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Aims: Serum uric acid (UA) increases in patients with kidney disease due to the impaired UA clearance. The
present study sought to evaluate the association between UA/creatinine ratio (UA/Cr) and renal disease progres-
sion in patients with type 2 diabetes mellitus (T2DM) in Chinese communities.
Methods: In the present retrospective longitudinal study, 3432 Chinese T2DMpatients recruited from11 commu-
nity healthcare centers inNanjing, Chinawere included. Renal disease progressionwas defined as the occurrence
of estimated glomerular filtration rate (eGFR) b15 mL/min/1.73 m2 or doubling of baseline serum creatinine
level. Cox regression analysis was used to estimate the association between UA/Cr and renal disease progression.
Results: During a median follow-up of 30 months, 58 (1.70%) patients experienced progression of renal disease,
whichwasmore common among thosewith older ages, longer diabetes duration, and higher baseline eGFR.Mul-
tivariate analysis revealed that UA/Cr was an independent risk factor for renal disease progress (hazard ratio
1.364 [95% CI 1.131–1.646], P = 0.001) independently of age, sex, and other potential confounders.

Conclusions: UA/Cr might be a novel predictor of chronic kidney disease progression in T2DM patients.

© 2018 Published by Elsevier Inc.
1. Introduction

The number of patients with chronic kidney disease (CKD) has in-
creased dramatically in the past decades, whereas diabetes is the leading
cause of CKD and end-stage renal disease (ESRD) worldwide.1–4 Uric
acid (UA) was thought as an indicator of renal function initially. However,
in recent years, UAwas demonstrated as a contributor of chronic renal in-
sufficiency both in patients with or without diabetes.5–7 The risk of renal
function decline indicated by estimated glomerular filtration rate (eGFR)
is correlated with UA levels in Type 1 diabetes mellitus (T1DM),8,9 and
both hyperuricemia and high-normal serum UA are independent risk fac-
tors of renal disease progression in type 2 diabetes mellitus (T2DM).10,11

Serum UA has a close relationship with metabolic disorders includ-
ing diabetes. Elevated serum UA predicts the onset of T2DM and has
been linked to both micro- and macro-vascular complications of
diabetes.12–14 Therefore, serum UA was even suggested to be a bio-
marker of renal and cardiovascular risk in diabetes and a potential addi-
tional therapeutic target.15 However, it is well known that UA, which is
the final product of purine metabolism, is mainly eliminated by kidney,
vant to this articlewere reported.
, The First Affiliated Hospital of
300 Guangzhou Road, Nanjing
which is responsible for the elimination of N70% of UA production
daily.16 Thus, the serum level of UA will be affected by renal function
and increase in patients with kidney disease due to the impaired UA
clearance.17 Indeed, question still waits for a definitive answer whether
UA is a cause of CKD or an association to it.18

Given that the incidence of diabetic kidney disease (DKD) or CKD
was high, occurring in 20–40% of patients with diabetes,19 it is reason-
able to consider the impact of kidney functions on UA level in UA-
related researches, especially in diabetes population. A previous report
demonstrated that a renal function-normalized UA, UA to creatinine
ratio (UA/Cr), was a better predictor of incident CKD than UA alone in
patients with T2DM.20 However, despite the possible superiority of
UA/Cr which can potentially provide new information for the under-
standing of the association between UA and renal disease progression,
clinical data of this index are limited. Thus, the present study sought
to evaluate the association between UA/Cr and renal disease progres-
sion in patients with T2DM in Chinese communities.
2. Material and methods

2.1. Patients

For this observational longitudinal study, data from a Diabetes Com-
munity Management Program (“5 + 1” Program) with 5 diabetes
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management targets (HbA1c b7%; blood pressure b 140/80mmHg; low
density lipoprotein b2.6mmol/L; stop tobacco, and use of aspirin) and 1
annual screening of diabetes and its complications,21 were analyzed. A
database was established using a Web site-based registry system
(www.chinasdtm.com).22 All patients received instructions of lifestyle
modification including diet and exercise, oral antidiabetics, and/or insu-
lin. The program was approved by the Institutional Review Board of
Jiangsu Province Institute of Geriatrics. Informed consent was obtained
from each patient.

5256 outpatients diagnosed with diabetes according to the 1999
WHO criteria23 were recruited and followed up from 11 community
healthcare centers in Nanjing, China from May 2011 to March 2017.
We excluded those patients who had T1DM, proteinuria, myocardial in-
farction, paralysis, Coronary Artery Bypass Grafting (CABG), severe
chronic obstructive pulmonary disease (COPD), cancer, and eGFR
b60 mL/min/1.73 m2 at baseline, and patients receiving uric-acid low-
ering drugs or missing key data during the follow up. Finally, 3432 pa-
tients were included for the analysis.

2.2. Clinical and laboratory data

Clinical data of all samples including personal information, the his-
tory of disease, medications, and physical examinations such as body
weight, height, and blood pressure (BP) were collected by community
physicians. BP was measured with a standard mercury manometer
after at least 5 min of rest. Bodymass index (BMI) was calculated by di-
vidingweight (kg) by the square of height (m). All of the laboratory data
were also collected by the community physicians including fasting lipid
profiles, UA, serum creatinine, glycated haemoglobin (HbA1c), fasting
plasma glucose (FPG), total cholesterol (TC), triglycerides (TG), high-
density lipoprotein cholesterol (HDL-C), and low-density lipoprotein
cholesterol (LDL-C).

eGFR was calculated using the CKD-Epidemiology Collaboration
(CKD-EPI) creatinine equation.24 Renal function-normalized UA was
calculated as serum UA/serum creatinine. Renal disease progression
was defined as the occurrence of eGFR b15 mL/min/1.73m2 or doubling
of baseline serum creatinine level.

2.3. Statistical analysis

Statistical analysis was performed using the SPSS software (20.0;
SPSS, Chicago, IL, USA). All data are expressed as mean ± standard
deviation (SD), median (interquartile range) or percentage, where
appropriate. Comparisons between two groups were made using
Table 1
Baseline characteristics of patients with diabetes according to renal disease progression.

Without renal disease progression

n 3374
Gender (male, %) 1731 (51.3)
Age (years) 66.6 ± 9.4
Diabetes duration (years) 10.0 ± 6.6
BMI (kg/m2) 25.3 ± 3.1
SBP (mm Hg) 129.1 ± 14.4
HB (g/L) 139.0 ± 15.0
FBG (mmol/L) 7.08 ± 2.24
HbA1c (%) 6.87 ± 1.71
Total cholesterol (mmol/L) 4.35 ± 1.09
Triglyceride (mmol/L) 1.24 ± 1.45
HDL cholesterol (mmol/L) 0.87 ± 0.52
LDL cholesterol (mmol/L) 2.24 ± 0.94
UA (mmol/L) 285.8 ± 85.5
Serum creatinine (μmol/L) 71.99 ± 14.65
eGFR (mL/min/1.73 m2) 84.87 ± 12.91
SUA/Scr 4.09 ± 1.35

BMI: body mass index; SBP: systolic blood pressure; FBG: fasting blood glucose; HDL: high-den
filtration rate; SD: standard deviation.
Data are expressed as mean ± SD.
Student's t-tests or Chi-square tests. For data not normally distributed,
non-parametric Mann–Whitney U test was adopted for the analysis.
Kolmogorov-Smirnov test was used to evaluate the normality of vari-
ables. Cox hazards regression analysis was performed to test the associ-
ation of UA/Cr and renal disease progression. All the variables included
in themultivariate Cox regressionmodels were described in the section
of Results. All statistical tests were two-sided and a P value of b0.05 was
considered statistically significant.

3. Results

A total of 3432 patients [1760 (51.3%) males] were included in the
analysis. Their average age was 66.70 ± 9.40 years. During a median
follow-up of 30 months, 58 (1.70%) patients experienced progression
of renal disease. During the follow-up, 32 patients died. We used the
last available data in the clinic visits for their renal function assessment.

Table 1 summarizes the baseline characteristics of patients grouped
by whether they met the definition of renal disease progression de-
scribed above. Comparedwith those patients without renal disease pro-
gression, patients with renal disease progression had an older age, a
longer diabetes duration, lower LDL-C cholesterol, and, unexpectedly,
lower serum creatinine (P b 0.001). The renal function-normalized
uric acid (UA/Cr) was significant higher in patients with renal disease
progression than those without this situation (P b 0.001).

Consistently, when the patients were divided into four groups ac-
cording to the UA/Cr quartile, 2.7% of the patients in the group of the
highest Q4 (UA/Cr N 4.90) presented renal disease progression, higher
than that of the lowest Q1 group (UA/Cr b 3.12, 1.5%, P=0.064). The as-
sociation between UA/Cr with renal disease progression was further
tested by multivariate Cox regression analysis. As shown in Table 2,
UA/Cr, but not UA, was a predictor of renal disease progression (HR
1.294 [95% CI 1.102–1.519], P = 0.002). In the multiple adjusted
model, UA/Cr was still an independent predictor of renal disease pro-
gression after adjusted for age, gender, BMI, systolic blood pressure
(SBP), FBG, TC, TG, HDL-C, and LDL-C (Table 3).

4. Discussion

The present longitudinal study found that renal function-normalized
UA, i.e. UA to serum creatinine ratio, was associated with renal disease
progression in a cohort of T2DM patients in Chinese communities.

UA is demonstrated as an indicator for kidney disease progression,
but not in all studies.25,26 UA is the end product of purine nucleotide
metabolism, and 2/3 of serum UA is excreted through kidney, which is
With renal disease progression P-value

58
29 (50.0) 0.844
70.9 ± 9.3 0.001
12.1 ± 6.6 0.017
25.5 ± 3.4 0.726
131.3 ± 13.9 0.229
132.7 ± 22.0 0.116
7.04 ± 2.59 0.891
7.23 ± 1.72 0.187
4.07 ± 0.96 0.057
1.07 ± 0.88 0.378
0.82 ± 0.43 0.448
1.80 ± 0.77 0.001
263.5 ± 82.3 0.048
59.21 ± 15.55 b0.001
91.87 ± 12.86 b0.001
4.76 ± 1.98 b0.001

sity lipoprotein; LDL: low-density lipoprotein; UA: uric acid; eGFR: estimated glomerular

http://www.chinasdtm.com


Table 2
Multivariate Cox regression for renal disease progression by baseline characteristics.

Wald SEM HR (95% CI) P-value

Age (years) 5.279 0.015 1.035 (1.005–1.066) 0.022
Total cholesterol (mmol/L) 4.826 0.132 0.749 (0.578–0.969) 0.028
LDL cholesterol (mmol/L) 16.192 0.163 0.519 (0.377–0.714) b0.001
Serum creatinine (Scr, μmol/L) 35.579 0.012 0.933 (0.912–0.955) b0.001
UA (μmol/L) 4.737 0.002 0.996 (0.993–1.000) 0.030
UA/Cr 9.885 0.082 1.294 (1.102–1.519) 0.002
eGFR (mL/min/1.73 m2) 17.843 0.045 1.046 (1.024–1.068) b0.001

UA: serumuric acid; HR: hazard ratio; CI: confidence interval; Cr: serum creatinine; eGFR:
estimated glomerular filtration rate.
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a complex process involving kidney glomerular filtration, proximal
renal tubules absorption, proximal renal tubules (distal part) secretion
and absorption.27 Decreased GFR and enhanced absorption function
will lead to varying degrees of UA up-regulation. In addition, since base-
line kidney function itself is a known risk factor of renal disease
progression,28 it is obvious that the association between UA and renal
disease progression will be influenced by renal function. If UA is a real
risk factor for renal disease progression, the renal-function normalized
UA, which might represent the net production of UA, may be better
thanUAalone as an indicator. Actually, in the present studywe revealed
that UA/Cr was positively associated with CKD progression defined as
an eGFR b15 mL/min/1.73 m2 or doubling of baseline serum Cr level.
In another study, UA/Cr was also proved to be better than UA as a pre-
dictor of incident CKD, which was defined as the occurrence of an
eGFR b60 mL/min/1.73m2 in patients with T2DM.20

Recently, increasing evidence demonstrated the utilities of UA/Cr in
diabetic populations. Al-Daghri NM et al.29 showed that UA/Cr has
strongly associated with the metabolic syndrome and its components
in T2DM patients, supporting our hypothesis that UA/Cr may reflect
the endogenic UA levels more precisely and have a closer relationship
with metabolic disorders. In addition, UA/Cr was recently shown to sig-
nificantly correlate with β-cell function in T2DM patients indepen-
dently of potential confounders including sex, BMI and renal
function.30 Our data provided newevidence regarding the clinical utility
of the renal-function normalized UA. Many studies suggested the asso-
ciation between elevated serum UA level and cardiovascular disease
(CVD) risk,31–33 and elevated UA levels are strongly and independently
associated with cardiovascular and all-cause mortality in people with
suspected or definite CVD.18,34 It will be interesting to evaluate the clin-
ical utility of UA/Cr in CVD populations in the future.

It was found that patients with renal disease progression had higher
eGFRs at baseline in the present study. When these patients were fur-
ther divided into two groups based on the occurrence of eGFR
b15 mL/min/1.73m2 or doubling of baseline serum creatinine level, pa-
tients with the occurrence of eGFR b15 mL/min/1.73m2 had higher, but
patients with doubled serum creatinine had much lower creatinines
than thosewithout renal disease progression (data not shown), indicat-
ing it might be explained by that doubling of baseline creatinine is more
likely to occur with lower creatinine.
Table 3
Hazard ratio of baseline UA/Cr for renal disease progression.

Wald SEM HR (95% CI) P-value

Crude 9.885 0.082 1.294 (1.102–1.519) 0.002
Multiple adjusteda 8.913 0.085 1.288 (1.091–1.521) 0.003
Multiple adjustedb 8.214 0.090 1.293 (1.085–1.541) 0.004
Multiple adjustedc 10.509 0.096 1.364 (1.131–1.646) 0.001

UA: serumuric acid; HR: hazard ratio; CI: confidence interval; Cr: serum creatinine; eGFR:
estimated glomerular filtration rate; BMI: body mass index; SBP: systolic blood pressure;
LDL-C: low-density lipoprotein cholesterol.

a Adjusted for age and gender.
b Adjusted for age, gender and BMI.
c Adjusted for age, gender, BMI, SBP, FBG, TC, TG, HDL-C and LDL-C.
It should bementioned that therewere some limitations in the pres-
ent study. First of all, we have N5000 patients in the database, but only
3432patients are included in the analysis. In China, due to the limitation
of health care resources, the management of patients with chronic dis-
eases is relatively inadequate, especially in community health services,
resulting in poor disease control and follow-up. Secondly, because of
lack of the medication information in the database, we could not ex-
clude the influence of medications on the progress of renal function, es-
pecially the usage of angiotensin converting enzyme inhibitor (ACEI)/
angiotensin II receptor blocker (ARB) in the present study. Third, as
the patients were recruited from 11 different community healthcare
centers in Nanjing, the data came from different laboratories, which
may induce some biases. At last, our research only represents the
management of diabetes mellitus in Nanjing communities. We plan to
cooperate with other medical centers and communities to further
validate our findings.

In conclusion, in thepresent studywe found that the kidney function
normalization of uric acid, such as UA/Cr is associated with progression
of chronic renal disease in diabetic patients. Further studies are needed
to clarify this issue.
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