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We investigated whether or not N-terminal pro brain natriuretic peptide (NT-proBNP) could predict hospi-
talization for cardiovascular disease (CVD) among Japanese hemodialysis patients. A total of 104 patients on
maintenance dialysis 3 times per week were enrolled. We followed the patients for 23.9%4.2 months and 19
hospitalizations for CVD occurring during this period. The area under the curve (AUC) for the risk of CVD hos-
pitalization was calculated after drawing a receiver operating characteristic curve. Predialysis NT-proBNP
showed a larger AUC value than both postdialysis NT-proBNP and brain natriuretic peptide. The optimal cut-off
value of predialysis NT-proBNP for predicting CVD hospitalization was 5,894 pg/mL, (sensitivity of 60 % and
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specificity of 76 %) . Diabetes mellitus, a history of CVD, and the predialysis NT-proBNP level were significant
determinants of CVD hospitalization according to Cox proportional hazards analysis.
In conclusion, predialysis NT-proBNP is useful for predicting CVD hospitalization in hemodialysis patients.

Jpn J Nephrol 2011 ; 53 * 633-641.
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Table 1. Baseline characteristics of 104 study patients

Age (years) 6410 Kt/V 1.47+0.25
Female gender (%) 41 SBP (mmHg) 142+24
Never smoker (%) 49 DBP (mmHg) 76+13
DM (%) 19 HGB (g/dL) 10.9+1.0
History of CVD (%) 36 Tch(mg/dL) 157.2+37.9
HD vintage (month) 93.3+65.6 Ca(mg/dL) 9.3+0.7
Dialyzer(n) PS 73, PES29, PEPA?2 P(mg/dL) 52+1.6
Volume (kg) 2.6%+1.0 PTH (pg/mL) 205+217
Vascular access(n) AVF 97, SA 6, AVG 1 Alb(g/dL) 3.9+0.3
RAS inhibitor user (%) 40 CRP(mg/dL) 0.19%0.42
CCB user (%) 45 LVMi(g/m?) 141.4+57.0
B blocker user(%) 20 EF(%) 71.5+12.6

DM : diabetes mellitus, CVD : cardiovascular disease, HD : hemodialysis, PS : polysul-
fone, PES : polyether sulfone, PEPA : polyester-polymer alloy, Volume : the volume of
water removed by hemodialysis, AVF : native arteriovenous fistula, SA : surfacing artery,
AVG ! synthetic arteriovenous graft, RAS : renin-angiotensin system, CCB : calcium chan-
nel blocker, SBP : systolic blood pressure, DBP : diastolic blood pressure, HGB : hemo-
globin, Tch : serum total cholesterol, Ca : adjusted serum calcium, P : serum inorganic
phosphate, PTH : serum intact-parathyroid hormone, Alb : serum albumin, CRP : serum
C-reactive protein, LVMi : left ventricular mass index, EF : ejection fraction

K32 KL, FREEEDMENTIZ 1 Receiver operating character-
istic (BT, ROC)HhfEZMAIL, A v M4 7fHZEH#EH L 72,
Ay BAZET 2 BRSO, CVD ICk B ABRICBIL T
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CVD AbeZ FHIl$ 2 K7 O IX, Cox HfflNY—FE
TR 72, SUHKET-ICF 0, HER, B, BEERIE (DL
T, DM), CVD DOWEfE, ZBHTHE, BRAKE, Ko/V, I
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PTH, LVMi, EF (& 1034, ZHTHT NT-proBNP & 100 ¥4I
LB — FHCHES L 7e, 2RI 2B ML
ez MHL 72, p E<005 ZHEEL, HitV 7 Mg
SPSS 12.0 Zfi I L 7z,
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P U CH BRI T L 7% (p<0.001),
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Fig. 1.
a : Relationship between predialysis NT-proBNP and LVMi
A positive correlation between predialysis NT-proBNP and LVMi was observed.
b : Relationship between predialysis NT-proBNP and EF
No correlation between predialysis NT-proBNP and EF was observed.
Note : Predialysis NT-proBNP was converted into a logarithmic scale.
Sensitivity Sensitivity
1.0 b v 1.0 ]
0.8 | H 0.8 |
0.6 | 0.6 |
0.4 b [ 0.4 I
- Predialysis NT-proBNP 1, Predialysis NT-proBNP
0.2 0.2
_______ Postdialysis NT—proBNP ——————- BNP
0 O T T T 1 0 0 T T T T T 1

T
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(1 — Specificity )

0.0 0.2 0.4 0.6 0.8 1.0
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Fig. 2. Receiver operating characteristic curve for the risk of hospitalization for

cardiovascular disease

a : Compared with predialysis and postdialysis NT-proBNP
b : Compared with prediaysis NT-proBNP and BNP

E25D0 ROC ML THENTL 72, ZDHR% Fig.2a &
Table 2 1278, BEHTHT NT-proBNP @ Area under curve (LA
T, AUC)IZ 0.671, %% NT-proBNP @ AUC |4 0.648 T
H oz, KRIT CVD IZ &k % ABi% ZEH il NT-proBNP &
BNP D 5 & BRIFCTHITE 2 DR L 72 (Fig. 2b),
BNP @ AUC (% 0.639 T& b (Table 2), #EMTHI NT-
proBNP O AUC 23 b K ThH > 7,

5. NT-proBNP @O CVD (Z&L B A% FRITHHY b
*+71&

ROC Hift2 53K ® 7 CVD 12 & 2 ABEic k9 % NT-
proBNP £ X O BNP DA v k4 7fli% Table 3 28T, &
BT HT NT-proBNP & 5,894 pg/mL, &L 60 %, FFRIE 76 %,
PP 2.5, B 05 Th oz, BENTHE NT-
proBNP @O 71 v 4 7% 3,638 pg/mL, BNP (% 428 pg/
mL T > 7z, BHTHT NT-proBNP D 4 v k4 7 DA Mk
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Table 2. Summary of area under curve, p value and 95 %
confidence interval for the risk of hospitalization for car-

diovascular disease

Variable AUC  pvalue 95 % C. .
Predialysis NT-proBNP 0.671  0.018  (0.525-0.816)
Postdialysis NT-proBNP  0.648 0.040 (0.510-0.787)

BNP 0.639 0.055 (0.499-0.779)

AUC : area under curve, C. . : confidence interval

Table 3. Optimal cut-off value, sensitivity, specificity, positive likelihood ratio, negative
likelihood ratio for the risk of hospitalization for cardiovascular disease in each variable

. Cut-off value Sensitivity Specificity
Variable P-LR N-LR
(pg/mL) (%) (%)
Predialysis NT-proBNP 5,894 60 76 2.5 0.5
Postdialysis NT-proBNP 3,638 65 68 2.0 0.5
BNP 428 40 87 3.1 0.7

P-LR : positive likelihood ratio, N-LR : negative likelihood ratio

ZMGET 5 72 ®, BEHTHT NT-proBNP 28 6,000 pg/ (%) bredialysis NI probP < 6000 pg/nl
mL AFEOBE L Z 0L ED 2 BV, K4 0B 100 ’
ARABEH %2 Kaplan-Meier #iiit 2 H TR L2 — [
(Fig. 3), JEWTHi NT-proBNP 6,000 pg/mL Aot = 80
1 72 B 8 (11 %), YEHFHT NT-proBNP 6,000 pg/ = 60 -
mL PLEDOREE 32 Bl 12 61 (37 %) A CVD Ik b § edialvsis NT-proBNP =
ABEL 72, MFED 1L log-rank HUETHE TH > 7= i 40 e e e e
(p=0.001), §
6. CVD K& BABEFHT 3ET o 20 .
CVD 12 & 2 ABElcxt§ % Cox thfiny—FET S 0 o
NDOHZERE X OS LRGN O R%Z Table 4 1278 o' 5X 16 15 26 25
¥, WM T DM, CVD BEfE, EHTHET NT- Time  (month)

proBNP iR TH - 7z, LERMENTTH DM, CVD
WEE, SEMTHT NT-proBNP @ 3 HHIZW IR L HE
THot, TETIN X HEDERIIEETH -7 (p<
0.001) ,

z ¥

Slofatc, kb O MENT &I B VT, 1)
ZENTHT NT-proBNP (& LVMi & 55 < MHBIS %228, EF & 13
BIL 7\, 2) NT-proBNP IZENTHIZ THEICIEK T 5,
3) JENTHT NT-proBNP 133ZEHT# NT-proBNP & 13 (F A% 12
CVD 12 k2 Abi% ¥l %, 4) @EHHT NT-proBNP &
BNP & HHR LT CVD 2 k 5 ABi%z REFIZTFHT 5,5) &
Ml NT-proBNP @ CVD 12 & 2 ABtz T34 v b4

Fig. 3. Kaplan-Meier curve for cardiovascular disease event-
free survival

Incidence of hospitalization for cardiovascular disease was

significantly higher in the high predialysis NT-proBNP group

than in the low predialysis NT-proBNP group according to

the log-rank test.
The line on the graph refers to the censor case.

7 1Z 6,000 pg/mL 3%4TH %,6) DM, CVD DI, i&
BrHT NT-proBNP %% CVD 12 & % ABt% Fll3 2 i3z L 7
KFTdh s EDVHERI NI,

WeRIZE W T O DE X D 5 { NT-proBNP D[R
Birbh, MEENEED UCG iikRoyus—+<—
A—, Abidh 203 EGTPHRFIICEHTH S LT WG
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Table 4. Cox regression analysis for hospitalization for cardiovascular disease

Univariate Multivariate
Variable HR p value 95 % C. I. HR p value 95 % C. I
Age 1.023  0.290 (0.981-1.066) - - - -
Gender (Female) 0.485 0.161 (0.176-1.334) - - - -
Smoking 1.063  0.891 (0.442-2.555) - - - -
DM 4.068  0.002 (1.683-9.832) 3.786  0.004 (1.533-9.349)
History of CVD 4723  0.001 (1.813-12.302) 4.042  0.005 (1.532-10.666)
HD vintage 0.948  0.248 (0.865-1.038) - - - -
Volume 1.054  0.804 (0.698-1.591) - - - -
Kt/V 0.907  0.285 (0.757-1.085) - - - -
SBP 1.135  0.205 (0.933-1.380) - - - -
DBP 0.709  0.055 (0.499-1.007) - - - -
HGB 0.824  0.379 (0.536-1.268) - - - -
Tch 0.899  0.101 (0.792-1.021) - - - -
Ca 1.052  0.882 (0.539-2.052) - - - -
P 1.096  0.481 (0.849-1.415) - - - -
PTH 0.982  0.236 (0.954-1.012) - - - -
Alb 0.429  0.214 (0.113-1.632) - - - -
CRP 1.007  0.885 (0.920-1.101) - - - -
LVMi 1.028  0.413 (0.962-1.099) - - - -
EF 0.943  0.574 (0.768-1.157) - - - -
predialysis NT-proBNP ~ 1.003  0.002 (1.001-1.006) 1.004  0.003 (1.001-1.006)

The hazard ratio was estimated at 0.1 increase in Kt/V and CRP, at 10 increase in SBP, DBP, Tch, PTH,
LVMi, EF, and at 100 increase in predialysis NT-proBNP.
Abbreviations : see Table1.

HR : hazard ratio, C. |. : confidence interval
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