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ABSTRACT 

Introduction: The role of hyperuricemia in the renal progression in autosomal 

dominant polycystic kidney disease (ADPKD) has not been defined well. We 

investigated the association of serum uric acid (sUA) with renal function, and the 

effect of hypouricemic treatment on rate of renal progression. 

Methods: This is a single-center, retrospective, observational cohort study. A total 

of 365 patients with ADPKD who had estimated glomerular filtration rate (eGFR) 

≥ 15 mL/min/1.73 m2 and who were followed up for >1 year were included in our 

analysis. Hyperuricemia was defined by a sUA level of ≥7.0 mg/dL or when 

hypouricemic medications were prescribed. 

Results: Hyperuricemia was associated with reduced initial eGFR, independent of  

age, sex, hypertension, albuminuria, and total kidney volume. During a median 

follow-up period of over 6 years, patients with hyperuricemia showed a faster 

annual decline in eGFR (6.3%/year vs. 0.9%/year, p = 0.008) and higher risk of 

developing ESRD than the normouricemic patients (34.4% vs. 6.1%, p < 0.001). 

However, after adjusting for age, sex, hypertension and initial eGFR, sUA 

was not associated with annual decline in eGFR, nor the development of 

ESRD. Among 53 patients who received hypouricemic treatment, the annual eGFR 

decline was significantly improved after hypouricemic treatment (pretreatment vs. 

posttreatment: −5.35 ± 8.15 vs. 0.21 ± 6.20 mL/min/1.73 m2, p = 0.001 by 

Wilcoxon signed-rank test). The tissue expression of various urate transporters 

was increased in proximal tubular epithelial cells of ADPKD. 

Conclusions: Hyperuricemia may contribute to the decline of renal function in 

ADPKD. Lowering serum uric acid level may attenuate the rate of disease 

progression. 

KEYWORDS: Glomerular Filtration Rate; Hyperuricemia; Polycystic Kidney, 

Autosomal Dominant; Uric Acid; Urate Transporter 

Student number 2012-21761  
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Introduction 

 

Uric acid is a waste product of purine metabolism, including adenine and guanine. 

Approximately two-thirds of total body urate is produced endogenously, and 

remaining third is produced by dietary purines. Most of the uric acid generated 

daily is excreted by the kidney, which accounts for about 70% of urate elimination 

and 30% made by the intestine (1). Serum uric acid level is determined by the 

balance between generation and excretion of uric acid and hyperuricemia develops 

because of either overproduction and under excretion (2).  

Urate is freely filtered in the glomerulus and both resorption and secretion occur 

in the proximal tubule (3). Several transporters for urate handling have been 

identified in last decade, since Enomoto et al. first identified the kidney specific 

urate transporter URAT1 (SLC22A12) in 2002 (4). Urate transporters known to 

date include the followings: URAT1 (SLC22A12) and GLUT9 (SLC2A9) in urate 

reabsorption and OAT1 (SLC22A6), OAT3 (SLC22A8), NPT1 (SLC17A1) and 

NPT4 (SLC17A3) in secretion (Fig 1) (5). These transporters have been reported 

to have an association with serum uric acid level, gout and metabolic syndrome in 

genome-wide association studies (GWAS) (6, 7). However, the handling of uric 

acid by the renal system is not fully understood.  
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Figure 1. Urate handling model in renal proximal tubules.  

Bidirectional transport of urate is performed by several transporters in both apical 

and basolateral membrane of proxima tubules.  
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In the past, elevated serum uric acid was regarded as the cause of gout by 

deposition as monosodium urate crystal. Recently, the role of uric acid in 

cardiovascular disease (8-11), metabolic syndrome(12, 13), diabetes(14, 15) and 

kidney disease have been getting attention.  

Uric acid has been regarded as a marker rather than a risk factor for the 

development of chronic kidney disease (CKD) because a low glomerular filtration 

rate (GFR) induces elevation of serum uric acid level despite compensatory 

increases in urinary and gastrointestinal urate excretion. However, recent studies 

suggested an independent role of uric acid in the development of CKD. For instance, 

large cohort studies such as the Atherosclerosis Risk in Communities (ARIC) and 

the Cardiovascular Health Study (CHS) which analyzed 13,338 participants with 

normal renal function who were followed up for 8.5 years (16) and the Vienna 

Health Screening Project which analyzed 21,245 healthy participants for 7 years 

(17) showed that hyperuricemia is associated with increased risk of incident CKD. 

Moreover, hyperuricemia has been reported to be associated with the development 

of end-stage renal disease (ESRD) (18, 19).  

The pathogenic role of hyperuricemia in the progression of CKD is still 

controversial (20). Hyperuricemia has been reported as a risk factor for renal 

progression in IgA nephropathy (21), whereas uric acid level was not associated 

with disease progression or kidney failure in general CKD population (22, 23). 

However, reduction of SUA by allopurinol has been reported to delay progression 

of CKD in people with both diabetic and nondiabetic CKD(11, 24) 
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Autosomal dominant polycystic kidney disease (ADPKD) is the most common 

hereditary kidney disease with the incidence of 1 per 500-1,000 persons in the 

general population (25). ADPKD is caused by two genes, PKD1 (chromosome 

16p13.3) and PKD2 (chromosome 4q21) and characterized by multiple cysts in 

bilateral kidney, liver and pancreas (26). ADPKD is 4th most common cause of 

renal failure after diabetes, hypertension and glomerulonephritis, accounting for 1.8% 

in end stage of renal disease in Korea (27). Several risk factors influencing kidney 

disease progression in ADPKD have been identified, such as PKD1 gene mutation, 

young age at onset of hypertension, presence of hypertension, large kidney size, 

male gender, proteinuria, and a younger age at diagnosis, etc (28). Recently, uric 

acid as a possible risk factor is getting attention.  

Association between autosomal dominant polycystic kidney disease (ADPKD) and 

hyperuricemia was first described by Rivera et al (29). ADPKD is frequently 

associated with hyperuricemia and gout (30), although fractional excretion of uric 

acid was not different among CKD groups of different etiologies (31, 32). Recent 

retrospective studies reported the association of high serum uric acid levels with 

early-onset hypertension, large kidney volume, and increased risk of ESRD (33) 

or progression of renal dysfunction (34).  

In ADPKD, there is no data regarding serum uric acid levels and decline of eGFR 

and effect of uric acid lowering agents in eGFR. Considering that hyperuricemia can 

be a possible correctable risk factor for ADPKD progression, I demonstrated the 

association between serum uric acid and renal function in 365 Korean patients with 

ADPKD. In addition, I suggested possibly altered urate handling in ADPKD by using 
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immunohistochemistry of several urate transporters.  
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Material and Methods 

 

Study subjects 

A total of 612 patients were screened at the ADPKD clinic in Seoul National 

University Hospital. ADPKD was diagnosed according to the unified criteria 

proposed by Pei et al (35). I selected 365 patients aged >18 years with an 

estimated GFR (eGFR) of >15 mL/min/1.73 m2 at the initial evaluation and who 

were followed up for >1 year. Patients with certain conditions that can 

independently influence renal function such as diabetes (36), pregnancy, or 

malignancy were excluded from the analysis. The data were collected 

retrospectively from each patient between August 1999 and March 2012. The 

patients underwent a standardized evaluation including detailed family history, 

renal function, and computed tomography (CT) scan, which was obtained using a 

multidetector CT scanner (Somatom Sensation 16, Siemens; LightSpeed Ultra 8, 

GE; Brilliance CT 64, Philips; Somatom Definition, Siemens). The following clinical 

data and information were collected every 3~6 months: baseline epidemiologic 

profiles (age, sex, and body weight), medical history including diabetes, 

hypertension, and gout, medication history including antihypertensive medications 

and hypouricemic agents, blood pressure, and laboratory results (serum creatinine, 

serum uric acid, hemoglobin, serum albumin levels, and urine dipstick). The CT 

scan was performed every 2 years and total kidney volume (TKV) was calculated 
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using the modified ellipsoid method (37). This study was approved by the 

Institutional Review Board of Seoul National University Hospital (H-1002-028-

309). Informed consent was obtained from the subjects in accordance with the 

Declaration of Helsinki. 

 

Evaluation of renal function and hypertension 

Serum creatinine (sCr) was measured using the Jaffe method by Hitachi 7600 and 

Toshiba-200FR, which was calculated to Isotope Dilution Mass Spectrometry 

(IDMS)-traceable sCr. The Chronic Kidney Disease Epidemiology collaboration 

(CKD-EPI) formula was used to calculate eGFR. Delta eGFR (ΔeGFR/year) was 

calculated using the equation (recent eGFR - eGFR at initial visit)/follow-up 

duration (years). The CKD stage was classified according to the Kidney Disease 

Improving Global Outcomes (KDIGO) guidelines (20). ESRD was defined by an 

eGFR of <15 mL/min/1.73 m2 or initiation of renal replacement therapy. 

Albuminuria was defined as a stick albumin level of >1+ by urine dipstick test. 

Urine albumin was quantified by the immunoturbidimetric assay using Toshiba-

120FR. Hypertension was defined by a systolic blood pressure of >140 mmHg, 

diastolic blood pressure of >90 mmHg, or current use of antihypertensive 

medication. 

 

Uric acid measurement and hyperuricemia management 
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Serum uric acid level was determined using the uricase method (Hitachi 7600 and 

Toshiba-200FR). Hyperuricemia was defined by a serum uric acid (sUA) level of 

≥7.0 mg/dL or initiation of hypouricemic treatment. Hypouricemic medications 

were prescribed in patients with gout, a history of uric acid stones, or persistent 

elevation of uric acid level of >8.0 mg/dL that was not controlled by dietary 

modification in 2 successive visits. 

 

Immunohistochemistry for URAT1, GLUT9, NPT4 and OAT3 expression in ADPKD 

Kidneys 

One normal portion of kidney specimen and three polycystic kidney specimens 

were collected from patients who received radical nephrectomy after informed 

consent (Table 1). Specimen PKD-CKD1 (eGFR 102.8 mL/min/1.73 m2) was 

obtained from a 49-year-old man who underwent left nephrectomy for papillary 

urothelial carcinoma. His sCr and sUA levels were 0.84 and 6.9 mg/dL, 

respectively. Specimen PKD-CKD2 (eGFR 68.4 mL/min/1.73 m2) was obtained 

from a 48-year-old woman who underwent right nephrectomy for renal cell 

carcinoma, with sCr and sUA levels of 0.98 and 4.7 mg/dL, respectively. Specimen 

PKD-ESRD (eGFR 11.1 mL/min/1.73 m2) was obtained from a 60-year-old man 

who underwent bilateral nephrectomy for kidney transplantation, with sCr and sUA 

levels of 5.20 and 6.4 mg/dL, respectively. The control kidney was obtained from a 

38-year-old man who underwent right nephrectomy for renal cell carcinoma, with 

sCr and sUA levels of 1.1 and 6.3 mg/dL.  
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Table 1. Clinical characteristics of the nephrectomized patients 

  Normal PKD-CKD1 PKD-CKD2 PKD-ESRD 

Gender/Age(yr) M/38 M/49 48/F 60/M 

Diagnosis renal cell 

carcinoma 

papillary 

urothelial 

carcinoma 

renal cell 

carcinoma 

kidney 

transplantation 

sCr (mg/dL) 1.1 0.84 0.98 5.2 

eGFR (mL/min/1.73 m2) 84.7 102.8 68.4 11.1 

sUA (mg/dL) 6.3 6.9 4.7 6.4 
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URAT1, GLUT9, NPT4 and OAT3 immunohistochemistry (IHC) were performed 

in these kidney specimens. URAT1 is related to urate reabsorption in apical side; 

GLUT9, reabsorption in basolateral side; NPT4, secretion in apical side; OAT3, 

secretion in basolateral side. Anti-URAT1 (SLC22A12), anti-GLUT9 (SLC2A9), 

anti-NPT4 (SLC17A3) and anti-OAT3 (SLC22A8) rabbit polyclonal antibody 

(Abcam, Cambridge, MA) was used at a dilution of 1:200, 1:6000, 1:300 and 

1:6000, respectively. The procedures for the use of the human kidney specimens 

were approved by the Seoul National University Hospital Institutional Review 

Board (H-0701-033-195). 

 

Statistical analyses 

Continuous variables were expressed as mean ± standard deviation. The Student 

t-test was used to compare the continuous variables between the groups. The 

linear regression analysis was used to find the association between sUA and 

clinical variables. Renal survival rate was calculated using the Kaplan-Meier 

method, and the log-rank test was used to compare renal survival between groups. 

The Wilcoxon signed-rank test was used to evaluate the effect of medication. P < 

0.05 was considered statistically significant. All the statistical analyses were 

performed using SPSS version 19.0 (SPSS Inc., Chicago, IL). 
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Results 

 

Baseline clinical characteristics according to the presence of hyperuricemia 

The clinical characteristics of the 365 patients on initial evaluation are 

summarised in Table 2. The mean age of the patients was 43.5 ± 11.9 years, and 

the male-to-female ratio was 1:1. Hypertension was present in 257 patients 

(70.4%), and urinary stone was detected in 96 patients (26.3%). The mean sUA 

level was 5.51 ± 1.71 mg/dL. The mean sCr levels was 1.17 ± 0.48 mg/dL and 

eGFR was 75.1 ± 24.1 mL/min/1.73 m2 by the CKD-EPI equation. As for the CKD 

stages, 95 patients (26.0%) had CKD stage 1; 184 (50.4%), stage 2; 63 (17.3%), 

stage 3; and 23 (6.3%), stage 4. The incidence of albuminuria >1+ by the dipstick 

test was 6.3%. The mean TKV was 1,524 ± 1,171 mL. 

The patients were divided into normouricemic (Group A) and hyperuricemic 

(Group B) groups. Group A comprised 289 patients (79.2%), and Group B 

comprised 76 patients (20.8%). In Group B, 12 patients (3.3%) underwent 

hypouricemia treatment. The prevalence of hyperuricemia increased according to 

CKD stage as follows: 9.5% (9/95) in stage 1, 10.8% (20/184) in stage 2, 44.4% 

(28/63) in stage 3, and 82.6% (19/23) in stage 4. 

When compared with those in Group A, the patients in Group B were slightly older 

(Group A vs. Group B: 42.6 ± 11.3 vs. 47.0 ± 13.7 years, p = 0.013), had higher 
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Table 2. Baseline characteristics of 365 patients with ADPKD at initial evaluation 

 Total Group A* Group B† 
p-

value 

 (n=365) (n=289) (n=76) 
 

Male (%) 183 (50) 122 (42) 61 (80) <0.001 

Age (yrs) 43.5 ± 11.9 42.6 ± 11.3 47.0 ± 13.7 0.013 

18-39 159 (43.6%) 131 (45.3%) 28 (36.8%) 
 

40-59  177 (48.5%) 141 (48.8%) 36 (47.4%) 
 

≥ 60  29 (7.9%) 17 (5.9%) 12 (15.8%) 
 

Follow up time 

(months) 
73.5 ± 43.4 76.0 ± 43.5 63.8 ± 41.7 0.029 

Hypertension (%) 257 (70.4%) 195 (67.5%) 62 (81.6%) 0.008 

Mean BP(mm Hg) 102.5 ± 15.3 103.1 ± 15.7 100.2 ± 13.4 0.206 

Urinary stone (%) 96 (26.3%) 73 (25.2%) 23 (30.3%) 0.275 

sUA (mg/dL) 5.51 ± 1.71 4.86 ± 1.14 7.96 ± 1.23 <0.001 

sCr (mg/dL) 1.17 ± 0.48 1.03 ± 0.29 1.69 ± 0.67 <0.001 

eGFR (ml/min/1.73 m2) 75.1 ± 24.1 80.3 ± 20.3 55.3 ± 27.3 <0.001 

CKD stage 
   

<0.001 

   Stage 1 95 (26.0%) 86 (29.8%) 9 (11.8%) 
 

  Stage 2 184 (50.4%) 164 (56.7%) 20 (26.3%) 
 

   Stage 3 63 (17.3%) 35 (12.1%) 28 (36.8%) 
 

   Stage 4 23 (6.3%) 4 (1.4%) 19 (25.0%) 
 

Urine pH 6.03 ± 0.73 6.13 ± 0.73 5.69 ± 0.60 <0.001 

Dipstick albumin    0.017 

None to 1+ 342 (93.7%) 277 (95.8%) 65 (85.5%)  

> 1+  23 (6.3%) 12 (4.2%) 11 (14.5%)  

TKV (mL) 
1,524 ± 

1,171 

1,429 ± 

1,043 

1,984 ± 

1,587 
0.024 

Losartan (%) 58 (15.9%) 51 (17.6%) 7(9.2%) 0.029 

Diuretic (%) 36 (9.9%) 30 (10.4%) 6 (7.9%) 0.476 
*Group A : sUA < 7.0 mg/dL, †Group B: sUA ≥ 7.0 mg/dL or on hypouricemic 

medication. BP, blood pressure; sUA, serum uric acid; sCr, serum creatinine; eGFR, 

estimated glomerular filtration rate; CKD, chronic kidney disease; TKV, total 

kidney volume  
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prevalence of hypertension (67.5% vs. 81.6%, p = 0.008), showed male 

predominance (42% vs. 80%, p < 0.001), and had shorter follow-up duration (76.0 

± 43.5 vs. 63.8 ± 41.7 months, p = 0.029). There was no difference in the 

history of urinary stones between groups, although Group B showed more acidic 

urine (Group A vs. Group B: 6.13 ± 0.73 vs. 5.69 ± 0.60, p < 0.001; Table 2). 

Higher proportion of Group A were taking losartan than Group B (Group A vs 

Group B: 17.6% vs 9.2%, p = 0.029) while there was no difference in diuretic 

usage. 

 

Hyperuricemia was negatively correlated with initial eGFR 

The patients with hyperuricemia at initial presentation (Group B) had higher sCr 

levels (Group A vs. Group B: 1.03 ± 0.29 vs. 1.69 ± 0.67 mg/dL, p < 0.001) and 

lower eGFR (80.3 ± 20.3 vs. 55.3 ± 27.3 mL/min/1.73 m2, p < 0.001) than those 

in Group A. Group B was more frequently associated with albuminuria than Group A 

(Group A vs. Group B: 4.2% vs. 14.5%, p = 0.017). The mean TKV was larger in 

Group B than Group A (Group A vs. Group B: 1429 ± 1043 vs. 1984 ± 1587 mL, 

p = 0.024; Table 2). Associations between sUA and sCr levels, eGFR, TKV, and 

albumin to creatinine ratio (ACR) were analysed (Fig. 2). Serum uric acid level 

was positively correlated with sCr level (R2 = 0.370, p < 0.001), ACR (R2 = 0.011, 

p = 0.111) and TKV (R2 = 0.045, p < 0.001) but negatively correlated with eGFR 

(R2 =0.202, p < 0.001). Simple linear regression analysis in the 353 patients 

without hypouricemia treatments revealed that age, albuminuria, TKV, and sUA  
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Figure 2. Relationship between serum uric acid (sUA) level with serum creatinine 

(sCr) (R2=0.370, p<0.001), eGFR (R2=0.202, p<0.001), Log albumin-to-

creatinine ratio (ACR) (R2=0.011, p=0.111) and Log TKV (R2=0.045, p<0.001) in 

ADPKD patients. Serum Creatinine and eGFR was measured in 365 patients, ACR 

in 230 patients and TKV in 278 patients. eGFR, estimated glomerular filtration rate; 

TKV, total kidney volume; ADPKD, autosomal dominant polycystic kidney disease 
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level were correlated with reduced initial eGFR. After adjustment for age, male sex, 

blood pressure, albuminuria, and TKV, sUA levels still remained a significant factor 

(β = 5.117, p < 0.001; Table 3). 

 

Hyperuricemia influenced annual decline in eGFR 

Among 365 patients, 42 (11.5%; 20 in Group A and 22 in Group B) progressed to 

ESRD during the follow-up (mean duration, 73.5 ± 43.4 months). When 

evaluating the deterioration of eGFR, we examined 296 patients not taking 

hypouricemic medication (264 patients from Group A and 32 patients from Group B) 

to exclude the influence of hypouricemic agents (Table 4). The mean sUA level 

was 4.76 ± 1.11 mg/dL in normouricemic Group A and 7.96 ± 0.79 mg/dL in 

Group B (p < 0.001), indicating a difference of 3.2 mg/dL. Progression to ESRD 

occurred in 11 (34.4%) of 32 patients in Group B and 16 (6.1%) of 264 patients in 

Group A (p < 0.001). Group B showed a faster annual decline in eGFR 

(ΔeGFR/year) than Group A, in absolute (-1.76 ± 3.53 vs. -0.35 ± 4.19 

mL/min/1.73 m2, p = 0.068) and relative values (-6.29 ± 10.52 vs. -0.88 ± 

6.12%, p = 0.008; Figs. 3A and 3B). Linear regression analysis was performed to 

determine the factors influencing ΔeGFR/year.  

In univariate analysis, age, hypertension, initial eGFR, and sUA level were 

significantly associated with ΔeGFR/year. However, after adjusting for age, sex, 

blood pressure, and initial eGFR, either sUA level or hyperuricemia was no longer 
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Table 3. Factors associated with eGFR in 353 patients with ADPKD* 

*353 patients without hypouricemic medication. †transformed in logarithmic scale. 

eGFR, estimated glomerular filtration rate; ADPKD, autosomal dominant polycystic 

kidney disease; SE, standard error; BP, blood pressure; sUA, serum uric acid; TKV, 

total kidney volume 

 

  

 

Univariate Multivariate 

 

Beta ± SE p-value Beta ± SE p-value 

Age (yr) -1.208 ± 0.087 <0.001 -0.986 ± 0.086 <0.001 

Female (vs. male) -2.714 ± 2.520 0.282 -9.217 ± 2.224 <0.001 

Mean BP(mm Hg) -0.229 ± 0.089 0.010 0.043 ± 0.073 0.558 

sUA (mg/dL) -6.282 ± 0.666 <0.001 -5.117 ± 0.666 <0.001 

Albuminuria -14.687 ± 5.160 0.005 -4.956 ± 3.890 0.204 

TKV (mL)† -19.524 ± 4.060 <0.001 -12.782 ± 3.245 <0.001 
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Table 4. Annual changes in eGFR in patients with ADPKD according to the 

presence of hyperuricemia* 

 Group A† Group B‡ 

p-value 

 (n=264) (n=32) 

Mean sUA level (mg/dL) 4.76 ± 1.11 7.96 ± 0.79 <0.001 

F/U time (months) 72.7 ± 42.5 57.8 ± 46.4 0.064 

Initial eGFR (mL/min/1.73 m2) 81.0 ± 20.3 54.4 ± 29.4 <0.001 

Final eGFR (mL/min/1.73 m2) 74.6 ± 28.2 50.1 ± 34.3 0.001 

Annual ΔeGFR (mL/min/1.73 m2) -0.31 ± 4.23 -1.76 ± 3.53 0.068 

Annual ΔeGFR (%)  -0.88 ± 6.12 -6.29 ± 10.52 0.008 

ESRD progression, n (%) 16 (6.1%) 11 (34.4%) <0.001 

*A total of 296 patients without hypouricemic medications were included in the 

analysis. †Group A : sUA < 7.0 mg/dL, ‡Group B: sUA ≥ 7.0 mg/dL. sUA, serum 

uric acid; ADPKD, autosomal dominant polycystic kidney disease; F/U, follow-up; 

eGFR, estimated glomerular filtration rate; ESRD, end-stage renal disease. 
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Figure 3. Annual changes of eGFR (ΔeGFR/year in 294 ADPKD patients without 

hypouricemic medication. A: annual change in ΔeGFR/year. B: annual % change in 

ΔeGFR/year. * P < 0.05 
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significantly associated with ΔeGFR/year (Table 5). A Kaplan-Meier survival 

curve also indicated that the patients in Group B progressed to ESRD faster than 

those in Group A (log rank test, p <0.001; Fig. 4), however, hyperuricemia was not 

a significant risk factor in ESRD in Cox regression analysis. (Table 6) 

 

Treatment of hyperuricemia prevented progression of renal dysfunction 

To investigate the effect of hypouricemic treatment on eGFR, the slope of the 

annual change in eGFR before and after hyperuricemic treatment were analysed in 

53 patients receiving either allopurinol (n = 12) or benzbromarone (n = 41) and 

followed up for >1 year. Among these patients, 13 had CKD stage 1 or 2, 19 had 

stage 3a, 11 had stage 3b, and 10 had stage 4 before the hypouricemic treatment. 

The mean sUA was 8.70 ± 0.78 mg/dL, and the mean eGFR was 47.9 ± 20.3 

mL/min/1.73 m2 at the time of hypouricemic treatment initiation. After the 

hypouricemic treatment, the overall ΔGFR/year was improved from -5.32 ± 8.15 

to 0.21 ± 6.20 mL/min/1.73 m2 (paired t -test, p = 0.001). In the subgroup 

analysis according to CKD stages, the hypouricemic agents were beneficial for 

patients in early CKD stages (1~3a) whereas renal function continued to decline in 

those in advanced CKD stages (3b~4)(Fig. 5, Table 7). There was no difference 

between allopurinol and benzbromarone group.  
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Table 5. Factors affecting annual decline of renal function (ΔeGFR/yr) in patients 

with ADPKD  

eGFR, estimated glomerular filtration rate; ADPKD, autosomal dominant polycystic 

kidney disease; BP, blood pressure; sUA, serum uric acid; SE, standard error 

 

Univariate Multivariate 

Beta ± SE 

p-

value 

Beta ± SE 

p-

value 

Age (yr) -0.067 ± 0.020 0.001 -0.071 ± 0.034 0.036 

Female 0.369 ± 0.491 0.453 0.775 ± 0.731 0.290 

Mean BP (mm Hg) -0.065 ± 0.018 0.001 -0.056 ± 0.019 0.003 

History of stone 0.260 ± 0.377 0.491 - 

 

sUA (mg/dL) -0.330 ± 0.165 0.047 -0.212 ± 0.275 0.443 

initial eGFR (mL/min/1.73 

m2) 

0.036 ± 0.010 0.001 -0.001 ± 0.020 0.971 
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Figure 4. Kaplan-Meier renal survival curve to development of ESRD 
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Table 6. Multiple Cox regression for development of end-stage renal disease 

 

Hazard ratio 95% CI p-value 

Age (year) 0.931 0.864, 1.003 0.060 

Female 3.664 0.011,1239.509 0.662 

Initial eGFR (mL/min/1.73 m2) 0.720 0.620, 0.836 <0.001 

Mean BP (mm Hg) 1.023 0.978, 1.070 0.331 

Hyperuricemia (Group B vs. A) 3.082 0.008, 1259.413 0.714 

Group A: sUA<7.0 mg/dL, Group B: sUA≥7.0 mg/dL. 

CI, confidence interval; eGFR, estimated glomerular filtration rate; BP, blood 

pressure 
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Fig 5. ΔeGFR/year according to CKD stage before and after hypouricemic 

medication. * p < 0.05 
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Table 7. Annual Changes of eGFR (ΔGFR/yr ) pre- and post- hypouricemic 

treatment 

CKD stage Pretreatment Initiation of Tx Posttreatment 
p-

value* 

Total (n=53) 

 sUA (mg/dL) 7.88 ± 1.09 8.70 ± 0.78 6.22 ± 1.40  

 
eGFR  

(mL/min/1.73 m2) 
53.21 ± 20.29 47.89 ± 20.31 48.09 ± 22.90  

 
ΔeGFR/yr 

(mL/min/1.73 m2/yr) 
-5.32 ± 8.15  0.21 ± 6.20 0.001 

Stage 1-3a (n=32) 

 
sUA (mg/dL) 8.06 ± 1.15 8.66 ± 0.90 5.70 ± 1.41  

 

eGFR  

(mL/min/1.73 m2) 
64.75 ± 16.33 60.25 ± 16.12 62.59 ± 16.36  

 

ΔGFR/yr 

(mL/min/1.73 m2/yr) 
-4.50 ± 9.41  2.34 ± 5.67 0.001 

Stage 3b-4 (n=21) 

 
sUA (mg/dL) 7.62 ± 0.97 8.77 ± 0.59 7.03 ± 0.94  

 

eGFR  

(mL/min/1.73 m2) 
35.62 ± 10.91 29.05 ± 7.21 26.00 ± 10.00  

 

ΔeGFR/yr 

(mL/min/1.73 m2/yr) 
-6.57 ± 5.72  -3.05 ± 5.63 0.465 

*Paired t-test. eGFR, estimated glomerular filtration rate; CKD, chronic kidney 

disease; Tx, treatment; sUA, serum uric acid   
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Uric acid transporters were highly expressed in proximal tubular epithelial cells of 

ADPKD 

To evaluate urate handling in ADPKD, immunohistochemical study was performed 

using antibodies binding to URAT1, GLUT9, NPT4, OAT3 in a normal human 

kidney tissue and human ADPKD tissues from different renal function (PKD-CKDl 

(eGFR 102.8 mL/min/1.73 m2), PKD-CKD2 (eGFR 68.4 mL/min/1.73 m2), and 

PKD-ESRD (eGFR 11.1 mL/min/1.73 m2))(Fig. 6). Compared to normal kidney 

tissue, the expression levels of all 4 urate transporters were elevated along the 

proximal tubular epithelial cells compressed by the enlarged cysts of ADPKD. The 

GLUT9, NPT4, OAT3 were also expressed in cyst-lining epithelial cells, but 

URAT1 was not expressed along the cyst wall. 
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Fig 6. Immunohistochemistry staining of URAT1, GLUT9, NPT4 and OAT3. 

Antibodies of several urate transporters, reabsorption (URAT1, GLUT9) and 

excretion (NPT4, OAT3), were tested. Each cell has a micrograph of x40 with 

micrograph of x200 in right lower small box. Uric acid transporter antibodies were 

strongly stained in proximal tubular epithelial cells in ADPKD tissue. ADPKD; 

autosomal dominant polycystic kidney disease. 
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Discussion 

 

In this retrospective cohort study, I demonstrated that serum uric acid level is 

associated with renal function in ADPKD. In addition, hyperuricemia contributed to 

the renal function decline, which may be reversed using hypouricemic treatment in 

early CKD stage. According to this immunohistochemical result, not only excretory 

transporters but also reabsorption transporters are overexpressed in compressed 

proximal tubules of ADPKD. 

In this study, the prevalence of hyperuricemia increased as CKD stage progressed 

from 9.5% to 82.6%. I showed that sUA level is a factor associated with reduced 

eGFR, independent of age, sex, albuminuria, and TKV. This result is consistent 

with those from previous studies reporting that hyperuricemia is especially 

associated with early-onset hypertension, TKV, and increased risk of ESRD (33). 

Next, I observed a negative correlation between hyperuricemia and ΔeGFR/year. 

However, after adjusting factors such as age, sex, blood pressure, and initial eGFR, 

the influence of hyperuricemia was not statistically significant. Similarly, the risk of 

developing ESRD was higher in patients with hyperuricemia by Kaplan-Meier 

survival analysis. However, multivariate analysis using Cox regression model 

indicated that the initial eGFR was only predictive factor for ESRD progression. 

This result may be explained by the small difference in sUA level between patients 

with and without hyperuricemia in this study because I excluded high-risk patients 
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with hyperuricemia who were already being treated. Moreover, the follow-up 

duration was relatively short. The median follow-up duration was only 73.5 

months, and 41.6% of the patients were followed up for <5 years.  

I examined the effect of hyperuricemic treatment on the slope of change in eGFR. 

Intervention with hypouricemic medications reduced ΔeGFR/year, especially in 

patients in early CKD stages (1~3a), supporting the finding that hyperuricemia is a 

risk factor for renal function deterioration. This is consistent with the previous 

finding that allopurinol therapy preserved serum creatinine level and lowered the 

risk of renal progression in hyperuricemic patients with mild to moderate CKD (11, 

24). However, in this study, hypouricemic treatment had no effect on preserving 

eGFR in patients with CKD stage 3b to 4. This result is in line with previous study 

showing that serum uric acid was independently associated with eGFR only in stage 

3 CKD, not in stage 4 or 5 CKD (38). To the best of my knowledge, no previous 

studies included patients with severe renal insufficiency and did subgroup analysis 

according to CKD stages. This finding suggests the beneficial effects of 

hypouricemic therapy may disappear in advanced CKD stage, which may further 

provide the guideline to treat hyperuricemia in CKD patients. 

Several mechanisms were proposed to explain renal dysfunction by hyperuricemia. 

First, association between increased sUA level and cardiovascular disease has 

been reported (39). However, in this study, no difference in cardiovascular event 

was observed between the normouricemic and hyperuricemic groups [data not 

shown]. Cardiovascular events occurred only in 7.1% in this study population 
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during the follow-up period, much fewer than the previously reported incidence 

rate (40). Second, hyperuricemia may induce direct renal injury through the 

activation of the renin-angiotensin aldosterone system (RAS). Renal cyst 

enlargement in ADPKD is known to be associated with stimulation of the circulating 

and intrarenal RAS (41). Helal et al (33) speculated that endothelial dysfunction, 

which is a well-known characteristic of ADPKD (42), and activation of RAS 

induced by hyperuricemia would contribute to the progression of ESRD in ADPKD. 

Endothelial dysfunction and early-onset hypertension are important prognostic 

factors for the deterioration of renal function in ADPKD (43). In addition, soluble 

uric acid might activate inflammatory pathways such as tumor necrosis factor alpha 

(TNF-α) and chemokines (44) and C-reactive protein (45), possibly leading to 

interstitial fibrosis. In CKD patients, association between hyperuricemia and 

increased urinary transforming growth factor beta (TGF-β) was also reported 

(46). 

The pathogenic role of hyperuricemia in renal progression need to be further 

investigated in regard to urate handling in ADPKD. In ADPKD, altered tubular 

membrane transport process might affect renal urate handling and homeostasis. 

Compared with that in the general population, a higher prevalence of uric acid stone 

was noted in ADPKD. However, previous studies showed inconsistent data about 

urate handling in ADPKD (31, 32). To confirm the possibility of altered tubular 

membrane transport process, we performed immunohistochemical staining of 4 

urate transporters, which were known to play significant role in renal urate 
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transport in human (47).  

All kidney specimens were from the patients who were normouricemic and not 

taking uric acid lowering agents. Urate transporters were stained strongly along 

the compressed renal tubular epithelial cells in ADPKD. The specimen PKD-CKD1 

from ADPKD patient with normal GFR showed strong staining of URAT1 and 

GLUT9 compared to control tissue from the patient with similar sUA level. 

Although we tested the limited number of specimens and did not evaluate genetic 

variations, this results suggested the possibility of altered urate handling in ADPKD 

that may lead to hyperuricemia. 

This study has several limitations. This is a single-center retrospective study. 

Additionally, genetic factor, which is the strongest predictor of renal progression, 

has not been evaluated. However, this result suggest that hyperuricemia is an 

important risk factor for reduced eGFR and its deterioration in ADPKD. Even 

though hyperuricemia was not an independent risk factor for renal function 

deterioration, control of hyperuricemia with uric acid lowering agents improved 

renal function. This results suggest that treatment of hyperuricemia would be 

beneficial for preservation of renal function in ADPKD. A well-designed 

prospective randomised controlled study is needed to verify the impact of 

hyperuricemia control on disease progression in ADPKD.   
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국   

 

: 상염색체 우  다낭신에  고요산 증이 신 능에 미 는 향  잘 알  있지 

않다. 본 연구를 통하여 청 요산 농도  신 능  연   요산 하 료가 신 능

에 미 는 향  알아보았다. 

법: 본 연구는 단일 , 후향  찰 코 트 연구  진행 었다.  365 명  상염색

체 우  다낭신 자 에  추  사구체여과  ≥ 15 mL/min/1.73 m2 이면  1  이

상 추 한 자들이 연구에 포함 었다. 고요산 증  청 요산 ≥7.0 mg/dL 이거나 

요산 해 를 복용하는 경우  하 다. 

결과: 고요산 증  나이, 별, 고 압, 알부민뇨  신장부피를 보 하고도 낮  추

 사구체여과 과 연 어 있는 인자 다. 6  이상  평균 추 찰 간 동안 고요산

증이 있는 자들  상요산 증있는 자보다 추  사구체감소  감소가  빨랐

며 (-6.3%/year vs. -0.9%/year, p = 0.008) 말 신부  진행이  많았다 

(34.4% vs. 6.1%, p < 0.001). 그러나 나이, 별, 고 압,  추 사구체여과  

보 한 후에 청 요산  추 사구체여과  연간 감소 속도에 한 연  없었다.  

요산 해 를 복용한 53 명 자  추  사구체여과  일  감소 는 요산 하 료이

후 하게 향상 었다 ( 료 vs. 료 후 -5.35 ± 8.15 vs. 0.21 ± 6.20 

mL/min/1.73 m2, p = 0.001 by paired t-test). 여러 요산 송체  조직 내에  

 상염색체 우  다낭신  근 뇨  상피 포에  증가 어 있었다. 

결 : 고요산 증  상염색체 우  다낭신  신 능 악 에 여하는 것  생각 며, 

청 요산  하시키는 것  질병  진행  할  있  것이다.  

------------------------------------------------- 
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