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Objective: We investigated the efficacy and safety of dotinurad, a selective urate reabsorption inhibitor, in hyperuricemic patients 
with advanced chronic kidney disease (CKD) (stage G3-5).
Patients and Methods: We retrospectively analyzed the cases of 34 patients (mean age, 68.6 ± 13.3 years; 17 men and 17 women) 
after 12 months of dotinurad treatment based on the changes in uric acid (UA) and the urine protein-to-creatinine ratio (UPCR) plus 
the annual change in estimated glomerular filtration rate (eGFR). Hyperuricemia (UA ≥6.0 mg/dL) and advanced CKD (mean eGFR: 
32.0 ± 13.3 mL/min/1.73m2; stage G3, n=17; G4, n=13; G5, n=4) were present in all of the patients. The cases of 34 matched 
individuals with similar propensity scores (who were not taking dotinurad) were analyzed as a control group.
Results: UA values decreased significantly in the dotinurad group (7.1 ± 0.8 mg/dL to 5.9 ± 1.0 mg/dL, p<0.05) but those did not 
change in the control group. UPCR did not change in either group. Low-density lipoprotein cholesterol also decreased significantly in 
the dotinurad group (98.8 ± 43.4 mg/dL to 82.9 ± 33.1 mg/dL, p<0.05). With the 12-month dotinurad treatment, the annual change in 
the patients’ eGFR was significantly improved from −6.0 ± 12.9 mL/min/1.73 m2/year to −0.9 ± 4.6 mL/min/1.73 m2/year (p<0.05), 
but there was no change in the control group.
Conclusion: Dotinurad can decrease UA levels and might attenuate renal function decline in individuals with hyperuricemia and 
advanced CKD.
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Introduction
Hyperuricemia is an important potential complication of chronic kidney disease (CKD) and is associated with the 
progression to end-stage renal disease worldwide.1,2 Uric acid (UA) crystals deposition in the renal tubules and 
interstitials due to hyperuricemia, a condition called urate nephropathy, has been considered to be the cause of the 
progression of CKD associated with hyperuricemia.3 UA-lowering drugs have been shown to reduce the UA level and 
inhibit the renal function decline in asymptomatic hyperuricemic patients with CKD.4–6 Thus, many CKD patients with 
gout or asymptomatic hyperuricemia are taking UA-lowering drugs.7

Dotinurad, a drug used for the treatment of gout and hyperuricemia, reduces serum UA levels by selectively inhibiting urate 
transporter 1.8 In a Phase III randomized controlled trial, dotinurad reduced the UA levels of hyperuricemic patients with or 
without gout without renal dysfunction;9 however, UA-lowering and renoprotective effects of dotinurad have not been 
determined in hyperuricemic individuals with advanced CKD (stage G3-5). We conducted the present investigation to evaluate 
dotinurad’s effects on the UA metabolism and renal function of individuals with both hyperuricemia and advanced CKD.
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Patients and Methods
Ethical Approval
The Institutional Review Board of Saitama Medical Center, Jichi Medical University approved this investigation (S18- 
114), which was conducted in compliance with the Declaration of Helsinki’s ethical principles. The requirement of 
patients’ informed consent was waived because of the investigation’s retrospective nature. All of the patients whose cases 
were analyzed were advised of their right to opt-out. We also displayed information about the study on our institutional 
bulletin boards in the Medical Center’s waiting areas.

Patients
We retrospectively analyzed the cases of the patients treated at Jichi Medical University’s Saitama Medical Center during the 
period from September 1, 2019 to December 31, 2021. The following inclusion criteria were used: (1) age >20 years; (2) with 
a diagnosis of hyperuricemia (UA ≥6.0 mg/dL), with an estimated glomerular filtration rate (eGFR) ≤60 mL/min/1.73 m2; 
(3) taking dotinurad for at least 12 months; (4) newly initiated with dotinurad between September 1, 2020 and December 31, 
2020. We excluded patients who: (1) were taking uricosuric drugs other than dotinurad; (2) had malignancy; or (3) were 
undergoing or had undergone renal replacement therapy such as hemodialysis, peritoneal dialysis, or renal transplantation. It 
has been reported that serum uric acid level greater than 6.0 mg/dL was associated with the increased risk for development of 
cardiovascular disease and progression to end-stage renal disease.10,11 Several recent studies have defined hyperuricemia as 
UA ≥6.0 mg/dL.12,13 Therefore, in this study, hyperuricemia was defined as UA ≥6.0 mg/dL. For a control group, we selected 
the cases of the patients at the Medical Center without dotinurad treatment during September 1, 2019 to December 31, 2021 
who met the inclusion/exclusion criteria except for dotinurad administration and were matched with the dotinurad-treated 
patients by propensity score matching.

Study Design
We conducted a retrospective, single-center, comparative pilot study. Figure 1 illustrates the study’s design. We compared 
the cases of the 34 dotinurad-treated patients with the data of a control group of 34 patients whose baseline characteristics 
matched those of the dotinurad group. The baseline values of dotinurad-treated patients were obtained on the days when 
dotinurad was newly initiated (1 September 2020 to 31 December 2020). In the control group, baseline values were also 
obtained in the same period (1 September 2020 to 31 December 2020) when the patients visited Saitama Medical Center.

Dotinurad was administered orally once each day in the morning. The initially administered dosage of dotinurad was 
0.5 mg/day. The dosage of dotinurad was increased for persistent hyperuricemia. The administered dosage of dotinurad at 
12 months was 0.5 mg/day in 24 patients, 1.0 mg/day in 8 patients, 2.0 mg/day in 1 patient, and 4.0 mg/day in 1 patient 
(Figure 2). We compared the changes in the serum levels of UA, the urine protein-to-creatinine ratio (UPCR), and the 
eGFR at 1, 3, 6, 9, and 12 months with those at baseline in the dotinurad and control groups. We evaluated both patient 
groups’ annual changes in eGFR (mL/min/1.73 m2/year) at 12 months before the baseline and 12 months after the 
baseline. We performed a multiple linear regression analysis in order to analyze factors that were independently 
associated with the changes in the eGFR, UA, and time-averaged UA during the dotinurad treatment period.

Laboratory Methods
The Saitama Medical Center’s Clinical Laboratory determined the blood and urinary parameters. Each patient’s eGFR 
was determined with the use of the Modification of Diet in Renal Disease formula (modified version) issued by the 
Japanese Society of Nephrology: eGFR (mL/min/1.73 m2) = 194 × age−0.287 × serum creatinine−1.094 (multiplied by 
0.739 for women).14 The patient’s serum hemoglobin A1c (HbA1c) values are presented as National Glycohemoglobin 
Standardization Program values.

We used the following definition of hypertension: a mean systolic blood pressure ≥140 mmHg and/or mean diastolic blood 
pressure ≥90 mmHg, or the use of medication to lower the patient’s blood pressure. We defined diabetes mellitus as an HbA1c 
level ≥6.5% or the use of medication and/or insulin treatment to lower the patient’s blood glucose. To determine the eGFR’s 
annual changes, we used a linear regression analysis with the slope per month for each patient pre- and post-baseline. An 
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automated arm cuff was used to measure the blood pressure with the patient at rest in a sitting position; two measurements 
were taken at a 1- to 2-min interval, and our analyses used the measurements’ mean.

We collected all of the patients’ UA measurements longitudinally from the time of the initiation of dotinurad 
treatment to 12 months later, and we used these data to calculate the time-averaged values for each individual patient, 
using the following formula:

Dotinurad

−12 Baseline 1 3 12
months

Change in eGFR 
before baseline

Change in eGFR 
after baseline

Uric acid, eGFR, urine 
protein-to-creatinine ratio

6 9

Dotinurad group
(n=34)

Control group
(n=34)

No addition of uric acid 
lowering drug

1 September 2020 
to 31 December 2020

Figure 1 Study design. 
Abbreviation: eGFR, estimated glomerular filtration rate.
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Figure 2 The changes in the distribution of dotinurad doses administered to the patients.
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where the UA values UA0, UA1, … UAn were measured at time points t0, t1, … tn.

Statistical Analyses
A propensity score-matching analysis was used to select controls who had baseline characteristics similar to those of the 
dotinurad-treated patients. We included age, sex, UA, and the eGFR as independent variables in the propensity model. 
The one-to-one matching was achieved by identifying a control who had the nearest logit-transformed propensity score to 
a dotinurad patient (with a 0.25 caliper width), and the subsequent analyses used the resulting score-matched pairs. 
UPCR, triglyceride, and β2-microglobulin were not distributed normally; however, we treated them as normally 
distributed in accordance with central limit theorem because the sample size of each group is above 30.15 The results 
are shown as the means ± standard deviations. We used Student’s t-test to compare clinical parameters between the 
groups of dotinurad-treated and control patients, and we used a repeated measures analysis of variance and Tukey’s test 
to compare the clinical parameters within the groups at the baseline and 1, 3, 6, 9, and 12 months from baseline. Paired 
t-tests were used to compare the eGFR’s annual changes between pre- and post-baseline in the two groups. The eGFR’s 
annual changes were examined by a linear regression analysis and calculated as the monthly slope for each individual. 
A linear regression analysis was conducted to determine correlations between two variables. The parameters that simple 
linear regression analyses suggested were significantly correlated with the changes in eGFR, UA, and time-averaged UA 
during the dotinurad treatment period (p<0.10) were included in the present multiple linear regression analysis in order to 
identify the parameters independently correlated with the changes in eGFR, UA, and time-averaged UA during the 
dotinurad treatment period. Differences with a probability (p)-value <0.05 were accepted as significant. JMP 11 software 
(SAS, Cary, NC, USA) was used.

Results
The Patients’ Characteristics
We identified 250 patients with hyperuricemia and an eGFR <60 mL/min/1.73 m2; 44 of the patients were taking dotinurad, 
and the other 206 were not. Ten of the 44 patients being treated with dotinurad did not meet all of the inclusion criteria; the 
dotinurad group was thus comprised of 34 patients. The propensity score individually matched 34 patients not undergoing 
dotinurad treatment with dotinurad group patients, and these individuals comprised the control group (Figure 3, Table S1). We 
thus analyzed the cases of a total of 68 patients (34 men and 34 women, mean age 68.7 ± 13.8 years).

The baseline mean eGFR levels of all 68 patients was 32.3 ± 14.2 mL/min/1.73 m2. The CKD stages of the patients 
were: stage G3a, n=14 (20.6%), stage G3b, n=23 (33.8%); stage G4, n=21 (30.9%); and stage G5, n=10 (14.7%). Renal 
replacement therapy was not initiated for any of the patients during the study period. Table 1 summarizes the baseline 
characteristics of all 68 patients and the dotinurad and control groups’ medications. With the exception of the high- 
density lipoprotein (HDL) cholesterol values and the proportion of patients taking statin, eicosapentaenoic acid, and 
dipeptidyl peptidase-4 (DPP-4) inhibitor, there were no significant between-group differences in clinical parameters. The 
percentage of patients with diabetes mellitus was 36.8%, and that of patients with hypertension was 86.8%. No other UA- 
lowering drugs were changed, nor was the dosage of them changed during the dotinurad treatment period in either the 
dotinurad-group or the control group. Medications started during the 12 months before the baseline in the dotinurad 
group were: antihypertensive medications in four patients, lipid-lowering medications in four patients, diuretic medica
tions in three patients, and UA-lowering medication in one patient. Medications started during the 12 months before the 
baseline in the control group were: antihypertensive medications in four patients, lipid-lowering medications in two 
patients, and diuretic medication in one patient. During the dotinurad treatment period, antihypertensive medications 
were added in four patients and stopped in two patients in the dotinurad group whereas those were added in two patients 
in the control group.
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Effects of Dotinurad on UA Control
The dotinurad group’s UA levels fell significantly from 7.1 ± 0.8 mg/dL at their baseline to 6.1 ± 1.0 mg/dL at 1 month 
(p<0.05), and the levels continued to be significantly decreased to 6.0 ± 1.0 mg/dL at 3 months (p<0.05), 5.9 ± 1.2 mg/dL at 
6 months (p<0.05), 6.1 ± 1.1 mg/dL at 9 months (p<0.05), and 5.9 ± 1.0 mg/dL at 12 months (p<0.05). In contrast, the control 
group’s UA levels at 1, 3, 6, 9, and 12 months did not differ significantly from the baseline values (Figure 4).

Patients with hyperuricemia and 
eGFR < 60 mL/min/1.73 m2

(n=250)

Not meeting inclusion criteria
insufficient duration of 

dotinurad (n=3)
discontinuation of dotinurad

due to adverse effects (n=2)
taking benzbromaron (n=1)
induction of dialysis (n=1)
death (n=2)
lost to follow-up (n=1)

Exclusion criteria
induction of dialysis (n=2)

Dotinurad group
(n=34)

Control group
(n=34)

Taking dotinurad
(n=44)

Not taking dotinurad
(n=206)

1:1 propensity score matching

Figure 3 Patient flow diagram.

Table 1 Participants’ Characteristics and Medications at Baseline

Dotinurad Group 
(n=34)

Control Group 
(n=34)

p-value

Age, years 68.6 ± 13.3 68.9 ± 14.4 0.93

Male sex, n (%) 17 (50.0) 17 (50.0) 1.00

BMI, kg/m2 24.4 ± 4.4 25.0 ± 4.4 0.70

SBP, mmHg 136.3 ± 19.9 125.6 ± 16.0 0.07

DBP, mmHg 78.0 ± 15.2 74.9 ± 8.5 0.46

Diabetes mellitus, n (%) 16 (47.1) 9 (26.5) 0.08

Hypertension, n (%) 30 (88.2) 29 (85.3) 0.73

Gout, n (%) 0 (0.0) 0 (0.0) 1.00

Antiplatelet agent, n (%) 8 (23.5) 10 (29.4) 0.59

Statin, n (%) 25 (73.5) 10 (29.4) 0.002*

Eicosapentaenoic acid, n (%) 7 (20.6) 1 (2.9) 0.024*

(Continued)

Drug Design, Development and Therapy 2023:17                                                                             https://doi.org/10.2147/DDDT.S416025                                                                                                                                                                                                                       

DovePress                                                                                                                       
3237

Dovepress                                                                                                                                                            Yanai et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Table 1 (Continued). 

Dotinurad Group 
(n=34)

Control Group 
(n=34)

p-value

Other uric acid-lowering drug, n (%): 15 (44.1) 12 (35.3) 0.46

Febuxostat, n (%) All 12 (35.3) 6 (17.6) 0.17

10 mg/day 2 (5.9) 3 (8.8) 0.34

20 mg/day 8 (23.5) 3 (8.8)

40 mg/day 2 (5.9) 0 (0.0)

60 mg/day 0 (0.0) 0 (0.0)

Allopurinol, n (%) All 3 (8.8) 5 (14.7) 0.71

50 mg/day 0 (0.0) 2 (5.9) 0.64

100 mg/day 2 (5.9) 3 (8.8)

200 mg/day 1 (2.9) 0 (0.0)

Topiroxostat, n (%) All 0 (0.0) 1 (2.9) 1.00

40 mg/day 0 (0.0) 1 (2.9) 1.00

80 mg/day 0 (0.0) 0 (0.0)

Alkali supplement, n (%) 3 (8.8) 2 (5.9) 0.65

DPP-4 inhibitor, n (%) 11 (32.4) 4 (11.8) 0.040*

SGLT-2 inhibitor, n (%) 3 (8.8) 0 (0.0) 0.08

GLP-1 agonist, n (%) 3 (8.8) 2 (5.9) 0.65

Insulin, n (%) 1 (2.9) 2 (5.9) 0.56

Diuretic, n (%) 14 (41.2) 10 (29.4) 0.32

β-blocker, n (%) 11 (32.4) 6 (17.6) 0.17

CCB, n (%) 22 (64.7) 22 (64.7) 1.00

RAS inhibitor, n (%) 22 (64.7) 21 (61.8) 0.81

BUN, mg/dL 29.8 ± 12.7 31.8 ± 18.7 0.61

Creatinine mg/dL 1.8 ± 0.8 1.9 ± 0.9 0.85

eGFR, mL/min/1.73m2 32.0 ± 13.3 32.6 ± 15.2 0.88

Primary cause of CKD, n (%) Hypertensive nephrosclerosis 13 (38.2) 13 (38.2) 0.20

Diabetic kidney disease 8 (23.5) 5 (14.7)

Chronic glomerulonephritis 5 (14.7) 4 (11.8)

Others 8 (23.5) 12 (35.3)

CKD stage, n (%) G3a 7 (20.6) 7 (20.6) 0.92

G3b 10 (29.4) 13 (38.2)

G4 13 (38.2) 8 (23.5)

G5 4 (11.8) 6 (17.6)

(Continued)
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Effects of Dotinurad on the UPCR and the eGFR’s Annual Change
In both the dotinurad and control groups, the UPCR at 1, 3, 6, 9, and 12 months did not differ significantly from the 
baseline values, as depicted in Figure 5. In the dotinurad-treated patients, the eGFR’s annual change significantly 
improved, from the pre-baseline values −6.0 ± 12.9 to −0.9 ± 4.6 mL/min/1.73 m2/year over the 12 months after the 

Table 1 (Continued). 

Dotinurad Group 
(n=34)

Control Group 
(n=34)

p-value

Hemoglobin A1c, % 6.2 ± 0.6 6.2 ± 0.9 0.85

Albumin, g/dL 4.1 ± 0.5 3.8 ± 0.4 0.72

LDL-cholesterol, mg/dL 98.8 ± 43.4 105.7 ± 33.2 0.47

HDL-cholesterol, mg/dL 50.4 ± 12.9 60.1 ± 20.1 0.020*

Triglyceride, mg/dL 143.0 (96.5–226.0) 116.0 (89.0–184.0) 0.17

Uric acid, mg/dL 7.1 ± 0.8 7.1 ± 0.8 0.78

Hemoglobin, g/dL 12.1 ± 1.7 12.0 ± 2.0 0.77

Urinary protein excretion, g/gCr 0.56 (0.04–1.54) 0.32 (0.03–1.20) 0.73

NAG, IU/L 9.5 ± 5.4 8.2 ± 4.2 0.36

β2-microglobulin, µg/L 648.0 (149.6–4085.0) 243.0 (111.0–1125.0) 0.26

Note: *P-values are statistically significant. 
Abbreviations: BMI, body mass index; BUN, blood urea nitrogen; CCB, calcium channel blocker; CKD, chronic kidney disease; DBP, diastolic blood 
pressure, DPP-4, dipeptidyl peptidase-4; eGFR, estimated glomerular filtration rate; GLP-1, glucagon-like peptide-1; HDL, high-density lipoprotein; LDL, 
low-density lipoprotein; NAG, N-acetyl-/β-glucosaminidase; RAS, renin angiotensin system; SBP, systolic blood pressure; SGLT-2, sodium glucose 
cotransporter-2.

5.0

5.5

6.0

6.5

7.0

7.5

8.0

0 3 6 9 12

Dotinurad group (n=34)

Control group (n=34)

Baseline
(months)

(mg/dL)

*†

NS (vs. baseline) 

NS (vs. baseline) 
NS (vs. baseline) 

NS (vs. baseline) 

Changes in UA

NS 
(vs. baseline) 

*† *† *†

*†

1

Figure 4 Changes in uric acid (UA) values in the dotinurad and control groups. Vertical bars: standard error of the mean. *p<0.05 vs baseline; †p<0.05 vs the control group. 
Abbreviations: NS, not significant; UA, uric acid.
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baseline measurements (p<0.05) (Figures 6 and 7). In the control group, the eGFR’s annual change declined significantly 
from the pre-baseline value 0.9 ± 4.7 to −3.4 ± 6.7 mL/min/1.73 m2/year over the 12-month period after the baseline 
measurements (p<0.05) (Figures 6 and 7).

Factors Associated with the Change in eGFR During the Dotinurad Treatment
As shown in Table 2, the simple linear regression analyses results disclosed that the change in eGFR during the dotinurad 
treatment period was marginally or significantly correlated with the following factors: HDL cholesterol, DPP-4 inhibitor 

0.0

0.5

1.0

1.5

2.0

2.5

-12 -9 -6 -3 0 3 6 9 12

Dotinurad group (n=34)

Control group (n=34)

(months)

(g/gCr)

Changes in UPCR

1Baseline

Figure 5 Changes in the urine protein-to-creatinine ratio (UPCR) in the dotinurad and control groups. Vertical bars: standard error of the mean.
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Figure 6 Changes in estimated glomerular filtration rate (eGFR) in the dotinurad-treated and control patients. Vertical bars: standard error of the mean.
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use, β-blocker use, average dose of dotinurad during the 12-month treatment period, and the time-average UA values. 
The multiple linear regression analysis applying the factors that were marginally correlated or significantly correlated 
(p<0.10) with an eGFR change during the dotinurad treatment period in the simple linear regression analyses demon
strated that DPP-4 inhibitor use (standard coefficient [β] = 0.291, p=0.046) and time-averaged UA (β = −0.520, p=0.004) 
were both independently correlated with the eGFR change during the period of dotinurad treatment.

Before After AfterBefore

Annual changes in eGFR before and after baseline

Dotinurad group
(n=34)

Control group
(n=34)

*
−6.0 12.9

(mL/min/1.73 m2/year)

−0.9 4.6 0.9 4.7 −3.4 6.7

*

Figure 7 Annual eGFR change from pre- to post-baseline in the dotinurad and control groups. *p<0.05.

Table 2 Simple and Multiple Linear Regression Analyses of Variables Associated with the Change in Estimated Glomerular Filtration 
Rate During the Administration of Dotinurad

Variables Simple Linear Regression Analysis Multiple Linear Regression Analysis

Standard Coefficient p-value Standard Coefficient p-value

Age, years −0.101 0.57

Male sex, yes vs no 0.063 0.72

BMI at baseline, kg/m2 −0.048 0.80

SBP at baseline, mmHg −0.272 0.12

DBP at baseline, mmHg −0.196 0.27

Hemoglobin A1c at baseline, % −0.195 0.35

Albumin at baseline, g/dL 0.205 0.25

BUN at baseline, mg/dL 0.102 0.57

eGFR at baseline, mL/min/1.73m2 −0.031 0.86

Uric acid at baseline, mg/dL 0.051 0.78

HDL-cholesterol at baseline, mg/dL 0.295 0.095* 0.237 0.13

(Continued)
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Factors Associated with the Change in UA During the First 1 Month of Dotinurad 
Treatment
As shown by simple linear regression analyses, the UA changes during the patients’ first month of dotinurad treatment was 
marginally or significantly correlated with the following (Table 3): blood urea nitrogen (BUN), eGFR, UA, hemoglobin, 
history of diabetes mellitus, history of myocardial infarction, the use of another UA-lowering drug, alkali supplement use, and 
calcium channel blocker use. We also applied multiple linear regression analysis with the variables that were marginally 
correlated or significantly correlated (p<0.10 in the simple linear regression analyses) with a change in UA during the first 1 
month of dotinurad treatment. The results showed that the UA value at baseline was independently correlated with a change in 
UA during the first 1 month of dotinurad treatment (β = −0.436, p=0.005).

Factors Associated with the Time-Averaged UA During Dotinurad Treatment
As shown in Table 4, the simple linear regression analyses revealed that the time-averaged UA values during the dotinurad 
treatment period were marginally or significantly correlated with the values of HbA1c, eGFR, triglyceride, and 

Table 2 (Continued). 

Variables Simple Linear Regression Analysis Multiple Linear Regression Analysis

Standard Coefficient p-value Standard Coefficient p-value

LDL-cholesterol at baseline, mg/dL −0.025 0.89

Triglyceride at baseline, mg/dL −0.189 0.29

Hemoglobin at baseline, g/dL −0.153 0.39

Urinary protein excretion at baseline, g/gCr −0.238 0.18

NAG at baseline, IU/L −0.176 0.32

β2-microglobulin at baseline, µg/L −0.183 0.33

Hypertension, yes vs no −0.018 0.92

Diabetes mellitus, yes vs no 0.101 0.57

Antiplatelet agent, yes vs no −0.206 0.24

Statin, yes vs no −0.046 0.80

Eicosapentaenoic acid, yes vs no −0.180 0.31

Other uric acid-lowering drug, yes vs no −0.275 0.12

Alkali supplement, yes vs no −0.001 1.00

DPP-4 inhibitor, yes vs no 0.353 0.041* 0.291 0.046*

Diuretic, yes vs no −0.086 0.63

β-blocker, yes vs no −0.450 0.008* −0.118 0.45

CCB, yes vs no 0.073 0.68

RAS inhibitor, yes vs no 0.149 0.40

Average dose of dotinurad during 12 months, mg/day −0.404 0.018* −0.019 0.91

Time average uric acid, mg/dL −0.627 <0.001* −0.520 0.004*

Initial dose of dotinurad, mg/day 0.000 –

Notes: Abbreviations are explained in the Table 1 footnote. *P-values are marginally or statistically significant.
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Table 3 Simple and Multiple Linear Regression Analyses of Variables Associated with the Change in Uric Acid During the 
First 1 Month of Dotinurad Administration

Variables Simple Linear Regression Analysis Multiple Linear Regression Analysis

Standard Coefficient p-value Standard Coefficient p-value

Age, years 0.097 0.60

Male sex, yes vs no −0.173 0.34

BMI at baseline, kg/m2 −0.197 0.31

SBP at baseline, mmHg 0.073 0.69

DBP at baseline, mmHg −0.011 0.95

Hemoglobin A1c at baseline, % 0.132 0.55

Albumin at baseline, g/dL −0.076 0.68

BUN at baseline, mg/dL 0.536 0.002* 0.254 0.36

eGFR at baseline, mL/min/1.73m2 −0.586 <0.001* −0.136 0.56

Uric acid at baseline, mg/dL −0.305 0.089* −0.436 0.005*

HDL-cholesterol at baseline, mg/dL −0.093 0.62

LDL-cholesterol at baseline, mg/dL −0.223 0.22

Triglyceride at baseline, mg/dL −0.007 0.97

Hemoglobin at baseline, g/dL −0.340 0.057* −0.127 0.47

Urinary protein excretion at baseline, g/gCr 0.169 0.36

NAG at baseline, IU/L 0.306 0.46

β2-microglobulin at baseline, µg/L 0.250 0.20

Hypertension, yes vs no 0.154 0.40

Diabetes mellitus, yes vs no 0.346 0.053* 0.188 0.18

Previous myocardial infarction, yes vs no 0.313 0.082* 0.132 0.32

Previous stroke, yes vs no −0.182 0.32

Antiplatelet agent, yes vs no 0.176 0.33

Statin, yes vs no 0.057 0.76

Eicosapentaenoic acid, yes vs no −0.070 0.70

Other uric acid-lowering drug, yes vs no 0.343 0.055* 0.201 0.18

Alkali supplement, yes vs no 0.378 0.033* 0.088 0.55

DPP-4 inhibitor, yes vs no 0.111 0.55

Diuretic, yes vs no 0.253 0.16

β-blocker, yes vs no 0.046 0.80

CCB, yes vs no 0.389 0.028* 0.173 0.22

RAS inhibitor, yes vs no −0.103 0.57

Initial dose of dotinurad, mg/day 0.000 −

Notes: Abbreviations are explained in the Table 1 footnote. *P-values are marginally or statistically significant.
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Table 4 Simple and Multiple Linear Regression Analyses of Variables Associated with the Time Average of Uric Acid 
During the Administration of Dotinurad

Variables Simple Linear Regression 
Analysis

Multiple Linear Regression 
Analysis

Standard Coefficient p-value Standard Coefficient p-value

Age, years −0.046 0.79

Male sex, yes vs no 0.165 0.35

BMI at baseline, kg/m2 0.228 0.23

SBP at baseline, mmHg 0.134 0.45

DBP at baseline, mmHg 0.136 0.44

Hemoglobin A1c at baseline, % 0.367 0.071* 0.181 0.60

Albumin at baseline, g/dL −0.134 0.45

eGFR at baseline, mL/min/1.73m2 −0.329 0.057* −0.427 0.33

Uric acid at baseline, mg/dL 0.175 0.32

HDL-cholesterol at baseline, mg/dL −0.202 0.26

LDL-cholesterol at baseline, mg/dL −0.113 0.52

Triglyceride at baseline, mg/dL 0.307 0.078* −0.076 0.79

Hemoglobin at baseline, g/dL −0.112 0.53

Urinary protein excretion at baseline, g/gCr 0.231 0.20 0.460 0.15

NAG at baseline, IU/L 0.163 0.39

β2-microglobulin at baseline, µg/L 0.361 0.050* −0.238 0.59

Hypertension, yes vs no 0.010 0.95

Diabetes mellitus, yes vs no 0.293 0.093* 0.222 0.40

Antiplatelet agent, yes vs no −0.020 0.91

Statin, yes vs no −0.060 0.74

Eicosapentaenoic acid, yes vs no 0.165 0.35

Other uric acid-lowering drug, yes vs no 0.391 0.022* −0.384 0.19

Alkali supplement, yes vs no 0.117 0.51

DPP-4 inhibitor, yes vs no −0.060 0.74

Diuretic, yes vs no 0.497 0.003* 0.182 0.62

β-blocker, yes vs no 0.500 0.003* 0.798 0.017*

CCB, yes vs no 0.106 0.55

RAS inhibitor, yes vs no −0.152 0.39

Average dose of dotinurad during 12 months, mg/day 0.555 0.001* −0.093 0.81

Initial dose of dotinurad, mg/day 0.000 −

Notes: Abbreviations are explained in the Table 1 footnote. *P-values are marginally or statistically significant.
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β2-microglobulin, diabetes mellitus history, use of other UA-lowering drugs, diuretic use, β-blocker use, and average dotinurad 
dose during the 12 months. Our subsequent multiple linear regression analysis with the variables that were marginally correlated 
or significantly correlated (p<0.10) with the time-averaged UA values during dotinurad treatment in the simple linear regression 
analyses demonstrated that the use of a β-blocker was independently correlated with the time-averaged UA during dotinurad 
treatment (β = 0.798, p=0.017).

Other Clinical Parameters’ Changes, and Adverse Effects
The dotinurad-treated patients’ low-density lipoprotein (LDL) cholesterol values significantly decreased from 98.8 ±  
43.4 mg/dL at baseline to 82.6 ± 30.1 mg/dL at 9 months (p<0.05) and 82.9 ± 33.1 mg/dL at 12 months (p<0.05). 
(Figure 8). As also shown in Figure 8, the dotinurad-treated patients’ LDL cholesterol levels were significantly different 
from those of the control group at 6, 9, and 12 months (Figure 8). We identified no significant differences in other clinical 
and laboratory parameters, including body mass index, systolic blood pressure, HbA1c, HDL cholesterol, triglyceride, 
albumin, C-reactive protein, and hemoglobin between baseline values and those measured at 1, 3, 6, 9, and 12 months in 
either the dotinurad or control group (data not shown). No attack of gout was observed in either group during the study 
period. However, adverse effects were observed in two of the dotinurad-treated patients (fever, nausea), and their 
dotinurad treatment was thus discontinued.

Discussion
The results of the present analyses demonstrated that the administration of the selective urate reabsorption inhibitor 
dotinurad to patients with both hyperuricemia and advanced CKD decreased the patients’ UA levels and attenuated the 
decline in their renal function, without serious adverse events. Our findings from multiple linear regression analyses also 
revealed that (1) the use of a DPP-4 inhibitor and the time-averaged UA values were independently correlated with the 
eGFR change during the dotinurad treatment; (2) the UA at baseline was independently correlated with the UA change 
during the first 1 month of dotinurad treatment, and (3) the use of a β-blocker was independently correlated with the time- 
averaged UA during the dotinurad treatment. These results imply that dotinurad has positive effects on UA metabolism 
and renal function in hyperuricemic patients with advanced CKD, and they indicate that dotinurad can be safely used in 
this patient population.
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Figure 8 Changes in low-density lipoprotein (LDL) cholesterol in the dotinurad and control groups. Vertical bars: standard error of the mean. *p<0.05 vs baseline; †p<0.05 
vs the control group.
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UA-lowering drugs were reported to improve CKD patients’ decline in renal function.4–6 However, dotinurad did not 
reduce proteinuria in this study. UA-lowering drugs may not reduce proteinuria in patients with advanced CKD. Further 
studies are needed to examine the antiproteinuric effects of UA-lowering drugs in patients with advanced CKD.

In this study, the annual change in eGFR improved significantly in the dotinurad group, whereas no improvement was 
observed in the control group. This improvement in renal function was suggested to be based on the finding that 
a uricosuric drug prevented the progression of glomerulosclerosis.16 In another study, UA-lowering therapy blocked the 
RAS, leading to a decrease in glomerular hypertension; this decrease may preserve the eGFR.17 As shown in Table 2, in 
this study, the change in renal function was not associated with changes in either urinary protein or blood pressure. The 
effect of dotinurad on renal function may not be affected by urinary protein or blood pressure.

As shown in Table 2, the renal function’s decline from baseline to 12 months was significantly associated with the use 
of DPP-4 inhibitor medication; the inhibition of DPP-4 upregulates the renal production of cyclic adenosine monopho
sphate (cAMP) via an elevation of the circulatory system’s stromal cell-derived factor-1α, which may explain this 
finding.18 An increased cAMP value exerts antioxidative effects and reduces reactive oxygen species, which are 
suspected to be a major cause of CKD progression. It has also been speculated that a DPP-4 inhibitor elevates the 
level of active glucagon-like peptide-1, which upregulates cAMP and reduces oxidative stress.18

As can be seen by the data in Table 3, the decline in the patients’ UA from baseline to +1 month was associated with the 
baseline UA. Recent study reported that higher baseline serum UA was associated with greater decrease in serum UA during 
the first four weeks of UA-lowering drug use.19 Our present findings indicate that the higher a patient’s baseline UA is, the 
higher the degree of UA decrease from baseline to +1 month will be, which is consistent with the previous report.19

We also observed that the time-averaged UA level was associated with the use of a β-blocker (see Table 4), which is 
consistent with other reports.20–22 A suspected mechanism is that a β-blocker activates the pentose phosphate pathway, 
leading to the production of UA.21 However, the question of whether or not β-blockers independently contribute to 
hyperuricemia remains to be investigated.20

As shown in Figure 8, the dotinurad treatment decreased the patients’ level of LDL cholesterol. UA-lowering 
compounds were reported to decrease the serum LDL cholesterol levels of patients with hyperlipidemia.23–25 The 
mechanisms underlying the regulation of serum LDL cholesterol by a lowering of UA are not known, but it is possible 
that lowering the UA may regulate LDL cholesterol through antioxidant and anti-inflammatory mechanisms.23 However, 
in this study, approximately 70% of the patients in the dotinurad group were treated with statins, which may have 
affected the study results. Further studies are needed to investigate the LDL cholesterol-lowering effect of dotinurad in 
hyperuricemic patients with advanced CKD.

An observational study reported that serum uric acid level greater than 6.0 mg/dL was associated with the increased 
risk for progression to end-stage renal disease in patients with moderate to severe CKD.11 In the present study, dotinurad 
attenuated decline in renal function in patients with hyperuricemia (UA ≥6.0 mg/dL) and advanced CKD. These findings 
suggest that UA-lowering therapy might have a beneficial effect on renal function in patients with hyperuricemia (UA 
≥6.0 mg/dL) and advanced CKD. Larger-scale, longer-term investigations are necessary to further clarify the renopro
tective effects of dotinurad in this patient population. Our present study is the first to show that dotinurad has 
a renoprotective effect in hyperuricemic patients with advanced CKD, and our findings could be informative for further 
investigations of dotinurad treatment in advanced CKD patients.

There are several study limitations to address. Since this study was a single-center, retrospective and observational analysis, 
it could have included patient-selection bias; however, propensity score matching was applied to reduce selection bias among 
the control patients. The patient population was small (n=68), and the study was performed at a single medical center, thus 
limiting our results’ generalizability. The systolic blood pressure and proportion of patients with diabetes was higher in the 
dotinurad group. This difference between the two groups may have influenced the course of renal function. It is also possible 
that medications started before the initiation of dotinurad treatment may have affected the renal function and urinary protein. 
Almost half of the patients were taking other UA lowering medications such as allopurinol and febuxostat, but it is not likely 
that these medications affected our findings, as there were no significant between-group differences in the patients’ baseline 
characteristics (including the use of UA-lowering drugs) after the propensity-score matching; in addition, the patients’ use of 
UA-lowering medication including its dosage did not change during the treatment period. Long-term and larger-scale 
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randomized clinical investigations are necessary to confirm dotinurad’s effectiveness for renoprotection in patients with 
advanced CKD. There might have been the confounding effect of other UA-lowering drugs, although there was no difference 
in the proportion of patients receiving other UA-lowering drugs between the two groups. Therefore, further prospective, large- 
scale, multicenter studies comparing dotinurad with other UA-lowering drug are required to confirm our findings.

In conclusion, the selective urate reabsorption inhibitor dotinurad can decrease UA levels and might attenuate decline 
in renal function in patients with hyperuricemia and advanced CKD, without serious adverse events.
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