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Abstract

The secrection of N-terminal probrain natriuretic peptide (NT-proBNP) is triggered by elevated myocardial strain and excess volume in the left
ventricle (LV). The association between NT-proBNP and volume status in hemodialysis (HD) patients with congestive heart failure (CHF) is not
fully understood. We aimed to elucidate this relationship. HD patients undergoing treatment for more than three months were included. Volume
overload was defined using interdialytic weight gain (IDWG) between HD sessions. CHF was diagnosed with left ventricle ejection fraction (
LVEF) below 60%. The predictive capacity of NT-proBNP for volume overload in patients, both with and without CHF, was retrospectively
analyzed. The cohort was composed of 144 HD patients, 85 males and 59 females, with a median age of 62 years (IQR: 52-74). The median level
of NT-proBNP was 4936 pg/ml (IQR: 2430-21217 pg/ml). The average IDWG was 5.3+2.0%, with a median dialysis duration of 48 (IQR: 26.9—
93.4) months. Elevated NT-proBNP levels were significantly associated with a higher risk of volume overload (OR = 1.9; 95% CI: 1.304-2.630
p=0.002), independent of age, gender, serum potassium, serum uric acid, and CHF status. The area under the curve (AUC) for predicting volume
overload using NT-proBNP was 0.865 [95% CI: 0.791-0.940 p <0.001] in patients without CHF and 0.832 [95% CI: 0.682—0.981 p = 0.001] in
those with CHF. The NT-proBNP cutoff was 3512 pg/ml for patients without CHF and 4936 pg/ml for those with CHF. Increased NT-proBNP
levels are linked to a higher risk of fluid overload in HD patients regardless of CHF status, highlighting NT-proBNP as a valuable tool for managing
fluid balance in this population.
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1. Introduction

Volume overload is one of the primary indicators of mortality
for HD patients (1,2). It has been associated with systemic
hypertension, inflammation, malnourishment, left ventricular
hypertrophy and left atrial dilatation before the onset of heart
failure (3).

Accurate and objective techniques for determining volume
status are necessary to control volume in hemodialysis patients.
Most volume assessments are done by clinical examination,
although this method is erroneous and unreliable. Other
approaches include echocardiography, radioactive dilution
techniques, and using ultrasonography to estimate the inferior
vena cava diameter. All of these procedures take time and
require specialized knowledge to perform (4,5).

Alternatively, both NT-proBNP and BNP have been linked
to volume overload and cardiac dysfunction. However, serum
creatinine levels, cardiac conditions and dialysis treatment may
influence BNP levels, potentially limiting its effectiveness as a
marker of fluid overload in dialysis patients (6,7).

The goal of this investigation was to examine the
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relationship between NT-proBNP levels and volume overload
in HD patients, both with and without congestive heart failure,
using interdialytic weight gain (IDWG) as a metric.

2. Materials and Methods

2.1. Study Population
In this study, 144 HD patients from a tertiary care hospital in

Turkey who had been receiving care for longer than three
months were included.

Excluded were patients under 18 years of age or those with
the acute myocardial infarction or acute cerberovascular event
within the last three months.

Based on NT-proBNP quartiles, patients were categorized
into four groups: <2430 pg/ml, 2430 <NT-proBNP < 4936
pg/ml, 4936 <NT-proBNP < 21217 pg/ml, and >21217 pg/ml.
Those with NT-proBNP values <2430 pg/ml were classified as
the lowest quartile group, while those with values >21217
pg/ml were classified as the highest quartile group.

Volume overload was defined as IDWG exceeding 4.5%
(8). IDWG is the variation between a patient's weight before
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dialysis and their weight at the end of the preceding HD
session. CHF was defined as an LVEF measured below 60%

on transthoracic echocardiography (5).

The patients underwent three sessions of low-flux
hemodialysis per week, each lasting four hours, using dialyzers
with synthetic membranes (The BLS514SD Polyflux 14L,
manufactured by Gambro Dialysatoren GmbH, Hechingen,
Germany). At a rate of 200-240 mL/min was the blood flow,
with the dialysate flow set at 400 mL/min.

The study was approved by the Institutional Review Board
of Nevsehir Haci1 Bektas Veli University with approval number
2400087905/2024.05.01.Because of the study's retrospective
design, informed consent was not required.

2.2. Data Collection
The following demographic and clinical variables were

collected: age, sex, comorbidities including diabetes mellitus,
hypertension, and CHF, hospital length of stay (HLOS), as well
as mortality.

Following a 15-minute rest in a semi-upright position,
blood was drawn in the morning before the dialysis session.
Measurements of NT-proBNP, sodium (Na), potassium (K),
serum albumin (Alb), calcium (Ca), phosphate (P), blood urea
nitrogen (BUN) serum creatinine (SCr), magnesium (Mg),
low-density lipoprotein (LDL), hemoglobin (Hb), C-reactive
protein (CRP), uric acid (UA), parathyroid hormone (PTH),
thyroid stimulating hormone (TSH), ferritin, pH, and
bicarbonate (HCO3) were made using a standard protocol.

Removed volume during dialysis was noted. Weight
measurements were taken before and after dialysis to
determine the interdialytic weight gain. Prior to the dialysis
session, the sistolic and diastolic blood pressures (SBP and
DBP) were also recorded.

2.3. Outcomes
The mortality data refer to all-cause mortality within the 12

months prior to data collection. This information was obtained
retrospectively from electronic hospital records, including
dialysis unit follow-up notes and death certificates, where
applicable.

2.4. Statistical Analysis
Statistical analyses were performed using SPSS software

version 22.0. Categorical variables were presented as
frequencies and percentages, while continuous variables were
expressed as mean + standard deviation (SD) for normally
distributed data or median and interquartile range (IQR) for
non-normally distributed data. Comparisons between NT-
proBNP quartile groups were made using the chi-square test
for categorical variables, ANOVA for normally distributed
continuous variables, and the Mann—Whitney U test for non-
parametric data.

Pearson correlation analysis was conducted to evaluate the
relationships between NT-proBNP levels and other variables.
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Simple linear regression and stepwise multiple linear
regression analyses were used to identify predictors of volume
overload. In addition, receiver operating characteristic (ROC)
curve analysis was performed to assess the predictive ability of
NT-proBNP levels for volume overload in patients with and
without congestive heart failure. A p-value <0.05 was
considered statistically significant.

3. Results

The median age of the 144 hemodialysis patients who were
enrolled was 62 (52—74) years old. The cohort consisted of 85
males and 59 females. The median (IQR) dialysis duration was
48 (26.9-93.4) months.

The median level of NT-proBNP was 4936 pg/ml (IQR:
2430-21217), and IDWG's mean +SD percentage was
5.3242.0%. The absolute value of IDWG was a mean of
3.4+1.2 kg. The most common comorbid diseases of the
patients were hypertension (75%) and diabetes mellitus (47%).
The median SBP value measured before dialysis was 124
mmHg (IQR: 110-132), while the DBP value was 72 mmHg
(IQR: 64-82). Within the cohort, 31% of patients had CHF, and
46% of cases involved volume overload.

Table 1 lists the main clinical characteristics of the patients
throughout the NT-proBNP quartiles. In contrast to the NT-
proBNP group in the lowest quartile, the highest quartile NT-
proBNP group had higher age (66 vs 55 years; p=0.004), a
higher male proportion (61% vs 33%; p=0.019), higher serum
Klevels (5.3 0.8 vs 5.1+0.4 mmol/l; p=0.016), greater ferritin
levels (666 vs 455 ng/ml; p=0.037), higher Tnl levels (86.1 vs
30.7 ng/l; p=0.004), higher CRP levels (8.8 vs 3.9 mg/l;
p=0.023), a higher proportion of CHF (33% vs 8.1%; p=0.006),
with a greater mortality rate (34.3% vs 8.3%; p=0.049).
However, patients in the highest quartile NT-proBNP group
had lower SCr (7£2.2 vs 8.6 2.6 g/dl; p=0.018), lower UA
levels (5.9+1.3 vs 6.7£1.0 mg/dl; p=0.009), and lower Alb
levels (37.3 +4.4 vs 41.0£7.8 g/1; p=0.031) (Table 1).

There was a correlation observed between serum NT-
proBNP levels and hypervolemia (r = 0.808, p<0.001) by
simple linear regression analysis (Table 2). There was also a
positive correlation between age and hypervolemia (r = 0.252,
p = 0.002), CHF (r = 0.395, p<0.001), and serum potassium
levels (r=0.289, p < 0.001) but negatively correlated with sex
(r=-0.183, p = 0.028) and serum uric acid levels (r =—0.244,
p = 0.003). An investigation of stepwise multiple linear
regression revealed that hypervolemia was positively related to
NT-proBNP levels (B = 0.582, p<0.001), CHF (B = 0.277,
p<0.001), and serum potassium levels (B =0.191, p=0.001).

Serum NT-proBNP levels were found to be independently
correlated with hypervolemia in all patients (OR = 1.9; 95%
CI: 1.304-2.630, p=0.002), even after controlling for
covariates such age, sex, serum K, serum UA, and the existence
of CHF. NT-proBNP levels were observed to be linked to a
higher risk of volume overload in the subgroup of CHF patients
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(OR=2.9; 95% CI: 1.224-6.635, p=0.015). The NT-proBNP
level was associated with a 2.4-fold risk of volume overload in
individuals without CHF (OR=2.431; 95% CI: 1.450-4.077,
p=0.001).

We developed a ROC curve using the cutoff value to
determine the potential utility of NT-proBNP in evaluating
volume overload among patients with and without CHF. For

the subgroup of patients without CHF, the sensitivity was
83.3%, specificity was 83.8%, and the AUC was 3512 pg/ml,
with a 95% confidence interval (CI) of 0.791-0.940 and p <
0.001 (Fig. 1). Conversely, in the CHF group, the sensitivity
was 82.6%, specificity was 75.0%, the NT-proBNP cutoff
value was 4936 pg/ml, and the AUC was 0.832 (95% CI:
0.682-0.981, p=0.001) (Fig. 2).

Table 1. Baseline characteristics of hemodialysis patients according to NT-proBNP quartiles

62 (52-74) 55 (44-65)
59% 33%
53+2.0 48+1.8
46% 25%
31% 14%
19.4% 8.3%
7.9+2.6 87+29
6.4+1.2 68+1.0
38.4+4.7 41.0+78
52+0.7 5.0+0.6
4.9 (2.0-12.0) 3.7 (1.8-9.9)
543 (319-797) 455

Total (n=144) Q1 <2430 Q22430-4936 | Q3493621217 | Q4>21217

63 (54-74) 70 (56-75) 66 (56-76) 0.004
33% 64% 61% 0.019
46+1.8 54+19 6.1423 0.070
36% 53% 69% 0.023
22% 22% 31% 0.007
17.0% 19.4% 34.3% 0.049
7.6+2.6 84+23 7.0+2.4 0.018
6.6+ 1.2 63+ 1.1 59+13 0.009
379459 383442 373+4.4 0.031
51+0.6 56+0.8 53409 0.016
56(23-11.8)  3.0(1.2-7.0)  8.9(4.0-25.1) 0.023
4315 520 666 0.037

*Only variables with statistically significant or clinically relevant differences across NT-proBNP quartiles are presented. Abbreviations: IDWG = Interdialytic

weight gain, CHF = Congestive heart failure, CRP = C-reactive protein.

Table 2. Factors associated with the volume overload in patients on hemodialysis

Simple linear regression analysis

Factors . .
correlation coefficient

NT-proBNP 0.808

Gender -183

Age (years) 0.252
CHF 0.395
Uric acid -0.244
Potassium 0.289

Stepwise multiple linear

Abbreviations: NT-proBNP, N-Terminal pro-Brain Natriuretic Peptide; CHF, congestive heart failure
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Fig.1. ROC curve for prediction of volume overload based on the
serum NT-proBNP level in hemodialysis patients without CHF.
Optimal cut-off value for NT-proBNP is 3512 pg/mL. AUC for NT-
proBNP = 0.865 [95% CI (0.791-0.940)], p < 0.001. ROC, receiver
operating characteristic curve; AUC, area under the curve.

p-value regression analysis standardized p-value
coefficient
<0.001 0.582 <0.001
0.028
0.002
<0.001 0.277 <0.001
0.003
<0.001 0.191 0.001
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Fig.2. ROC curve for prediction of volume overload based on the
serum NT-proBNP level in hemodialysis patients with CHF. Optimal
cut-off value for NT-proBNP is 4936 pg/mL. AUC for NT-proBNP =
0.832 [95% CI (0.682—0.981)], p = 0.001. ROC, receiver operating
characteristic curve; AUC, area under the curve.
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4. Discussion

According to our research, NT-proBNP may be a useful tool to
predict volume overload in hemodialysis patients, regardless of
CHEF status. In patients with CHF, elevated NT-proBNP levels
were linked to a 2.9-fold greater risk of volume overload, while
in patients without CHF, the risk was 2.4-fold increased. Our
findings align with recent international studies investigating
NT-proBNP as a biomarker for volume status in hemodialysis
patients, both with and without heart failure. Previous studies
have shown that NT-proBNP levels are significantly correlated
with fluid overload assessed by objective methods such as
bioimpedance spectroscopy, supporting its role as a non-
invasive marker of volume status in hemodialysis patients (5).
In more recent work, volume status has also been linked to
structural cardiac alterations, including increased left
ventricular mass and diastolic dysfunction, with elevated NT-
proBNP levels serving as a predictive marker in this context
(9). These findings are consistent with the results of our study,
which highlight the utility of NT-proBNP in identifying
volume overload, particularly in both CHF and non-CHF
patient populations. The finding that NT-proBNP predicts
volume overload even in patients without clinically diagnosed
congestive heart failure is supported by prior research
indicating that NT-proBNP levels can reflect fluid burden
independently of overt cardiac dysfunction (10).

Improving the quality of life for individuals with volume
overload requires early diagnosis and treatment. Traditional
clinical methods such as assessing blood pressure, lung rales,
peripheral edema, and jugular venous distention are often used
to evaluate a patient's hydration status. However, because these
methods do not precisely reflect the volume status of patients,
they are subjective and have limited diagnostic accuracy. As a
result, a lot of work has gone into creating accurate and
impartial techniques for determining volume status in recent
years. Among these, NT-proBNP levels have emerged as the
least invasive alternative method (9,11). However, it is
important to note that the interpretation of NT-proBNP levels
in dialysis patients may be complicated by reduced renal
clearance and peptide accumulation in end-stage renal disease

(6).

We noted that the patients in the higher quartile of NT-
proBNP levels had increased rates of CHF and mortality.
Similar associations have been reported for high NT-proBNP
levels in both hemodialysis and peritoneal dialysis patients (11-
13). These findings suggest that elevated volume load leads to
ventricular hypertrophy, which subsequently promotes CHF
and increases the mortality rate associated with hemodialysis
and chronic kidney disease. Research has demonstrated a
strong correlation between natriuretic peptides and
cardiovascular disorders as well as other markers of cardiac
anatomy and functionality (14,15).

Serum NT-proBNP levels rise in response to declining
kidney function since the kidney health is principally
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responsible for clearing NT-proBNP (16-18). As aresult, it has
been determined that NT-proBNP serves as a biomarker for
heart failure in both hemodialysis patients and the general
population (19,20). However a meta-analysis found that NT-
proBNP could not be utilized as a marker of improvement in
heart failure among HD patient, (21). Furthermore, not much
is known regarding its usefulness as a volume status indicator
in the presence of both volume overload and CHF.

Previous data have demonstrated a positive correlation
between the concentration of NT-proBNP in multivariate
regression analysis and female sex and age, as well as a
negative correlation between the concentration and BMI and
Hb (22-24).

The age-related increase in natriuretic peptide levels may
be attributed to reductions in glomerular filtration rate and left
ventricular compliance (25,26). It has been demonstrated that
estrogen increases the expression and release of the cardiac
natriuretic peptide gene, which may account for women's
higher levels of these proteins compared to men (27,28). Lower
hemoglobin levels may adversely affect cardiac function by
reducing cardiac work efficiency and oxygen transport to the
myocardium (29,30). Since natriuretic peptide clearance
receptors (NPR-C) are known to be abundantly expressed in
adipocytes, some have hypothesized that this may be the cause
of the low serum NT-proBNP levels linked to obesity (31,32).
Many theories have been proposed to try to explain the
connection between these variables and levels of circulating
NT-proBNP, but as of yet, no single theory has been supported
by solid evidence.

This study has several important limitations. First, due to
its retrospective design, there is a risk of selection bias, and
causal relationships cannot be firmly established. Second, the
study was conducted in a single center, which may limit the
generalizability of the findings to broader populations. Third,
we were unable to control for all potential confounding factors
that could affect NT-proBNP levels, such as comorbidities or
medication use. Fourth, variations in kidney function among
patients may have influenced NT-proBNP levels, but this was
not adjusted for in our analysis. Additionally, volume overload
was assessed solely using interdialytic weight gain (IDWG),
which, while practical, may not fully reflect the complexity of
fluid status in hemodialysis patients. We also lacked
longitudinal data to assess changes in NT-proBNP over time,
which could have provided greater insight into its prognostic
value. Furthermore, all patients received low-flux
hemodialysis with relatively low blood flow rates (200-240
mL/min), reflecting local clinical practices; this may differ
from standard protocols elsewhere and thus limit external
applicability. Finally, objective imaging-based methods such
as inferior vena cava diameter measurement, chest
radiography, or lung ultrasound were not used to evaluate fluid
status, which could have enhanced the accuracy of volume
assessment. These limitations should be taken into account
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when interpreting our findings and highlight the need for
further prospective, multi-center studies.

Compared to prior studies, our research adds value by
stratifying NT-proBNP performance across CHF and non-CHF
subgroups and determining distinct cutoff values for volume
overload prediction in each. Taken together, these comparisons
reinforce the growing evidence supporting NT-proBNP as a
clinically valuable biomarker for fluid status monitoring in
hemodialysis, while also highlighting the need for patient-
specific interpretation.

Volume overload in HD patients, is reliably predicted by
NT-proBNP irrespective of CHF status, Incorporating NT-
proBNP measurements into routine clinical practice may
enhance the early detection and management of volume
overload, ultimately improving patient outcomes.
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