m2 or
overt proteinuria) in a cohort of 1,449
white type 2 diabetic individuals with a
baseline eGFR .60 mL/min/1.73 m2

(~80% normoalbuminuric). Of note,
this association seems to be independent
of a broad number of risk factors and con-
founders, including HbA1c, hypertension,
eGFR, and albuminuria. In continuous
analyses, a 1-SD increment (i.e., 81
mmol/L) in the serum uric acid level was
associated with a 21% increased risk of
incident CKD.

Overall, our findings are corrobo-
rated by previous observations of two
small prospective studies showing a
strong, graded relationship between ele-
vated uric acid levels and the risk of early
decline in renal function in nonproteinu-
ric patients with type 1 diabetes (21,22).

It still is unclear whether hyperurice-
mia is a risk factor for, or simply a marker
of, kidney disease, because of its complex
interrelationships with other established
risk factors, especially hypertension, or
important comorbidities. Of note, in this
study we excluded patients who had a
previous history of malignancy, severe
chronic obstructive pulmonary disease,
and cardiovascular disease. Moreover, we
found that elevated uric acid levels were
associated with an increased risk of in-
cident CKD, independently of a broad
spectrum of established risk factors, in-
cluding hypertension, diabetes-related
variables, and renal function measures.
Thus, it is conceivable that hyperuricemia
might confer an excess risk over and above

Figure 1dAssociation of sex-specific hyperuricemia with the development of incident CKD
within subgroups. Data are expressed as ORs and 95% CIs.

Table 3dAssociation between serum uric acid levels (included as a continuous variable)
and incident CKD in patients with type 2 diabetes

OR (95% CI) P

Unadjusted association 1.23 (1.07–1.43) ,0.005
Multiple adjusted association
Model 1 1.23 (1.08–1.46) ,0.005
Model 2 1.21 (1.02–1.45) ,0.05
Model 3 1.20 (1.03–1.57) ,0.05

Cohort size, n = 1,449. In these univariable and multivariable logistic regression models, hyperuricemia was
included as a continuous variable (for a 1-SD change in serum uric acid level). Multivariable logistic re-
gression models were adjusted as follows: model 1: age and sex; model 2: model 1 plus BMI, smoking status,
duration of diabetes, insulin therapy, HbA1c, eGFR, albuminuria, systolic blood pressure, and use of anti-
hypertensive drugs; and model 3: model 1 plus BMI, smoking status, duration of diabetes, insulin therapy,
eGFR, albuminuria, use of antihypertensive drugs, and changes of both HbA1c and systolic blood pressure at
the end of follow-up.
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the risk attributable to underlying estab-
lished risk factors.

The recognition of the biological
mechanism(s) linking hyperuricemia to
the development and progression of kid-
ney disease is beyond the scope of this
study. However, putative underlying me-
chanisms may include chronic inflam-
mation, endothelial dysfunction, vascular
smooth muscle proliferation, and im-
paired nitric oxide generation (27–29).
Furthermore, experimental evidence sug-
gests that hyperuricemia may exert ad-
verse effects on oxidative metabolism,
platelet adhesiveness, and aggregation
(27–29). In animal models, elevated uric
acid levels can lead to arteriolopathy of
preglomerular vessels, impaired autore-
gulation, glomerular hypertension, as
well as endothelial dysfunction (30). Kid-
ney damage in hyperuricemic rats is
not dependent on blood pressure and in-
stead involves the renin-angiotensin and
cyclooxygenase-2 systems (29,30).

Overall, our findings may have im-
portant clinical implications. Our data
indicate that serum uric acid is an inde-
pendent risk factor for the development
of CKD, thus supporting the view that the
measurement of serum uric acid levels in
patients with type 2 diabetes might be
helpful in the risk prediction of CKD. This
makes hyperuricemia another potential
target for the treatment of type 2 diabetes.
Two small prospective, randomized, con-
trolled trials involving nondiabetic and
diabetic patients with hyperuricemia and
CKD, who were randomly assigned to
treatment with allopurinol or to continue
with the usual therapy for 12–24 months,
demonstrated that the allopurinol group
showed less kidney dysfunction com-
pared with patients in the control group
(31,32). Future larger, randomized con-
trolled trials on drugs that lower serum
uric acid need to be conducted to evaluate
the causal relationship between serum
uric acid and the development and pro-
gression of diabetic kidney disease.

Some limitations of our study merit
comment. First, because our cohort com-
prises white, type 2 diabetic individuals
who were followed at an outpatient di-
abetes clinic, our results may not neces-
sarily be generalizable to other diabetic
populations. Other potential limitations
of our study include a possible selection
bias of excluding the patients who had
missing laboratory data at baseline and an
inability to adjust for certain specific
antihypertensive agents. However, in the
subset of 632 participants in which such

information currently was available in our
informatic database, we did not find any
significant difference in the use of ACE
inhibitors, angiotensin receptor blockers,
or thiazide diuretics between those with
and those without hyperuricemia. In ad-
dition, we used an eGFR (i.e., the four-
variable MDRD study equation and the
CKD-EPI creatinine equation) instead of a
directly measured GFR to define kidney
function. It is known that current GFR
estimates have greater inaccuracy in pop-
ulations without known CKD than in
those with kidney disease. Nonetheless,
current GFR estimates facilitate the de-
tection, evaluation, and management of
CKD, and many organizations recommend
the use of prediction equations for the
evaluation of kidney function in large epi-
demiologic studies and in clinical practice
(1,10,25,26). Finally, whether these obser-
vations also can be extended to nonwhite
ethnic groups remains to be determined.

Strengths of our study include its
prospective design, the large number of
participants from both sexes, the long
duration of follow-up, the complete na-
ture of the dataset, and the ability to adjust
for a wide range of known risk factors and
potential confounders. In addition, our
patients were free of diagnosed cardiovas-
cular disease, severe chronic obstructive
pulmonary disease, and malignancies; the
evaluation of patients with such compli-
cations would almost certainly have con-
founded interpretation of the data.

In summary, this study demonstrated
an association between hyperuricemia
and the risk of incident CKD, indepen-
dent of several potential confounders,
including hypertension, eGFR, and albu-
minuria, in a large cohort of type 2 dia-
betic patients with a baseline eGFR .60
mL/min/1.73 m2 and without a previous
history of cardiovascular disease. Additional
studies are needed to examine the reproduc-
ibility of our results and to further elucidate
the biological mechanisms underlying the
relationship between hyperuricemia and in-
cident CKD in type 2 diabetes. The advan-
tage(s) of treating hyperuricemia in type 2
diabetes in order to reduce the risk of
adverse renal outcomes remains to be
demonstrated.
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