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Abstract

Background. N-terminal fragment of B-type natriuretic
peptide (NT-proBNP) is a marker of both fluid volume
overload and myocardial damage, and it has been useful
as a predictor of mortality in patients with end-stage re-
nal disease (ESRD). It has been suggested that continuous
ambulatory peritoneal dialysis (CAPD), automated peri-
toneal dialysis (APD) and haemodialysis (HD) may have
different effects on fluid volume and blood pressure con-
trol; however, whether the independent predictive value of
NT-proBNP for mortality is preserved when analysed in
conjunction with fluid overload and dialysis modality is not
clear.

Methods. A prospective multicentre cohort of 753 preva-
lent adult patients on CAPD, APD and HD was followed up
for 16 months. Plasmatic levels of NT-proBNP, extracellular
fluid volume/total body water ratio (ECFv/TBW) and tradi-

tional clinical and biochemical markers for cardiovascular
damage risk were measured, and their role as predictors of
all-cause and cardiovascular mortality was analysed.

Results. NT-proBNP level, ECFv/TBW and other cardio-
vascular damage risk factors were not evenly distributed
among the different dialysis modalities. NT-proBNP levels
and ECFv/TBW were correlated with several inflammation,
malnutrition and myocardial damage markers. Multivariate
analysis showed that NT-proBNP levels and ECFv/TBW
were predictors of both all-cause and cardiovascular mor-
tality, independently of dialysis modality and the presence
of other known clinical and biochemical risk factors.

Conclusions. NT-proBNP is a reliable predictor of death
risk independently of the effect of dialysis modality on
fluid volume control, and the presence of other clinical
and biochemical markers recognized as risk factors for all-
cause and cardiovascular mortality. NT-pro-BNP is a good
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predictor of mortality independently of fluid volume over-
load and dialysis modality.

Keywords: end-stage renal disease; dialysis modality; NT-proBNP;
fluid overload; mortality

Introduction

Cardiovascular diseases (CVD) are the most frequent cause
of comorbidity and mortality in patients with end-stage
renal disease (ESRD) [1-3]. An important number of tra-
ditional risk factors for CVD, such as diabetes mellitus, ad-
vanced age, fluid volume overload, hypertension and hyper-
lipidemia, frequently coexist in patients with ESRD [4,5].
The frequency of CVD participation on the clinical out-
comes of ESRD patients has prompted the search of bio-
chemical markers with a high predictive value for all-cause
mortality and cardiovascular mortality. Such tests should be
easy to perform and widely available. Serum albumin and
C-reactive protein have been useful as predictors of death,
but they are more related to inflammation and malnutri-
tion than to CVD, and therefore, their specificity is low
[6]. The plasmatic concentration of the N-terminal frag-
ment of B-type natriuretic peptide (NT-proBNP) has been
useful to predict all-cause and cardiovascular mortality in
ESRD patients. The elevation of NT-proBNP levels has a
dual meaning as a marker of both myocardial damage and
fluid volume overload [7-9].

The different dialysis modalities, such as continuous am-
bulatory peritoneal dialysis (CAPD), automated peritoneal
dialysis (APD) and haemodialysis (HD) have different
effects on fluid volume control. Therefore, dialysis modal-
ity may indirectly affect the NT-proBNP concentration. The
patients on HD have cycles of extracellular fluid volume
(ECFv) expansion and contraction 3 days a week, associ-
ated with the ultrafiltration obtained in each HD session.
CAPD has a more uniform effect, but its effect on ECFv
control depends on the characteristics and concentration of
the osmotic agent used in the dialysis solution, and the peri-
toneal membrane permeability characteristics to achieve an
optimal ultrafiltration volume [10-12]. APD shares some
characteristics with CAPD, but with the shorter dwell times
used in APD, higher ultrafiltration volumes may be ob-
tained. Sodium removal is partially related to ultrafiltration,
so it is less effective in APD [13,14].

The value of NT-proBNP as a predictive marker of clin-
ical outcomes has been independently proven in patients
on HD, CAPD and APD, but the interaction among NT-
proBNP, fluid volume control and dialysis modality has not
been tested. The aim of this study is to analyse the value of
NT-proBNP plasma concentration as an independent pre-
dictor of all-cause and cardiovascular mortality, and its in-
teraction with fluid volume control and dialysis modality.

Patients and methods

Design
A prospective cohort of patients with ESRD, from 14 dialysis centres of the
Instituto Mexicano del Seguro Social (IMSS) in four Mexican cities, was
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followed up for 16 months. The protocol was approved by the Institutional
Review Board at each participating centre. The patients signed a written
informed consent form to participate in the study.

Patients

Prevalent patients in any of the three dialysis modalities studied (CAPD,
APD and HD) were invited to participate. A random sample was selected
from the list of patients on chronic dialysis programmes from each cen-
tre. All patients were adults (>18 years). No restrictions were applied
regarding gender, ESRD cause or time on the therapy. All patients were
clinically in a steady state, free from infections or acute complications
within 1 month before enrolment. The patients with HIV seropositivity,
cancer or immunosuppressive therapy were excluded. The patients on HD
received a conventional schedule of three sessions per week, 4 h per ses-
sion; all of them were dialyzed using high-flux polysulfone filters. The
CAPD patients were on four exchanges of a 2 L dextrose solution per day.
The APD patients received the conventional schemes with the dextrose
solutions.

Procedures

Clinical charts of all selected patients were reviewed to get the relevant
clinical and demographic data. Upon enrolment, body composition was
measured by multifrequency electric bioimpedance (Biodynamics, Seattle,
WA, USA) [15,16]. After an overnight fast, a venous blood sample was
drawn; plasma was separated and kept frozen in aliquots at —70°C until
assayed. For the HD patients, blood samples were drawn at the non-dialysis
day between the first and second session of the week (mid week). Urine
output was registered as the average of 3 consecutive days. Ultrafiltration
was also registered as the average of 3 consecutive days in the PD patients
and the average of three consecutive sessions in the HD patients and then
corrected as mL/day for comparison with the PD group. Scheduled visits
were programmed every month. The patients were allowed to consult
personally or by phone call as required. The mean follow-up period was
16 months. Each surviving individual patient was followed up for at least
12 months.

Laboratory assays

Glucose, BUN, creatinine, albumin, total cholesterol and triglycerides
were measured in the frozen plasma samples with conventional methods
(Hitachi 902 Automatic Analyzer, Roche Diagnostics, GMBH Mannheim,
Germany). C-reactive protein was measured by high-sensitivity im-
munoturbidimetry (Tina-quant CRP-HS, Roche Diagnostics, GMBH
Mannheim, Germany). NT-pro-BNP was measured by immunoassay
(ECLIA Roche Diagnostics, GMBH Mannheim, Germany), and Troponin
I (TPN-1) by RIA (Diagnostic Automation Inc. Calabasas, CA, USA).
C-reactive protein levels >3.0 mg/L were considered as a marker of active
inflammation [17].

Statistical analysis

Values are shown as absolute frequencies and percentages or as mean +
standard deviation as appropriate. For differences among groups, one-way
ANOVA with post hoc Bonferroni’s test, Student’s #-test or chi-squared
test was applied according the number of groups to compare and the type
of variable. Pearson’s correlation coefficients with Bonferroni’s adjust-
ment among serum albumin, CRP, NT-proBNP, TPN-1 and ECFv/TBW
(total body water), controlling for gender, diabetic status and dialysis
modality were calculated. Utility of NT-proBNP in predicting mortality
was analysed with the Receiver Operating Characteristic (ROC) curve.
Mortality was analysed by the Cox proportional risks model. All sta-
tistical calculations were done with SPSSw, version 10.0 (Chicago, IL,
USA).

Results

Table 1 summarizes some clinical and biochemical charac-
teristics of the 753 studied patients, grouped by treatment
modality. The mean follow-up time was 16.7 &= 1.7 months
for the patients that survived all planned follow-up period.
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Table 1. Clinical and biochemical characteristics of the 753 patients studied

CAPD APD HD Total
N 230 135 388 753
Gender (male/female) 128/102 79/56 208/180 415/338
Diabetes, n (%) 142 (62%) 54 (40%) 134 (35%) 330 (44%)
Baseline cardiovascular comorbidity, n (%) 41 (17.8%) 17 (12.6%) 62 (16.0%) 120 (15.9%)
Age (years) 55.55 & 13.66™1 41.90 £ 19.88* 46.90 = 17.44 48.64 + 17.55
Height (cm) 157.74 £+ 10.06 156.51 £ 11.77 157.03 £ 10.93 157.15 +£10.82
Weight (kg) 64.87 £+ 12.53** 59.18 £ 19.86 62.88 + 15.78 62.82 + 15.81
BMI (kg/m?) 26.13 & 5.14*%F 24.01 £5.33 25.10 £+ 5.00 2522+ 5.15
W/H 0.95 £+ 0.06 0.95 £+ 0.06 0.94 £+ 0.07 0.94 £+ 0.07
SBP (mmHg) 140.37 £ 23.85** 131.34 4 22.68¢ 142.05 £+ 26.58 139.62 4+ 25.38
DBP (mmHg) 84.41 £ 14.82 81.83 £+ 14.80 83.58 £ 16.99 83.52 £ 15.98
Urine output (mL/day) 189 + 276 178 +284 140 £ 241 162 4261
Urine output <100 mL/day (%) 72.2 78.5 81.5 78.2
Ultrafiltration (mL/day) 910 + 167 885 + 164 921 £ 198 911 £ 183
Fat (% Body weight) 29.82 +10.56 27.94 +9.86 27.85 £ 10.95 28.47 £ 10.67
TBW (% Body weight) 57.21 £+ 8.40 56.26 + 7.73 57.56 +9.61 57.22 + 8.94
ECFv (% Body weight) 26.03 +3.42 26.17 +4.29 26.63 +4.28 26.37 £ 4.04
ECFv/TBW 0.455 £+ 0.032* 0.467 £ 0.046 0.460 £ 0.043 0.460 £ 0.040
Serum glucose (mg/dL) 112.51 &+ 63.09 118.85 + 80.69° 102.59 £+ 53.14 108.54 & 62.20
BUN (mg/dL) 113.20 £ 37.39** 115.88 +£41.23 126.04 £ 53.60 120.29 £+ 47.35
Serum creatinine (mg/dL) 9.80 &+ 3.68"* 11.66 + 3.81% 9.37 £3.63 991 +£3.77
Cholesterol (mg/dL) 185.75 4+ 42.72%+ 196.95 + 51.40f 156.32 & 38.70 172.61 £+ 45.76
Triglycerides (mg/dL) 225.89 + 154.22% 236.37 £ 142.75¢ 154.76 £ 101.22 191.16 £+ 132.56
Serum albumin (g/dL) 3.39 4 0.58**1 3.78 4 0.55¢ 4.17£0.53 3.86 + 0.65
Troponin T (ng/mL) 429.19 £+ 521.51 558.95 £ 416.75 732.24 £ 725.50 615.14 £ 640.43
NT-proBNP (pg/mL) 17181 £27914 12 455 + 17 0921 19973 £25671 17 893 £ 25 252
CRP (mg/L) 0.93 + 1.25¢ 1.10 & 1.42f 1.44 £ 1.57 1224+ 147
Transferrin (mg/dL) 193.01 £ 51.77 200.73 + 52.80 193.11 £+ 56.64 194.45 £+ 54.52

Values are expressed as mean + standard deviation.

BMI = body mass index; W/H = waist to hip ratio; TBW = total body water; ECFv = extra cellular fluid volume; NT-proBNP = N-terminal fragment
of B-type natriuretic peptide; CRP = C-reactive protein; SBP = systolic blood pressure; DBP = diastolic blood pressure.
*P < 0.05 versus APD; **P < 0.01 versus APD; {P < 0.05 versus HD; P < 0.01 versus HD.

The patients on CAPD were older and had higher weight
and body mass index (BMI). The patients on APD were
younger and showed better blood pressure control and the
highest values of ECFv/TBW ratio, fasting glucose, total
cholesterol and triglycerides levels. The HD patients had
the highest values of systolic blood pressure and serum al-
bumin levels. There were no differences among the groups
in urine output, number of functionally anuric (urine out-
put <100 mL/day) patients and daily ultrafiltration, neither
previous CV comorbidities at baseline. When previous car-
diovascular comorbidities were disaggregated by specific
causes, patterns were similar in all groups (for CAPD: heart
failure 7, myocardial infarct 8, angor 9, pericarditis 2, stroke
11, peripheral vascular disease 15; for APD: heart failure
3, myocardial infarct 2, angor 2, pericarditis 1, stroke 3,
peripheral vascular disease 6; for HD: heart failure 8, my-
ocardial infarct 9, angor 11, pericarditis 1, stroke 14, pe-
ripheral vascular disease 21). More than one cardiovascular
comorbidity coexists in some patients.

There were significant negative correlations of serum
albumin with CRP (—0.24, P < 0.001), albumin with
NT-proBNP (—0.21, P < 0.001), and positive correlations
of NT-proBNP with TPN-1 (0.1 P = 0.05) and TPN-1 with
ECFv/TBW (0.12, P < 0.01) in Pearson’s correlation anal-
ysis. The correlation analysis adjusted by gender, diabetic
status and dialysis modality is shown in Table 2.

There were 182 deaths. Death causes are listed in
Table 3. The distribution of death causes was different

among the dialysis modalities groups. Acute myocardial
infarction and arrhythmias were more frequent in the
HD group. Peritonitis episodes were present only in the
CAPD group. Univariate analysis showed that the group of
patients who died had significantly greater age, higher BMI,
diabetes frequency, TBW, ECFv, serum glucose and NT-
proBNP levels, and lower serum albumin and creatinine
levels than the surviving patients (Table 4). Urine output,
number of functionally anuric (urine output <100 mL/day)
patients, daily ultrafiltration or CV comorbidities were not
different between survivors and non-survivors.

The prognostic value of NT-proBNP (normal values
188 & 100 pg/mL), for all-cause mortality analysed with
the ROC curve, showed an area under the curve of 0.66
(95% CI 0.61-0.70) that refuted (P < 0.001) statistical in-
difference (0.50). The cut-off point of 5700 pg/mL gave
values of 0.80 for sensitivity and 0.40 for specificity. For
cardiovascular mortality, the area under the curve was 0.72
(95% CI 0.66-0.78) (P < 0.001), and the cut-off point of
8900 pg/mL gave values of 0.80 for sensitivity and 0.54
for specificity. Figure 1 shows a survival analysis by NT-
proBNP quartiles. NT-proBNP levels had a significant ef-
fect on survival. Higher NT-proBNP levels were associated
with lower survival.

Survival (Cox proportional risks model) analysis showed
that diabetes, dialysis modality, serum albumin, CRP and
NT-proBNP levels were significantly and independently as-
sociated with all-cause mortality (Table 5).
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Table 2. Pearson’s correlation coefficients of serum albumin, CRP, NT-proBNP, TPN-1 and ECFv/TBW, controlling for gender, diabetes and dialysis

modality
Serum albumin (g/dL) CRP (mg/L) NT-proBNP (pg/mL) TPN 1 (ng/mL) ECFv/TBW
Serum albumin (g/dL) 1
CRP (mg/L) —0.42 P=0.01 1
NT-proBNP (pg/mL) —0.25 P=10.01 0.19 P=0.01 1
TPN 1 (ng/mL) —0.03 P=NS 0.03 P=NS 0.08 P=NS 1
ECFv/TBW —0.05 P=NS 0.04 P=NS 0.01 P=NS 0.14 P =0.01 1

Correlations are considered significant if P < 0.01 (according with Bonferroni’s correction). NS = non-significant.

Table 3. Causes of death by treatment modality

Cause of death CAPD APD HD Total
Uraemia/hyperkalaemia/ 8 3 11 22
acidosis

Acute myocardial infarction 3 3 10 16
Congestive chronic heart 4 1 5 10
failure/pulmonary oedema
Arrhythmia 5 5 10 20
Stroke 5 1 11 17
Other cardiovascular causes 2 0 2 4
Infections (except peritonitis) 8 1 12 21
Peritonitis 9 0 0 9
Sudden death 6 2 10 18
Unknown 11 1 13 25
Hypovolaemic shock 1 1 1 3
Malnutrition 0 1 0 1
Intestinal occlusion 0 1 0 1
Respiratory insufficiency, 0 0 1 1
bronchial aspiration
Other non-infectious non-CV 1 3 10 14
Total 63 23 96 182
1.0,
9l NT-proBNP Quartiles
Q1
Q2
— 81
2
c
= Q3
2] 71
8 Q4
5
0 3 6 9 12 15 18
Months

Fig. 1. Survival analysis by NT-proBNP quartiles. Cox proportional risks
model, P < 0.001.

Eighty-five deaths were attributed to cardiovascular
events (acute myocardial infarction, cardiac failure, ar-
rhythmia, stroke, peripheral arterial insufficiency and sud-
den death). Univariate analysis showed that patients with
cardiovascular death had higher age (57.8 & 13.5 versus
475 + 17.7 years, P < 0.001), SBP (148 £ 25 ver-
sus 139 + 28 mmHg, P < 0.001), ECFv (27.2 £ 4.9
versus 26.3 + 3.9% BW, P < 0.04), NT-proBNP levels

(31827 £ 33110 versus 16042 + 23463 pg/mL, P <
0.001), CRP levels (1.96 £ 1.85 versus 1.13 + 1.39 mg/dL,
P < 0.001), and lower serum albumin levels (3.55 £ 0.71
versus 3.90 4 0.63 g/dL, P < 0.001) than patients with non-
cardiovascular death. Multivariate analysis showed that age,
dialysis modality, serum albumin, CRP, NT-proBNP levels
and ECFv/TBW ratio were significantly and independently
associated with cardiovascular death (Table 6).

Discussion

These data suggest that NT-proBNP plasma levels and
ECFv/TBW ratio are significant predictors of both all-cause
and cardiovascular mortality in ESRD patients, indepen-
dently of the dialysis modality and the influence of other
known risk factors such as diabetes, age, blood pressure,
CRP and serum albumin.

Previously reported NT-proBNP high levels in ESRD
patients [7,8,18-20] were corroborated. Also, the associ-
ation of NT-proBNP levels with inflammation and mal-
nutrition markers such as serum albumin and CRP was
confirmed [18,21]. Cardiac functional tests were not done
in the present study, but there was a significant correla-
tion between NT-proBNP and TPN-1, a myocardial damage
marker [22,23].

There are previous reports that the plasmatic levels of
natriuretic peptides are increased in non-dialyzed ESRD
patients, and in patients on any dialysis modality; plasmatic
levels of natriuretic peptides were directly correlated with
left ventricular mass, fluid volume overload and inflamma-
tion, and inversely correlated with residual renal function
[7-10,18-20]. Other factors such as diabetes and obesity
were not clearly correlated with natriuretic peptides levels
[18,24].

Plasmatic levels of natriuretic peptides are tightly corre-
lated with all-cause mortality, and especially with cardio-
vascular mortality. However, not all members of the natri-
uretic peptides family have the same value as predictors
of clinical outcomes [18]. Two studies have directly com-
pared BNP and NT-proBNP [25,26]. Both found that the
N-terminal pro-hormone was slightly superior to BNP for
predicting death or re-hospitalization for heart failure. The
longer half-life of NT-proBNP may make it a more accu-
rate index of ventricular stress and hence a better predictor
of prognosis. Therefore, we chose NT-proBNP over BNP
for our study. NT-proBNP is a precursor of BNP synthe-
sized in the left ventricle in response to stimuli that demand
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Table 4. Univariate analysis of clinical and biochemical characteristics between survivor and non-survivor groups

Survivors Non-survivors Total P-value

N 567 182 749

Gender (F/M) 249/318 88/94 337/412 NS
Diabetes (Y/N) 85.7/62.9 14.3/37.1 56.1/43.9 0.001
Baseline cardiovascular comorbidity, n (%) 84 (14.8%) 36 (19.8%) 120 (15.9%) NS
Age (years) 45.81 £ 17.69 57.70 £ 13.70 48.70 £ 17.56 0.001
Height (cm) 157.18 £ 11.10 157.03 £ 10.02 157.14 £ 10.84 NS
Weight (kg) 62.38 £ 16.54 64.27 £+ 13.40 62.84 £ 15.85 NS
BMI (kg/m?) 25.01 £5.16 2592 £5.12 2523 £5.16 0.040
W/H 0.94 £ 0.07 0.95 £+ 0.07 0.94 £ 0.07 NS
SBP (mmHg) 137.60 + 24.83 145.83 £+ 26.31 139.60 £ 25.43 0.001
DBP (mmHg) 83.77 £ 16.27 82.67 £ 15.16 83.50 £+ 16.01 NS
Urine output (mL/day) 154.6 £ 254.6 182.1 £278.8 162 £+ 261 NS
Urine output <100 mL/day (%) 80.6 75.3 78.2 NS
Ultrafiltration (mL/day) 899.7 £ 1759 957.4 £270.3 911 £+ 183 NS
Fat (% Body weight) 28.17 + 10.34 29.61 % 11.57 28.51 + 10.66 NS
TBW (% Body weight) 56.77 £+ 8.51 58.54 £ 10.05 57.19 £ 8.93 0.020
ECFv (% Body weight) 26.10 £ 3.63 27.17 £5.05 26.36 £ 4.05 0.002
ECFv/TBW 0.46 + 0.04 0.46 + 0.04 0.46 + 0.04 NS
Serum glucose (mg/dL) 100.79 £ 49.79 133.27 £+ 86.61 108.66 £ 62.30 0.001
BUN (mg/dL) 120.63 £ 46.69 119.38 £ 49.81 120.33 £ 47.44 NS
Serum creatinine (mg/dL) 10.31 +£3.79 8.65 £ 3.44 991 +3.77 0.001
Cholesterol (mg/dL) 173.59 £+ 45.28 169.61 + 47.32 172.62 £ 45.78 NS
Triglycerides (mg/dL) 192.45 £ 128.66 188.34 4 145.08 191.45 £+ 132.74 NS
Serum albumin (g/dL) 3.97 £ 0.59 3.53£0.71 3.86 £ 0.65 0.001
Transferrin (mg/dL) 196.86 + 52.76 186.97 £ 59.42 194.46 £ 54.57 NS
Troponin T (ng/dL) 632.92 £ 702.86 554.02 + 386.15 613.81 £+ 641.30 NS
NT-proBNP (pg/dL) 15390.92 + 23 297.86 25 781.09 + 29 408.64 17 907.89 + 25 288.22 0.001
CRP (mg/L) 1.02 £ 1.30 1.85 £+ 1.76 1.22 £ 1.47 NS

Values are expressed as mean + standard deviation, and as numbers.

BMI = body mass index; W/H = waist to hip ratio; TBW = total body water; ECFv = extra cellular fluid volume; NT-proBNP = N-terminal fragment
of B-type natriuretic peptide; CRP = C-reactive protein; SBP = systolic blood pressure; DBP = diastolic blood pressure.

Table 5. Multivariate analysis of all-cause mortality

Table 6. Multivariate analysis of cardiovascular mortality

Lower  Upper Lower  Upper

Variable P-value Exp(B) 95%CI 95% CI Variable P-value Exp(B) 95%CI 95% CI
Age (years) 0.002 1.024 1.009 1.040 Age (years) 0.017  1.026 1.004  1.047
Gender (male) 0.724 0.915 0.560 1.496 Gender (male) 0.599  0.835 0.426  1.637
Diabetes (non-DM) 0.009 0.611 0.442 0.884 Diabetes (non-DM) 0.173 0.703 0.423 1.167
Dialysis modality 0.013 Dialysis modality 0.030

CAPD 0.034 0.491 0.306 0.790 CAPD 0.009  0.401 0203  0.794

APD 0.159 0.068 0.398 1.163 APD 0.166  0.574 0262  1.258
Waist/hip ratio 0.718 0.625 0.049 8.038 Waist/hip ratio 0.724 1912 0.052  69.878
Body fat (% BW) 0.725 1.004 0.983 1.025 Body fat (% BW) 0.576  1.008 0.979 1.038
Systolic BP (mmHg) 0.059 1.008 0.999 1.016 Systolic BP (mmHg) 0.108 1.009 0.998  1.021
Diastolic BP (mmHg) 0.563 0.996 0.983 0.009 Diastolic BP (mmHg) 0.522  0.994 0976  1.012
Serum albumin (g/dL) 0.000 0.469 0.336 0.654 Albumin (g/dL) 0.003  0.493 0308  0.792
C-reactive protein (mg/L)  0.007 1.152 1.039 1.227 C-reactive protein (mg/L)  0.023 1.177 1.023 1.354
ECFv/TBW 0.087 84.639  0.520 13778.551  ECFv/TBW 0.018 1171.330 3.347 409 899.370
NTproBNP (1000 pg/mL) 0.025  1.006  1.001  1.011 NT-proBNP (1000 pg/mL) 0.001  1.010 1.004  1.016
Troponin T (ng/mL) 0.469 0.999 0.999 1.001 Troponin T (ng/mL) 0.297  0.999 0.999  1.001

more ventricular work and lead to re-modelation. The im-
mature molecule NT-proBNP is larger and has a longer
half-life than the active form, facilitating its measurement,
and making it less dependent on acute changes that affect
the concentration of other natriuretic peptides [21]. NT-
proBNP or BNP levels may also be influenced by some
HD-related factors; this has been recently updated [27].
Natriuretic peptides fall with acute and chronic reductions
in blood volume or ECFv [28,29], low flux dialyzer mem-
branes were found to increase NT-proBNP plasma levels

and membranes with high ultrafiltration coefficients had
the opposite effect [30,31]. Increments in NT-proBNP lev-
els were seen in the days following arteriovenous fistula
creation [32]. Patients herein reported were free of recent
surgical procedures or acute complications, all of them were
sampled in the morning of the non-dialysis day between the
first and second sessions (mid week) and were dialyzed
with the same kind of dialyzers to avoid those confounding
effects. For the clinical care of the patients, it is impor-
tant to keep in mind that our cut-off points (5700 pg/mL
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for all-cause mortality and 8900 pg/mL for cardiovascular
mortality) have an acceptable sensitivity (0.80), but a low
specificity (0.40 and 0.54, respectively).

Our data confirm the role of NT-proBNP as a predic-
tor of all-cause and especially cardiovascular mortality in
ESRD patients, independently of the dialysis modality, and
confirm the tight correlation of mortality with markers
of inflammation such as serum albumin and CRP levels
[6,18,33].

The effect of the dialysis modality on patients’ survival
is still controversial. Studies comparing HD and PD show
that survival in both modalities is similar. PD has a slight
advantage in the first years after the initiation of the therapy
and a slight disadvantage in diabetic older women [34,35].
Analysis of the effects of dialysis modalities on mortality
is beyond the scope of the present study. However, our data
show that some important risk factors for mortality such as
age, diabetes, BMI, ECFv/TBW, NT-proBNP, serum albu-
min and lipids are not evenly distributed among the different
dialysis modalities. These differences are not necessarily
owed to the modality per se, since the criteria for selecting
each modality have an important role.

It is important to point out that the population under study
consisted of prevalent rather than incident patients and as
such, the modality had already been selected. Furthermore,
some patients, particularly those currently in HD modality,
were formerly initiated in PD, but had been shifted to HD
due to loss of peritoneal capacity as a dialysis membrane.
It is also important to note that patients on APD have been
allocated in that modality due to the greater opportunity to
re-integrate into daily activities, as the majority is students
or productive workers. This factor partially explains the
differences in some variables, such as age and diabetes, and
consequent variations in comorbidities among groups.

The most important finding in the present study is that
NT-proBNP levels and fluid volume overload keep their pre-
dictive value as markers of mortality independently of the
dialysis modality. This issue seems relevant since control
of fluid volume and blood pressure are related to the dial-
ysis modality, and affect NT-proBNP levels. Therefore, the
dialysis modality may exert some influence on the value of
NT-proBNP levels as a mortality risk marker [7-12]. Some
studies have suggested that fluid volume overload and hy-
pertension are more frequently seen in patients on PD than
in patients on HD, and that these differences may have
important consequences on the clinical outcomes [10,12].
Nevertheless, dialysis modality is not the only factor in-
fluencing fluid volume control. Residual renal function,
dietary prescription and patients’ compliance with the pre-
scription are also important factors [36—40]. Balance be-
tween intake and removal rather than isolated measurements
of one of the balance components is the best way to analyse
the effect of sodium and water on clinical outcomes. The
dialysis component of sodium and water removal is a rela-
tively easy measurement. The renal component is cumber-
some in patients with very low or variable daily urine output.
Evaluation of sodium intake through questionnaires is indi-
rect and has a low reproducibility. In the present study, urine
output and ultrafiltration were similar among groups, as
well as between survivors and non-survivors, so they were
not considered in the analysis. Instead, we analysed TBW,
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ECFv and ECFv/TBW ratio steady state measurements that
summarize the balance between sodium and water intake
and removal, and are recognized predictors of mortality in
PD patients [40]. A small but significant difference was
found in body fluid compartments, ECFv/TBW was lower
in CAPD and TBW and ECFv were higher in non-survivors.
Taken together, ultrafiltration, urine output and body fluids
suggest that diet intake has similar significance as fluid or
sodium removal in determining body composition, and in-
fluencing clinical outcomes. Additional measurements of
fluid overload were not available to this study; however, a
combination of bioimpedance and blood pressure may be
used to discern if the corporal overhydration is related to
positive fluid balance or related to cardiac dysfunction. In
the multivariate analysis, both ECFv/TBW and systolic BP
were independent predictors of mortality.

The number of patients included in the present study was
high. Patients on three different modalities, with a wide
age interval, and a follow-up period enough to evaluate im-
portant clinical outcomes, were recruited from 14 different
dialysis centres. However, as in all studies without inter-
vention, there are limitations. It is possible that the patients
on HD are overrepresented, taking into account that PD is
the most frequent dialysis modality in Mexico. On the other
hand, only prevalent patients were included, which may in-
troduce a bias because of the different comorbidity among
the groups prior to inclusion, and the possible interaction
between the dialysis modality and comorbidity. The associ-
ation of NT-proBNP and ECFv/TBW to mortality does not
necessarily reflect a causal relationship, and there is a pos-
sibility that other unsuspected factors act as an additional
link between the analysed variables. Additionally, the fact
that interventions reducing NT-proBNP and fluid volume
overload, independently or together, also have a positive
effect, reducing the mortality of ESRD patients, lends sup-
port to the suspected role of these markers as mortality
predictors.

Our data support that plasmatic NT-proBNP levels and
fluid volume overload are significant and independent pre-
dictors of both all-cause and cardiovascular mortality, even
in the presence of other traditional and non-traditional risk
factors. In conclusion, NT-proBNP is a good predictor of
mortality independently of fluid volume overload and dial-
ysis modality.
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