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Abstract
Background: Electrolyte imbalance and volume overload are common in chronic kidney disease and heart failure. We aimed to 
evaluate the relationship between serum sodium and N terminal pro-brain natriuretic peptide (NT-proBnp) based on estimated 
glomerular filtration rates in heart failure (HF) patients with low ejection fraction.

Methods: A total of 389 patients aged 18-80 years who presented to our hospital with symptoms of heart failure were included 
in the study. Demographic, laboratory, and echocardiography findings were recorded. The study group consisted of patients 
with ejection fraction (EF) less than 55% and estimated glomerular filtration rate (eGFR) less than 90mL/min, and subgroups 
were formed according to eGFR, ejection fraction and NT-proBnp level.

Results: Of the total group, 54.5% were female, and the median age was 64 (IQR18) years. Age, NT-ProBnp, creatinine, 
BUN, and CRP were significantly (p<.05) higher in the study group compared to the control group. When subgroups were 
compared according to eGFR, age, creatinine, NT-proBnp, BUN, and CRP were significantly (p<.05) higher in the group with 
eGFR<45mL/min compared to the group with eGFR=45-89mL/min. In the group with NT-proBNP above 6000, it was seen 
that eGFR, EF, sodium, albumin, and hematocrit were effective at a rate of 38.4% in the multivariate logistic regression model.

Conclusion: In HF and low eGFR, NT-proBnp increases with volume increase. In light of the data that NT-proBnp, which 
is known to be released from stress-induced cardiomyocytes, is excreted and metabolized via the renal route, renal function 
should be taken into consideration in the interpretation of NT-proBnp elevated levels.
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INTRODUCTION
The Heart failure is defined as the inability of the heart 
to deliver enough oxygen to tissues to meet its metabolic 
needs and structural or functional impairment of the 
heart. It is a life-threatening chronic health problem and 
is among the most common causes of hospitalization 
in the elderly. Early diagnosis not only slows the 
course of the disease but also reduces the number of 
hospitalizations, deaths, and costs. In patients with 
complaints of heart failure, natriuretic peptides play 
a key role in the diagnosis and have a high negative 
predictive value and exclude the diagnosis (1). Studies 

have revealed a significant increase in natriuretic peptide 
levels in chronic kidney disease and heart failure with 
low ejection fraction (2-5).

In both heart failure and chronic kidney disease (CKD), 
volume overload is an expected finding, especially in 
advanced stages (6). In addition to volume overload, salt 
restriction also predisposes to dilutional hyponatremia. 
In chronic kidney disease, impaired concentration and 
dilution ability of the kidney make patients even more 
prone to hyponatremia (7,8).  In a study conducted in 
patients with hyponatremia, NT-proBnp levels were 
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used to assess volume status (9).  Another study showed 
a negative correlation between serum sodium and NT-
proBNP in venous congestion in heart failure patients 
(10). Sodium is the main cation of the extracellular 
fluid and a serum sodium level <135 meq/L is defined 
as hyponatremia. It is the most common electrolyte 
disturbance encountered in clinical practice and is 
estimated to be present in 10% to 30% of hospitalized 
patients. The presence of hyponatremia, regardless of 
etiology, is associated with increased morbidity and 
mortality in outpatients and hospitalized patients and is 
considered an important marker of serious illness (11).

Assessment of volume status is very difficult and of 
critical importance. Brain natriuretic peptide (BNP) is 
synthesized in the ventricles in response to myocyte 
stretch and/or pressure overload. Pro-BNP consists of 
108 amino acids and proteolysis of pro-BNP results 
in active BNP with 32 amino acids and an inactive 
amino-terminal fragment with 76 amino acids (12).  In 
the kidneys, BNP increases glomerular filtration rate 
and blood flow by increasing efferent arterial tone and 
decreasing afferent arterial tone. It also decreases renin 
release and sodium reabsorption, leading to diuresis and 
natriuresis. BNP is used in the diagnosis of congestive 
heart failure and to differentiate whether dyspnea is 
of cardiac or pulmonary origin (12).  Clearance from 
plasma has been associated with renal excretion (13).

Chronic kidney disease is defined as the presence of 
kidney damage, glomerular filtration rate of less than 60 
milliliters per minute, and this condition lasting longer 
than three months, regardless of the cause (14). It is one 
of the world’s most common chronic non-communicable 
diseases. The World Health Organization predicts that 
by 2040, chronic kidney disease will be the fifth most 
common chronic disease (15).

          Electrolyte changes may occur in chronic kidney 
disease and heart failure (16,17). The frequency of 
hypervolemic hyponatremia increases in heart failure 
(18).   This study aimed to evaluate the relationship 
between sodium and NT-proBnp at different estimated 
glomerular filtration rates in heart failure patients with 
low ejection fraction. We investigated how different 
glomerular filtration rate levels affect NT-proBnp and 
serum sodium levels, which provide insight into volume 
overload. Since the effect of increased natriuretic 
peptides on mortality has been shown in previous 
studies, the relationship between NT-proBnp levels and 
other findings and parameters (volume status, sodium, 
potassium, eGFR, hematocrit, CRP, albumin, BUN, 
creatinine and EF%) without natriuretic peptide levels 
(19).

METHODS
Between January 1, 2018, and November 30, 2023, 
389 patients admitted to our hospital with known heart 

failure or with a medical condition suspicious of heart 
failure were included in the study. Exclusion criteria 
were being under 18 years of age and over 80 years of 
age, having myxoma and mural thrombus in the heart 
on echocardiography, septic shock, pregnancy, acute 
coronary syndrome, known malignancy, acute kidney 
injury (anuria, increase in basal creatinine by more 
than 30% in the last 24 hours), peritoneal dialysis and 
being on hemodialysis program. A total of 176 patients 
fulfilling these criteria were excluded from the study. 
Two hundred thirteen patients were divided into study 
and control groups. The study group consisted of 
patients with EF less than 55% and eGFR less than 90 
ml/min/1.73 m2, while the control group consisted of 
patients with EF greater than 55% and eGFR greater 
than 90 ml/min/1.73 m2. The study group was divided 
into subgroups according to progression risk assessment 
as Stage 3b below (<44 ml/min/1.73m2) and Stage 3a 
above (45-89 ml/min/1.73m2) eGFR, low (40%) and 
preserved (41-54%) EF and NT-ProBnp >6000 pg/mL 
and above with increased mortality risk. Demographic 
data including age and gender, laboratory data including 
NT-proBNP, eGFR, sodium, potassium, albumin, 
creatinine, blood urea nitrogen (BUN), C reactive 
protein (CRP), hematocrit and ejection fraction (EF%) 
measured by echocardiography were recorded from the 
database.

The study group was subdivided into EF≤40% and EF 
41-54%, eGFR <45 ml/min/1.73m2 and eGFR 45-89 
ml/min/1.73m2, NT-ProBnp <6000pg/mL, NT-ProBnp 
≥6000pg/dL. 

Laboratory tests, including BUN, creatinine, albumin, 
CRP, sodium, potassium, and hematocrit levels, were 
measured with a clinical biochemistry auto analyzer 
Abbott Architect c8000 (Abbott Diagnostics, Illinois, 
USA). Echocardiography was performed with a Vivid 
S70N Version 202 device.

STATISTICAL ANALYSIS
Statistical analyses were performed using SPSS 
version 29.0 (SPSS Inc., Chicago, IL, USA, 
2023). Categorical variables were summarized as 
frequencies (n) and percentages (%). The normality 
of continuous variables was assessed using the 
Kolmogorov-Smirnov test. Continuous variables 
were described using arithmetic mean, standard 
deviation, median, minimum, and maximum values. 
 
For quantitative independent data, the Kruskal-Wallis 
and Mann-Whitney U tests were employed, while 
qualitative independent data were analyzed using the 
chi-square test. Relationships between variables were 
examined using Pearson’s and Spearman’s correlation 
coefficients, depending on data distribution. The effect 
sizes of variables that did not follow a normal distribution 
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were evaluated using univariate and multivariate logistic 
regression models. A significance level of p < .05 was 
considered statistically significant.

RESULTS
A total of 389 patients, both male and female, aged 18-80 
years, who presented to our hospital with symptoms of 
heart failure were included in the study. After excluding 
176 patients who did not meet the inclusion criteria, 213 
patients were included in the study. Two main groups 
were formed: study and control groups. The study group 
was divided into subgroups according to eGFR EF and 
NT-ProBnp (Figure 1).

Of the total group, 54.5% were female, and the median 
age was 64 (IQR18) years. There was no significant 
difference between the study and control groups in 
gender, sodium, and potassium (p>.05). Age, NT-
ProBnp, creatinine, BUN, and CRP were significantly 
higher in the study group compared to the control group 

(p<.05). Hematocrit, albumin, EF and eGFR were 
significantly higher in the control group than in the study 
group (p<.05) (Table 1). 

When subgroups were compared according to eGFR, 
no significant difference was found between gender, 
EF, sodium, and potassium (p>.05). Age, NT-ProBnp, 
creatinine, BUN, CRP were significantly (p<.05) higher 
in the group with eGFR<45mL/min compared to the 
group with eGFR 45-89ml/min. Serum albumin and 
hematocrit were significantly (p<.05) higher in the 
group with eGFR 45-89mL/min (Table 2).

When subgroups were compared according to EF, no 
significant difference was found in gender, NT-ProBnp, 
sodium, potassium, albumin, creatinine, BUN, CRP, and 
hematocrit (p>.05). Age was significantly(p<.05) higher 
in the subgroup with EF between 40-54% (Table 3). 

When the subgroups were compared according to NT-
ProBnp, eGFR, sodium, albumin, and hematocrit were 

Figure 1. Flow diagram demonstrates the study design

Parameter Total group 
n=213

Working group
n=108

Control group
n=105

x2,t,z p

Gender                    F:
M:

117 (%54.5)
96   (%45.5)

64 (%59)
44 (%41)

53 (%51)
52 (%49)

-1.43 .155

Age (year) 64 (18) 71 (11) 55 (20) -8,8 <.001
EF % 54 (35) 31(20) 65 (2) -12.70 <.001
eGFR(ml/min/1.73m2) 88 (46) 53.5 (36) 98 (11) -12.42 <.001
NT-ProBnp(pg/mL) 984 (5613) 5577 (9017) 100 (133) -12.59 <.001
Sodium(mmol/L) 139(4) 139 (5) 139 (3) -1.37 .169
Potassium(mmol/L) 4.2 (0.6) 4,1 (0,8) 4.2 (0.5) -1.80 .071
Albumin(g/L) 37 (8) 34 (7.4) 39 (4.7) -6.62 <.001
Creatinine(mg/dL) 0.91 (0.48) 1.17 (0.61) 0.7 (0.16) -11.07 <.001
BUN (mg/dL) 17 (13) 26 (16) 13 (5) -10.48 <.001
CRP (mg/L) 5 (19.4) 7.2 (25.4) 3.1 (13.5) -3.30 <.001
Hematocrit(%)* 41.24 ± 6.32 39.09 ± 6.18 43.44 ± 5.69 -5.33 <.001

EF; ejection fraction, eGFR; estimated glomerular filtration rate, NT-ProBNP; N-terminal pro-brain natriuretic peptide,  BUN; 
blood urea nitrogen, CRP; C-reactive protein. P<.001 was considered significant. x2: Fisher’s exact test. *Data are presented as 
median(IQR) excluding Htc.

Table 1. Demographic characteristic of the group and laboratory results
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significantly (p<.05) higher in the subgroup with NT-
ProBnp<6000 pg/ml compared to the subgroup with NT-
ProBnp≥6000 pg/ml. At the same time, no significant 
difference was found in gender, age, potassium, EF, and 
CRP (p>.05). BUN and creatinine were significantly 
(p<.05) higher in the group with ProBnp ≥6000 compared 
to the NT-ProBnp<6000 pg/ml subgroup (Table 4).

In the study group, there was a low negative correlation 
between age and eGFR and hematocrit and a moderate 
positive correlation between Age and EF. There was a 
low negative correlation between EF and NT-ProBnp. 
There was a low positive correlation between eGFR and 
sodium and albumin, a low negative correlation between 
potassium and CRP, a low negative correlation between 
NT-ProBnp, and a moderate positive correlation 
between eGFR and hematocrit. NT-ProBnp had a low 
positive correlation with CRP, a low positive correlation 
with creatinine, and a low negative correlation with 
sodium, albumin, and hematocrit.There was a low 
negative correlation between sodium and creatinine 
and a moderate positive correlation between creatinine 
and hematocrit. There was a low negative correlation 
between creatinine and hematocrit and a low positive 

correlation between creatinine and CRP. 

In accordance with the study that found that 90-day 
survival after hospital discharge was higher in patients 
with NT-ProBnp below 6000 pg/mL, we created two 
subgroups by taking 6000 pq/mL as a threshold value 
in our study.15 In the group with NT-proBNP above 
6000pg/mL, eGFR was 22.4% (95% CI [.936-.977], 
p<.001), EF 4.5% (%95 CI [.932-1.001], p=.05), sodium 
7.7% (%95 CI[ .800-.983], p=.022), hematocrit 7.5% 
(%95 CI [.859-.986], p=.018), and albumin 5.8% (%95 
CI [.856-.994], p=.033) effective in the univariate 
model in logistic regression (Table 5). In the univariate 
model, eGFR, sodium, albumin, and hematocrit were 
significantly effective in differentiating the groups 
with NT-proBnp<6000 and ≥6000. EF was found to be 
borderline statistically effective but not significant. 

In the multivariate model, significant (p<.05) efficacy of 
eGFR and EF was observed in separating groups with 
NT-proBnp<6000pg/mL and ≥6000pg/mL. Sodium 
efficacy was borderline but not statistically significant. 
In the multivariate logistic regression model on NT-
proBNP ≥6000, eGFR, EF, sodium, albumin, and 

Parameter eGFR<45
n=38

eGFR=45-89
n=70

x2, t, z p

Gender         F:
M:

23 (%61)
15 (%39)

41 (%59)
29 (%41)

-.039 .505

Age (year) 73 (9) 69 (13) -2.19 .028
EF % 35 (22) 30(15) -1.43 .152
NT-ProBnp 9005 (15873) 4077 (5169) -3.64 <.001
Sodium 138 (4) 139 (4) -1.79 .073
Potassium 4.20 (0.9) 4.05 (0.7) -1.10 .270
Albumin 32.4 (6.3) 35.3 (7.8) -2.02 .043
Creatinine 1.85 (1.09) 1.01 (0.27) -7.68 <.001
BUN 39.5 (30) 21.0 (9) -6.73 <.001
CRP 15.8 (32.2) 6.6(15) -2.10 .035
Hematocrit 36.3 ± 5.4 40.5 ± 6.0 3.56 <.001

Table 2. Comparison of subgroups according to estimated glomerular filtration 

x2: Fisher’s exact test. *Data are presented as median(IQR) excluding Htc.

Parameter EF<40
n=70

EF=40-54
n=38

x2,t,z p

Gender                F :                      
M:

44 (%63)
26 (%37)

20 (%53)
18 (%47)

1.06 .204

Age (year) 69.5 (12) 72.5 (9) -2.11 .034
eGFR 63 (35) 46.5 (24) -2.36 .018
NT-ProBnp 6264 (11112) 4831 (6101) -1.66 .078
Sodium 139 (4) 138 (4) -1.17 .242
Potassium 4 (0.7) 4.3 (0.7) -1.87 .061
Albumin 34 (7) 34.7 (7.9) -0.28 .775
Creatinine 1.13 (0.57) 1.28 (0.74) -1.39 .162
BUN 24.5 (15) 26 (24) -0.79 .425
CRP 7.1 (25.5) 8.3 (27.5) -0.25 .737
Hematocrit 39.8 ± 5.8 37.6 ± 6.5 -1.81 .290

Table 3. Comparison of groups according to ejection fraction.
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hematocrit had an effect of 38.4% (Table 5)

DISCUSSION
Heart failure is a life-threatening chronic health problem 
and a common cause of hospitalization in the elderly. 
Early diagnosis not only slows the course of the 
disease but also reduces the number of hospitalizations, 
mortality, and costs. Serum natriuretic peptide levels, 
which have a very high negative predictive value in 
heart failure, play a key role in the diagnosis. Knowing 
the NT-proBnp level has an important role in terms of 
survival and appropriate medical treatment (1).

In heart failure and chronic kidney disease, in addition to 
volume overload, potent diuretic use and salt restriction 
also lead to dilutional hyponatremia (6-8) 

In this study, which aimed to evaluate the importance 
of natriuretic peptide levels in the diagnosis and follow-
up of chronic kidney disease and heart failure with 
low ejection fraction, serum sodium was significantly 
lower in the group with NT-proBnp above 6000 pg/ml 

compared to the group with NT-proBnp below 6000 pg/
ml (2,3).

Hall et al. pointed out that data suggest that NT-proBnp 
is renally excreted or metabolized (13). Although serum 
NT-proBnp is known to be affected by glomerular 
filtration rate, in their study of urinary NT-proBnp 
excretion in patients with heart failure, Linssen et al. 
found that it was associated with renal blood flow but not 
with estimated glomerular filtration rate [20]. Although 
NT-proBnp was not investigated in urine in our study, 
the association of NT-proBnp with renal function was 
shown in our study.

Belagavi et al. investigated the relationship between 
NT-ProBnp and EF in patients admitted to the 
emergency department with dyspnea and showed a 
negative correlation between these two parameters (2). 
In our study group, a significant negative correlation 
was found between these parameters. However, no 
statistically significant correlation was found between 
these two parameters in our subgroups with low and 

Parameter NT-ProBnp<6000
n=59

NT-ProBnp≥6000
n=49

x2,t,z p

Gender          F :                  
M:

37 (%63)
22 (%37)

27 (%55)
22 (%45)

1.06 .204

Age (year) 70 (11) 72 (10.4) -0.76 .443
eGFR 62.63 ± 18.9 44.8 ± 20.3 4.70 <.001
EF % 35 (20) 30 (15) -1.93 .053
Sodium 139 (3) 137 (5) -3.03 .002
Potassium 4.2 (0.8) 4.0 (0.8) -0.69 .490
Albumin 35.8 (7.9) 32.3 ± 5.5 -2.15 .031
Creatinine 1.04 (0.43) 1.44 (0.85) -4.15 <.001
BUN 21 (11) 30 (22) -4.74 <.001
CRP 5.9 (15) 13 (32,3) -1.46 .144
Hematocrit 40.4 ± 6.4 37.5 ± 5.5 2.50 <.001

Table 4. Comparison of subgroups according to NT-proBNP

Univariate model in the group with NT-proBnp ≥6000 pg/mL
Independent R2 B OR CI p
eGFR .224 -.044 .957 .936 – .977 <.001
EF .045 -.034 .966 .932 – 1.001 .059
Sodium .077 -.120 .887 .800 – .983 .022
Potassium .001 -.090 .914 .456 –1.833 .800
Albumin .058 -.081 .922 .856 – .994 .033
CRP .001 .002 1.002 .991 – 1.013 .729
Hematocrit .075 -.083 .920 .859 – .986 .018
Multivarite model in the group with NT-proBnp≥6000 pg/mL
Independent R2 B OR CI p
eGFR

.384

-.053 .948 .886 – .974 <.001
EF -.074 .929 .923 – .974 .002
Sodium -.114 .892 .795 – 1.001 .052
Albumin -.036 .946 .886 – 1.051 .414
Hematocrit -.025 .990 .898 – 1.060 .560

Table 5. Univariate and multivariate regresyon analysis of factors have impact on T-proBnp ≥6000 pg/mL
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mildly reduced EF. This may be due to the small number 
of patients with mildly reduced EF and the older age 
group. Anemia from chronic kidney disease and reduced 
blood circulation in heart failure can cause hypoperfusion 
and hypoxia in tissue (1,21). These reasons suggest that in 
addition to the association of NT-proBNP with EF, other 
factors, such as hypoxia, may also contribute to the release 
of NT-proBNP from cardiomyocytes. 

In the elderly population, Nerpin et al. demonstrated 
the early onset of left ventricular dysfunction before the 
development of symptomatic heart failure and CKD. 
Low eGFR was found to have an independent effect 
on left ventricular function decline (22). When our 
study subgroups were compared according to eGFR, no 
significant correlation was found with EF, whereas when 
our study subgroups were compared according to EF, it 
was observed that eGFR was higher in the subgroup with 
EF <40. This difference may be attributed to the small 
number of subgroups and the significant difference in 
age distribution. In addition, low eGFR and EF together 
increase mortality. This group was not used in the sample 
because the number of patients could not be reached, and 
those who started renal replacement therapy were not 
included in the inclusion criteria.

Arzhan et al. reported that CKD predisposes to dysnatremia, 
and the prevalence of hyponatremia and hypernatremia 
is higher than in the general population (23). Bianchi et 
al. also showed that hyperkalemia is the most common 
electrolyte disturbance in kidney disease and heart failure 
(24).  We did not find a significant difference in serum 
sodium and potassium electrolytes between the control 
and study groups and between the eGFR subgroups. The 
reason may be that patients with chronic kidney disease 
are put on renal replacement therapy before electrolyte 
imbalance develops, the number of patients in the 
GFR<45% subgroup is less than in the GFR>45% group, 
and antihypertensive and diuretic treatments are adjusted 
by considering electrolyte levels in close follow-up of 
patients.

Portoles et al. reported that the prevalence of anemia in the 
predialysis phase of CKD was approximately 60% (21). 
As eGFR decreased, anemia became more common and 
severe. Analysis of cross-sectional data from the National 
Health and Nutrition Examination Survey (NHANES) also 
found that anemia was twice as common in CKD patients 
compared to the general population.48 In the study by 
Guglin et al., anemia was found in half of the patients 
with advanced systolic heart failure. In the same study, it 
was shown that the decrease in hematocrit in heart failure 
was due to overload and hemodilution (25).  In our study 
group with heart failure, the decrease in hematocrit with 
decreasing eGFR was significant compared to the control 
group, and it was also significant in the subgroup with 
eGFR <45 ml/min/1.73 m2 compared to the eGFR 45-
89 ml/min/1.73 m2 group. This result was similar to the 

results of other studies. Early diagnosis and treatment 
of anemia has positive effects on the prognosis of heart 
failure. Willis et al. investigated the effects of anemia 
on NT-proBnp in patients without heart failure or renal 
disease. NT-proBnp levels were significantly higher in 
those with anemia (26). In this study, NT-proBnp and 
hematocrit parameters were significantly negatively 
correlated between the control and study groups. In 
the subgroup comparison according to NT-proBnp, 
hematocrit was significantly lower in the NT-proBnp 
≥6000 pg/ml subgroup. It was stated in the ESC 2021 
Guideline that NT-proBnp may be affected not only by 
cardiac events but also by non-cardiac causes such as 
anemia (1). Our study also suggests that anemia, affects 
natriuretic peptides. 

Limitations
Limitations of the study include the fact that it was a 
retrospective and cross-sectional study, the number 
of cases was limited in subgroups, the use of drugs 
effective on sodium in the patients, and the inability to 
access information on other factors affecting sodium. In 
order to evaluate the relationship between sodium and 
NT-proBnp in these patients, multicenter, prospective 
and large case numbers are needed.

CONCLUSION
In heart failure and low eGFR, NT-proBnp increases with 
increasing volume. In addition to the known negative 
correlation between NT-proBnp and sodium in chronic 
cardiorenal syndrome, we think that sodium level has a 
direct effect on NT-proBnp level.  Strain-induced NT-
proBnp is known to be released from cardiomyocytes. 
In light of the data indicating that excretion and 
metabolization are via the renal route, renal function 
should be taken into consideration in the interpretation 
of high NT-proBnp levels. 
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