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Abstract

Background: Heart failure is a significant cause of death and hospitalization in dialysis patients. Controlling the
volume status in PD, especially, is difficult, and transferring the PD patients to hemodialysis results mainly from
ultrafiltration failure. Thus, the control of heart failure and markers as its predictors in PD patients are of the utmost
importance. In this study, we aim to confirm the utility of BNP and NT-proBNP as predictive markers of heart failure
and to identify new markers in PD patients.

Methods: Our study involved 29 patients who had been undergoing PD. The following were determined: body
mass index, primary disease, PD vintage, D/P ratio, D/D ratio, left ventricle ejection fraction, left atrial dimension, left
ventricular mass index, cardiac index, change in body weight, CTR, BNP, NT-proBNP, BUN, creatinine, TP, Alb, Na, K,
Cl, Ca, P, iPTH, Hb, Ht, sβ2MG, T-SAT, and weekly Kt/V urea and CCr. Furthermore, we categorized the patients’
disease using the NYHA classification and evaluated these indicators.

Results: The BNP concentration was positively correlated with that of NT-proBNP. In addition, the CTR was
positively correlated with BNP and NT-proBNP concentrations. By one-way analysis of variance, the NYHA
classification was statistically associated with BNP, NT-proBNP, CTR, Alb, Hb, Ht, sβ2MG, ferritin, and weekly Kt/V urea
and CCr, of which Hb and Ht were the most significant. According to the logistic regression analysis of the heart
failure risk using the NYHA classification, the CTR, Hb, Ht, and weekly CCr were statistically significant in the
univariate analysis. However, none remained statistically significant, and among them, weekly CCr has the highest
specificity in the multivariate analysis. Furthermore, the following measurements were associated with a high risk of
heart failure: CTR > 51.9%, Hb < 9.4 g/dL, Ht < 29.2%, and weekly CCr < 80.9 L/week/1.73 m2.

Conclusion: Compared with the classical examinations, BNP and NT-proBNP are less useful as markers of heart
failure in PD patients. Consequently, anemia and weekly CCr are the risks of heart failure.

Trial registration: This study was retrospectively registered to the University Hospital Medical Information Network
(UMIN no. 000041762).
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Background
Heart failure is a significant cause of death in patients
undergoing dialysis in Japan [1], and the highest cause-spe-
cific mortality in such patients in the USA is due to cardio-
vascular diseases, including arrhythmia, cardiac arrest,
congestive heart failure (CHF), acute myocardial infarction,
and atherosclerotic heart disease [2]. In 2015, the adjusted
rate of admission of hemodialysis (HD) and peritoneal

dialysis (PD) patients in the USA was 1.7 per patient-year,
and cardiovascular disease was the second most common
cause of hospitalization following infection [2]. Therefore,
the control of heart failure in such patients is of the utmost
importance.
In chronic PD patients, volume control is a significant

predictor of outcome [3], and ultrafiltration failure is a sig-
nificant cause of the technique failure of PD, subsequently
resulting in the transfer of patients to HD [4]. A study in
Japan reported that ultrafiltration loss is the most promin-
ent cause of withdrawal from continuous ambulatory PD
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(CAPD) in patients undergoing PD for > 6 years [5], im-
plying that strategies to prevent and manage ultrafiltration
failure may help in maintaining the patient to remain on
PD [6]. Also, heart failure is a highly prevalent complica-
tion in patients on long-term PD. Moreover, patients with
a history of heart failure have a significantly lower overall
cumulative probability of survival than those without [7].
Therefore, the prediction and prevention of the first heart
failure and its recurrence are crucial.
To improve the quality of treatment in PD patients,

markers as predictors of heart failure in PD patients are
necessary. Currently, in addition to the change in body
weight (ΔWt) and cardiothoracic ratio (CTR), the brain
natriuretic peptide (BNP) and N-terminal pro-brain natri-
uretic peptide (NT-proBNP) levels are used as markers of
heart failure. However, their effectiveness in predicting the
disease has not been fully established. To ensure the early
diagnosis and intervention of heart failure, the confirm-
ation of the utility of the markers and new predictive
markers of heart failure is necessary.
Therefore, in this study, we aim to confirm the utility

of BNP and NT-proBNP as predictive markers of heart
failure and to identify new markers in PD patients.

Methods
A total of 29 patients who had been undergoing PD and
were regularly followed up at Nippon Medical School
Hospital between November 2016 and November 2018
were enrolled. For 3 consecutive months, the following
were measured in these patients: ΔWt (kg), CTR (%),
BNP (pg/mL), NT-proBNP (pg/mL), BUN (mg/dL), Cr
(mg/dL), TP (g/dL), Alb (g/dL), Na (mEq/L), K (mEq/L),
Cl (mEq/L), Ca (mg/dL), P (mg/dL), intact parathyroid
hormone (pg/mL), hemoglobin (Hb) (g/dL), hematocrit
(Ht) (%), serum β2 microglobulin (sβ2MG) (μg/mL), fer-
ritin (ng/mL), transferrin saturation (T-SAT) (%), urine
volume (UV) (mL/day), and weekly Kt/V urea and cre-
atinine clearance (CCr) (L/week/1.73 m2). In addition,
we categorized their disease using the New York Heart
Association (NYHA) classification and evaluated the
body mass index (BMI) (kg/m2), primary disease, PD
vintage, D/P ratio, D/D ratio, left atrial dimension (LAD)
(mm), left ventricular mass index (LVMI) (g/m2), left
ventricle ejection fraction (EF) (%), and cardiac index
(CI) as potential background factors. In this study, we
defined ΔWt as the change of body weight in these pa-
tients between their regular follow-ups every month, and
it was based on the patient’s self-reporting.
All laboratory values were presented as means ± standard

deviations. The continuous variables were compared using
the one-way analysis of variance (ANOVA). p values < 0.05
were considered statistically significant. All statistical ana-
lyses were performed using Prism® software version 8
(GraphPad Software, La Jolla, CA, USA). Furthermore, the

multiple linear and logistic regression analyses were per-
formed using JMP® software version 12 (SAS Institute, Cary,
NC, USA).

Results
This study included 21 men and 8 women, with the mean
age of 64.14 ± 14.42 years. The most frequent primary dis-
eases were diabetes mellitus (11 patients, 37.9%) and
nephrosclerosis (9 patients, 31.0%). The mean duration of
PD and D/P and s ratios were 12.0 ± 7.6 months, and
0.727 ± 0.203 and 0.377 ± 0.132, respectively. Moreover,
the oral medications being administered were angiotensin
II receptor blockers (22 patients, 75.9%), statins (13 pa-
tients, 44.8%), diuretics (25 patients, 86.2%), and iron sup-
plements (6 patients, 20.7%). Also, the mean values
obtained during cardiac ultrasonography were as follows:
LAD, 37.8 ± 6.0mm; LVMI, 126.7 ± 34.1 g/m2; EF, 67.0 ±
9.9%; E/e′, 15.0 ± 8.1; and CI, 3.332 ± 0.7997 (Table 1).
The BNP concentration was positively correlated with

that of NT-proBNP (r, 0.794; p < 0.0001) (Fig. 1). Also,
the CTR was positively correlated with BNP (r, 0.538;
p < 0.0001) and NT-proBNP (r, 0.508; p < 0.0001) con-
centrations, with similar correlation coefficients. How-
ever, ΔWt was not correlated with these parameters

Table 1 Baseline clinical characteristics of the patients

Total, n 29

Female, n (%) 8 (27.6)

Age (years) 64.14 ± 14.42

BMI (kg/m2) 23.60 ± 3.057

DM, n (%) 11 (37.9)

Nephrosclerosis, n (%) 9 (31.0)

PD duration (months) 12.04 ± 7.589

D/P ratio 0.7273 ± 0.2034

D/D ratio 0.3769 ± 0.1324

Weekly Kt/V urea 1.813 ± 0.4844

Weekly CCr (L/week/1.73m2) 86.31 ± 36.00

Urine volume (mL/day) 919.8 ± 383.3

ARB, n (%) 22(75.9)

Statin, n (%) 13 (44.8)

Diuretic (%) 25 (86.2)

Iron supplementation, n (%) 6 (20.7)

LAD (mm) 37.83 ± 6.042

LVMI (g/m2) 126.7 ± 34.14

EF (%) 66.99 ± 9.917

E/e' 14.98 ± 8.113

CI 3.332 ± 0.7997

BMI body mass index, DM diabetes mellitus, PD peritoneal dialysis, ARB
angiotensin II receptor blocker, LAD left atrial dimension, LVMI left ventricular
mass index, EF ejection fraction, CI cardiac index
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(BNP and ΔWt: r, − 0.0240, and p, 0.828; NT-proBNP
and ΔWt: r, − 0.0701, and p, 0.524) (Fig. 2).
The NYHA classification was significantly associated with

BNP (p = 0.0005), NT-proBNP (p = 0.0001), CTR (p <
0.0001), Alb (p < 0.0001), Hb (p < 0.0001), Ht (p < 0.0001),
sβ2MG (p = 0.0497), ferritin (p = 0.019), and weekly Kt/V
urea (p = 0.0456) and CCr (p = 0.0022) in the ANOVA
(Table 2), of which the relationships with CTR, Hb, and Ht
showed the highest levels of statistical significance. Al-
though the relationships with BNP and NT-proBNP were
significant, their values in patients with NYHA category II

were very high. The relationships with weekly Kt/V urea
and weekly CCr were also significant, but not UV. Further-
more, although the relationship with ferritin was significant,
that with T-SAT was not.
The univariate and multivariable logistic regression

models were constructed for the risk of heart failure
using the NYHA classification. In the univariate analysis,
the CTR (odds ratio [95% CI], 1.32 [1.12–1.63]; p =
0.0005), Hb (0.165 [0.0393–0.433]; p < 0.0001), Ht (0.583
[0.387–0.785]; p < 0.0001), and weekly CCr (0.944
[0.880–0.991]; p < 0.0123) were statistically significant.

Fig. 1 Correlation between the brain natriuretic peptide (BNP) and N-terminal pro-brain natriuretic peptide (NT-proBNP) concentrations

Fig. 2 Correlation between the brain natriuretic peptide (BNP) concentration and cardiothoracic ratio (CTR) (a). Correlation between the N-
terminal pro-brain natriuretic peptide (NT-proBNP) concentration and CTR (b). Correlation between the BNP concentration and change in body
weight (ΔWt) (c). Correlation between the NT-proBNP concentration and ΔWt (d)
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However, none remained significant in the multivariate
analysis. Additionally, neither ferritin nor T-SAT was
statistically significant in the univariate analysis, as well
as UV and weekly Kt/V (Table 3).
The Youden indexes (cutoff values), established using

the receiver operating characteristic (ROC) curve for the
NYHA classification, for CTR (a), Hb (b), Ht (c), and
weekly CCr (d) were > 51.9%, < 9.4 g/dL, < 29.2%, and <
80.9 L/week/1.73 m2, respectively, indicating a high risk
of heart failure (Fig. 3).

Discussion
In Japan, heart failure is the leading cause of mortality in
dialysis patients [1], and in the USA, cardiovascular dis-
eases most commonly result in death in dialysis patients
[2]. Furthermore, in China, cardiovascular complications
have been reported to be the second most common cause
of death in these patients, following infection [8], and
deaths in elderly patients undergoing PD were also shown
to be caused by infection and cardiovascular events in a
fourth study [9]. As such, the control of heart failure for
patients undergoing PD is of the utmost importance [2].
As the failure of volume control underpins this heart fail-

ure, such control is a significant outcome predictor in

patients undergoing chronic PD [3]. In a previous report,
the management of heart failure in those who are resistant
to treatment or intolerant of the conventional therapies may
include PD as an adjunctive therapy [10]. However, ultrafil-
tration failure usually underlies the development of heart
failure in patients undergoing PD, necessitating their transfer
to HD [4]. Therefore, strategies aimed at preventing or man-
aging ultrafiltration failure may help them continue on PD
[6]. Moreover, heart failure is a highly prevalent complica-
tion in long-term PD. Indeed, PD patients with a history of
heart failure have a significantly lower overall cumulative
probability of survival than those without [7]. Thus, the pre-
vention of heart failure and its recurrence is significant.
However, maintaining the required ultrafiltration for the
success of PD is difficult compared with that of HD; there-
fore, the prediction and prevention of heart failure in PD pa-
tients is also challenging. Therefore, we aimed to determine
the prognostic markers of heart failure in PD patients to fa-
cilitate better management of the disease in this group.

Correlation between BNP and NT-proBNP and other
parameters
Cardiac biomarkers, such as BNP and NT-proBNP, are
commonly used to diagnose CHF [11]. Pre-proBNP is

Table 2 Relationships with the New York Heart Association (NYHA) classification, according to ANOVA

NYHA I (n = 51) II (n = 27) III (n = 4) IV (n = 3) p value

One-way ANOVA For trend

BNP (pg/mL) 133.4 ± 170.7 341.9 ± 257.6 232.6 ± 154 335.1 ± 250.4 0.0005 0.001

NT-proBNP (pg/mL) 3369 ± 6639 18,807 ± 21,661 9107 ± 5486 10,343 ± 9462 0.0001 0.0026

CTR (%) 47.62 ± 5.179 53.02 ± 4.157 57.8 ± 5.532 56.2 ± 4.403 < 0.0001 < 0.0001

ΔWt (kg) 0.5882 ± 1.847 − 0.2741 ± 1.859 1.25 ± 1.529 1.5 ± 1.706 0.1161 0.9675

BUN (mg/dL) 61.31 ± 13.89 66.37 ± 13.84 64.2 ± 9.248 63 ± 10.78 0.4886 0.3112

Cr (mg/dL) 8.942 ± 2.972 10.02 ± 4.38 12.08 ± 1.015 10.79 ± 2.915 0.2115 0.0536

TP (g/dL) 6.257 ± 0.6543 6.052 ± 0.6773 6.05 ± 0.4041 5.6 ± 0.2646 0.2436 0.0517

Alb (g/dL) 3.469 ± 0.5148 2.774 ± 0.5822 3.375 ± 0.8139 2.967 ± 0.5686 < 0.0001 0.0007

Na (mEq/L) 139.5 ± 3.081 137.3 ± 4.01 140.8 ± 1.708 140.3 ± 1.528 0.0342 0.5642

K (mEq/L) 4.386 ± 0.6229 4.578 ± 0.6635 4.275 ± 0.6131 4.4567 ± 0.3512 0.5671 0.4656

Cl (mEq/L) 102.2 ± 4.03 98.78 ± 3.62 100.8 ± 2.986 104.3 ± 2.082 0.0019 0.1616

Ca (mg/dL) 8.692 ± 0.7418 7.8 ± 0.5038 8.6 ± 0.8832 8.567 ± 0.6028 < 0.0001 0.0061

P (mg/dL) 5.349 ± 1.433 5.774 ± 1.711 5.75 ± 1.406 5 ± 2.095 0.6276 0.6183

iPTH (pg/mL) 324.3 ± 220.6 257.3 ± 157.3 349 ± 476.4 158.5 ± 136.7 0.3718 0.1913

Hb (g/dL) 10.75 ± 1.132 9.519 ± 1.062 8.45 ± 1.109 8.167 ± 0.8505 < 0.0001 < 0.0001

Ht (%) 32.66 ± 3.755 29.15 ± 3.229 25.85 ± 3.423 25.43 ± 2.101 < 0.0001 < 0.0001

β2MG (μg/mL) 21.91 ± 8.843 28.08 ± 13.72 32.97 ± 18.6 30.97 ± 14.76 0.0497 0.0092

Ferritin (ng/mL) 177.3 ± 114.3 331.8 ± 631.3 736.6 ± 982.4 698.3 ± 751.4 0.019 0.0027

T-SAT (%) 36.64 ± 12.65 35.63 ± 16.72 40.76 ± 17.62 29.96 ± 13.73 0.7858 0.6977

UV (mL/day) 953.9 ± 407.2 836.1 ± 271 962.5 ± 566.2 1083 ± 629.2 0.5206 0.8444

Weekly Kt/V urea 1.936 ± 0.5079 1.62 ± 0.3536 1.76 ± 0.6346 1.737 ± 0.2078 0.0456 0.0403

Weekly CCr (L/week/1.73m2) 97.9 ± 40.21 70.59 ± 16.59 60.26 ± 10.93 66.56 ± 13.56 0.0022 0.0006
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synthesized in cardiac myocytes in response to ventricular
wall stress and stretch, associated with greater cardiac fill-
ing pressure [12]. After the removal of a signal peptide in
the cytosol, proBNP is released as either NT-proBNP or
BNP from myocytes into the circulation [11, 13]. NT-
proBNP is the inactive form, while BNP is the active one.
NT-proBNP is also more stable than BNP, having a longer
half-life [13]. Previous studies have demonstrated the cor-
relations between increases in the plasma concentrations
of BNP or NT-proBNP and reductions in the estimated
glomerular filtration rate (eGFR) or advances in chronic
kidney disease (CKD) stage, which at least in part is likely
to be because the principal route of clearance of NT-
proBNP is renal [11]. Furthermore, the observed correl-
ation with eGFR was more marked for NT-proBNP than
for BNP, and the ratio of NT-proBNP/BNP increased with
advancing CKD stage [11]. A high NT-proBNP concentra-
tion has been shown to predict morbidity and mortality,
and its concentration in patients undergoing CAPD is
lower than those undergoing HD [12]. Additionally, NT-
proBNP is a significant predictor of cardiovascular conges-
tion, mortality, and adverse cardiovascular outcomes in
PD patients [13].

The present analysis has shown that the BNP concen-
tration was positively correlated with that of NT-
proBNP. In addition, the CTR was positively correlated
with BNP and NT-proBNP concentrations, but ΔWt was
not correlated with these parameters. The variations in
diet, clothing, or constipation may have influenced the
measured ΔWt, such that the reliability of the measure-
ment may have been low.

Associations with the NYHA classification
The NYHA classification was statistically associated with
both BNP and NT-proBNP. However, the associations
with CTR, Hb, and Ht showed a higher level of signifi-
cance. Also, the logistic regression model of the heart
failure risk showed that CTR, Hb, and Ht were signifi-
cantly associated with the NYHA classification in the
univariate analysis, but BNP and NT-proBNP were not.
However, none remained significantly associated in the
multivariate analysis. These results may have been influ-
enced by the values for BNP and NT-proBNP in NYHA
category II patients being very high; therefore, a study of
a larger number of patients may alter this finding.

Table 3 Logistic regression analysis for the heart failure risk using the New York Heart Association (NYHA) classification

Variables Univariate analysis Multivariate analysis

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

BNP (pg/mL) 1.001245 (0.997814–1.004173) 0.4415

NT-proBNP (pg/mL) 1.000004 (0.999937–1.000045) 0.878

CTR (%) 1.318767 (1.117946–1.630652) 0.0005 0.993997 (0.729318–1.323292) 0.96686

ΔWt (kg) 1.282818 (0.883557–1.87272) 0.1775

BUN (mg/dL) 1.003413 (0.945632–1.061421) 0.9066

Cr (mg/dL) 1.191152 (0.958659–1.50156) 0.1133

TP (g/dL) 0.453033 (0.118968–1.50955) 0.1987

Alb (g/dL) 0.931232 (0.272288–3.354781) 0.9095

Na (mEq/L) 1.189272 (0.937624–1.559409) 0.1588

K (mEq/L) 0.871445 (0.223551–2.944876) 0.8298

Cl (mEq/L) 1.077313 (0.891606–1.306353) 0.4344

Ca (mg/dL) 1.389613 (0.511722–3.800265) 0.5123

P (mg/dL) 0.97083 (0.544137–1.557301) 0.91

iPTH (pg/mL) 0.999149 (0.993927–1.002533) 0.676

Hb (g/dL) 0.164525 (0.039334–0.433469) < 0.0001 0.033815 (8.663e−5 to 4.167667) 0.17465

Ht (%) 0.582857 (0.386609–0.784583) < 0.0001 1.64811 (0.404336–7.504343) 0.48428

β2MG (μg/mL) 1.045413 (0.982767–1.10676) 0.146

Ferritin (ng/mL) 1.000626 (0.999164–1.001749) 0.3215

T-SAT (%) 1.003885 (0.946869–1.057841) 0.8891

UV (mL/day) 0.99893 (0.996686–1.000999) 0.3172

Weekly Kt/V urea 0.279798 (0.030394–1.670325) 0.1737

Weekly CCr (L/week/1.73m2) 0.943727 (0.87937–0.99103) 0.0123 0.94682 (0.871393–1.000801) 0.05492

DM 3.75 (0.5997035–72.626898) 0.1735
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Furthermore, the relationships with weekly Kt/V urea
and CCr were significant, but not with UV. A combined
urinary and peritoneal Kt/V urea > 1.7/week or CCr >
50 L/week/1.73m2 is recommended by the Renal Associ-
ation Clinical Practice Guideline on PD adults and chil-
dren [14]. They are associated with mortality in PD
patients. Furthermore, a report has shown that the im-
provement of peritoneal Kt/V urea and CCr reduced the
rate of CHF [15]. The reason why UV was not significant
may be that weekly Kt/V urea and CCr were calculated
by not only the value of urine but also the value of PD.

Logistic regression analysis of the heart failure risk using
the NYHA classification
The multivariate logistic regression analysis of the heart
failure risk using the NYHA classification found that
CTR, Hb, Ht, and weekly CCr were not associated with
heart failure classification. The Youden indexes (cutoff
value) on the ROC curves for the NYHA classification
for CTR, Hb, Ht, and weekly CCr were > 51.9%, < 9.4 g/
dL, < 29.2%, and < 80.9 L/week/1.73 m2, indicating a high
risk of heart failure. Moreover, a CTR of 0.43–0.49 has
been previously reported to be associated with higher in-
hospital mortality and poor long-term clinical outcomes
[16]. However, a CTR > 0.5 is traditionally considered
abnormal, and the target Hb for PD patients has been

set at 11–13 g/dL in Japan [17]. Furthermore, as de-
scribed earlier, a weekly CCr > 50 L/week/1.73 m2 is rec-
ommended [14]. The present findings are consistent
with the use of these values.
Anemia is an independent risk factor for mortality in

patients with heart failure [18–20]. It is also an essential
component of the cardiorenal anemia syndrome, and the
severity score of this syndrome is an independent and
significant predictor of death in patients undergoing PD
[21]. In the present study, the logistic regression model
of the heart failure risk using the NYHA classification
found that CTR, Hb, and Ht were significantly associ-
ated in the univariate analysis. The CTR was correlated
with the anemia status of PD patients and was a reliable
predictor of mortality and hospitalization-free survival
[22, 23]. In addition, it was correlated with the BNP and
NT-proBNP concentrations; however, as a predictor of
heart failure, it may have been significant because of this
relationship with anemia. In one previous report, a
lower, but not higher, Hb concentration was associated
with higher mortality in ESA-treated PD patients [24].
Therefore, anemia in PD patients may be the more sig-
nificant pathology.
Numerous studies have shown that iron deficiency is

highly prevalent in patients with CHF and associated
with higher risks of hospitalization and mortality [25].

Fig. 3 Youden indexes (cutoff values) obtained from the receiver operating characteristic (ROC) curve for the New York Heart Association (NYHA)
classification. CTR (a), Hb (b), Ht (c) and weekly CCr (d)
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As ferritin is an acute-phase reactant, it is often consid-
ered to be a less reliable marker than T-SAT [20]. How-
ever, with regard to their relationships with the NYHA
classification, ferritin was significantly associated, while
T-SAT was not, and neither was significantly associated
in univariate analysis. Nevertheless, because ferritin was
significant in the ANOVA, a relationship between iron
metabolism and heart failure may be possible. However,
this may be related to the inflammatory response that
occurs in this disease because T-SAT was not associated
with this and ferritin is considered to be an inflamma-
tory substance [20]. Moreover, ferritin may have not
shown a relationship in the univariate analysis because
the cutoff value for NYHA grade III is too high.
A previous study has shown that intravenous (IV) iron

therapy may be effective for iron deficiency anemia
(IDA), but its benefit is partially independent of Hb con-
centration [20]. Other studies have demonstrated direct
links between IDA and both quality of life and mortality,
and iron repletion reduces the severity of the “restless
legs” symptom and improves cognition, physical per-
formance, exercise tolerance, and immune function, im-
plying that both anemia and iron deficiency contribute
to the cardiovascular risk and mortality [26].
Patients on HD have also been shown to have a superior

Hb response when they are treated with IV iron, but this
has less effect on patients with CKD [27]. Oral iron is
poorly absorbed in most patients with CAPD [28]. More-
over, although it is often used in PD because of difficulties
with venous access, in iron-deficient and iron-replete PD
patients alike, IV iron supplementation results in larger
iron stores and higher Hb concentrations, with fewer asso-
ciated side effects than with oral iron [29]. The data on a
higher risk of peritonitis or other infections in PD patients
being administered IV iron have not yet been described,
but one report has shown that an IV infusion of iron
causes oxidative stress and inflammation in the peritoneal
mesothelial cells, which may impair the viability of the
peritoneum [30]. As a result, opinions vary regarding the
optimal iron supplementation pathway for use in PD pa-
tients. In the present study, iron was administered orally,
which is often done to PD patients because this method is
simpler. However, phosphorus adsorbents containing iron,
hypoxia-induced transcription factor stabilizers, orally ac-
tive inhibitors of prolyl hydroxylase enzyme, and other
newer and potentially more physiologic therapies are cur-
rently being studied for the treatment of anemia [24]. Fur-
thermore, iron deficiency itself may contribute to heart
failure, rather than anemia, but further studies are needed
to determine this.
Kidney failure is a significant prognostic factor in patients

with heart failure, and the CCr rate is an independent pre-
dictor of mortality [31]. The weekly CCr in patients under-
going PD reflects the residual renal function. Therefore, in

this study, it is suggested that weekly CCr was statistically
significant by univariate analysis and was not significant,
but the highest risk of heart failure by multivariate analysis
in logistic regression models were constructed for the risk
of heart failure using the NYHA classification. On the other
hand, the reason why weekly Kt/V was not significant in
the univariate analysis may be because it reflects the clear-
ance of only small molecules, contrary to weekly CCr. Fur-
thermore, weekly CCr may reflect an effect in preventing
heart failure than weekly Kt/V.
This study has certain limitations. First, it was con-

ducted at a single center; therefore, the number of partici-
pants and duration of the study were limited. Second, the
number of patients with heart failure was much lower
than those without. Last, the NYHA classification used as
a marker of heart failure is a subjective index. Thus, these
limitations may have introduced various biases.
In conclusion, BNP and NT-proBNP, the classical

markers of heart failure, were not useful in predicting
this disease in PD patients. Also, the reliability of ΔWt
as a marker was low. On the contrary, the weekly CCr
was associated with the highest risk of heart failure,
followed by anemia. The following were also associated
with a high risk of this disease: CTR > 51.9%, Hb < 9.4 g/
dL, Ht < 29.2%, and weekly CCr < 80.9 L/week/1.73 m2.
However, using only these indicators to predict or pre-
vent heart failure is impossible. Therefore, further large-
scale trials are necessary to establish more useful
markers of heart failure in PD patients.
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