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Abstract

Background and objective Serum uric acid may predict the onset and progression of kidney disease, but it is
unclear whether uric acid is an independent risk factor for diabetic nephropathy. Our aim was to study the
relationship between uric acid levels and the development of CKD components in patients with type 2 diabetes.

Design, setting, participants, & measurements Longitudinal study of a cohort of patients with type 2 diabetes from
the database of the Italian Association of Clinical Diabetologists network. From a total of 62,830 patients attending the
diabetes centers between January 1, 2004, and June 30, 2008, we considered those with baseline eGFR values =60 ml/min
per 1.73 m? and normal albumin excretion (1=20,142). Urinary albumin excretion, GFR, and serum uric acid were
available in 13,964 patients. We assessed the association of serum uric acid quintiles with onset of CKD com-
ponents by multinomial logistic regression model adjusting for potential confounders. We calculated the rel-
ative risk ratios (RRRs) for eGFR <60 ml/min per 1.73 m?, albuminuria, and their combination at 4 years.

Results At 4-year follow-up, 1109 (7.9%) patients developed GFR <60 ml/min per 1.73 m? with normoalbumi-
nuria, 1968 (14.1%) had albuminuria with eGFR =60 ml/min per 1.73 m?, and 286 (2.0%) had albuminuria with
eGFR <60 ml/min per 1.73 m?2. The incidence of eGFR <60 ml/min per 1.73 m? increased in parallel with uric acid
quintiles: Compared with the lowest quintile, RRRs were 1.46 (95% confidence interval [CI], 1.14 to 1.88; P=0.003),
1.44 (95% CI,1.11 to 1.87; P=0.006), 1.95 (95% CI, 1.48 to 2.58; P<<0.001), and 2.61 (95% CI, 1.98 to 3.42; P<<0.001) for
second, third, fourth, and fifth quintiles, respectively. Serum uric acid was significantly associated with albu-
minuria only in presence of eGFR <60 ml/min per 1.73 m2.

Conclusions Mild hyperuricemia is strongly associated with the risk of CKD in patients with type 2 diabetes.
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Introduction

Diabetes, a major health problem affecting global
estimates exceeding 387 million people (1), is the
leading cause of CKD (2). In fact, approximately
40% of patients with diabetes develop diabetic kidney
disease (DKD) resulting in albuminuria, reduction of
GFR, or both (3). Several studies have shown that in-
creased urinary albumin excretion (4) and reduced
GFR (5) are both associated with cardiovascular risk
factors and are independent predictors of cardiovas-
cular events among patients with diabetes.

In addition to primary risk factors, such as hyper-
glycemia and increased BP (6), genetic determinants
are also thought to play a relevant role in the patho-
physiology of DKD (7). A better knowledge of mod-
ifiable risk factors for kidney complications in
diabetic patients is definitively needed to develop
more effective prevention strategies.

Hyperuricemia is largely prevalent in patients with
CKD, and in many studies it independently predicted
the development of type 2 diabetes mellitus (T2DM)
(8-10) and cardiovascular events (11). So far, only one
longitudinal study has evaluated the role of serum
uric acid (SUA) in the development of CKD in
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patients with T2DM (12). Cross-sectional studies have
reported an association between hyperuricemia and re-
duction of GFR and/or albuminuria; some of these have
had conflicting results, especially after adjustment for
confounders (13-19). Furthermore, the role for SUA as
an independent predictor of progression once DKD is
established is uncertain (20). In a post hoc analysis of
1342 patients with T2DM and albuminuria participating
in the Reduction of End Points in Non-Insulin-Dependent
Diabetes Mellitus With the Angiotensin II Antagonist
Losartan (RENAAL) Trial, the authors observed that
the risk of unfavorable renal outcomes was decreased
by 6% for each 0.5-mg/dl decrement in SUA levels dur-
ing the first 6 months of treatment (21). Given the paucity
and relatively discordant nature of data on this issue, we
designed the current observational study to investigate
whether SUA can be considered an independent predic-
tor of incident CKD in a large cohort of patients with
T2DM who have preserved renal function at baseline.

Materials and Methods

Study Setting and Data Sources
In Italy, diabetes care is mainly provided by a public
network of about 700 diabetes clinics, where a team of
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specialists provide diagnostic confirmation and prevention
and treatment of diabetes and its complications through
close patient follow-up and regular check-ups (22,23).

In the present report we analyzed a large cohort of
patients with T2DM followed up at 207 diabetes centers in
Italy that were affiliated with the Italian Association of
Clinical Diabetologists (Associazione Medici Diabetologi
[AMD]) initiative. The centers participated in the study
voluntarily and include about one third of all the Italian
centers for diabetes. They are homogeneously distributed
throughout the country and thus may be representative of
the Italian population with T2DM. The analysis was
performed using the data set of electronic medical records
collected between January 1, 2004, and June 30, 2008. For
the purpose of the analysis, we considered only patients
who were age =18 years and had a follow-up evaluation
within 48+6 months that was complete for data on eGFR
and albuminuria. In the case of multiple records, we con-
sidered the evaluation closest to 48 months after study
entry for each patient.

Study Patients

Of 62,830 patients identified, we excluded those with
albuminuria, eGFR =60 ml/min per 1.73 m? or a second
eGEFR value that was discordant (<60 ml/min per 1.73 m?)
from the first value within the first 6 months of the follow-
up period and those with missing data on SUA levels or
antidiabetic treatment. The study population consisted of
13,964 patients (see Supplemental Figure 1).

Data Collection

The Italian AMD initiative analyzed the database to
identify a set of indicators that can be used in the context of
continuous quality improvement. Participating centers
adopted the same software systems for the everyday
management of outpatients, while a specially developed
software package allowed us to extract the information we
intended to analyze from all the clinical databases (AMD
data file). Moreover, data from all participating centers
were collected and centrally analyzed anonymously (22).
The results were internally approved by the AMD Annals
scientific committee. T2DM was diagnosed at participating
diabetes centers according to the American Diabetes Asso-
ciation 2003 criteria. The biochemical measurements were
performed at clinical laboratories at each participating cen-
ter. This initiative includes measuring and monitoring he-
moglobin Alc (HbAlc), BP, lipid profile (LDL cholesterol
or total and HDL cholesterol and triglycerides) and SUA.
The use of specific classes of drugs (insulin, statins and
two or more antihypertensive agents) was also evaluated.
Because normal ranges for HbAlc varied among centers,
the percentage change with respect to the upper normal
value (measured value/upper normal limit) was estimated
and multiplied by 6.0 to allow comparisons among the
centers. Kidney function was assessed by serum creatinine
and urinary albumin excretion measurements. GFR was
estimated for each patient using a standardized serum cre-
atinine assay and the CKD-Epidemiology Collaboration
equation (24).

To be included in the study, the patients had to have at
least one measurement of serum creatinine, with concor-
dant eGFR values, in the 3 months before study entry.

Increased urinary albumin excretion was diagnosed and
defined as albuminuria if urinary albumin concentration
was >30 mg/L, urinary albumin excretion rate was >20
ug/min, or urinary albumin-to-creatinine ratio was >2.5
mg/mmol in men and >3.5 mg/mmol in women. CKD
was defined as diabetes with albuminuria or low eGFR
(<60 ml/min per 1.73 m?) or both. The development of
eGFR <45 ml/min per 1.73 m” was considered as a sec-
ondary outcome. SUA was measured by enzymatic
method.

Exposure

The exposure of interest was SUA. The association of
SUA with renal outcomes was explored by dividing the
whole cohort into sex-specific SUA quintiles (<3.7, 3.7-4.3,
4.4-49, 5.0-5.7, =5.8 mg/dl in women and <4.3, 4.3-4.8,
4.9-5.5, 5.6-6.3, =6.4 mg/dl in men) or taking SUA values
as a continuous trait.

Outcomes

The primary outcomes were as follows: (1) eGFR <60
ml/min per 1.73 m? and normoalbuminuria, (2) albumin-
uria and eGFR =60 ml/min per 1.73 m?, and (3) eGFR <60
ml/min per 1.73 m? and albuminuria. Secondary out-
comes were (1) eGFR <60 ml/min per 1.73 m?, (2) eGFR
<45 ml/min per 1.73 m?, and (3) albuminuria.

Statistical Analyses

The data are given as mean values*SD; categorical var-
iables are described as frequencies and percentages. The
relationship between SUA and patients’ characteristics
was evaluated using a multilevel mixed-effects linear re-
gression model with diabetes clinics fitted as random. The
main analysis was performed using a multinomial logistic
regression model considering four outcome categories: (1)
eGFR =60 ml/min per 1.73 m? and normoalbuminuria,
(2) eGFR <60 ml/min per 1.73 m? and normoalbuminuria,
(3) eGFR =60 ml/min per 1.73 m? and albuminuria, and
(4) eGFR <60 ml/min per 1.73 m? and albuminuria. A
multilevel mixed-effects logistic regression model was
used to evaluate single outcome (eGFR <60 ml/min per
1.73 m?, eGFR <45 ml/min per 1.73 m?, and albuminuria).
Data were analyzed considering diabetes clinics as clusters
of observations, so that possible differences in data across
centers could be considered. Relative risk ratios (RRRs)
and odds ratios (ORs) were reported with their 95% con-
fidence intervals (95% ClIs). The multivariate model was
fitted, including a missing indicator variable for patients
with missing data. A complete-case analysis was per-
formed, including patients for whom all data were ob-
served. Multivariate analyses adjusted for all baseline
clinical characteristics (sex, age, duration of diabetes,
body mass index (BMI), HbAlc, SUA, lipid profile, BP,
eGFR, albuminuria, retinopathy, smoking habits, and
treatment). For each baseline clinical characteristic, a sub-
group analysis that took into account sex, age, duration of
disease, BMI, HbAlc, triglycerides, HDL cholesterol, BP,
eGFR, and retinopathy was performed to evaluate the in-
fluence of baseline SUA levels on the development of
eGFR <60 ml/min per 1.73 m” at 4 years. Likelihood ratio
test was used to evaluate interactions between variables.
The goodness-of-fit of models was evaluated in terms of
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Table 1. Baseline characteristics of study patients as a whole and stratified by sex-specific serum uric acid quintiles
Serum Uric Acid Quintiles
Whole
Characteristic Cohort 1st 5th P Value
2nd 3rd 4th A
(n=13,964) (Lowest) - = = (Highest)
1=3,005 (n=2712) (n=2877) (n=2830) 11=2540)
Men 7814 (56.0) 1690 (56.2)  1443(53.2) 1707 (59.3) 1566 (55.3) 1408 (55.4) -
Age (yr) 64+10 63*11 64+10 64+10 64+9 65*9 <0.001
Duration of diabetes 10*8 11+9 10*8 10*8 9+8 9+8 <0.001
(yr)
BMI (kg/mz) 29.3%5.1 27.5*4.4 28.5*4.6 29.4*49 30.2£5.1 31.2%+5.5 <0.001
HbAlc (%) 72*1.3 7.6x14 72*+1.3 72*+1.2 7.0x1.1 7.0x1.1 <0.001
Serum uric acid 51x1.6 3.5x0.6 4403 5.1%x0.3 5.8+0.4 71x2.2 -
(mg/dl)
Total cholesterol 187+36 187+36 186+36 18637 186+36 188+37 0.34
(mg/dl)
Triglycerides 132+90 117+88 121+81 134+92 138+82 154+102 <0.001
(mg/dl)
HDL cholesterol 52*15 55*16 53*15 51*14 50*14 49+14 <0.001
(mg/dl)
LDL cholesterol 110x32 110£32 110£32 110£33 11032 11133 0.72
(mg/dl)
Systolic BP (mmHg) 138+17 136+18 138+18 138+17 139+17 139*18 <0.001
Diastolic BP (mmHg) 80£9 79x8 79*8 80x9 80£9 80£9 <0.001
Serum creatinine 0.84+0.16 0.81x0.16 0.82+0.15 0.85+0.16 0.86*0.16 0.89x0.17 <0.001
(mg/dl)
eGFR (mzl/min per 85*13 89+13 87*+13 85*+13 83*+13 80*+13 <0.001
1.73 m?)
Retinopathy 1418 (10.2) 367 (12.2) 287 (10.6) 305 (10.6) 235 (8.3) 224 (8.8) 0.004
Smokers 1116 (16.8) 279 (19.2) 253 (19.5) 229 (17.0) 203 (14.9) 152 (12.9) <0.001
Lipid-lowering 5985 (42.9) 1237 (41.2) 1162 (42.8) 1254 (43.6) 1223 (43.2) 1109 (43.7) 0.225
treatment
Treatment with 5485(39.3) 1112(37.0) 1081(39.9) 1163 (40.4) 1131 (40.0) 998 (39.3) 0.29
statins
Treatment with 283 (2.0) 98 (3.3) 47 (1.7) 47 (1.6) 47 (1.7) 44 (1.7) 0.002
fibrates
Antihypertensive 7978 (57.1) 1391 (46.3) 1435(52.9) 1651(57.4) 1781(62.9) 1720(67.7) <0.001
treatment
Treatment with ACE 6639 (47.5) 1139 (37.9) 1173(43.3) 1393 (48.4) 1488(52.6) 1446 (56.9) <0.001
inhibitors/ ARBs
Aspirin 2689 (19.3) 526 (17.5) 531 (19.6) 570 (19.8) 554 (19.6) 508 (20.0) 0.04
Antidiabetic
therapy
Diet 1383 (9.9) 210 (7.0) 303 (11.2) 307 (10.7) 281 (9.9) 282 (11.1) <0.001
Oral antidiabetic 9247 (66.2)  1795(59.7) 1714(63.2) 1962 (68.2) 1993 (70.4) 1783 (70.2) <0.001
drugs
Oral antidiabetic 1747 (12.5) 437 (14.5) 357 (13.2) 339 (11.8) 336 (11.9) 278 (10.9) 0.003
drugs and
insulin
Insulin 1587 (11.4) 563 (18.7) 338 (12.5) 269 (9.4) 220 (7.8) 197 (7.8) <0.001
Values are expressed as mean*SD or absolute frequency (percentage). Patients” baseline missing data: known duration of diabetes in
389 (2.8%), BMI in 1430 (10.2%), HbAlc in 71 (0.5%), total cholesterol in 143 (1.0%), triglycerides in 191 (1.4%), HDL cholesterol in 326
(2.3%), LDL cholesterol in 438 (3.1%), BP in 1608 (11.5%), and smoking status in 7327 (52.5%). The P values refer to the regression
coefficient between each characteristic and serum uric acid as dependent variable in a linear regression model adjusting for patient’s
sex. BMI, body mass index; HbAlc, hemoglobin Alc; ACE, angiotensin-converting enzyme; ARBs, angiotensin Il receptor antagonists.

calibration between observed and expected frequencies.
Discrimination was estimated by c-statistic computed for
each prediction. The analyses were performed by using
Stata software, version 12 (Stata Corp., College Station,
Texas). P values <0.05 were considered to indicate statis-
tically significantly findings.

Results

The main clinical features of the study cohort at baseline
are summarized in Table 1. Overall, the mean age was
64+10 years, 56.0% of patients were male, and the mean
duration of diabetes was 10+8 years. Thirty-nine percent
of patients were obese. The glycemic, lipid, and BP control
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Table 2. Renal outcomes at 4-year follow-up by sex-specific serum uric acid quintiles
Serum Uric Acid Quintiles
Variable 1st 5th
2nd 3rd 4th A
(Lowest) = = _ (Highest)
(n=3005) (n=2712) (n=2877) (n=2830) (n=2540)
eGFR <60 ml/min 123 (4.1) 170 (6.3) 196 (6.8) 273 (9.6) 347 (13.7)
per 1.73 m* and
normoalbuminuria
eGFR =60 ml/min 406 (13.5) 380 (14.0) 382 (13.3) 419 (14.8) 381 (15.0)
per 1.73 m* and
albuminuria
eGFR <60 ml/min 46 (1.5) 42 (1.5) 62 (2.2) 57 (2.0) 79 (3.1)
per 1.73 m”and
albuminuria
eGFR <60 ml/min 169 (5.6) 212 (7.8) 258 (9.0) 330 (11.7) 426 (16.8)
per 1.73 m?
Albuminuria 452 (15.0) 422 (15.6) 444 (15.4) 476 (16.8) 460 (18.1)
Values are expressed as absolute frequency (percentage).

of participants was fairly good; mean HbAlc was 7.2%,
mean LDL cholesterol was 110 mg/dl, and mean BP was
138/80 mmHg. The eGFR was 85+13 ml/min per 1.73 m?
(Table 1). By study design, all patients had normal urine
albumin excretion and eGFR >60 ml/min per 1.73 m?. In
the whole cohort, SUA levels were 5.1+1.6 mg/dl and
significantly differed between women and men (4.8+1.6
mg/dl versus 5.4*1.5 mg/dl, respectively; P<<0.001).
Urine albumin excretion was evaluated by means of urine
albumin concentration in most study patients (88% at base-
line and 83% at follow-up) and by albumin-to-creatinine
ratio (spot morning samples) in fewer patients (11% at
baseline and 16% at follow-up). Timed urine collection
(24 hours) was used in a minority of patients (1% at baseline
and follow-up). There was good concordance between base-
line and follow-up regarding method used in each patient.

At 4-year evaluation, lipid profile and BP further im-
proved on average, along with a parallel increase in
hypolipidemic and antihypertensive treatment over the
study period in the whole cohort. HbAlc and SUA levels
remained almost unchanged.

Baseline clinical features of patients grouped by renal
outcome at 4-year follow-up are reported in Supplemental
Table 1. Baseline clinical characteristics of study patients
across SUA quintiles are reported in Table 1. Patients in
the highest quintile were heavier and had higher triglyc-
eride and lower HDL cholesterol levels. Furthermore,
there was a trend toward a greater use of cardiac and
renoprotective therapies among patients with progres-
sively higher SUA values.

At 4-year follow-up, 1109 (7.9%) patients developed an
eGFR <60 ml/min per 1.73 m* with normoalbuminuria,
1968 (14.1%) had albuminuria with an eGFR =60 ml/min
per 1.73 m?, and 286 (2.0%) had an eGFR <60 ml/min per
1.73 m* and albuminuria. Table 2 reports renal outcomes
on the basis of sex-specific quintiles of SUA. The incidence
of eGFR <60 ml/min per 1.73 m* increased progressively
across quintiles (from 4.1% in the first quintile to 13.7% in
the fifth quintile).

The association of SUA levels with different combina-
tions of kidney dysfunction traits was further investigated
by logistic multivariate analysis. SUA levels strongly and
significantly predict the development of low eGFR (eGFR
<60 ml/min per 1.73 m?), independently of several poten-
tial confounders, including baseline eGFR (Table 3). In
fact, the risk of developing low eGFR gradually and line-
arly increased across SUA quintiles up to 2.6 times for
patients in the top compared with those in the lowest quin-
tile. The risk of developing albuminuria remained flat ex-
cept for patients with higher baseline SUA levels (i.e., those
in the fifth quintile) and concomitant eGFR <60 ml/min
per 1.73 m? Finally, the risk of developing low eGFR in-
creases by 10% for each 1-mg/dl higher baseline SUA,
while there seems to be no relationship with the onset of
albuminuria (Supplemental Table 2).

Figure 1 depicts the association of SUA levels with the
development of low eGFR (<60 or <45 ml/min per 1.73
m?) and albuminuria. It shows a significant association
between SUA levels and eGFR <60 ml/min per 1.73 m?,
which is consistent even for lower eGFR levels and after
adjustment for baseline eGFR. On the other hand, the as-
sociation with the development of albuminuria appears to
be weaker.

Furthermore, the significant association between SUA
levels and the risk of developing eGFR <60 ml/min per
1.73 m? was consistent in all subgroups evaluated (Figure
2) with the exception of patients who had had diabetes for
<5 years. A significant interaction was detected between
SUA levels and diabetes duration (likelihood ratio test for
the interaction, P=0.005), with a weaker association of
SUA values with incident low eGFR at 4 years in patients
with short disease duration.

Finally, when analysis was repeated by applying less
stringent selection criteria (i.e., including patients with only
one GFR measurements at baseline [n=601, 3.2%] and
those with a eGFR value <60 ml/min per 1.73 m* preced-
ing baseline [n=4035, 21.7%]), results were almost super-
imposable (data not shown).
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Table 3. Multivariate relative risk ratios for 4-year renal outcomes

RRR for RRR for RRR for
Variable Alb— /eGFR+ P Value Alb+/eGFR— P Value Alb+/eGFR+ P Value
n=1,109 n=1,968 n=286
Serum uric acid
2nd quintile 1.46 (1.14 to 1.88) 0.003 1.04 (0.90 to 1.21)? 0.576 0.99 (0.69 to 1.42)* 0.94
3rd quintile 1.44 (1.11 to 1.87) 0.006  0.93(0.75 to 1.15)* 0.490 1.20 (0.80 to 1.80) 0.37
4th quintile 1.95 (1.48 to 2.58) <0.001 1.09 (0.89 to 1.32)? 0.417 1.08 (0.76 to 1.52)? 0.67
5th quintile 2.61 (1.98 to 3.42) <0.001 1.14 (0.94 to 1.38)? 0.184 1.54 (1.13 to 2.09)? 0.006
Male sex 0.83 (0.72 to 0.96) 0.010 1.55 (1.39 to 1.72)*  <0.001 1.02 (0.76 to 1.38)° 0.88
Age (by 10 yr) 2.06 (1.87 to 2.28) <0.001 1.22 (1.07 to 1.40)? 0.003 1.87 (1.45 to 2.40)b <0.001
Known duration
of diabetes
5-10 yr 1.12 (0.91 to 1.38) 0.277  0.98 (0.86 to 1.12) 0.754 0.96 (0.66 to 1.40) 0.84
>10 yr 1.13 (0.89 to 1.45) 0.322 0.91 (0.80 to 1.04) 0.170 1.05 (0.78 to 1.41) 0.73
BMI
27-30 kg/m2 1.36 (1.09 to 1.70) 0.006 1.16 (1.00 to 1.35) 0.053 0.93 (0.63 to 1.38) 0.72
>30 kg/m2 1.33 (1.09 to 1.63) 0.006 1.20 (1.04 to 1.39) 0.012 0.95 (0.66 to 1.39) 0.81
HbAlc =7% 1.15 (0.97 to 1.36) 0.104 1.17 (0.98 to 1.39) 0.083 1.41 (1.02 to 1.95) 0.04
Triglycerides 1.20 (1.02 to 1.41) 0.028 1.11 (0.96 to 1.28) 0.155 1.56 (1.25 to 1.96)®  <0.001
=150 mg/dl
HDL cholesterol 1.08 (0.90 to 1.28) 0.418 1.23 (1.06 to 1.44) 0.008 1.37 (1.05 to 1.80) 0.02
<40 (men) or
<50 mg/dl
(women)
LDL cholesterol 0.72 (0.63 to 0.83) <0.001 0.95 (0.86 to 1.04)* 0.268 0.87 (0.70 to 1.09) 0.23
=100 mg/dl
BP =140/85 1.16 (0.98 to 1.36) 0.081 1.05 (0.91 to 1.20) 0.533 1.08 (0.82 to 1.43) 0.58
mmHg
eGFR (by 10 2.16 (1.90 to 2.46) <0.001 1.03 (0.94 to 1.13)? 0.471 2.33 (1.95 to 2.78)° <0.001
below 90 ml/
min per 1.73 m?)
Retinopathy 1.11 (0.93 to 1.33) 0.253 1.38 (1.08 to 1.76) 0.011 1.15 (0.78 to 1.71) 0.49
Smokers 0.85 (0.65 to 1.11) 0.246 1.23 (1.02 to 1.48)? 0.028 1.61 (1.00 to 2.59)° 0.05
Treatment with 1.08 (0.94 to 1.25) 0.287  0.95 (0.80 to 1.13) 0.573 0.80 (0.57 to 1.12) 0.20
statins
Treatment with 1.32 (0.90 to 1.94) 0.156 0.85 (0.51 to 1.44) 0.551 0.74 (0.32 to 1.73) 0.49
fibrates
Antihypertensive 1.04 (0.73 to 1.50) 0.820 1.14 (0.83 to 1.57) 0.406 1.21 (0.83 to 1.77) 0.32
treatment
Treatment with 1.17 (0.92 to 1.48) 0.200 1.15 (0.93 to 1.42) 0.186 1.36 (0.84 to 2.21) 0.21
ACE inhibitor/
ARBs
Aspirin 0.90 (0.71 to 1.14) 0.364 1.06 (0.84 to 1.33) 0.644 1.10 (0.67 to 1.82) 0.70
Antidiabetic
therapy
Diet 0.68 (0.50 to 0.94) 0.019 0.84 (0.58 to 1.23) 0.368 0.28 (0.08 to 1.01) 0.05
Oral Reference - Reference - Reference -
antidiabetic
drugs
Oral 1.45 (1.21 to 1.73) <0.001 1.16 (0.83 to 1.61) 0.389 1.39 (0.95 to 2.04) 0.09
antidiabetic
drugs and
insulin
Insulin 1.30 (1.08 to 1.56) 0.006 0.87 (0.67 to 1.11)a 0.259 1.57 (0.96 to 2.55)° 0.07

Values in parentheses are 95% confidence intervals. Multinomial logistic regression analysis performed with the missing indicator
method for each incomplete variable. Reference category for the variable known duration of diabetes was <5 years; for BMI, <27 kg/m?
and for serum uric acid, the first quintile. Goodness-of-fit test: P=0.20 according to observed and expected frequencies by quartiles of
predictions. Model discrimination by c-statistic was 0.82 for Alb—/eGFR+, 0.61 for Alb+/eGFR— and 0.83 for Alb+/eGFR+. BMI,
body mass index; HbAlc, hemoglobin Alc; ACE, angiotensin-converting enzyme; ARB, angiotensin Il receptor blocker; RRR, relative
risk ratios with eGFR— / Alb— as reference group; Alb—, normoalbuminuria; Alb+, albuminuria; eGFR—, eGFR =60 ml/min per 1.73 m?;

eGFR+, eGFR <60 ml/min per 1.73 m2.
2P<0.05 versus Alb— /eGFR+.
Pp<0.05 versus Alb+/eGFR—.
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Figure 1. | The graded relationship of serum uric acid (SUA) with the development of incident low eGFR and albuminuria in type 2 diabetes.
Odds ratios (ORs) with their 95% confidence intervals (95% Cls) for eGFR <60 or <45 ml/min per 1.73 m? and albuminuria onset by sex-
specific quintile of serum uric acid adjusted for baseline eGFR. The first serum uric acid quintile was considered as reference category.

Discussion

We found that SUA is a strong independent predictor of
development of eGFR <60 ml/min per 1.73 m” in a large,
real-life cohort of patients with T2DM. During a 4-year
follow-up period, SUA levels in the top sex-specific quin-
tile entailed a greater risk of developing eGFR <60 ml/min
per 1.73 m? alone (OR, 2.6) and in association with albu-
minuria (OR, 1.5) compared with the lowest SUA quintile.
The association with baseline SUA values and subsequent
development of renal damage seems to be particularly
strong with respect to de novo eGFR <60 ml/min per
1.73 m?, even after adjustment for confounders such as
BP, BMI, glycometabolic control, and lipid profile.
Accordingly, a significant association of SUA levels with
subsequent development of albuminuria was detected
only for patients in the highest SUA quintile (OR, 1.2)
(Figure 1).

There are controversial reports on the association be-
tween SUA levels and CKD in the literature, both in the
general population (17,18,25) and in at-risk cohorts
(14,16,19,26,27). Similarly, an independent role of mild
hyperuricemia on the progression of renal disease is at
present uncertain (13). As for T2DM, so far only one lon-
gitudinal study has shown an association between SUA
and development of DKD (12). Thus, our data confirm
and extend previous findings (12) on a much larger and

more representative real-life clinical practice cohort. In
fact, while in Zoppini and colleagues” study a significant
proportion of patients already showed abnormal urine al-
bumin excretion at baseline, by selecting a subset of pa-
tients with normal renal function and no albuminuria we
provided more detailed insights on the predictive role of
SUA on both DKD and each one of its individual compo-
nents (GFR and albuminuria).

The incidence of renal events should be interpreted in the
context of clinical characteristics of our study patients and
of selection criteria used. In fact, patients’ risk profile was,
on average, only mildly elevated at baseline, with fair BP
control and slightly elevated LDL cholesterol and HbAlc.
During the observation period, the intensity of pharmaco-
logic treatment increased significantly with parallel im-
provement in several of the above-cited parameters.

For each progressively greater sex-specific SUA quintile,
there was a significantly higher risk of reaching a GFR <60
ml/min per 1.73 m?, while the association with albumin-
uria was somewhat weaker: Only patients in the top SUA
quintile showed a significantly greater risk of albuminuria
development. The independent role of SUA as a predictor
of renal damage is consistent with further analysis of data
from the small subgroup of patients (2%) whose GFR
dropped to <45 ml/min per 1.73 m? during follow-up.
Again, with the exception of patients with a very short
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Figure 2. | Serum uric acid (SUA) levels are independent predictors of low eGFR in type 2 diabetes. Association of sex- and eGFR-adjusted
serum uric acid levels analyzed continuously with the incidence of eGFR <60 ml/min per 1.73 m? within subgroups. In each subgroup, the odds
ratio estimates the association between 1-unit change and the risk of eGFR <60 ml/min per 1.73 m? at 4-year evaluation. Data are expressed as odds
ratios (ORs) and 95% confidence intervals (95% Cls). BMI, body mass index. HDL-C, HDL cholesterol; LDL-C, LDL cholesterol.

disease duration (<5 years), SUA was strongly and inde-
pendently related to the development of eGFR <60 ml/min
per 1.73 m? in each subgroup we investigated, a finding
that strengthens and is consistent with a role as a promoter
of renal damage.

SUA was strongly related to features of the metabolic
syndrome at baseline. In fact, BMI, triglycerides, systolic
BP, and the burden of treatment showed a growing trend
along with SUA quintiles, while HDL cholesterol showed
parallel reduction. These factors proved to be independent
determinants of changes in renal function in our study,
while the predictive power of other, more traditional risk
factors, such as disease duration and HbAlc, was less
evident. Furthermore, the development of low eGFR was
related to female sex and features of metabolic syndrome,
while development of albuminuria was more strictly
associated with male sex, age, HbAlc, and retinopathy.

The stronger association we found between SUA and the
development of low eGFR compared with the development
of albuminuria is intriguing in light of previous findings
suggesting that albuminuric and nonalbuminuric DKD
phenotypes may bear different prognostic power toward
different end points (28).

Mild hyperuricemia is relatively common in patients with
CKD because of the well known clustering of traditional risk

factors, such as insulin resistance and hypertension in renal
patients and because of progressive impairment in uric acid
excretion along with GFR deterioration. Experimental
evidence linking SUA to initiation and progression of
renal damage by several pathogenetic mechanisms is well
established. In fact, increased SUA levels stimulate renin-
angiotensin-aldosterone system activity and promote en-
dothelial damage and oxidative stress at the cellular and
tissue level (29-31).

Lowering SUA has also been reported to reduce renal
injury and improve renal function in mice with T2DM (32).
So far, however, evidence that pharmacologic reduction of
SUA may affect the course of DKD is missing despite some
preliminary and encouraging evidence from pilot studies
(33-35). Interestingly, with the exception of patients with a
relatively short duration of disease, the role of SUA as in-
dependent risk factor for the development of CKD was
evident in all patient subgroups. In particular higher
SUA was significantly associated to eGFR <60 ml/min
per 1.73 m? at 4-year follow-up independently of sex,
BMI, glycometabolic profile, BP, and microvascular dam-
age (such as hyperfiltration or retinopathy), suggesting
that the data presenting herein are consistent with a pos-
sible pathogenetic pathway linking SUA to the develop-
ment of DKD in several clinical condition.



1928 Clinical Journal of the American Society of Nephrology

Our study has some limitations as well as several
strengths that should be mentioned. We must acknowledge
that laboratory variables, including serum creatinine, were
not measured in a single centralized laboratory, and this
may have led to some variability, especially in GFR
estimation. In addition, we have information on albumin-
uria only as a categorical trait; this, together with some
heterogeneity in the techniques used to measure urine
albumin concentration in different laboratories, may have
contributed to variability in the outcome measure. More-
over, data from the entire 4-year follow-up period were
available for most but not all patients, and therefore
caution should be taken not to generalize our findings
because mortality from competitive risk was not positively
collected in the missing subgroup. Baseline clinical char-
acteristics of the subgroup with missing values, however,
were similar to those of the entire cohort. Furthermore,
even when we applied less stringent selection criteria for
our study cohort, our main study results remained un-
changed. We did not gather specific information on urate-
lowering treatment. This, however, does not lessen the core
message of our study, which deals with the prognostic
power of SUA values independent of confounding varia-
bles. Finally, our data may not be applicable to the T2DM
population at large because most participants were white
and ethnicity has some effect on the risk of developing
renal complications (36). On the other hand, we should
mention the large size of the study cohort and the homo-
geneous geographic distribution of the recruiting centers
as well as the relatively long follow-up period. These fac-
tors certainly help make the study cohort and our results
representative of real-life clinical condition.

In conclusion, SUA is a strong independent predictor of low
eGFR in patients with T2DM. Higher SUA levels entail an
almost two-fold increased risk of developing DKD. Our data
support the rationale to complete ad hoc randomized controlled
trials to assess the benefit of specific pharmacologic interven-
tion to prevent and slow down renal damage by reducing
SUA in at-risk population, such as patients with T2DM.
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