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Table 2: NT-proBNP and echocardiographic parameters of patients with chronic kidney disease (stage IV-V) and control subjects.
Variable Patients, all Subgroup A Subgroup B Controls p
NT-proBNP (Me [IQR], pg/mL) 905.0 (1565.0)* 1507.0 (2368.0)#* 441.5 (804.0)* 114.5 (647.0) 0.000
M-mode and 2-D measurements
LA diameter (mm) 43.8±4.9* 45.8±4.1#* 41.7±4.8 40.5±4.4 0.000
PWTd (mm) 11.0±1.3* 11.4±1.0#* 10.4±1.3* 9.4±1.2 0.000
IVSTd (mm) 11.9±1.5* 12.6±1.4#* 11.2±1.3* 10.5±6.9 0.000
LVEDD(mm) 51.5±5.5 52.3±0.53 50.5±5.7 51.2±4.9 0.423
LVESD (mm) 33.9±4.9 34.6±5.6 33.1±4.0 33.9±4.9 0.489
LV mass (g) 298.2±79.7* 331.5±78.5#* 263.7±66.0 239.0±56.8 0.000
LVMI (g/m2) 170.0±48.9* 196.5±49.4#* 142,5±29.8 129.7±24.1 0.000
LVH, prevalence (%) 91.8* 100#* 83.3 68.2 0.005
LV ejection fraction (%) 61.7±8.2 61.1±9.2 62.2±7.1 61.6±6.8 0.860
LV fractional shortening (%) 34.1±5.6 33.5±6.4 34.6±4.7 34.0±5.6 0.740
Mitral inflow velocities
E/A ratio 0.8±0.3 0.8±0.2 0.9±0.3 0.9±0.3# 0.120
DT (ms) 241.2±63.5 231.1±61.7 250.9±64.7 254.6±69.1 0.362
IVRT (ms) 86.9±29.0 86.9±29.7 87.0±28.7 88.2±18.2 0.982
Vp (ms) 39.6±9.6* 36.0±7.6#* 43.3±10.1 46.3±9.77 0.000
Tissues Doppler Imaging
Septal E’ (cm/s) 7.3±1.9* 7.0±2,0* 7.7±1.9* 9.6±2.0 0.000
Septal A’ (cm/s) 11.5±3.0* 11.9±3.2* 11.2±2.8* 14.1±2.8 0.002
Septal E’/A’ ratio 0.7±0.2 0.6±0.2# 0.7±0.2 0.7±0.2 0.05
Lateral E’ (cm/s) 10.0±3.0* 9.2±2.5#* 10.9±3.3 11.6±2.4 0.007
Lateral A’ (cm/s) 13.1±3.6 13.3±3.4 12.9±3.8 14.6±3.7 0.220
Lateral E’/A’ ratio 0.8±0.3 0.7±0.1# 0.8±0.2 0.8±0.3 0.039
LV diastolic filling pressure
Septal E/E’ ratio 9.1±3.9* 9.7±4.6* 8.4±2.9* 5.8±1.9 0.001
Lateral E/E’ ratio 6.8±3.0* 7.4±3.6* 6.1±2.2 4.8±1.5 0.003

p: statistically significant difference between groups (A, B and controls), NT-proBNP: N-terminal pro B type natriuretic peptide, Me [IQR]: 
Median [interquartile rang], LA: left atrial, PWTd: posterior wall thickness in diastole, IVSTd: interventricular septal thickness in diastole, 
LVEDD: left ventricular end-diastolic diameter, LVESD: left ventricular end-systolic diameter, LVH: left ventricular hypertrophy, E/A: ratio 
of early-to-late transmitral flow velocity, DT: deceleration time, IVRT: isovolumetric relaxation time, Vp: mitral flow propagation velocity, 
E’: early diastolic mitral annular velocity,  A’: late diastolic mitral annular velocity, *statistically significant difference compared to controls 
(p<0.05), #statistically significant difference compared to subgroup B (p<0.05).

Table 3: Univariable and multivariable predictors of lnNT-proBNP 
as the dependent variable.

Variable Univariable analysis Multivariable 
analysis

r p-value St. Beta p-value
Age 0.425 0.001 - -
Hemoglobin -0.496 <0.001 -0.324 0.002
Hematocrit -0.491 <0.001 - -
Cholesterol -0.318 0.012 -0.402 <0.001
LDL cholesterol -0.344 0.007 - -
eGFR -0.270 0.035 - -
LA diameter 0.302 0.018 0.189 0.061
LVMI 0.306 0.016 - -
LVEF -0.286 0.025 -0.369 <0.001
LVFS -0.271 0.034 - -
Septal E/E’ ratio 0.287 0.025 -0,298 0.003
Lateral E/E’ ratio 0.336 0.008 - -

LDL: low density lipoprotein, eGFR: estimated glomerular filtration rate, LA: 
left atrial, LVMI: left ventricular mass index, LVEF: left ventricular ejection 
fraction, LVFS: left ventricular fraction shortening, E/E’: early mitral inflow 
velocity to early diastolic mitral annular velocity ratio. For univariable analysis, 
the Pearson correlation (r) and p-value are shown. For the multivariable 
analysis, the standardized coefficient Beta and p-value are shown.

shown in Figure 1. Additionally, lnNT-proBNP levels 
correlated significantly with age, cholesterol, LDL-cho-
lesterol, eGFR, LA diameter, LVMI, LVEF, LVFS, septal 
E/E’ and lateral E/E’ ratio. Multivariant linear regression 
analysis, backward method, revealed lnNT-proBNP lev-
els to be dependently related to Hb, cholesterol, LA di-
ameter, LVEF and septal E/E’ ratio, according to the fol-
lowing equation: lnNT-proBNP = 10.929 – 0.021*Hb – 
0.307*cholesterol + 0.423*LA diameter – 0.049*LVEF + 
0.083*septal E/E’. The correlation between original value 
of lnNT-proBNP and calculated using given equation was 
r=0.733; p<0.001 (Table 3). 

Discussion
Cardiovascular disease is the leading cause of mor-

bidity and mortality in the patients with end-stage renal 
disease, accounting for more than 50% of all deaths18. An 
excessive cardiovascular risk among these patients relat-
ed to a very high incidence of cardiac hypertrophy, car-
diomyopathy, heart failure, and coronary artery disease. 
Echocardiography is recommended as a fundamental tool 
for profiling cardiovascular disease in CKD patients. It is 
also considered that both BNP and NT-proBNP may play 




