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Abstract

Background We assessed the prospective association
between baseline serum uric acid (SUA) concentrations
and consequent risk of chronic kidney disease (CKD)
progression in type 2 diabetes patients.

Methods Longitudinal data from a Japanese diabetes reg-
istry including 3454 type 2 diabetes patients were obtained. To
assess the independent correlations between SUA and rapid
CKD progression [i.e., 30 % reduction in estimated
glomerular filtration rate (eGFR) over 2 years], participants
were divided into five groups based on SUA
levels: <5.0, >5.0-6.0, >6.0-7.0, >7.0-8.0, and >8.0 mg/
dl. Cox proportional hazards model adjusted for potential
confounders was used for analysis.

Results  After 2 years, rapid CKD progression was recog-
nized in 169 patients (4.89 %) who showed longer duration
of type 2 diabetes (15.5 vs. 13.5 years, p = 0.005); higher
systolic blood pressure (142.0 vs. 138.3 mmHg, p = 0.016),
SUA (6.15 vs.5.32 mg/dl, p < 0.001), and urinary albumin—
creatinine ratio (1127.4 vs. 184.7 mg/gCr, p < 0.001); and
lower diastolic blood pressure (69.7 vs. 72.8 mmHg,
p = 0.003). Multivariate ratios for rapid CKD progression
were 1.19 (p = 0.371), 1.02 (p = 0.937), 1.18 (p = 0.625),
and 3.04 (p = 0.004), respectively, for the first, third, fourth,
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and fifth serum UA range groups; a second group was used as
a reference.

Conclusions Higher SUA levels, independent of possible
confounders, were associated with rapid eGFR decline and
CKD progression in type 2 diabetes patients. SUA may be
a useful biomarker for predicting future risk of rapid dia-
betic CKD progression.

Keywords Chronic kidney disease - Uric acid -
Epidemiology - Cohort - Human - Type 2 diabetes

Introduction

As shown by epidemiological studies, the prevalence of type 2
diabetes mellitus (T2DM) has significantly increased world-
wide, which has resulted in an increased burden on individuals
and health care systems [1]. Diabetic nephropathy is a com-
mon complication of diabetes and the leading cause of end-
stage renal disease (ESRD) in developed countries [2].
Chronic kidney disease (CKD) is a worldwide public health
issue, with increasing prevalence, poor outcomes, and high
treatment costs [3]. The estimated glomerular filtration rate
(eGFR) for evaluating changes in kidney function is the most
widely used parameter in clinical practice. However, the GFR
course is complex and heterogeneous in type 2 diabetes and
primarily depends on individual, ethnic, and disease-specific
conditions [4-8]. An understanding of the clinical character-
istics and risk factors associated with the progression of dia-
betic nephropathy or CKD in patients with diabetes would be
useful to improve the therapeutic strategies for primary pre-
vention of kidney disease in patients with type 2 diabetes and
to preserve kidney function.

Uric acid (UA) is the end product of purine metabolism
in humans, and approximately 70 % of UA is eliminated by
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urinary excretion. Hyperuricemia is a frequent complica-
tion of CKD and coexists with other risk factors for CKD,
such as hypertension and metabolic syndrome [9]. In
addition, hyperuricemia may have a mechanistic role in the
incidence and progression of renal functional decline and
probably has a causal role in hypertension and vascular
disease [10, 11]. Evidence that hyperuricemia is an inde-
pendent risk factor for CKD in patients with diabetes has
been increasing recently [12]. In patients with type 1 dia-
betes, elevated SUA has been found to be associated with
the risk of developing proteinuria or decline in renal
function [13]. Some recent research showed that elevated
SUA levels have been associated with incidence of CKD or
decline of renal function in type 2 diabetes patients [14,
15]. However, these studies did not focus on rapid decline
of renal function leading to ESRD, were done in a small-
sized, retrospective design, or included those with already
advanced diabetic renal disease. The most recent study
showed hyperuricemia was associated with the risk of CKD
in Caucasian patients with type 2 diabetes [16].

The present study aimed to prospectively determine the
association between baseline SUA concentration and the
consequent risk of rapid progression of CKD over a 2-year
follow-up in a cohort of Japanese patients with type 2
diabetes including those with relatively preserved renal
function from a large-scale single center registry.

Materials and methods
Patients

Patient data were derived from the first-year survey of a
diabetes registry at Tenri Hospital, a regional tertiary-care
teaching hospital in Japan. The details of this registry can
be found elsewhere [17-23]. In brief, this was a cohort
study aimed at evaluating the cross-sectional and
prospective association between psycho-socio-economic
factors, biomarkers, and the incidences of micro- and
macrovascular complications in patients with diabetes. The
registry recruited patients diagnosed as having diabetes
who had visited the outpatient clinic of our hospital
between October 2009 and December 2010. We conducted
the survey from January to December in 2011, 2012, and
2013. We excluded patients with prediabetes diagnosed by
an oral glucose tolerance test, gestational diabetes, type 1
diabetes, or diabetes induced by steroid use or other
endocrine diseases, and we eventually used data of patients
diagnosed with type 2 diabetes. At registration, the
attending physician confirmed the diagnosis according to
the Classification and Diagnostic Criteria of Diabetes
Mellitus by the Japan Diabetes Society. For the analysis,
we included only patients whose baseline SUA data and

follow-up eGFR data were available. The Ethics Com-
mittee of Tenri Hospital approved this study, and written
informed consent was obtained from every participant.

Data collection

In the survey, patients underwent a routine medical history
inquiry, physical examination, and laboratory tests. Demo-
graphics, including age, sex, height, body weight, systolic and
diastolic blood pressure (dBP), smoking or alcoholic status,
and medical history, which included micro- and macrovascular
complications, and treatment modalities, which included
hypertension medication and anti-hyperuricemia medication,
were collected. Laboratory tests included evaluation of HbAlc
levels, lipid profiles, serum creatinine, UA levels, and urinary
albumin—creatinine ratio (UACR) from a spot urine sample.
HbA Ic levels were expressed in accordance with the National
Glycohemoglobin Standardization Program as recommended
by the Japanese Diabetes Society [24] and in IFCC units. The
GFR was estimated using an equation proposed by the Japa-
nese Society of Nephrology [25]: eGFR [(ml/min/1.73 m?)
=194 x Cr "% x age *?*"(x0.739 for female patients].

Outcomes

A decline in eGFR resulting in doubling of the serum crea-
tinine concentration has been used as the standard indicator
of CKD progression, but lesser declines have occurred more
commonly and have been strongly and consistently associ-
ated with the risks of ESRD and mortality, which supports
the consideration of lesser declines in the eGFR (such as a
30 % reduction over 2 years) as a surrogate end point for
CKD progression [26]. Therefore, we evaluated rapid pro-
gression of CKD defined asa >30 % reduction in eGFR over
2 years as an outcome of this analysis.

SUA assay

Technicians blinded to the patients’ clinical data collected
a random blood sample on the day of the outpatient clinic
visit before the patients answered a self-administered sur-
vey. Then, technicians performed the test for UA using
separated serum. SUA was estimated by the Uricase/POD
and end-point assay method.

Statistical analysis

Continuous variables were expressed as the mean and stan-
dard deviation (SD) or median and interquartile ranges for
variables with non-normal distributions. Intergroup differ-
ences between the SUA range groups were evaluated using
the nonparametric test or Wilcoxon rank-sum test. A 7 test
was used to compare continuous variables between the two
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groups. Fisher’s exact test was used to examine categorical
variables. The association between SUA range groups and
outcomes was analyzed using the Cox proportional hazards
model considering clustering within the attending physician.
To evaluate the the association of SUA with a consequent
risk of rapid progression of CKD in diabetes patients with
preserved renal function, we performed the analysis by
excluding patients with eGFR less than 60 ml/min/1.73 m?
at baseline. Person-time was calculated from the baseline
date to the day the outcome was confirmed, or the end of
follow-up, whichever occurred first. The hazard ratio [HR;
95 % confidence intervals (CIs)] was estimated for the out-
come by using the second SUA range group as a reference
category. Three statistical models were used: a crude model;
an age- and sex-adjusted model; and a model adjusted for
age, sex, body mass index (BMI), smoking, alcohol drinking,
systolic blood pressure (sBP), dBP, HDL, LDL, triglyceride,
serum creatinine, eGFR, UACR, HbA1c levels, duration of
diabetes, angiotensin-converting enzyme (ACE) inhibitor
use, angiotensin Il receptor blocker (ARB) use, diuretic drug
use, anti-hyperuricemia drug use, and history of cardiovas-
cular disease (CVD). We selected these covariates because
they are known or considered to be associated with SUA
levels and CKD. All p values were two sided. p values <0.05
were considered to indicate statistical significance. All
analyses were performed using Stata/SE version 12 (Stata
Corp.; College Station, TX, USA).

Results
Patient characteristics

In 2009, 3898 patients were enrolled in the study [mean
age (SD), 64.5 (11.7); 39.6 % female; 4.7 % type 1

diabetes; 90.7 % type 2 diabetes], and 3534 of those had
type 2 diabetes. Furthermore, 56 patients were excluded
because of missing UA levels, two patients because of
missing baseline eGFR data, and 22 patients because of
missing follow-up eGFR data. The remaining 3454 patients
were included in the study (Fig. 1).

Table 1 shows the demographic characteristics and labo-
ratory data of patients in the five SUA range
groups: <5.0, >5.0-6.0, >6.0-7.0, >7.0-8.0, and >8.0 mg/
dl (<297, >297-<357, >357-416, >416-476, and >476
pmol/l). Overall, the mean age, HbAlc level, and BMI were
65.1 years, 7.50 % (56.6 mmol/mol), and 24.6 kg/mz,
respectively. Patients with higher UA levels tended to be male
(p < 0.001) and have higher sBP (»p < 0.001), higher BMI
(p < 0.001), lower HDL levels (p < 0.001), higher triglyc-
eride levels (p < 0.001), higher creatinine levels (p < 0.001),
lower eGFR (p < 0.001), higher UACR (p < 0.001), lower
HbAlc (p <0.001), and lower never-smoking status
(p < 0.001) in addition to having a greater likelihood of using
ARB (p < 0.001), ACE inhibitors (p < 0.001), diuretic drugs
(p < 0.001), anti-hyperuricemia drugs (p < 0.001), and of
history of CVD (p < 0.001).

The numeric results of a comparison of factors between
patients without and with rapid decline of eGFR are pre-
sented in Table 2. We found significant differences
between the two groups in sex, duration of DM history,
sBP, dBP, SUA concentration, HDL levels, serum crea-
tinine, eGFR, UACR, never smoking status, ACE inhibitor
use, ARB use, diuretic drug use, and anti-hyperuricemia
drug use. The comparison between patients with and
without rapid progression of CKD showed no significant
differences in BMI, LDL, triglycerides, HbAlc, and history
of CVD.

In a cohort, over a median follow-up of 497 days, we
observed 169 patients who had rapid progression of CKD

Fig. 1 A flow chart to describe

inclusion patients
p study

N=23,898

The number of patients enrolled in this

Patients excluded:

Type 1 diabetes N = 183

Secondary diabetes and unclassified diabetes N = 181

N=3,534

The number of patients with type 2 diabetes

Patients excluded:
Missing baseline uric acid levels N = 56

Missing baseline eGFR data N = 2

study at the baseline
N=3,476

The number of patients enrolled in this

Patients excluded:

Missing follow-up eGFR data N = 22

this study
N=23,454

The number of patients finally enrolled in
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Table 1 Participant baseline characteristics for each of the total serum uric acid concentration groups
All subjects Serum uric acid groups p value
(n = 3454)
Group 1 Group 2 Group 3 Group 4 Group 5
(n = 1437) (n = 910) (n = 633) (n = 305) (n = 169)
Serum uric acid, mg/dl
Mean =+ (SD) 5.36 (1.49) 4.02 (0.68) 5.43 (0.28) 6.40 (0.29) 7.35 (0.27) 8.96 (0.96)
Range (—4.9) (5.0-5.9) (6.0-6.9) (7.0-7.9) (8.0-)
Age, years 65.1 (11.1) 65.1 (10.9) 64.8 (11.3) 65.3 (11.4) 65.4 (10.7) 66.1 (12.3) 0.218
Female, % 38.2 52.6 339 24.6 18.0 24.44 <0.001
Duration of diabetes mellitus, 13.6 (9.9) 14.0 (10.0) 13.1 (9.6) 13.3 (9.9) 13.4 (10.2) 14.4 (10.4) 0.382
years
BMI, kg/m? 24.6 (3.9) 23.9 (3.8) 24.8 (3.9) 25.3 (4.0) 25.4 (3.8) 25.3 (4.0) <0.001
Systolic blood pressure, 138.4 (19.0) 137.1 (18.7) 138.7 (18.4)  138.8 (18.8) 141.0 (19.1) 142.6 (25.0) <0.001
mmHg
Diastolic blood pressure, 72.7 (12.2) 72.0 (11.7) 73.7 (12.4) 72.5 (11.7) 73.0 (13.5) 72.9 (15.0) 0.304
mmHg
HDL, mg/dl 58.2 (16.1) 61.7 (16.1) 58.0 (16.0) 54.8 (15.6) 53.7 (14.5) 50.7 (14.3) <0.001
LDL, mg/dl 112.5 (30.2) 113.1 (29.6) 112.8 (30.1)  112.6 (30.9) 112.0 (30.5) 106.8 (32.7) 0.056
Triglyceride, mg/dl* 129 (89-186) 115 (81-163) 132 (90-186) 143 152 153 <0.001
(103-205) (105-225) (107-238)
Creatinine, mg/dl 0.92 (0.94) 0.72 (0.63) 0.86 (0.88) 0.97 (0.75) 1.29 (1.43) 1.87 (1.89) <0.001
eGFR, ml/min/1.73 m? 74.1 (24.9) 83.4 (23.4) 74.4 (20.7) 67.3 (22.1) 59.5 (23.4) 44.9 (27.0) <0.001
Urinary albumin—creatinine 29.6 24.8 26.6 46.1 47.8 113.0 <0.001
ratio, mg/gCr* (14.4-101.0) (14.1-59.6) (13.1-83.2) (15.5-170.2)  (16.6-206.5)  (29.7-747.7)
ALT, 1U/N 24.0 (17.5) 22.8 (16.9) 24.6 (17.7) 26.3 (20.0) 24.1 (15.6) 21.8 (13.3) 0.010
AST, 1U/1 26.7 (15.7) 25.7 (16.3) 26.2 (12.5) 28.9 (17.6) 28.0 (16.1) 26.6 (16.5) <0.001
Gamma GTP, IU/1 44.4 (67.9) 38.2 (60.1) 44.0 (55.7) 48.8 (75.1) 61.4 (108.0) 52.0 (61.6) <0.001
HbAlc
NGSP, % 7.50 (1.16) 7.70 (1.24) 7.48 (1.10) 7.32 (1.05) 7.28 (1.06) 7.10 (1.08) <0.001
IFCC, mmol/mol 56.6 (11.9) 58.6 (12.7) 56.3 (11.3) 54.7 (10.7) 54.3 (10.9) 52.5 (11.0) <0.001
Smoking, %
Never 427 53.0 40.3 3255 29.2 29.4 <0.001
Past 38.2 29.0 39.3 474 51.5 51.6 <0.001
Current 19.2 18.0 20.4 20.1 19.3 19.0 0.459
ACE inhibitor use, % 7.1 53 7 8.4 10.5 124 <0.001
ARB use, % 32.0 229 323 38.9 46.2 574 <0.001
Diuretic drug use, % 14.7 6.6 12.5 19.1 31.2 47.9 <0.001
Anti-hyperuricemic drug use, 6.3 22 6.2 8.5 13.8 20.7 <0.001
%
History of cardiovascular 23.8 20.2 23.1 28.4 30.5 27.8 <0.001

disease, %

Conversion factors for units: uric acid in mg/dl to pmol/l, x59.48; HDL in mg/dl to mmol/l, x0.02586; LDL in mg/dl to mmol/l, x0.02586;
triglyceride in mg/dl to mmol/l, x0.01129; creatinine in mg/dl to pmol/l, x88.4

Data are means + (SD) unless otherwise indicated

# Median and interquartile range

[>30 % reduction of eGFR over 2 years; incidence
ratio = 36.3/1000 person-years
Table 3]. The HRs for the association between SUA range
groups and rapid progression of CKD are shown in

95 %

CI 31.2-422),

Table 4. In all three models (the crude model, age- and sex-
adjusted model, and multivariable-adjusted model), we
observed a significant association between baseline SUA

range groups and the consequent risk of rapid progression
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Table 2 Factors associated with rapid progression of CKD in patients with type 2 diabetes mellitus and 2 years of follow-up

Variables Without rapid progression of CKD With rapid progression of CKD p value
(n = 3285) (n = 169)

Age, years 65.1 (11.2) 66.1 (11.0) 0.125
Female, % 38.6 29.6 0.019
Duration of diabetes mellitus 13.5 (9.8) 15.5 (11.1) 0.005
BMI, kg/m? 24.6 (3.9) 24.5 (3.9) 0.438
Systolic blood pressure, mmHg 138.3 (18.9) 142.0 (22.0) 0.016
Diastolic blood pressure, mmHg 72.8 (12.1) 69.7 (13.7) 0.003
Uric acid, mg/dl 5.32 (1.44) 6.15 (1.98) <0.001
HDL, mg/dl 58.4 (16.1) 55.5 (16.1) 0.012
LDL, mg/dl 112.7 (30.0) 109.8 (35.5) 0.116
Triglyceride, mg/dI* 129 (89-185) 136 (101-206) 0.057
Creatinine, mg/dl 0.88 (0.91) 1.44 (1.39) <0.001
eGFR, ml/min/1.73 m? 74.7 (23.8) 63.2 (38.9) <0.001
Urinary albumin-creatinine ratio, mg/ 28.5 (14.2-91.1) 156.4 (33.2-1347.3) <0.001

gCr*
ALT, TU/l 24.0 (17.3) 24.0 (20.7) 0.487
AST, 1U/ 26.5 (15.5) 29.0 (18.6) 0.024
Gamma GTP, 1U/1 43.7 (66.9) 58.0 (84.4) 0.004
HbAlc

NGSP, % 7.51 (1.15) 7.48 (1.44) 0.386

IFCC, mmol/mol 56.6 (11.7) 56.3 (14.7) 0.386
Smoking, %

Never 432 32.0 0.005

Past 37.7 47.3 0.039

Current 19.2 20.7 0.748
ACE inhibitor use, % 7.1 7.7 0.756
ARB use, % 31.2 48.5 <0.001
Diuretic drug use, % 13.9 28.4 <0.001
Anti-hyperuricemic drug use, % 59 14.8 <0.001
History of cardiovascular disease, % 23.6 26.6 0.367

Conversion factors for units: uric acid in mg/dl to pmol/l, x59.48; HDL in mg/dl to mmol/l, x0.02586; LDL in mg/dl to mmol/l, x0.02586;
triglyceride in mg/dl to mmol/l, x0.01129; creatinine in mg/dl to pmol/l, x88.4

Data are means + (SD) unless otherwise indicated

? Median and interquartile range

Table 3 Baseline serum uric acid concentration groups and subsequent risk of rapid progression of CKD

Serum uric acid groups

Number of subjects

Person-years

Number of outcomes

Incidence ratio (95 % CI)*

Group 1 1437
Group 2 910
Group 3 633
Group 4 305
Group 5 169

1940.0
1236.1
852.5
410.2
219.1

51
33
29
23
33

26.3 (20.0-34.6)
26.7 (19.0-37.6)
34.0 (23.7-49.0)
56.0 (37.3-84.4)

150.6 (107.1-211.8)

# Incidence rate of outcomes per 1000 person-years

of CKD. The HRs for rapid progression of CKD for the
first, third, fourth, and fifth range groups compared with the
second group of SUA range used as a reference were 1.03
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(95 % C10.74-1.43; p = 0.872), 1.32 (95 % CI10.82-2.11;
p = 0.253), 2.18 (95 % CI 1.10-4.31; p = 0.029), and
6.35 (95 % CI 4.17-9.68; p < 0.001), respectively, for the
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Table 4 Association between serum uric acid concentration and rapid progression of CKD

Number of p subjects Serum uric acid groups

Group 1 (n = 1437) Group 2 (n = 910) Group 3 (n = 633) Group 4 (n = 305) Group 5 (n = 169)

Uric acid levels, mg/dl
Mean + (SD) 4.02 (0.68)
Range <49
Hazard ratio for development (95 % CI)
1.03 (0.74-1.43) Ref.
1.08 (0.77-1.52) Ref.
1.19 (0.81-1.75) Ref.

5.43 (0.28)
5.0-5.9

6.40 (0.29)
6.0-6.9

7.35 (0.27)
7.0-7.9

8.96 (0.96)
8.0 =<

1.32 (0.82-2.11)
1.29 (0.81-2.05)
1.02 (0.56-1.89)

2.18 (1.10-4.31)
2.10 (1.08-4.10)
1.18 (0.60-2.32)

6.35 (4.17-9.68)
6.22 (4.09-9.46)
3.04 (1.42-6.48)

Crude model
Age- and sex-adjusted model
Multivariate-adjusted model®

* Adjusted for age, sex, body mass index, smoking, duration of diabetes mellitus, systolic blood pressure, diastolic blood pressure, high-density
lipoprotein, low-density lipoprotein, triglyceride, serum creatinine, estimated glomerular filtration rate, urinary albumin-creatinine ratio,
angiotensin-converting enzyme inhibitor use, anti-hyperuricemia drug use, angiotensin II receptor blocker use, diuretic drug use, HbAlc levels,
history of cardiovascular disease, and alcohol drinking

Table 5 Association between serum uric acid concentration and rapid progression of CKD (patients with eGFR >60)

Number of subjects Serum uric acid groups

Group 1 (n = 1276) Group 2 (n = 722) Group 3 (n = 413) Group 4 (n = 148) Group 5 (n = 50)

Uric acid levels, mg/dl

Mean =+ (SD) 3.99 (0.69) 5.42 (0.28) 6.40 (0.28) 7.32 (0.24) 8.61 (0.64)
Range <49 5.0-5.9 6.0-6.9 7.0-7.9 8.0 =<

Hazard ratio for development (95 % CI)
Crude model 1.15 (0.71-1.87) Ref. 1.24 (0.58-2.64) 1.48 (0.34-6.54) 4.95 (1.79-13.69)
Age- and sex-adjusted model  1.19 (0.70-2.04) Ref. 1.23 (0.60-2.51) 1.46 (0.35-6.18) 5.08 (1.88-13.75)
Multivariate-adjusted model*  0.69 (0.43-1.12) Ref. 1.12 (0.52-2.42) 1.29 (0.26-6.31) 3.98 (1.02-15.51)

? Adjusted for age, sex, body-mass index, smoking, duration of diabetes mellitus, systolic blood pressure, diastolic blood pressure, high-density
lipoprotein, low-density lipoprotein, triglyceride, serum creatinine, estimated glomerular filtration rate, urinary albumin—creatinine ratio,
angiotensin-converting enzyme inhibitor use, anti-hyperuricemia drug use, angiotensin II receptor blocker use, diuretic drug use, HbAlc levels,

history of cardiovascular disease, and alcohol drinking

crude model. Adjusting for age did not influence the
results. Adjusting for the multivariable attenuated the
association; the multivariable adjusted HRs were 1.19
(95 % CI10.81-1.75; p = 0.371), 1.02 (95 % CI 0.56-1.89;
p = 0.937), 1.18 (95 % CI 0.60-2.32; p = 0.625), and
3.04 (95 % CI 1.42-6.48; p = 0.004), respectively, for the
first, third, fourth, and fifth range groups compared with the
second group of SUA range used as a reference. Further-
more, a similar association between SUA range groups and
rapid progression of CKD was also shown in the stratified
analysis for the type 2 diabetic patients without CKD
(defined as an eGFR >60 ml/min/1.73 m2) and patients
without anti-hyperuricemic drug use (Tables 5, 6).

Discussion
In our prospective 2-year observational study of a large-scale

cohort of patients with type 2 diabetes, we demonstrated that
a high SUA level was an independent, specific, and

significant predictor of rapid progression of CKD in patients
with diabetes. This association was true for men and women
regardless of the patient’s eGFR levels or renal function.
Although previous studies suggest that the SUA con-
centration may be associated with diabetic nephropathy or
subclinical atherosclerosis in patients with T2DM [27, 28],
the role of UA in patients with type 2 diabetes is still not
well studied, particularly in association with declining
renal function. Our results were consistent with previous
findings. A cohort study that included 1449 type 2 diabetes
patients with normal kidney function showed that hyper-
uricemia seemed to be an independent risk factor for the
development of incident CKD [14]; however, this study did
not reveal whether UA was associated with a rapid decline
of renal function. Another retrospective cohort study
including 290 patients with type 2 diabetes showed that
elevated SUA levels within the normal range at the onset of
overt nephropathy resulted in an increased risk of declining
renal function in type 2 diabetes patients [15]. The study
was a retrospective, observational, small-scale cohort study
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Table 6 Association between serum uric acid concentration and rapid progression of CKD (patients without anti-hyperuricemia drug use)

Number of subjects Serum uric acid groups

Group 1 (n = 1406) Group 2 (n = 854) Group 3 (n = 579) Group 4 (n = 263) Group 5 (n = 134)

Uric acid levels, mg/dl
Mean + (SD) 4.01 (0.68)
Range <49
Hazard ratio for development (95 % CI)
1.01 (0.67-1.51) Ref.
1.05 (0.69-1.61) Ref.
1.10 (0.67-1.77) Ref.

5.42 (0.28)
5.0-5.9

6.40 (0.29)
6.0-6.9

7.35 (0.27)
7.0-7.9

8.90 (0.96)
8.0 =<

1.34 (0.83-2.18)
1.31 (0.82-2.10)
1.03 (0.62-1.72)

1.86 (0.74-4.66)
1.80 (0.74-4.41)
1.11 (0.49-2.55)

5.99 (3.75-9.55)
5.81 (3.65-9.25)
2.71 (1.28-5.71)

Crude model
Age- and sex-adjusted model
Multivariate-adjusted model®

% Adjusted for age, sex, body-mass index, smoking, duration of diabetes mellitus, systolic blood pressure, diastolic blood pressure, high-density
lipoprotein, low-density lipoprotein, triglyceride, serum creatinine, estimated glomerular filtration rate, urinary albumin—creatinine ratio,
angiotensin-converting enzyme inhibitor use, angiotensin II receptor blocker use, diuretic drug use, HbAlc levels, history of cardiovascular

disease, and alcohol drinking

conducted at a single diabetes center, and all patients
included in this study had already developed diabetic
nephropathy at the baseline. A longitudinal study of 13,964
subjects with normal renal function (eGFR >60 ml/min/
1.73 m?) and normoalbuminuria showed that a high SUA
level was associated with the risk of CKD in Caucasian
patients with type 2 diabetes from the database of the
Italian Association of Clinical Diabetologists network [16].
This study was a longitudinal large-scale, multiple-center
study, but its outcome was onset of CKD, not progression
of CKD or rapid decline of GFR. The study showed the
incidence of eGFR <60 ml/min/1.73 m? increased in par-
allel with uric acid quintiles compared with the lowest
quintile. In a different way, we showed the prospective
association between UA and rapid decline of renal func-
tion: a >30 % reduction in eGFR over 2 years, with the
second SUA range group as a reference category using
relatively large-scale of data in Asian patients with type 2
diabetes. As shown in Tables 5 and 6, to the best of our
knowledge, this is the first study that has shown that SUA
was associated with the subsequent rapid decline of renal
function in patients with preserved renal function. In
addition, higher SUA levels were also associated with a
rapid eGFR decline in the stratified analysis for patients
without anti-hyperuricemia drug use (Tables 5, 6). There-
fore, this association of SUA levels and rapid eGFR decline
was independent of an anti-hyperuricemia drug effect.

SUA and eGFR levels may be related to the state of
dehydration. The groups with higher SUA levels had
higher percentages of diuretic drug use (Table 1). Table 2
shows a significant difference between patients with and
without a rapid decline of eGFR in the percentage of
diuretic drug use. However, the association between SUA
and rapid decline of eGFR should not be related to diuretic
drug use and dehydration since the multivariate-adjusted
model in the Cox proportional hazards analysis also
adjusted for diuretic drug use.

@ Springer

Since 1993, the Food and Drug Administration has
accepted doubling of the serum creatinine value as a sur-
rogate endpoint for CKD progression in clinical trials [29].
Therefore, in clinical trials, adopting a lesser eGFR decline
as an alternative endpoint for CKD progression may result
in shorter follow-up duration, lower costs, and increased
efficiency. Our study found a prospective association
between hyperuricemia and progression of diabetic CKD in
patients with type 2 diabetes. Several possible mechanisms
have been postulated. UA is the final product of purine
metabolism and is formed from xanthine by the action of
xanthine oxidase. Hyperuricemia by itself may be respon-
sible for such complications through stimulation of the
renin—angiotensin system and inhibition of endothelial
nitric oxide [30, 31]. A correlation between elevated SUA
levels and endothelial dysfunction or renin activity in
humans has also been reported [32, 33]. A recent cohort
study of 277 patients followed from onset of type 1 dia-
betes indicated that the UA level, soon after the onset of
type 1 diabetes, had a causal role in the risk of later
development of diabetic nephropathy [34].

Hyperuricemia is usually defined as an SUA Ilevel
of >7.0 mg/dl (416 pmol/l) [35]. Our results showed that
only 13.8 and 20.7 % of patients with hyperuricemia, that is,
SUA levels >7.0 mg/dl, in the fourth and fifth SUA range
groups, respectively, received medication for antihyper-
uricemia (Table 1). Some researches show that only a
minority of patients with gout receive adequate treatment
[36, 37], and in the Japanese guidelines for the management
of hyperuricemia and gout, a careful approach is taken for the
medical treatment of asymptomatic hyperuricemia [38].
This fact may suggest that the treatment of hyperuricemia
without symptoms is not sufficiently provided. Several
studies in the past few years have evaluated the effect of
urate-lowering therapy on renal function. A randomized
controlled trial conducted on 113 patients with eGFR val-
ues <60 ml/min/1.73 m*'  showed that allopurinol
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decreased the SUA level and had a renoprotective effect.
After 24 months in the control group, the eGFR had
decreased from 39.5 to 35.9 ml/min/1.73 m?, but increased
from 40.8 to 42.2 ml/min/1.73 m? in the allopurinol group
[39]. The post hoc analysis of the reduction of endpoints in
non-insulin-dependent diabetes mellitus with the angio-
tensin II antagonist losartan trial showed that losartan low-
ered SUA levels compared with placebo treatment in patients
with type 2 diabetes and nephropathy, which could con-
tribute to its renoprotective effect [40]. Liu et al. showed that
the long-term effective control of SUA levels with allop-
urinol treatment could decrease urinary albumin excretion
and serum creatinine and increase the GFR in 176 patients
with T2DM and asymptomatic hyperuricemia [41]. A large-
scale prospective intervention study is warranted to assess
whether active drug intervention for hyperuricemia patients
with diabetes leads to protection of renal function.

In our study, we observed a negative correlation
between HbAlc and SUA levels (Table 1). Recent study
indicated the relationship between SUA and glucosuria
[42]. This study demonstrated that the SUA-lowering can
account for the increase in the urinary excretion rate of UA
by alteration of UA transport activity in the renal tubules
by increased glycosuria. This mechanism may explain the
negative correlation between HbAlc and SUA levels
observed in our study.

Some limitations were observed in our study. Because
this was an epidemiological study, residual confounders
may have existed in the association with progression of
CKD, and hyperuricemia might have acted as a bystander
or biomarker. In addition, data were derived from the
registry of a single diabetes center in Japan, thereby raising
concerns regarding generalizations derived from the
results, particularly for multiethnic populations.

In conclusion, hyperuricemia in type 2 diabetes was
associated with an increased risk for rapid decline in eGFR,
which in turn is associated with rapid progression of CKD.
High SUA levels may be useful for predicting the future
risk of progression of diabetic CKD. Further study is
required to test whether lowering the SUA may represent
an important therapeutic target for mitigating renal failure
risk in patients with type 2 diabetes.
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