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Abstract
Background
Renal anemia is the important complication in patients undergoing peritoneal dialysis (PD), and heart failure (HF) is the important complication in patients on dialysis. Decreasing endogenous erythropoietin (EPO) in patients with chronic kidney disease is a major cause of renal anemia. On the other hand, high levels of EPO have been associated with the prognosis of patients with chronic HF. The association between plasma EPO and HF in patients on PD remains unclear. This study was designed to test our hypothesis that the plasma EPO level in patients on PD was associated with the markers of HF.

Methods
We investigated 39 patients undergoing PD at our hospital. We measured plasma EPO before erythropoiesis-stimulating agent (ESA) administration at the regular outpatient visits and then at 2 weeks after the final dose of ESA was administered and investigated the clinical factors. We estimated the correlations between the plasma EPO and the other parameters, and constructed univariate and multivariate logistic regression models for the risk for HF to estimate the effectiveness of plasma EPO and other factors on HF treatment in patients undergoing PD.

Results
The plasma EPO concentration was positively correlated with the ESA dose and negatively correlated with serum ferrum, transferrin saturation, and body mass index and showed no correlation with other factors, such as the New York Heart Association (NYHA) classification and ferritin level. In univariate analysis, the factors significantly associated with HF risk were N-terminal pro-brain natriuretic peptide (NT-pro BNP), cardiothoracic ratio (CTR), serum creatinine (Cr), serum beta 2 microglobulin, dialysate dose, left ventricular mass index, left ventricular end-systolic diameter, left ventricular end-diastolic diameter, and weekly Kt/V. We performed a multivariate analysis with NT-pro BNP, Cr, and CTR, and all three factors were significant in the analysis.

Conclusion
The plasma EPO level in patients undergoing PD was positively correlated with the monthly ESA dose and was not significant as a marker of HF, as judged with the NYHA classification. Therefore, the plasma EPO level may not be a useful marker for HF in patients undergoing PD.
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Background
Renal anemia is one of the most common complications of chronic kidney disease (CKD) [1] and is one of the most important complications in patients undergoing peritoneal dialysis (PD). Moreover, heart failure (HF) is an important complication, which necessitates hospitalization and death in patients undergoing dialysis [2, 3]. Previous studies reported that 25–40% of HF patients have anemia that is associated with the risk for mortality and hospitalization in HF patients [4–7]. Reduction in the endogenous erythropoietin (EPO) is a major cause of renal anemia in patients with CKD [1, 8]. In contrast, high EPO levels are associated with patient prognosis in chronic HF, independent of the hemoglobin (Hb) levels [5, 9] and worse prognosis in patients with decompensated HF, including patients with impaired renal function, excluding those with estimated glomerular filtration rate (eGFR) < 10 mL/min/1.73 m2, independent of anemia and renal failure [10].
PD patients often have residual renal function and may exhibit similarities to pre-dialysis patients with CKD; however, patients on PD are mostly on erythropoiesis-stimulating agents (ESA), such as darbepoetin alfa. However, the association between the plasma EPO and HF in patients on PD remains unclear. This cross-sectional observational study was designed to test our hypothesis that the plasma EPO level in patients on PD was associated with the markers of HF because the plasma EPO level in the pre-dialysis patients with CKD was associated with HF.
Methods
Study population and study design
In this single-center retrospective observational cross-sectional study, we enrolled patients who provided informed consent for study participation, with the option of opting out. Those patients who refused to participate were not included in the trial. The present study protocol was approved by the Ethical Committee of the Nippon Medical School Hospital (B-2020-121) and registered at the University Hospital Medical Information Network as UMIN No. 000041146. The study protocol was in keeping with the principles in the Declaration of Helsinki.
A total of 42 patients who were undergoing PD and who were regularly followed-up at the Nippon Medical School Hospital were investigated. Of these 42 patients, 3 had been treated with epoetin beta pegol. Therefore, we excluded these three patients to ensure homogeneity in the ESA used in the study; all the enrolled patients were administered only darbepoetin alfa (n = 39).
Plasma EPO was measured before ESA administration at the regular outpatient visits and then at 2 weeks after the final dose of ESA was administered in all the study subjects; as a general practice, we administered ESA to patients undergoing PD during their regular outpatient visits.
Information about the following variables were collected: body mass index; primary disease; PD vintage; dialysate creatinine to plasma creatinine ratio (D/P ratio); dialysate glucose to initial dialysate glucose ratio (D/D ratio); urinary volume; dialysate dose; intake of renin–angiotensin system inhibitor (RASi), beta blocker, statin, diuretic, and iron supplementation; New York Heart Association (NYHA) classification, interventricular septum diameter, posterior wall diameter (PWd), left ventricular end-diastolic diameter, left ventricular end-systolic diameter (LVD), left ventricular mass index (LVMI), left ventricle ejection fraction (EF), early to late diastolic transmitral flow velocity (E/A), and cardiac index; peritoneal, renal, and weekly KT/V urea; peritoneal, renal, and weekly creatinine clearance (CCr); estimated glomerular filtration rate at the start of PD; ESA dose; plasma EPO; red blood cell, hemoglobin (Hb), hematocrit, reticulocyte, iron (Fe), transferrin saturation (TSAT), and ferritin; cardiothoracic ratio (CTR); N-terminal pro-brain natriuretic peptide (NT-proBNP); and lactate, serum calcium (Ca), serum phosphorus (P), intact parathyroid hormone, serum sodium (Na), serum potassium (K), serum chlorine (Cl), blood urea nitrogen, serum creatinine (Cr), serum total protein, serum albumin, C-reactive protein, serum beta 2 microglobulin, and venous pH.
Correlations with plasma EPO
To estimate the effectiveness of plasma EPO in patients undergoing PD, we assessed the correlations between the plasma EPO and other parameters, such as the NYHA classification.
Logistic regression analysis for HF risk
We defined HF as NYHA classification II in this analysis; none of the patients was classified into NYHA classifications III and IV. Univariate and multivariate logistic regression models were constructed for the risk for HF to estimate the effectiveness of plasma EPO and other factors on HF treatment in patients undergoing PD.
Statistical analyses
All the laboratory data are presented as mean ± standard deviation values. P values < 0.05 were considered to indicate statistical significance. All the statistical analyses were performed using Prism® software version 8 (GraphPad Software, La Jolla, CA, USA). Furthermore, logistic regression analyses were performed using JMP® software version 12 (SAS Institute, Cary, NC, USA).
Results
Baseline characteristics of the participants
A total of 39 patients were included in this study (28 men and 11 women); the average patient age was 63.23 ± 12.52 years. The most prevalent primary disease was diabetes mellitus that was present in 19 patients (48.7%). The mean PD vintage was 19.41 ± 21.73 months. The average plasma EPO level was 7.933 ± 5.494 (mIU/mL); 37 patients (94.9%) received ESA, darbepoetin alfa, and the mean dose of darbepoetin alfa was 127.3 ± 78.46 (μg/mon). We estimated the cardiac ultrasonography of patients and categorized them as per the NYHA classification. Thirty patients had NYHA classification I, and nine had NYHA classification II. None of the subjects had NYHA classifications III or IV. The baseline characteristics of the patients are shown in Table 1.
Table 1Baseline clinical characteristics and parameters of the patients


	Total, n
	39

	Female, n (%)
	11 (28.2)

	Age (years)
	63.23 ± 12.52

	BMI (kg/m2)
	23.81 ± 3.70

	Diatbetes, n (%)
	25 (64.1)

	Diabetic nephritis as primary disease, n (%)
	19 (48.7)

	Nephrosclerosis, n (%)
	5 (12.8)

	PD vintage (months)
	19.41 ± 21.73

	D/P ratio
	0.687 ± 0.143

	D/D0 ratio
	0.384 ± 0.106

	Urinary volume (ml/day)
	899.2 ± 452.8

	Dialysate dose (ml/day)
	5051.3 ± 1601.0

	RASi, n (%)
	28 (71.8)

	Beta blocker, n (%)
	9 (23.1)

	Statin, n (%)
	15 (38.5)

	Diuretic (%)
	30 (76.9)

	Iron supplementation, n (%)
	9 (23.1)

	IVSd (mm)
	9.795 ± 2.166

	PWd (mm)
	9.974 ± 2.194

	LVDd (mm)
	48.54 ± 7.181

	LVDs (mm)
	32.18 ± 7.904

	LVMI (g/m2)
	120.7 ± 38.99

	EF (%)
	61.62 ± 13.28

	E/A
	0.747 ± 0.250

	Cardiac index
	3.062 ± 1.334

	Peritoneal Kt/V urea
	4.825 ± 1.679

	Renal Kt/V urea
	3.816 ± 3.679

	Weekly Kt/V urea
	1.711 ± 0.757

	Peritoneal CCr (L/week/1.73 m2)
	3.623 ± 1.569

	Renal CCr (L/week/1.73 m2)
	5.771 ± 5.690

	Weekly CCr (L/week/1.73 m2)
	66.65 ± 34.43

	Cr at starting PD (mg/dL)
	7.368 ± 2.893

	eGFR at starting PD (mL/ min/1.73 m2)
	6.885 ± 2.293

	ESA dose (μg/month)
	127.3 ± 78.46

	Plasma erythropoietin (mIU/mL)
	7.933 ± 5.494

	RBC (*104/μL)
	360.7 ± 43.23

	Hb (g/dL)
	10.72 ± 1.266

	Ht (%)
	32.76 ± 3.805

	Reticulocyte (‰)
	10.33 ± 5.075

	Fe (μg/dL)
	88.18 ± 30.58

	TIBC (μg/dL)
	248.4 ± 41.77

	Ferritin (ng/mL)
	158.9 ± 153.4

	TSAT
	0.360 ± 0.133

	CTR (%)
	49.57 ± 5.435

	NT-proBNP (pg/mL)
	11839.8 ± 21293.2

	Lactate (mg/dL)
	10.85 ± 5.386

	Ca (mg/dL)
	8.438 ± 0.821

	P (mg/dL)
	5.818 ± 1.612

	iPTH (pg/mL)
	250.3 ± 117.4

	Na (mEq/L)
	138.8 ± 3.639

	K (mEq/L)
	4.564 ± 0.788

	Cl (mEq/L)
	101.6 ± 4.951

	BUN (mg/dL)
	62.20 ± 13.93

	Cr (mg/dL)
	9.591 ± 3.438

	TP (g/dL)
	6.241 ± 0.612

	Alb (g/dL)
	3.269 ± 0.404

	CRP (mg/dL)
	0.459 ± 2.144

	sβ2MG (mg/L)
	24.43 ± 9.657

	Venous pH
	7.360 ± 0.040

	NYHA classification

	 I, n (%)
	30 (76.9)

	 II, n (%)
	9 (23.1)

	 III and IV
	None


BMI body mass index, RASi renin–angiotensin system inhibitor, PD peritoneal dialysis, D/P ratio dialysate creatinine to plasma creatinine ratio, D/D ratio dialysate glucose to initial dialysate glucose ratio, RASi intake of renin–angiotensin system inhibitor, IVSd interventricular septum diameter, PWd posterior wall diameter, LVDd left ventricular end-diastolic diameter, LVDs left ventricular end-systolic diameter, LVMI left ventricular mass index, EF left ventricle ejection fraction, E/A early to late diastolic transmitral flow velocity, CCr creatinine clearance, eGFR estimated glomerular filtration rate, ESA erythropoiesis-stimulating agent, RBC red blood cell, Hb hemoglobin, Ht hematocrit, Fe serum ferrum, TIBC total iron binding capacity, CTR cardiothoracic ratio, NT-proBNP N-terminal pro-brain natriuretic peptide, Ca serum calcium, P serum phosphorus, iPTH intact parathyroid hormone, Na serum sodium, K serum potassium, Cl serum chlorine, BUN blood urea nitrogen, Cr serum creatinine, TP serum total protein, Alb serum albumin, CRP C-reactive protein, sβ2MG serum beta 2 microglobulin, NYHA the New York Heart Association



Correlations with the plasma EPO
The plasma EPO concentration was positively correlated with the ESA dose (r = 0.401, p = 0.011) and negatively correlated with Fe (r = − 0.382, p = 0.016), TSAT (r = − 0.443, p = 0.005), and BMI (r = − 0.328, p = 0.041) and showed no correlation with other factors, such as NYHA classification (r = 0.082, p = 0.620) and ferritin level (r = 0.239, p = 0.144). These results have been detailed in Fig. 1.
[image: ../images/41100_2021_319_Fig1_HTML.png]
Fig. 1Correlations with the plasma erythropoietin level. a Correlation between the plasma erythropoietin (EPO) and erythropoiesis-stimulating agent (ESA). b Correlation between the plasma erythropoietin (EPO) and the serum ferrum level (Fe). c Correlation between the plasma erythropoietin (EPO) and transferrin saturation (TSAT). d Correlation between the plasma erythropoietin (EPO) and body mass index (BMI). e Correlation between the plasma erythropoietin (EPO) and the New York Heart Association (NYHA) classification. ESA erythropoiesis-stimulating agent, EPO plasma erythropoietin level, Fe serum ferrum level, TSAT transferrin saturation, BMI body mass index, NYHA the New York Heart Association


Logistic regression analysis for HF risk
In univariate analysis, the factors significantly associated with HF risk were NT-pro BNP [odds ratio (OR) 1.000078, 95% confidence interval (CI) 1.000025–1.000172, p = 0.0007], CTR (OR 1.269442, 95% CI 1.073978–1.583753, p = 0.0036), Cr (OR 1.43447, 95% CI 1.113463–2.001897, p = 0.00036), serum beta 2 microglobulin (OR 1.123, 95% CI 1.031–1.249, p = 0.006), dialysate dose (OR 1.001, 95% CI 1.000–1.001, p = 0.010), LVMI (OR 1.026, 95% CI 1.004–1.053, p = 0.0160), LVDs (OR 1.121, 95% CI 1.015–1.268, p = 0.024), LVDd (OR 1.142, 95% CI 1.010–1.331, p = 0.033), and weekly Kt/V (OR 5.163, 95% CI 1.113–32.723, p = 0.036). Plasma EPO was not significantly associated with the risk of HF (OR 1.033, 95% CI 0.894–1.175, p = 0.620) in the univariate analysis.
We concluded that NT-pro BNP, CTR, and Cr are the factors that are most significantly correlated with the risk of HF. Therefore, we performed a multivariate analysis with these three factors because of the required number of participants to allow robust statistical analyses and clinical importance of these factors. CTR (OR 1.713855, 95% CI 1.180244–3.431239, p = 0.0012), Cr (OR 1.902729, 95% CI 1.163817–4.348514, p = 0.0067), and NT-pro BNP (OR 1.000072, 95% CI 1.000006–1.000198, p = 0.0295) remained significant factors in multiple analysis; all three factors were significant in multiple analysis. The results are shown in Table 2.
Table 2Logistic regression analysis for the risk of heart failure as per the New York Heart Association classification


	Variables
	Univariate analysis
	Multivariate analysis

	Odds ratio (95%CI)
	p value
	Odds ratio (95%CI)
	p value

	Age
	0.952198 (0.892742–1.011354)
	0.1139
	 	 
	BMI
	1.012855 (0.817457–1.240592)
	0.9018
	 	 
	Plasma erythropoietin
	1.033425 (0.894237–1.174679)
	0.6198
	 	 
	ESA dose
	1.000821 (0.990968–1.010002)
	0.8615
	 	 
	Lactate
	1.031914 (0.892958–1.182274)
	0.6524
	 	 
	RBC
	0.999866 (0.981767–1.017609)
	0.988
	 	 
	Hb
	0.785323 (0.408099–1.433758)
	0.4335
	 	 
	Ht
	0.928743 (0.752247–1.134065)
	0.4661
	 	 
	Reticulocyte
	1.069137 (0.925029–1.236257)
	0.3437
	 	 
	CTR
	1.269442 (1.073978–1.583753)
	0.0036
	1.713855 (1.180244–3.431239)
	0.0012

	Na
	0.93105 (0.758186–1.147122)
	0.4897
	 	 
	Cl
	0.886832 (0.734018–1.040664)
	0.1455
	 	 
	K
	0.730971 (0.252371–1.919345)
	0.5293
	 	 
	Ca
	0.291324 (0.083795–0.792366)
	0.0144
	 	 
	P
	1.360631 (0.867872–2.356488)
	0.1757
	 	 
	Fe
	1.014681 (0.99035–1.042274)
	0.2349
	 	 
	TIBC
	0.996944 (0.97802–1.015236)
	0.7415
	 	 
	TSAT
	40.38143 (0.163881–27038.63)
	0.1844
	 	 
	Ferritin
	1.001044 (0.995719–1.005703)
	0.6576
	 	 
	BUN
	1.021541 (0.967358–1.081884)
	0.4415
	 	 
	Cr
	1.43447 (1.113463–2.001897)
	0.0036
	1.902729 (1.163817–4.348514)
	0.0067

	TP
	0.251407 (0.055845–0.883433)
	0.0308
	 	 
	Alb
	0.051268 (0.000704– 2.219079)
	0.1233
	 	 
	CRP
	0.60082 (0.000607–1.247388)
	0.4517
	 	 
	sβ2MG
	1.123254 (1.031445–1.249037)
	0.0064
	 	 
	NT-proBNP
	1.000078 (1.000025–1.000172)
	0.0007
	1.000072 (1.000006–1.000198)
	0.0295

	iPTH
	1.00116 (0.994636–1.0007774)
	0.7232
	 	 
	Venous pH
	3.255 (1.36e−8–5.11e + 8)
	0.9011
	 	 
	eGFR at starting PD
	0.944441 (0.65186–1.310541)
	0.7392
	 	 
	Urinary volume
	0.99891 (0.99699–1.000616)
	0.2146
	 	 
	Dialysis dose
	1.000674 (1.000152–1.00133)
	0.01
	 	 
	D/D0 ratio
	0.000836 (2.32e-7–1.152518)
	0.0548
	 	 
	D/P ratio
	107.753 (0.483477–49470.35)
	0.0907
	 	 
	Peritoneal CCr
	1.451291 (0.906184–2.478331)
	0.1207
	 	 
	Renal CCr
	0.996792 (0.972852–1.004326)
	0.529
	 	 
	Weekly CCr
	0.99953 (0.996189–1.000725)
	0.5498
	 	 
	Peritoneal Kt/V
	1.361646 (0.876164–2.212136)
	0.1686
	 	 
	Renal Kt/V
	1.305794 (0.98071–1.835222)
	0.0677
	 	 
	Weekly Kt/V
	5.16291 (1.112696–32.72284)
	0.0356
	 	 
	IVSd
	1.282831 (0.90466–1.884865)
	0.1637
	 	 
	PWd
	1.096433 (0.772612–1.528737)
	0.5819
	 	 
	LVDd
	1.14188 (1.010388–1.330622)
	0.0325
	 	 
	LVDs
	1.121377 (1.014762–1.267741)
	0.0238
	 	 
	EF
	0.96043 (0.90284–1.014087)
	0.1434
	 	 
	LVMI
	1.026353 (1.004595–1.052983)
	0.0162
	 	 
	E/A
	0.436162 (0.006018–10.11354)
	0.6362
	 	 
	PD duration
	1.027403 (0.994384–1.071341)
	0.1043
	 	 

BMI body mass index, ESA erythropoiesis-stimulating agent, RBC red blood cell, Hb hemoglobin, Ht hematocrit, CTR cardiothoracic ratio, Na serum sodium, Cl serum chlorine, K serum potassium, Ca serum calcium, P serum phosphorus, Fe serum ferrum, TIBC total iron binding capacity, TIBC total iron binding capacity, TSAT transferrin saturation, BUN blood urea nitrogen, TP serum total protein, Alb serum albumin, CRP C-reactive protein, sβ2MG serum beta 2 microglobulin, NT-proBNP N-terminal pro-brain natriuretic peptide, iPTH intact parathyroid hormone, eGFR estimated glomerular filtration rate, PD peritoneal dialysis, D/P ratio dialysate creatinine to plasma creatinine ratio, D/D ratio dialysate glucose to initial dialysate glucose ratio, CCr creatinine clearance, IVSd interventricular septum diameter, PWd posterior wall diameter, LVDd left ventricular end-diastolic diameter, LVDs left ventricular end-systolic diameter, EF left ventricle ejection fraction, LVMI left ventricular mass index, E/A early to late diastolic transmitral flow velocity



Discussion
Renal anemia is a very common complication of CKD [1] and is important in patients undergoing dialysis. The 2012 Kidney Disease: Improving Global Outcomes Clinical Practice Guideline for Anemia in CKD recommends that the Hb levels be maintained at 9–11.5 g/dL in these patients [11]. Another report recommended the modulation of the ESA dose to maintain Hb levels between 10 g/dL and 11 g/dL [12]. In Japan, the target Hb level in patients on PD is 11–13 g/dL [13]; therefore, we modulate the dose of ESAs, such as darbepoetin alfa and epoetin beta pegol, in patients undergoing PD. The subcutaneous administration of darbepoetin alfa is safe and effective in patients undergoing PD [14, 15]; both darbepoetin alfa and epoetin beta pegol are effective in maintaining the target Hb level in patients undergoing PD [16]. PD may be an additional treatment for refractory HF [17]; however, HF is one of the most important causes of death in patients undergoing dialysis [2] and is an important cause of hospitalization in patients undergoing PD [3]. Therefore, prognosis prediction and control of HF are extremely important in patients undergoing PD. CTR and NT-proBNP are associated with HF [18, 19], and NT-proBNP was shown to be an effective prognostic marker for HF in patients undergoing PD [20]; therefore, these parameters have been used as the conventional prognostic markers for HF in patients undergoing PD. Moreover, CTR, NT-proBNP, and the other parameters can be used to comprehensively estimate a patient’s condition, predict the prognosis, and manage HF in patients on PD; however, the use of these variables involves limitations, and more efficient systems are required.
In patients with HF, the reported prevalence of anemia is 25–40% and is associated with the risk of hospitalization and death [4–7]. High plasma EPO has been associated with patient prognosis in those with HF, independent of the Hb levels [5, 9]. Moreover, in a report on patients with renal failure, the average eGFR of the patients was 47.1 mL/min/1.73 m2, and high plasma EPO was a risk factor for worse prognosis, irrespective of the presence of anemia or renal failure [10]. However, low endogenous EPO is reported to be a major cause of renal anemia [1, 8], and a decrease in the endocrine renal function is associated with excretory renal function [8]. Compared to endogenous EPO, recombinant human EPO has the same amino acid sequence but a slightly different sugar profile [21]. Moreover, all ESAs, such as recombinant human EPO, possess the ability to bind to and activate the EPO receptor [21]. The primary way of EPO and recombinant human EPO clearance is via the EPO receptor in the bone marrow, not in the kidney or the liver [21, 22]. Darbepoetin alfa has a longer half-life than epoetin alfa, the first ESA [23]. The terminal half-life of subcutaneous darbepoetin alfa is about 70 h in patients with CKD not undergoing dialysis [24]. Moreover, the pharmacokinetics of intravenous recombinant human EPO is similar between patients with normal renal function and those with CKD, including those undergoing hemodialysis and PD [25]. Renal anemia in CKD is associated with a relative deficiency of EPO [26]. In a previous trial, the plasma EPO level was higher in patients with CKD not undergoing dialysis than that in healthy people, owing to some causes although the patients with CKD were moderately anemic; increase in the liver EPO synthesis in patients with CKD and anemia was presumed to be the reason for this finding [27]. In contrast, another study reported that the frequent use of angiotensin-converting enzyme inhibitors and angiotensin receptor blockers for patients with CKD may inhibit EPO production and its effect on the bone marrow [28]. In patients with CKD and anemia who are undergoing treatment, several complicating mechanisms may be involved in the maintenance of the Hb levels.
We hypothesized that the plasma EPO level in patients undergoing PD was associated with HF, as observed in patients before undergoing dialysis because the residual renal function is commonly observed more in those undergoing PD than in those undergoing hemodialysis. However, in this study, the plasma EPO level was not correlated with the HF parameters, such as NYHA classification; however, the ESA dose, Fe, TSAT, and BMI were correlated with the plasma EPO levels.
In this study, the plasma EPO level was positively correlated with the monthly dose of ESA; therefore, its level in patients undergoing PD may only have reflected in the ESA dose. Furthermore, the plasma EPO level was not correlated with both, the Hb level and reticulocyte count, as well as the residual renal function parameters, such as sβ2MG, weekly renal KT/V, and weekly renal CCr. These results were similar to those of a previous study that reported that there was no association between residual renal function and ESA dose in patients undergoing HD and PD [29]. Fe, TSAT, and BMI were correlated to the plasma EPO level in this study. The association of Fe and TSAT with the plasma EPO may be attributable to the defective iron utilization in patients undergoing PD in this study. The negative correlations of the plasma EPO level with Fe and TSAT in this study suggested that a high plasma EPO level increased erythropoiesis and subsequently lowered the serum Fe and TSAT and that the more frequent use of ESA in anemic patients may be beneficial. In contrast, reticulocyte count was not correlated with plasma EPO. Ferritin levels were not associated with the plasma EPO level. Although the difference between TSAT and ferritin may be associated with defective iron utilization or inflammation in patients on PD, we could not explain these mechanisms clearly in this study. Further research is necessary for clarity on this subject. In this study, BMI was also related to the plasma EPO level. The negative correlation suggested the possibility of an association between the plasma EPO level and BMI, although we were unable to clearly determine the underlying mechanism in this study.
Based on this study, although we hypothesized that the plasma EPO level in patients undergoing PD was associated with HF, the present results suggested that the plasma EPO level in patients undergoing PD may not be useful for managing HF, unlike its use in patients with CKD not undergoing dialysis.
As per the univariate analysis, NT-pro BNP, CTR, serum Cr, serum beta 2 microglobulin, dialysate dose, LVMI, LVDs, LVDd, and weekly Kt/V were significantly associated with the risk of HF. On the other hand, plasma EPO were not associated with the risk of HF significantly in the univariate analysis. Therefore, the plasma EPO level in patients undergoing PD may not be effective in HF management.
As mentioned above, NT-pro BNP and CTR are known conventional markers of HF. In addition to the results of the univariate analysis, these two factors were also found to be significantly associated with HF risk in the multivariate analysis. Therefore, these results were in agreement with most previous reports; however, the value of OR of NT-pro BNP was so small in this study. Some reasons that the large value of NT-pro BNP and not including participants with NYHA classification > III might affect the result in this study. The significance of serum Cr, serum beta 2 microglobulin, and dialysate dose suggests that residual renal function may be associated with the NYHA classification; serum Cr was also associated with the NYHA classification significantly in multivariate analysis. However, further research is necessary because there were some problems that the other factors associated with residual renal function such as renal Kt/V and urinary volume were not significant in this study to prove the effectiveness of those factors.
LVMI, LVDs, and LVDd were found to show significant associations with HF risk in the univariate analysis. Although left ventricular hypertrophy may be associated with the NYHA classification, more precise investigations are required to confirm this finding.
Anemia has been associated with HF [4]; although this study did not show a similar result, the factors of anemia, such as Hb and hematocrit, were not significant in this study. This discrepancy may be accounted for by the fact that in our patients, anemia was managed with ESA treatment and that the average Hb level of the study subjects was 10.72 ± 1.266 g/dL. Nevertheless, these results may have been influenced by some biases, such as the relatively small sample size in this study. Additional research is required to confirm these findings.
This study has some limitations. First, it was a single-center study, and the sample size was relatively small. Second, patients with NYHA classification > III were not included. Third, we excluded patients treated with epoetin beta pegol to ensure homogeneity in the ESA used in this study. Finally, we did not distinguish whether the plasma EPO was endogenous or exogenous. These limitations might have introduced certain biases in this study.
Conclusions
The plasma EPO level in patients undergoing PD was positively correlated with the monthly ESA dose and was not significant as a marker of HF, as judged with the NYHA classification. Therefore, the plasma EPO level may not be a useful marker for HF in patients undergoing PD.
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