
ORIGINAL ARTICLE

Serum uric acid levels and long-term outcomes in chronic kidney
disease

Tokiko Miyaoka • Toshio Mochizuki •

Takashi Takei • Ken Tsuchiya • Kosaku Nitta

Received: 18 April 2013 / Accepted: 25 July 2013 / Published online: 9 August 2013

� Springer Japan 2013

Abstract Hyperuricemia is common in chronic kidney

disease (CKD), but data regarding the relationship between

serum uric acid levels and the long-term outcomes of CKD

patients have been limited. The present study evaluated the

associations between baseline serum uric acid levels with

mortality and end-stage renal disease (ESRD). The subjects

of this study were 551 stage 2–4 CKD patients. Cox pro-

portional hazards models were used to evaluate the rela-

tionship between serum uric acid tertiles and all-cause

mortality, cardiovascular disease (CVD) mortality, 50 %

reduction in estimated glomerular filtration rate (eGFR),

and development of ESRD, initially without adjustment,

and then after adjusting for several groups of covariates.

The mean age of the study subjects was 58.5 years, 59.3 %

were men, and 10.0 % had diabetes. The mean eGFR was

42.02 ± 18.52 ml/min/1.73 m2. In all subjects, the mean

serum uric acid level was 6.57 ± 1.35 mg/dl, and 52.2 %

of study subjects were on hypouricemic therapy (allopuri-

nol; 48.3 %) at baseline. Thirty-one patients (6.1 %) died

during a follow-up period of approximately 6 years. There

was no significant association between serum uric acid

level and all-cause mortality, CVD mortality, development

of ESRD and 50 % reduction in eGFR in the unadjusted

Cox models. In the adjusted models, hyperuricemia was

found to be associated with all-cause mortality and CVD

mortality after adjustment with CVD risk factors, kidney

disease factors, and allopurinol, but not associated with

development of ESRD and 50 % reduction in eGFR. The

results of this study showed that hyperuricemia but not

serum uric acid levels were associated with all-cause

mortality, CVD mortality after adjustments with CVD risk

factors, kidney disease factors, and allopurinol in stage 2–4

CKD patients.

Keywords Hyperuricemia � Predictor � All-cause

mortality � Cardiovascular mortality � End-stage renal

disease � Allopurinol

Introduction

Hyperuricemia is common in chronic kidney disease

(CKD), and it is thought to develop secondary to a decrease

in glomerular filtration rate (GFR) or hyperinsulinemia in

the metabolic syndrome [1]. It is generally accepted that

hyperuricemia is prevalent in patients who have several

risk factors for cardiovascular disease (CVD) [2], and

elevated serum uric acid levels have been found to predict

the development of CVD and CKD in the general popu-

lation [3, 4]. Moreover, hyperuricemia is an adverse

prognostic factor and is associated with increased mortality

[5]. However, neither the Framingham Heart Study [6] nor

the Atherosclerosis Risk in Communities (ARIC) Study [7]

found any such associations, and a recent analysis of the

ARIC database demonstrated that although higher serum

uric acid concentrations were associated with increased

mortality in the non-CKD population even after adjustment

for metabolic syndrome, the presence of CKD weakened

the association [5]. The inconsistency of the data was

confirmed by a recently published study of a large histor-

ical cohort of a national insurance provider that docu-

mented a stronger association between serum uric acid

concentrations and cardiovascular morbidity in patients
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with severely decreased GFR [8]. Thus, the question of

whether uric acid has a pathogenic role in the onset and

progression of CKD and CVD remains unanswered.

Several observational studies have investigated whether

an elevated serum uric acid level is an independent risk

factor for the development and progression of CKD, but the

results were inconclusive and conflicting [9]. A previous

study reported that 20–60 % of subjects with gout and

hyperuricemia developed renal impairment that was

accompanied by histological lesions of glomerulosclerosis,

interstitial fibrosis, and arteriosclerosis, and often by focal

deposition of urate crystals in the outer medulla [10].

Elevated serum uric acid levels have been reported to

predict the development of renal insufficiency in individ-

uals with normal renal function [11]. Interestingly, the

serum uric acid level at the time of a renal biopsy in IgA

nephropathy patients is an independent predictor of renal

disease progression, although a causal relationship cannot

be established by such studies [12, 13].

A Japanese study of 6,403 individuals with normal

renal function assessed the significance of hyperuricemia

in relation to the early detection of renal dysfunction and

found that the baseline serum uric acid levels were sig-

nificantly correlated to the degree of the increases in

serum creatinine (Cr) levels over a 2-year follow-up per-

iod [14]. More specifically, after adjusting for various

confounding factors, serum uric acid levels [8.0 mg/dl

were found to be associated with greater risk (2.9 times

greater in men and 10.4 times greater in women) of

developing an increase in serum Cr level. In a subsequent

study, the same research group investigated the signifi-

cance of hyperuricemia as a risk factor for end-stage renal

disease (ESRD) in 48,177 people over 20 years of age in

the general population [15]. The results showed that

hyperuricemia was an independent predictor of develop-

ment of ESRD in women over a 7-year follow-up period,

while in men the difference was not statistically signifi-

cant. However, information on the treatment regimens in

these cohort studies was not available. The aim of the

present study was to evaluate the relationship between

baseline serum uric acid levels and mortality and devel-

opment of ESRD in a screened cohort of Japanese CKD

patients.

Patients and methods

Subjects

This is a retrospective cohort study in CKD patients. The

study cohort has been described in detail previously [16].

The 1,115 participants were entered into this study during

the period between September 2005 and October 2006. The

entry criteria included being a CKD patient whose age was

between 20 and 80 years old and giving written informed

consent to enter this study. The exclusion criteria were:

type 1 diabetes mellitus, insulin-dependent type 2 diabetes,

glomerulonephritis secondary to an autoimmune disease,

obstructive uropathy, renal artery stenosis, proteinuria

greater than 3.5 g/day, systolic blood pressure (BP) greater

than 180 mmHg, and prior kidney transplantation. Since 82

patients were lost to follow-up in less than 6 months, 286

patients had more than 20 % missing data, and 236 patients

had stage 1 or stage 5 CKD, the final study population

consisted of 511 stage 2–4 CKD patients. The causes of the

CKD were chronic glomerulonephritis in 203 patients

(39.7 %), nephrosclerosis in 283 patients (55.4 %), diabetic

nephropathy in 19 patients (3.7 %), and polycystic kidney

disease in six patients (1.2 %). Estimated GFR (eGFR) was

estimated by using the modified MDRD equation for Jap-

anese patients as previously described, and the subjects

were stratified according to the stage of their CKD [17].

Only stage 2–4 CKD patients were entered into the study.

Our study cohort did not include stage 5 CKD patients.

The Institutional Research Ethics Committee approved the

study protocol (No. 2184). This study was conducted in

compliance with the Declaration of Helsinki.

Measurements

The baseline variables included demographic features (age

and sex), medical history variables (smoking status, dia-

betes mellitus, hypertension, and CVD), body mass index

(BMI), systolic and diastolic BP, laboratory data, including

hemoglobin concentration and serum levels of Cr, uric

acid, albumin, total cholesterol, high-density lipoprotein

(HDL) cholesterol, low-density lipoprotein (LDL) choles-

terol, triglyceride, glucose, and C-reactive protein (CRP),

and urinary protein. Medical records were checked to

collect data on prescription of angiotensin-converting

enzyme inhibitors (ACEIs), angiotensin receptor blockers

(ARBs), hypouricemic agents (allopurinol), and diuretics

(furosemide and thiazide). Hypertension was recorded as

present when systolic BP was[140 mmHg and/or diastolic

BP [ 90 mmHg, or an antihypertensive agent had been

prescribed. Diabetes mellitus was recorded as present when

the fasting blood glucose level [126 mg/dl and/or HbA1c

level [6.5 % (JDS), or a glucose-lowering agent had been

prescribed. CVD was recorded as present when there was a

clinical diagnosis of heart failure, acute or chronic ische-

mic heart disease, cerebrovascular disease, or peripheral

artery disease. BMI was calculated based on the baseline

measurements and using the formula: weight in kilograms

divided by height in meters squared. The systolic and

diastolic BP and laboratory data of each subject measured

3 months before enrollment and measured immediately
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after enrollment of the CKD cohort were averaged and

analyzed as previously described [16].

Outcomes

We followed-up the subjects until January 2012 and assessed

four outcomes: all-cause mortality, CVD mortality, 50 %

reduction in eGFR, and development of ESRD, which was

defined as requirement for dialysis or transplantation. Sur-

vival status and causes of death through December 31, 2011,

were ascertained by a review of death certificates.

Statistical analysis

The distribution and normality of the variables of interest

were evaluated by using box plots and histograms. Sum-

mary statistics according to tertiles of baseline serum uric

acid levels are presented as percentages for categorical

data, as the mean ± standard deviation for approximately

normally distributed continuous variables, and as the

median (interquartile range) for skewed continuous vari-

ables. Differences between the uric acid tertiles were sta-

tistically tested for significance by using the Chi-square test

for categorical variables, ANOVA for approximately nor-

mally distributed continuous variables, and the Kruskal–

Wallis test for skewed continuous variables.

Cox proportional hazards models were used to evaluate

the relationships between uric acid tertiles and all-cause

mortality, CVD mortality, 50 % reduction in eGFR, and

development of ESRD, initially without adjustment, and

then after adjusting for several groups of covariates.

Covariates were selected for inclusion in the model if the

p value was \0.1 in the univariate analysis (Table 1).

Model 1 adjusted for randomization assignments to gender

and smoking status. Model 2 adjusted for CVD risk factors

including history of CVD, systolic BP, HDL cholesterol,

triglyceride, hemoglobin and CRP (log) in addition to the

variables in model 1. Model 3 adjusted for variables in

model 2 as well as for kidney disease factors, i.e., eGFR,

proteinuria (log), etiology of kidney disease and use of

diuretics and model 4 adjusted for model 3 covari-

ates ? allopurinol use.

Sensitivity analysis

Since allopurinol lowers the serum uric acid level, indi-

viduals treated with allopurinol may have been misclassi-

fied into the low uric acid group despite having previously

been exposed to high uric acid levels for extended periods.

The presence of hyperuricemia was recorded if they were

taking allopurinol or if their serum uric acid levels were

[7 mg/dl according to the guideline of the Japanese

Society of Gout and Nucleic Acid Metabolism [18]. We

repeated the analyses after classifying into two groups

according to whether they had hyperuricemia. Cox pro-

portional hazards models were used to evaluate the rela-

tionship between the presence of hyperuricemia and all-

cause mortality and CVD mortality, initially without

adjustment, and subsequently adjusting for the following

covariates selected on the basis of p \ 0.1 in univariate

analysis. Model 1 adjusted for gender and smoking status.

Model 2 adjusted for history of CVD, HDL cholesterol,

triglyceride, hemoglobin and CRP (log) in addition to the

variables in model 1. Model 3 adjusted for variables in

model 2 as well as for kidney disease factors, i.e., eGFR,

proteinuria (log), etiology of kidney disease, and allopuri-

nol use.

Results

Baseline characteristics according to serum

uric acid tertiles

The mean age of the study cohort was 58.5 years and

59.3 % of the subjects were men; 10.0 % of the subjects

had diabetes (Table 1). The mean eGFR of the entire

cohort was 42.02 ± 18.52 ml/min/1.73 m2. The mean uric

acid level at baseline was 6.57 ± 1.35 mg/dl, and 52.2 %

of the subjects were on hypouricemic therapy (allopurinol;

48.3 %, benzbromarone; 3.9 %). There was no significant

difference in age between the groups of subjects according

to tertile of their baseline serum uric acid level (Table 1).

The p value stands for comparison between all three tertiles

of serum uric acid. Subjects in the highest quartile of uric

acid were more likely to be male, a current smoker, to have

experienced a previous CVD, and have a lower eGFR,

heavier proteinuria, lower serum HDL cholesterol level,

and lower hemoglobin concentration, and higher serum

CRP level, and higher serum triglyceride level (Table 1).

The prevalence of allopurinol use was highest in the

highest uric acid tertile. As shown in Fig. 1, serum uric

acid levels at the time of entry were gradually increased

according to the progression of CKD stages (p \ 0.0001).

Uric acid and all-cause mortality and CVD mortality

Thirty-one patients (6.1 %) died during a median follow-up

period of approximately 6 years. The causes of death were

myocardial infarction in 11 patients, congestive heart

failure in eight patients, pneumonia in four patients, sepsis

in three patients, and unknown origin in five patients. The

crude all-cause mortality rates in uric acid tertile 1, tertile

2, and tertile 3 were 5.6, 5.1, and 7.5 %, respectively

(Fig. 2). There were no associations between the uric acid

tertiles and all-cause mortality in the unadjusted Cox
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model. This relationship was not significant after adjust-

ment for demographic factors and clinical parameters

(Table 2). Nineteen patients (3.7 %) died of CVD during a

median follow-up period of approximately 6 years. The

crude CVD mortality rates in uric acid tertile 1, tertile 2,

and tertile 3 were 3.1, 3.4, and 4.6 %, respectively (Fig. 2).

There were no associations between the uric acid tertiles

and CVD mortality in unadjusted Cox model. This rela-

tionship was not significant after adjustment for demo-

graphic factors and clinical parameters (Table 2). In an

attempt to clarify the correlation between uric acid and

long-term outcomes in CKD, we re-examined the data after

excluding the patients taking allopurinol. There were no
Fig. 1 Serum uric acid levels at the time of entry according to CKD

stages

Table 1 Baseline characteristics by uric acid tertiles

All Tertile 1 Tertile 2 Tertile 3 p value

(3.0–12.4) (3.0–5.8) (5.9–7.1) (7.2–12.4)

n = 511 n = 162 n = 175 n = 174

Uric acid (mg/dl) 6.57 ± 1.35 5.09 ± 0.62 6.48 ± 0.35 8.05 ± 0.81 \0.0001

Demographic factors

Age (years) 58.5 ± 11.7 58.8 ± 11.5 58.3 ± 11.9 58.4 ± 11.8 0.8993

Men (%) 303 (59.3 %) 72 (44.4 %) 124 (70.9 %) 107 (61.5 %) \0.0001

Current smoker 80 (15.7 %) 16 (9.9 %) 26 (14.9 %) 38 (21.8 %) 0.0101

Cardiovascular risk factors

Diabetes (%) 51 (10.0 %) 19 (11.7 %) 14 (8.0 %) 18 (10.3 %) 0.4981

History of CVD (%) 48 (9.4 %) 9 (5.6 %) 14 (8.0 %) 25 (14.4 %) 0.0196

Systolic BP (mmHg) 128.7 ± 14.1 126.7 ± 13.2 129.7 ± 14.3 129.6 ± 14.4 0.0899

Diastolic BP (mmHg) 77.0 ± 10.1 76.8 ± 9.1 77.7 ± 9.9 76.5 ± 11.0 0.5358

Body mass index (kg/m2) 22.6 ± 3.5 22.3 ± 3.2 22.8 ± 3.2 22.6 ± 4.1 0.3728

Total cholesterol (mg/dl) 199.4 ± 35.0 201.8 ± 34.8 195.2 ± 32.7 201.4 ± 37.3 0.1445

LDL cholesterol (mg/dl) 109.3 ± 25.2 108.9 ± 24.8 109.0 ± 23.6 109.9 ± 27.1 0.9192

HDL cholesterol (mg/dl) 52.7 ± 16.0 56.3 ± 17.6 52.9 ± 14.9 49.1 ± 14.6 0.0001

Triglyceride (mg/dl) 154.7 ± 81.6 138.8 ± 67.2 149.4 ± 79.3 174.9 ± 91.9 \0.0001

Hemoglobin (g/dl) 12.73 ± 1.98 12.93 ± 1.78 12.94 ± 1.91 12.33 ± 2.17 0.0044

C-reactive protein (mg/dl) 0.107 ± 0.127 0.093 ± 0.114 0.102 ± 0.110 0.126 ± 0.151 0.0019

Kidney disease factors

eGFR (ml/min/1.73 m2) 42.02 ± 18.52 47.82 ± 19.92 41.94 ± 17.05 36.69 ± 17.02 \0.0001

Albumin (g/dl) 4.08 ± 0.35 4.12 ± 0.30 4.08 ± 0.33 4.05 ± 0.40 0.2569

Proteinuria (g/day) 0.571 ± 1.067 0.510 ± 1.327 0.517 ± 0.833 0.681 ± 1.001 0.001

Etiology of kidney disease

CGN (%) 203 (39.7 %) 60 (37.0 %) 63 (36.0 %) 80 (46.0 %) 0.1168

Nephrosclerosis (%) 283 (55.4 %) 98 (60.5 %) 104 (59.4 %) 81 (46.6 %) 0.0154

Diabetic nephropathy (%) 19 (3.7 %) 2 (1.2 %) 6 (3.4 %) 11 (6.3 %) 0.0422

PKD (%) 6 (1.2 %) 2 (1.2 %) 2 (1.1 %) 2 (1.1 %) 1.0000

Medications

Allopurinol (%) 247 (48.3 %) 51 (31.5 %) 89 (50.9 %) 107 (61.5 %) \0.0001

Diuretics (%) 97 (19.0 %) 24 (14.8 %) 30 (17.1 %) 43 (24.7 %) 0.0584

ARB/ACEI (%) 348 (68.1 %) 111 (68.5 %) 116 (66.3 %) 121 (69.5 %) 0.8122

Statin (%) 168 (32.9 %) 50 (30.9 %) 60 (34.3 %) 58 (33.3 %) 0.8031

CVD cardiovascular disease, BP blood pressure, LDL low-density lipoprotein, HDL high-density lipoprotein, CGN chronic glomerulonephritis,

PKD polycystic kidney disease, ARB angiotensin receptor blocker, ACEI angiotensin-converting enzyme inhibitor
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significant correlations between serum uric acid levels and

all-cause mortality (p = 0.6938) and CVD mortality

(p = 0.8188) after adjustment for demographic factors and

clinical parameters.

Uric acid and ESRD and 50 % decline in eGFR

Ninety-nine subjects (19.4 %) developed ESRD during a

median follow-up period of approximately 6 years. The crude

Fig. 2 Crude clinical outcome

rates according to serum uric

acid tertiles

Table 2 Relationship between uric acid tertiles and all-cause mortality, cardiovascular disease (CVD) mortality, end-stage renal disease (ESRD)

and 50 % reduction in estimated glomerular filtration rate (eGFR)

Tertile 1 Tertile 2 Tertile 3

HR or OR HR or OR (95 %CI) p value HR or OR (95 %CI) p value

All-cause mortality

Unadjusted 1.000 (ref) 1.071 (0.413–2.777) 0.8876 1.585 (0.657–3.824) 0.3055

Model 1 1.000 (ref) 0.875 (0.312–2.451) 0.7993 0.863 (0.350–2.129) 0.7492

Model 2 1.000 (ref) 1.126 (0.382–3.310) 0.8297 0.700 (0.250–1.920) 0.4976

Model 3 1.000 (ref) 1.096 (0.357–3.361) 0.8725 0.600 (0.196–1.835) 0.3704

Model 4 1.000 (ref) 1.268 (0.361–4.460) 0.7109 1.210 (0.348–4.214) 0.7643

CVD mortality

Unadjusted 1.000 (ref) 1.413 (0.399–5.005) 0.5926 1.957 (0.589–6.498) 0.2731

Model 1 1.000 (ref) 0.802 (0.215–2.996) 0.7426 0.897 (0.266–3.029) 0.8609

Model 2 1.000 (ref) 1.084 (0.262–4.480) 0.9115 0.719 (0.175–2.970) 0.6465

Model 3 1.000 (ref) 1.033 (0.243–4.387) 0.9649 0.614 (0.127–2.962) 0.5434

Model 4 1.000 (ref) 0.810 (0.138–4.753) 0.8157 1.042 (0.139–7.831) 0.9680

ESRD

Unadjusted 1.000 (ref) 1.010 (0.592–1.73) 0.9696 1.744 (1.073–2.832) 0.0247

Model 1 1.000 (ref) 0.843 (0.485–1.468) 0.5464 1.368 (0.831–2.251) 0.2182

Model 2 1.000 (ref) 0.535 (0.297–0.962) 0.0367 0.694 (0.402–1.196) 0.1882

Model 3 1.000 (ref) 0.518 (0.285–0.942) 0.0310 0.704 (0.418–1.186) 0.1874

Model 4 1.000 (ref) 0.585 (0.321–1.07) 0.0803 0.815 (0.483–1.376) 0.4440

eGFR 50 % reduction

Unadjusted 1.000 (ref) 0.940 (0.557–1.570) 0.8163 1.547 (0.943–2.580) 0.0844

Model 1 1.000 (ref) 1.004 (0.581–1.750) 0.988 1.468 (0.877–2.470) 0.1443

Model 2 1.000 (ref) 0.700 (0.371–1.323) 0.2721 0.855 (0.463–1.579) 0.6174

Model 3 1.000 (ref) 0.584 (0.285–1.170) 0.1416 0.632 (0.316–1.263) 0.1939

Model 4 1.000 (ref) 0.575 (0.278–1.187) 0.1347 0.662 (0.329–1.331) 0.2469

Model 1: Adjusted for gender and smoking status

Model 2: Adjusted for model 1 ? history of CVD, systolic blood pressure, HDL cholesterol, triglyceride, hemoglobin, C-reactive protein (log)

Model 3: Adjusted for model 2 ? eGFR, proteinuria (log), etiology of kidney disease, use of diuretics

Model 4: Adjusted for model 3 ? use of allopurinol
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ESRD rates in uric acid tertile 1, tertile 2, and tertile 3 were

16.0, 16.6, and 25.3 %, respectively (Fig. 2). There was a

significant association between the uric acid tertiles and

ESRD in the unadjusted Cox model (p = 0.0247). After

adjustment for demographic and clinical factors and allopu-

rinol use, there was no association between serum uric acid

level and the development of ESRD (Table 2). There was no

association between the uric acid tertiles and 50 % reduction

in eGFR in the unadjusted and adjusted Cox models. We also

re-examined the data after excluding the patients taking

allopurinol. There were no significant correlations between

serum uric acid levels and ESRD (p = 0.7034) and 50 %

reduction in eGFR (p = 0.4683) after adjustment for demo-

graphic factors and clinical parameters.

Sensitivity analysis

We repeated the analyses after classifying the subjects into

two groups according to whether they had hyperuricemia,

which was assumed to be present if they were taking allo-

purinol or if their serum uric acid level was[7 mg/dl. Sixty-

two percent (n = 316) of the subjects had hyperuricemia at

baseline. The crude hyperuricemia rates were shown in

Fig. 3. Hyperuricemia was not associated with all-cause

mortality and CVD mortality in the unadjusted Cox models

(Table 3). However, hyperuricemia was associated with all-

cause mortality and CVD mortality in the adjusted Cox

model 2 and 3 that was adjusted for covariates such as gen-

der, smoking status, history of CVD, HDL cholesterol, tri-

glyceride, hemoglobin, CRP (log), eGFR, proteinuria (log),

etiology of kidney disease and use of allopurinol (Table 3).

Hyperuricemia was not associated with 50 % reduction in

eGFR in the unadjusted and adjusted Cox models.

Analysis by gender

Since the proportion of male subjects was 59.3 % in the study

population, gender may have affected the results of the

present study. According to additional statistical analysis,

the death due to CVD was significantly higher in men than

women (p = 0.049), while there were no significant gender

differences in all-cause mortality (p = 0.9129), ESRD

(p = 0.5866), and 50 % reduction in eGFR (p = 0.1708).

Discussion

After the widespread use of allopurinol, hyperuricemia was

found to be associated with all-cause mortality or CVD

mortality during the 6-year follow-up period of our cohort

of predominantly non-diabetic patients with stage 2–4 CKD

after adjustments with demographic or clinical factors.

However, no significant relationships between hyperurice-

mia and renal outcome, including progression to ESRD and

50 % reduction in eGFR, were observed in adjusted Cox

models. For sensitivity analysis, hyperuricemia was defined

if the patients were taking allopurinol or if their serum uric

acid level was [7 mg/dl, suggesting that the use of allo-

purinol may be associated with CKD progression.

Data in regard to the relationship between serum uric

acid levels and mortality in the early stages of CKD prior to

reaching ESRD have been limited. A previous study that

investigated the impact of nontraditional CVD risk factors

on CVD outcomes in 1,678 patients with eGFR \60 ml/

min/1.73 m2 showed that the serum uric acid level at

baseline was not an independent predictor of a composite

outcome of myocardial infarction, stroke, and all-cause

mortality [19]. Two recent studies investigated the rela-

tionship between serum uric acid levels and mortality in

CKD subjects [19, 20]. Madero et al. [20] reported that

hyperuricemia appeared to be an independent risk factor

for all-cause mortality and CVD mortality in the MDRD

trial, which was conducted on 840 predominantly non-

diabetic stage 3–4 CKD patients, and Liu et al. [21]

reported finding that hyperuricemia was a risk factor for

all-cause mortality and cardiovascular events in stage 3–5

Fig. 3 Crude clinical outcome

rates according to whether the

subject had hyperuricemia (uric

acid [7.0 mg/dl or with

allopurinol therapy)
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CKD. The relationship between mortality and serum uric

acid levels at baseline observed in our study was not

consistent with the relationship reported by these previous

studies.

Despite multiple epidemiological and prospective stud-

ies, the role of uric acid in the progression of CKD and

development of ESRD remains controversial. In a study of

6,400 individuals with normal kidney function at baseline,

serum uric acid levels [8.0 mg/dl were found to be asso-

ciated with a 2.9-fold and tenfold increase in risk of

developing CKD (defined as creatinine [1.2 mg-dl in

women and 1.4 mg/dl in men) within 2 years in men and

women, respectively [14]. A recent study of 13,338 indi-

viduals with normal kidney function based on estimated

GFR evaluated the relationship between the serum uric

acid level at baseline and incident kidney disease (defined

as a GFR decrease C15 ml/min/1.73 m2 with final GFR

\60 ml/min/1.73 m2). During a follow-up period of

8.5 years, each 1-mg/dl increment in serum uric acid level

at baseline was found to be associated with an approxi-

mately 10 % increase in risk of incident kidney disease in

multivariable adjusted models [19]. The fact that no sig-

nificant association between serum uric acid level at

baseline and ESRD or 50 % reduction in eGFR was

observed in our study was consistent with the relationship

reported by two previous studies [20, 21].

Serum uric acid is eliminated principally by the kid-

neys, and while there is a compensatory increased

removal by the gut in the setting of renal insufficiency,

this is not completely effective, and serum uric acid

increases as the GFR falls, with approximately half of

the subjects becoming hyperuricemic by the time of

dialysis initiation [22]. This makes it difficult to assess

the role of uric acid in the progression of renal injury in

subjects with CKD based on epidemiological studies. It

is not surprising that serum uric acid has often not been

found to predict CKD progression [20, 23]. Thus, ele-

vated uric acid is associated with the development of

CKD, but not with the progression of CKD. In addition,

an elevated serum uric acid level has been associated

with both the presence of intrarenal arteriolar lesions [24,

25] and with an increased risk for cardiovascular mor-

tality in subjects with CKD [20, 26], consistent with the

vascular effects observed in laboratory animals with

hyperuricemia [27]. Haririan et al. have shown differ-

ential effects of hyperuricemia with different degrees of

CKD in renal transplant recipients [28], suggesting that

serum uric acid levels in CKD stages may affect renal

outcomes and mortality.

There were several limitations in the present study. First,

a single baseline serum uric acid measurement was used to

predict events several years into the future. However, there

is a precedent for doing so, and several previous studiesT
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have used this approach [19–21]. Second, although we used

the averaged serum uric acid level 3 months before and

after the enrollment, the uric acid level may have varied

during the follow-up period. Also, since the treatment

policy of hyperuricemia was not standardized, the effect of

uric acid variation over time was ignored. However,

averaged uric acid levels are more accurate than the single

values that have often been used in published studies [19–

21]. Third, our cohort included few diabetic patients. It is

important to acknowledge that the results of the present

study were primarily obtained in predominantly non-dia-

betic patients with stage 2–4 CKD. Measures of association

between serum uric acid levels and CVD may be even

greater in stage 2–4 populations in which diabetes is pre-

valent. However, the subjects of our study were non-dia-

betic, and they were not appreciably malnourished or

acutely ill, which minimized the limitation of confounding

by comorbid conditions, such as malnutrition, and preex-

isting CVD.

In conclusion, the results of this study showed that

hyperuricemia but not serum uric acid levels at the time of

entry was associated with all-cause mortality, CVD mor-

tality after adjustments with CVD risk factors, kidney

disease factors, and allopurinol in stage 2–4 CKD patients.
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