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Abstract

:

Background and Objectives: Urinary levels of dickkopf-3 (DKK-3) are associated with poor renal survival in patients with non-dialytic chronic kidney disease. However, it remains unknown whether urinary DKK-3 levels can predict residual renal function (RRF) decline in patients undergoing peritoneal dialysis (PD). Therefore, we investigated the correlation between urinary levels of DKK-3 and the subsequent rate of RRF decline in PD patients. Materials and Methods: This study included 36 PD patients who underwent multiple peritoneal equivalent tests during 2011–2021. The relationship between baseline clinical characteristics and the subsequent annual rate of Kt/V decline was investigated. Results: The annual rate of renal Kt/V decline was 0.29 (range: 0.05–0.48), which correlated with renal Kt/V (r = 0.55, p = 0.0005) and 24 h urinary DKK-3 excretion (r = 0.61, p < 0.0001). Similarly, 24 h urinary DKK-3 excretion (β = 0.44, p = 0.0015) and renal Kt/V (β = 0.38, p = 0.0059) were independently associated with the annual rate of renal Kt/V decline in multivariate analyses. Conclusions: Urinary DKK-3 assessment may help identify PD patients at a high risk of RRF decline.
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1. Introduction


Chronic kidney disease (CKD) is a common public health problem with an estimated global prevalence of 13.4% [1]. CKD progression leads to end-stage renal disease (ESRD), which requires treatment with renal replacement therapy (RRT).



Peritoneal dialysis (PD) and hemodialysis (HD) are the major types of RRT for patients with ESRD. In both cases, residual renal function (RRF) is a key factor associated with patient survival [2,3,4]. Compared with HD, PD is associated with better preservation of RRF [5]; however, RRF loss in PD patients has been associated with withdrawal from PD [6]. In addition, RRF loss is associated with poor quality of life and worsening fluid status in PD patients [7,8]. Therefore, preserving RRF is a critical issue for PD patients. Previous studies have shown that some urinary biomarkers, including proteinuria, can predict RRF decline in PD patients [9,10,11,12]. However, there is no established marker for predicting RRF decline in PD patients. The identification of patients at high risk of RRF decline could enable early intervention of RRF preservation; thus, new biomarkers for predicting an increased RRF decline in PD patients are desired.



Dickkopf-3 (DKK-3) is a renal tubular secreted glycoprotein induced by various tubular stresses, which stimulates tubulointerstitial fibrosis by affecting the Wnt/β-catenin signaling pathway [13]. In the clinical setting, higher urinary DKK-3 levels predict poor renal survival in various cases of non-dialytic CKD [14]. Furthermore, urinary DKK-3 is associated with acute kidney injury and subsequent chronic kidney dysfunction in patients undergoing cardiac surgery [15]. Urinary DKK-3 levels are a promising marker for predicting RRF decline and assessing the effects of interventions in various kidney diseases [16,17]. However, there are no data on whether urinary levels of DKK-3 are useful for predicting RRF decline in PD patients. Therefore, in this study, we investigated the correlation between urinary levels of DKK-3 and the subsequent rate of RRF decline in PD patients.




2. Materials and Methods


This was a retrospective, longitudinal, observational cohort study that included 36 PD patients. All PD patients underwent a peritoneal equilibration test (PET) at least twice between October 2011 and March 2021. Patients with anuria (daily urine volume < 200 mL) or those who underwent a combination therapy with concurrent PD and HD at the time of the first PET were excluded. This study was conducted in accordance with the Declaration of Helsinki and the ethical guidelines for medical and health research involving human subjects. The ethics review board of Nagasaki University Hospital approved the study protocol (approval number: 09022759-5).



2.1. Date and Sample Collection


The patient’s baseline data and 24 h urine samples were simultaneously collected at the time of the first PET. The results of PET were calculated using the PD ADEQUEST 2.0 software (Baxter International Inc., Deerfield, IL, USA). In this study, weekly renal Kt/V urea, which reflects the rate of residual renal urea clearance, was used as a marker of RRF. The annual rate of renal Kt/V decline was calculated according to the following formula:


(renal Kt/V at first PET–renal Kt/V at the next PET)/number of follow-up years












2.2. Measurement of Urinary DKK-3


We analyzed urinary DKK-3 levels using an enzyme-linked immunosorbent assay (ELISA) kit from 24 h urine samples collected at the time of the first PET. The Human DKK-3 ELISA Kit (RAB0145; Sigma-Aldrich, Saint Louis, MO, USA) was used according to the manufacturer’s instructions. Absorbance was measured at 450 nm using a microplate reader (MULTISKAN FC; Thermo Scientific, Kanagawa, Japan). All samples were measured in duplicate.




2.3. Statistical Analysis


Categorical variables are expressed as percentages. Normally distributed continuous variables are expressed as mean ± standard deviation, and non-normally distributed variables are expressed as median and interquartile range. Pearson’s correlation test and multiple linear regression analysis for renal Kt/V decline were performed using the variables that were reported as predictors of RRF decline [18], including mean arterial pressure, serum albumin, total-cholesterol, renal Kt/V, total Kt/V, 4h-D/Pcr, urinary protein, urinary DKK-3, diabetes mellitus, administration of ACE-I/ARB and diuretics, and history of peritonitis. Regarding multivariate linear regression analysis, considering the study sample size, the Akaike information criterion (AIC) was used to exclude variables that did not improve the model. The model with the lowest AIC score was used in multiple linear regression analysis. Statistical analyses were performed using JMP version 14 software (SAS Institute Inc., Cary, NC, USA). Statistical significance was set at p < 0.05.





3. Results


The characteristics of PD patients at the time of the first PET are presented in Table 1. The mean age of the patients was 61.1 ± 12.8 years, and 21 (55.6%) patients were men. The median duration of PD at baseline was 13 (range: 11–24) months. The main cause of ESRD was nephrosclerosis (33.3%). The median urinary volume was 1500 (range: 1140–1700) mL/day, and the mean fluid removal rate was 248 ± 368.6 mL/day. The median total Kt/V was 1.95 (range: 1.63–2.48), which suggested sufficient small molecule clearance. The median 24 h urinary DKK-3 excretion rate was 13.4 (range, 4.1–28.2) μg/day. The median renal Kt/V was 0.84 (range: 0.64–1.40), suggesting that the RRF was relatively preserved in patients undergoing PD. The annual rate of renal Kt/V decline in PD patients was 0.29/year (range: 0.05–0.48), measured at the median follow-up period of 11.5 (range: 11–12) months.



Factors Associated with RRF Decline in PD Patients


Next, we investigated the factors that correlated with the annual rate of renal Kt/V decline in PD patients. As shown in Table 2, simple regression analysis revealed that renal Kt/V (r = 0.55, p = 0.0005), and 24 h urinary DKK-3 excretion (r = 0.61, p < 0.0001) were positively correlated with the annual rate of renal Kt/V decline. There was no correlation between the 24 h urinary protein excretion and the annual rate of renal Kt/V decline.



Furthermore, to identify the independent factors that correlate with the annual rate of renal Kt/V decline, we performed multiple regression analyses using the minimum AIC score. Urinary protein, renal Kt/V, and 24 h urinary DKK-3 excretion were selected as independent variables for multiple regression analysis. Both renal Kt/V (β = 0.38, p = 0.0059) and daily urinary DKK-3 excretion rate (β = 0.44, p = 0.0015) were independently associated with a higher annual rate of renal Kt/V decline in PD patients (adjusted R2 = 0.55, p < 0.0001) (Table 2, Figure 1). Finally, the urinary DKK-3/creatinine ratio also correlated with the annual rate of renal Kt/V decline in simple linear regression analysis (r = 0.40, p = 0.0153).





4. Discussion


In this study, we investigated the correlation between urinary DKK-3 level and RRF decline in PD patients and demonstrated that higher 24-h urinary DKK-3 excretion was independently correlated with the annual rate of renal Kt/V decline.



Urinary DKK-3 is a novel biomarker of acute kidney injury and CKD [14,15,19]. In particular, in non-dialytic CKD patients, urinary DKK-3 levels have been associated with CKD progression regardless of disease etiology [14]. Urinary DKK-3 is excreted by the tubular cells under stress and activates the Wnt/β-catenin signaling [16,17]. The Wnt/β-catenin signaling pathway is involved in organ development, tissue homeostasis, and human disease pathogenesis [20]. In kidney disease, the Wnt/β-catenin signaling pathway acts as an inducer of tubulointerstitial fibrosis by upregulating the expression of profibrotic factors such as fibronectin, fibroblast-specific protein-1, snail-1, matrix metalloproteinase-7, plasminogen activator inhibitor-1, and the components of the renin-angiotensin system [21]. Tubulointerstitial fibrosis results from several factors and is strongly associated with renal prognosis [22,23,24]. In fact, although this study included various causes of ESRD, a high urinary DKK-3 level was positively correlated with RRF decline. This evidence suggests that, in PD patients with high rates of urinary DKK-3 excretion, DKK-3 may activate profibrotic gene expression, accelerate the progression of tubulointerstitial fibrosis, and decrease RRF, independently of the underlying cause of ESRD. Screening for high levels of urinary DKK-3 may help identify PD patients at a higher risk of RRF decline.



Furthermore, urinary DKK-3 may be an inducer of RRF decline. Basic research has shown that abolishing tubular DKK-3 attenuates tubulointerstitial fibrosis; this evidence suggests that decreasing urinary levels of DKK-3 may reduce the rate of RRF decline. However, at present, it remains unclear what kind of intervention may reduce urinary DKK-3 levels in a clinical setting. In our study, we used 24 h urinary DKK-3 excretion as a marker; however, collecting 24 h urine samples may not be practical in the clinical context. The urinary DKK-3/creatinine ratio also correlates with the annual rate of renal Kt/V decline and may be easier to assess in this patient group.



Previous studies have reported that various factors are associated with decreased residual renal function in patients undergoing PD [18], and this study considered these factors for analysis. Among these factors, the baseline renal Kt/V value was independently correlated with the rate of RRF decline in this study. Previous studies have reported that higher baseline RRF values were associated with a greater risk of subsequent RRF decline in PD patients [11,12]. However, this finding can be explained by the lead time bias [12]. PD patients with higher baseline RRF values have a lower risk of developing anuria than their counterparts [25]. Therefore, it is unnecessary to consider that patients with higher baseline RRF values are at a higher risk of RRF decline.



Other biomarkers have been associated with RRF decline in PD patients, such as urinary protein levels [9,10,11,12]. However, the present study did not show any association between urinary protein levels and the rate of RRF decline. Previously, 1 g/day of proteinuria has been associated with a 13.2% increase in the risk of progression to anuria in patients with PD [12]. Moreover, in the present study, PD patients presented with low levels of urinary protein (0.50 g/day, range: 0.27–0.76 g/day), potentially affecting the present results.



In our analysis, we selected independent values based on a previous study [18]. However, besides the aforementioned factors, other factors have been reported as predictors of RRF decline. For instance, serum uric acid was reported as a predictor of RRF decline in PD patients [26]. Another report showed that oral sodium bicarbonate decreases RRF decline [27]. Furthermore, glucose exposure, fluid overload, older age, inadequate hypertension, and high protein intake were similarly reported as factors of RRF decline in PD patients [11,12,28]. In this study, urinary DKK-3 was independently associated with renal Kt/V. However, it is possible that factors that could not be assessed in this study affect the associations between urinary DKK-3 and RRF decline in PD patients, and further study is needed to clarify this.



The present findings suggest that urinary DKK-3 levels may be a useful biomarker in PD patients. However, this study has several limitations. First, this was a retrospective observational study with small sample size. Thus, the impact of residual confounding factors, as mentioned above, could not be evaluated, and the power of analyses may be insufficient. Second, residual renal Kt/V was used as a marker of RRF in this study. Renal Kt/V is a renal urea clearance marker, and urea is a representative small-molecule uremic toxin. Thus, renal Kt/V could not reflect middle-to-large-sized molecule clearance, and the present findings may not reflect the true RRF. Third, the annual rate of renal Kt/V decline was estimated over a relatively short period (11.5 months, range, 11.0–12.0 months). Thus, our results may not reflect long-term RRF decline risk. Fourth, the present study did not account for other tubular injury markers, precluding any discussions about whether urinary DKK-3 is superior to other markers at predicting RRF decline. Further studies are therefore required to address these limitations.




5. Conclusions


In conclusion, we demonstrated that a higher 24 h urinary excretion of DKK-3 is positively correlated with the RRF decline rate in PD patients. Urinary DKK-3 assessment may help identify PD patients at a high risk of RRF decline.
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Figure 1. Relationship between residual renal function decline and patient characteristics. (A) Correlation between urinary DKK-3 levels and subsequence annual rate of renal Kt/V decline. (B) Correlation between baseline renal Kt/V and the subsequent annual rate of renal Kt/V decline. 
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Table 1. Characteristics of peritoneal dialysis patients.
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	Characteristic
	Value
	Characteristic
	Value





	Age (years)
	61.1 ± 12.8
	Alb (g/dL)
	3.3 ± 0.3



	Duration of PD (months)
	13 (11–24)
	Corrected Ca (mg/dL)
	9.2 ± 0.6



	Male: Female
	21:15
	P (mg/dL)
	5.2 (4.4–5.6)



	BMI (kg/m2)
	22.6 (20.3–25.3)
	Intact-PTH (pg/mL)
	167.8 (90.1–255.3)



	MAP (mmHg)
	92.9 ± 16.2
	Total-cholesterol (mg/dL)
	189.7 ± 34.2



	History of peritonitis (%)
	13.9%
	HbA1c (%)
	5.4 (5.1–5.7)



	Primary disease of ESRD
	
	CRP (mg/dL)
	0.06 (0.03–0.21)



	Chronic glomerulonephritis (%)
	25.0
	Urinary volume (mL/day)
	1500 (1140–1700)



	Diabetic kidney disease (%)
	13.9
	Effluent volume (mL/day)
	248.0 ± 368.6



	Nephrosclerosis (%)
	33.3
	Residual GFR (mL/min)
	4.17 (2.60–6.51)



	Other (%)
	27.8
	Peritoneal Kt/V
	1.03 ± 0.37



	Comorbidity
	
	Renal Kt/V
	0.84 (0.64–1.40)



	Diabetes mellitus (%)
	25.0
	Total Kt/V
	1.95 (1.63–2.48)



	Charlson Comorbidity Index
	3 (2–3)
	4 h-D/P cr
	0.61 (0.56–0.68)



	ACE-I/ARB (%)
	66.7
	nPCR
	0.88 ± 0.18



	CCB (%)
	63.9
	Urinary protein (g/day)
	0.50 (0.27–0.76)



	Diuretic (%)
	83.3
	Urinary DKK-3 (μg/day)
	13.4 (4.1–28.2)



	Statin (%)
	27.8
	Renal Kt/V decline rate (/year)
	0.29 (0.05–0.48)



	CAPD: APD
	24: 12
	Duration of follow-up (month)
	11.5 (11.0–12.0)



	Hb (g/dL)
	11.6 ± 1.4
	
	







ACE-I: angiotensin-converting enzyme inhibitor; Alb: albumin; APD: automated peritoneal dialysis; ARB: angiotensin II receptor blocker; BMI: body mass index; BP: blood pressure; Ca: calcium; CAPD: continuous ambulatory peritoneal dialysis; CCB: calcium channel blocker; CRP: C-reactive protein; DKK-3: Dickkopf-3; GFR: glomerular filtration rate; Hb: hemoglobin; MAP: mean arterial pressure; nPCR: normalized protein catabolic rate; P: phosphorus; PD: peritoneal dialysis; PTH: parathyroid hormone; 4 h-D/P cr: 4 h dialysate/plasma creatinine.
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Table 2. Pearson’s correlation analyses and multiple regression analyses for the rate of residual renal function decline in peritoneal dialysis patients.
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Pearson’s Correlation

Analyses

	
Multiple Regression Analyses




	
r

	
p-Value

	
B

	
95% CI

	
β

	
p-Value






	
MAP (mmHg)

	
0.05

	
0.77

	

	
-

	

	




	
Alb (g/dL)

	
0.23

	
0.18

	

	
-

	

	




	
Total-cholesterol (mg/dL)

	
−0.05

	
0.78

	

	
-

	

	




	
Renal Kt/V

	
0.55

	
0.0005

	
0.259

	
0.080–0.437

	
0.38

	
0.0059




	
Total Kt/V

	
0.32

	
0.06

	

	
-

	

	




	
4 h-D/P cr

	
−0.19

	
0.27

	

	
-

	

	




	
Urinary protein (g/day)

	
0.28

	
0.1

	
0.164

	
−0.011–0.338

	
0.23

	
0.0652




	
Urinary DKK-3 (μg/day)

	
0.61

	
<0.0001

	
0.005

	
0.002–0.008

	
0.44

	
0.0015




	
Diabetes mellitus

	

	

	

	
-

	

	




	
ACE-I/ARB

	

	

	

	
-

	

	




	
Diuretics

	

	

	

	
-

	

	




	
History of peritonitis

	

	

	

	
-

	

	








ACE-I: angiotensin-converting enzyme inhibitor; Alb: albumin; ARB: angiotensin II receptor blocker; B: unstandardized regression coefficient; β: standardized regression coefficient; CI: confidence interval; DKK-3: Dickkopf-3; MAP: mean arterial pressure; r: Pearson’s correlation coefficient; SE: standard error; 4 h-D/P cr: 4-h dialysate/plasma creatinine. Covariates not retained in the multivariate model with minimum Akaike information criterion are expressed as “-”.
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