M. WFZERROFATICE T 2 —&EFR



L

a

REERA

WX EA P4

FRFS

AR

Miura M, Sakata
Y, Nochioka K,
Takahashi J,
Takada T, Miyata
S, Hiramoto T,
Inoue K, Tamaki
K, Shiba N,
Shimokawa H.

Prognostic impact of blood urea
nitrogen changes during hospitalization
in patients with acute heart failure

syndrome.

Circ dJ

77

1221-1228

2013

Nochioka K,
Sakata Y,
Takahashi J,
Miyata S, Miura
M, Takada T,
Fukumoto Y,
Shiba N,
Shimokawa H, for
the CHART-2

Investigators.

Prognostic Impact of Nutritional Status
in Asymptomatic Patients with Cardiac
Diseases -A Report from the CHART-2

Study-

Cire J

in press

2013

Miura M, Shiba
N, Nochioka K,
Takada T,
Takahashi J,
Kohno H,
Shimokawa H, on
behalf of the
CHART-2

Investigators.

Urinary albumin excretion in heart
failure with preserved ejection fraction
-An interim analysis of the CHART-2
Study-

Eur J Heart
Fail.

14

367-376

2012

Hao K, Yasuda S,
Takii T, Ito Y,
Takahashi J, Ito
K, Nakayama M,
Shiba N,
Fukumoto Y,
Shimokawa H;
MIYAGI-AMI

Urbanization, life style changes and the
incidence/in-hospital mortality of acute
myocardial infarction in Japan: report

from the MIYAGI-AMI Registry Study.

Circ J

76

1136-1144

2012




Study

Investigators.
Yoshida M,
Kadokami T,
Momii H, Enhancement of Cardiac Performance
® | HayashiA, by Bilevel Positive Airway Pressure J Cardiac Fail 18 912-918 2012

Urashi T, Narita Ventilation in Heart Failure.

S, Kawamura N,

Ando S.

Nighitani M,
Shimada K,
Sunayama S,
Masakiy,
Kume A,
Fukao K, Sai E, Effect of cardiac rehabilitation on
Yamashita H, muscle mass, muscle strength, and
® J Cardiol. 61 216-221 2013
Ohmura H, exercise tolerance in diabetic patients
Onishi T, Shioya after coronary artery bypass grafting.
M, Sato H,
Shimada A,
Yamamoto T,

Amano A,

Daida H.

Kasai T, Miyauchi
K, Yanagisawa N,
Kajimoto K,
Mortality risk of triglyceride levels in
@ | Kubota N, Ogita Heart. 99 22-29 2013
patients with coronary artery disease.
M, Tsuboi S,
Amano A,

Daida H.

* : CERE BN O DT T STERIT BRI % A




pa
H
[N EELEOD
EEKA ZA hVA B EHEL HiRFA h& R
& mEEL
- 23
=
RERE. 18 DR SRR
@© | HBEEKRER, (CHART-2 HF%t) A TR EZDHDH EWEHE | 2013 | 1271-1276
TINZEH NHES
7 [ R AR
ZHIES.
&L BT CHART-2 #f35—H
= SR, AADLMEFRD )
. . . BARNEEE
@ | BEH #. TEFUABEDO | BEARNBES AANEIZEEE N 2012 | 1715-1719
B E. D 10219 FI DI =
BARZEIL, & B EREENR—
RKERE.
TINZEHA
, o B -0 - BHERE AT
& (BT, X '
©) OREEEEE O | I 5 MEDICINAL AR 2012 44-53
TIIZEHA
=
8 [ TR R ER R
~ LRE  REBOEME AFHNT
@ | & E17. B — Clinical Study 2012 33-40
o v R
TINZER
DAREE T AT —
£ {E17. DREDERE (FEF) B T2 — e T R
5 fRESE— (@) SR 2013 12-24.
TINZEHR S IA) LTHBETESE
M2 A9 —
N,
FARES, HAERRKELELR | £/ 40, Annual Review )
6 HAESEE | 2013 88-93
TIZHA £ T mEE. TR
TRERFEEE (FR)
FEAREE.
B BRIIEOL e ATHINE
@ | mAEL. TNIZHA Heart View 2012 8-13.
ML RESHTZHTH =2 —4k
TINZEHA
Inter-
Sakata Yy, Cardiovascular Wakabayashi [, | -disciplinary Springer,
8 | Shimokawa | Events: Ischemic | Groschner K Concepts of Wien, 2013 in press
H Heart Disease. (eds) Cardiovascular Austria.
Health.




EARTEER, | B ORBORE
ERpRoesE ik
9 | E@EF, BFHE OOBY Y| FERES =R FEHAR 2012 38-43
DRBORBRER
REEZ F—3rg L bix
EIREELIER B TR
HA RTA BET
#LWEARE (LR | a)llKE, | EEERIERT
10 | fREEEZ ) R E AT HEEE 2012 728-736
BFETA R4 | BEERE &=
PEEE X IEERT
FRVE D FERE
EhARAE LR BT 05 ‘
RATEE, \ AT 4 B
11 HARTA2 2012 | HARESH The Lipid 2013 60-66
RAEZ LV a—
ZRF0ERIE
* @ LERE BT QD STER X RIRI & ds At




V. BFERCEROTIITY - Bkl



& ";"‘\a Circulation Journal
b (“ Official Journal of the Japanese Circulation Society
http://www.j-circ.or.jp

ORIGINAL ARTICLE

Heart Failure

Prognostic Impact of Blood Urea Nitrogen Changes
During Hospitalization in Patients With
Acute Heart Failure Syndrome

Masanobu Miura, MD, PhD; Yasuhiko Sakata, MD, PhD; Kotaro Nochioka, MD, PhD;
Jun Takahashi, MD, PhD; Tsuyoshi Takada, MD; Satoshi Miyata, PhD;
Tetsuya Hiramoto, MD, PhD; Kan-ichi Inoue, MD, PhD; Kenji Tamaki, MD, PhD;
Nobuyuki Shiba, MD, PhD; Hiroaki Shimokawa, MD, PhD

Background: Elevated blood urea nitrogen (BUN) observed in patients hospitalized for acute heart failure syndrome
(AHFS) may represent increased neurohumoral activation. The purpose of this study was to examine the prognostic
impact of BUN changes during hospitalization on the long-term prognosis of AHFS patients.

Methods and Results: The Tohoku Acute Heart Failure Registry (n=497) is a multicenter retrospective cohort study
enrolling AHFS patients who were admitted in 2007. The 337 survivors (mean age, 76 years; 52% male) were di-
vided into 3 groups according to tertiles of BUN change during hospitalization: Decreased (D-BUN, ABUN (BUN level
at discharge—BUN level at hospitalization) <—1.63mg/dl, n=112); Unchanged (U-BUN, ABUN —1.64 to 5.73mg/d,
n=113); Increased (I-BUN, ABUN >5.73mg/dl, n=112). The D-BUN group had higher prevalence of lowest glomeru-
lar filtration rate during hospitalization, whereas the I-BUN group had higher systolic blood pressure. During a me-
dian follow-up period of 2.3 years after discharge, the Kaplan-Meier curve showed that D-BUN and I-BUN had worse
prognosis compared with U-BUN. Multivariable logistic model showed that all-cause death was more frequent in
I-BUN (hazard ratio, 2.94; 95% confidence interval, 1.51-5.73; P<0.001). Subgroup analysis revealed that BUN
increase during hospitalization was associated with all-cause death, regardless of renal function.

Conclusions: AHFS patients with a BUN increase during hospitalization have worse long-term prognosis, indepen-
dent of renal function. (Circ J 2013; 77: 1221-1228)

Key Words: Acute heart failure syndrome; Blood urea nitrogen; Neurohumoral activation; Renal dysfunction

sympathetic nervous system (SNS), renin-angioten-
sin-aldosterone system (RAS) and arginine vasopres-
sin (AVP), is considered as the central pathophysiology of
heart failure (HF).! The elevated SNS and RAS activities in
the kidney enhance urea absorption in the proximal tubules
and flow-dependent urea absorption in the distal tubules.! Fur-
thermore, increased A VP upregulates urea transporters in the
inner medullary collecting duct.! Thus, an elevated blood urea
nitrogen (BUN) level could be regarded as a surrogate marker
for neurohumoral activation in HF patients.
Several studies have reported that elevated BUN levels are
associated with adverse outcomes in HF patients, especially in

T he activation of neurohumoral factors, including the

those hospitalized because of acute HF syndrome (AHFS).>$
Using recursive partitioning of 33,046 AHFS patients with 39
variables, Fonarow et al revealed that the best single predictor
for in-hospital death of AHFS patients at admission was high
BUN level (=43 mg/dl), followed by low systolic blood pres-
sure (SBP, <115mmHg) and high serum creatinine level
(22.75 mg/dl).? In addition, it has been shown that elevated
BUN level at admission can predict poor in-hospital and long-
term outcomes after the onset of AHFS.*® Accordingly, the
BUN level at admission appears to be a useful predictor of
survival of AHFS patients.

However, it is unclear whether BUN levels can predict the
long-term outcomes of AHFS patients, especially after dis-
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charge. In the present study, we thus examined the prognostic
implication of BUN level on long-term outcome after discharge
in AHFS patients. We particularly focused on the effect of
BUN changes during AHFS hospitalization, because evalua-
tion of dynamic changes in the BUN level during hospitaliza-
tion could be more informative as compared with one-point
assessment at admission or discharge.

Methods

The present study was approved by the Ethical Committees of
Tohoku University (No. 2009-366) and the other 3 collaborat-
ing hospitals. The Ethical Committees judged that informed
consent from each patient was not required for the present
study.

AHFS Patients and Inclusion Criteria

The Tohoku Acute Heart Failure Registry (n=497) is a multi-
center retrospective cohort study, enrolling AHFS patients who
were admitted to the 4 participating hospitals. We included
consecutive AHFS patients aged 220 years who were admitted
to the hospitals in 2007. We excluded AHFS patients with acute
coronary syndrome, primary pulmonary arterial hypertension
or pericardial disease. AHFS was defined as a gradual or rapid
change in the signs and symptoms of HF that necessitated
urgent hospitalization, diagnosed by experienced cardiologists,
based on the criteria of the Framingham Heart Study.” Medical
records were reviewed by trained clinical research coordina-
tors and the patients’ data were collected for the present reg-
istry using a pre-fixed registration form. The baseline data
included demographic information, medical history, clinical
signs and symptoms of HF, and initial treatment at admission.
Clinical signs and treatments were surveyed at 24-72h after
hospitalization and at discharge. The primary outcome of the
present study was all-cause mortality after discharge. Data
acquisition was performed from November 2009 to February
2011. Finally, 497 AHFS patients from the 4 participating hos-
pitals were registered.

In the present analysis, we excluded some patients for the
following reasons: hospitalization for myocarditis (n=1) or
takotsubo cardiomyopathy (n=3); requiring hemodialysis (n=5);
insufficient data (n=58). Furthermore, we excluded the pa-
tients who did not receive intravenous diuretics (n=43), be-
cause intravenous diuretics strongly influence fluid volume
status, which may be associated with BUN change during AHFS
hospitalization. Additionally, we excluded patients who died
during hospitalization (n=50). In total, 337 AHFS survivors
were included in the present study. The outcome of the present
study was all-cause death. To evaluate the prognostic impact
of BUN changes during hospitalization in AHFES patients, we
divided the subjects into 3 groups based on the tertile of BUN
change during hospitalization: 112 patients whose BUN levels
decreased (ABUN <-1.63, D-BUN group); 113 whose BUN
levels were unchanged (ABUN, —1.64 to 5.73, U-BUN group);
112 whose BUN levels increased during hospitalization (ABUN
>5.73, - BUN group). ABUN was defined as BUN level at
discharge-BUN level at admission.

BUN Level
BUN level was measured in each participating hospital on
admission, at 24-72h after hospitalization and at discharge.

Renal Function
Estimated glomerular filtration rate (¢GFR, ml-min-!-1.73m?)
was calculated at the time of hospitalization using the modi-

fied Modification of Diet in Renal Disease equation with the
Japanese coefficient.!® Worsening renal function (WRF) was
defined as an increase in serum creatinine at discharge of
>0.3mg/d] compared with that at admission, based on previ-
ous reports.1-14

Statistical Analysis
Comparisons among the 3 groups were performed by ANOVA
test. Continuous data are described as mean*standard devia-
tion (SD). Kaplan-Meier curves were plotted to evaluate the
association between the BUN changes during hospitalization
and all-cause death.

We constructed unadjusted (model a) and adjusted (models
b and c) logistic regression models to evaluate the association
between BUN changes and outcome. In model (b), we included
the following covariates at admission that could influence both
the outcome and the BUN changes during hospitalization: age,
sex, history of HF hospitalization, SBP, heart rate (HR), he-
moglobin level, serum sodium (Na), serum potassium (K),
¢GFR, comorbidities (diabetes mellitus, history of coronary
artery disease (CAD), malignant tumor and cerebrovascular
disease), left ventricular ejection fraction (LVEF) and use of
inotropes. In model (c), we included the following covariates
that could influence BUN changes and prognosis during hos-
pitalization: age, sex, diabetes mellitus, histories of CAD,
cerebrovascular disease, and malignant tumor, LVEF, chang-
es in SBP (ASBP), HR (AHR), serum sodium (ANa), serum
potassium (AK), serum creatinine (ACre) and hemoglobin
(AHb), medical treatment (f-blockers, RAS inhibitors, loop di-
uretics and aldosterone antagonists) and number of days spent
fasting after hospitalization.

We also performed multivariable logistic analysis to com-
pare the prognostic effect of one-point BUN or creatinine
level at admission or at discharge, and the change in BUN
levels during hospitalization (ABUN) and WRF. We adjusted
the baseline characteristics that included in model (b). Further-
more, we performed the multivariable logistic regression anal-
ysis to determine the predictors of BUN increase during hos-
pitalization in the I-BUN group. We included the following
covariates at admission that potentially influence BUN in-
creases during hospitalization: age, sex, New York Heart As-
sociation class, history of HF hospitalization, clinical scenario
(CS) status, HR, eGFR, diabetes mellitus, histories of CAD,
malignant tumor and cerebrovascular disease, LVEF and pre-
vious treatment (f-blockers, RAS inhibitors, diuretics, and spi-
ronolactone). To examine whether renal function influences
the prognostic impact of BUN changes during hospitalization,
we examined the influence of BUN and creatinine levels at
admission and WRF during hospitalization on BUN changes
during hospitalization.

Numerical data are expressed as mean+SD. All statistical
analyses were performed using SPSS Statistics 19.0 (SPSS
Inc, Chicago, IL, USA) and statistical significance was defined
as a 2-sided P-value <0.05.

Results

Baseline Characteristics of AHFS Patients

Mean age was 76.0+12.0 years and male patients accounted
for 51.9%. The prevalence of de novo AHFS and Nohria pro-
file C were 70.6% and 19.6%, respectively. CAD was observed
in 27.9% and mean LVEF and ¢GFR at admission were
45.5£16.2% and 46.2+25.8ml-min~!-1.73 m2, respectively.
The mean period of hospitalization was 30.4+19.4 days. Car-
peritide was given to 89% of the study patients after admis-
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Tahle 1, Baseline Characteristics of the Study Patients
Groups D-BUN
ABUN (mg/dl) (median, 95% ClI) —7.8(-138t0-9.5)
n 112
Age (years) 76.7+11.9
Male (%) 58
History of HF hospitalization (%) 304
History of malignant tumor (%) 17
Ischemic HF (%) 283
Comorbidities (%)
Hypertension 69.6
Diabetes 438
Atrial fibrillation 50
Cerebrovascular disease 223
Clinical status at admission
NYHA class lll and IV (%) 99.1
Nohria profile C (%) 33.9
Clinical scenario 1 (%) 52.7
SBP (mmHg) 142.4+36.4
DBP (mmHg) 81.3+26.1
HR (beats/min) 94.2+27.9
Clinical variables at admission
LVEF (%) 45.6+16
Hemoglobin {g/dl) 11.6+2.5
BUN (mg/dl) 34.8+17.4
Serum Cre (mg/dl) 1.4+0.9
Serum sodium (mEg/L) 139.5+4.4
Serum potassium (mEg/L) 4.4+04
eGFR (ml-min-'-1.73m-2) 38.8+18.9
BNP (pg/ml) 1,360+ 1,662
Treatment at admission (%)
Diuretics 58
Carperifide 88
Nitrates 18.8
Dopamine 8.9
Dobutamine 143
PDE lll inhibitor 10.7
Calcium-channel blocker 98
Fasting period (days) 1.9+1.9
Length of hospital stay (days) 32.5+20.3

1223
U-BUN FBUN P value
18(141t022) 15.5(13.41t0 17.6)
113 112
73.7+13 77.6+10.6 0.04
51.3 464 0.22
248 33 0.38
13.3 143 0.72
28.6 26.8 0.28
70.8 67.9 0.89
36.3 33 0.24
61.9 50 0.18
18.6 214 0.77
938 983 0.09
12.4 125 <0.001
49.6 625 0.13
146.2+33.9 153.3+37 0.07
84.3+21.8 86.1+22 0.3
101.2+15.8 70.7+13.8 0.17
452+186.5 45.9+16.2 0.96
124122 11.4£2.2 0.006
21.1£10.6 24.4+12.9 <0.001
1£0.6 1.2+0.8 0.001
1411£3.9 140.8+4 0.02
42105 4107 <0.001
53.6+27.1 46.3+28.4 <0.001
9391709 1,177£1,167 0.06
50.4 545 0.52
90.9 908 0.81
17.7 17.9 0.98
8 1.8 0.06
8 3.6 0.02
53 125 0.16
9.7 98 1
1.410.7 1.610.9 0.02
29+20.6 29.6x17.5 0.36

Numerical data are expressed as mean+ SD.

D, decreased; BUN, blood urea nitrogen; U, unchanged; |, increased; Cl, confidence interval; HF, heart failure; NYHA,
New York Heart Association; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate; LVEF, left
ventricular ejection fraction; Cre, creatinine; eGFR, estimated glomerular filtration rate; BNP, brain natriuretic peptide;

PDE, phosphodiesterase.

sion. Furthermore, intravenous furosemide and intensive re-
spiratory management were given to 54.3% and 10.1% of the
study patients, respectively.

The mean BUN levels (mg/dl) at admission and discharge
were 26.7+15.1 and 28.6116.2, respectively. We divided the
study subjects into 3 groups based on the tertile of the ABUN
values as mentioned earlier (Table 1). The BUN levels at
24-72h after admission was not significantly increased as
compared with those at admission in all groups (Figure 1A).
The U-BUN group was characterized by younger age and had
the highest eGFR and lowest brain natriuretic peptide (BNP)
level. The D-BUN group was characterized by higher preva-
lence of Nohria profile C, the highest BNP level and the low-

est eGFR at admission. Furthermore, patients in the D-BUN
group were more frequently treated with inotropes {(dopamine
or dobutamine) at admission. In contrast, the -BUN group
was characterized by older age and had higher SBP at admis-
sion and lower hemoglobin level. The fasting period was lon-
ger in the [-BUN group than in the U-BUN group (Table 1).

Changes in Clinical Variables During Hospitalization

The changes in BUN level and other clinical variables dur-
ing hospitalization in each group are shown in Table 2 and
Figure 1. The mean interval of BUN measurements was 25.7+
23.6 days and was comparable among the 3 groups (21.9118.8,
27.4+19.8 and 27.8430.4 days in the U-BUN, D-BUN and

Circufation Journal Vol.77, May 2013
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A Blood urea nitrogen (mg/dL) B Creatinine (mg/dL) C BUN/Creatinine

50.01 1 200 %

1.01

1.5 30.01

40.0 i

200] |

10.04

U-BUN I-BUN D-BUN

U-BUN 1-BUN ~  DBUN  UBUN

I-BUN
. - L . *; P<005
[EJAt admission  [] 24 to 72 hours after admission At discharge t: P<0.001

Figure 1. (A) Changes in BUN levels during hospitalization for AHFS. (B) Changes in creatinine level during hospitalization. (C)
Changes in BUN/creatinine ratio during hospitalization. AHFS, acute heart failure syndrome; BUN, blood urea nitrogen.

Table 2. Changes in Clinical Variables During Hospitalization and Medications at Discharge
D-BUN (n=112) U-BUN (n=113)  I-BUN {(n=112) P value
Changes in clinical variables during hospitalization
Interval of measurement (days) 27.4+19.7 21.9+18.8 27.8+30.3 0.11
ASBP (mmHg) —26+31.7 -32.7+29.8 —36.8+31.9 0.04
AHR (beats/min) —24.9+28.7 -32.5+31.6 —29.6+27.5 0.16
ABUN (mg/dl) -11.7+11.5 1.8+2 15.5+11.3 <0.001
25% increase in BUN (%) 0 13.3 94.6 <0.001
ACre (mg/dl) -0.2+0.7 0.1£0.2 0.3+0.4 <0.001
0.3mg/dl increase in Cre (%) 54 9.7 32.1 <0.001
ASerum sodium {(mEg/L) 0.7+5.1 —0.6+4.2 -1.2+4.9 0.01
ASerum potassium (mEg/L) -0.1+0.8 0.3+0.6 0.4+0.8 <0.001
AHemoglobin (g/dl) 0+1.6 0+1.5 -0.3+1.5 0.27
Oral medications at admission
Diuretics (%) 58 47.8 50 0.27
Spironolactone (%) 22.3 14.2 21.4 0.23
ACEls (%) 241 221 29.5 0.42
ARBs (%) 25.9 25.7 26.8 0.98
B-blockers (%) 21.4 31.9 20.5 0.09
Oral medications at discharge
Diuretics (%) 85.7 82.3 90.2 0.23
Furosemide dose (mg/day) 35.2+21.1 32.5+£17.0 33.7+17.6 0.68
Spironolactone (%) 39.3 40.7 51.8 0.12
ACEls (%) 50.9 611 58.9 0.27
ARBs (%) 31.3 22.1 32.1 0.18
B-blockers (%) 50.9 62.8 50.9 0.12

Numerical data are expressed as mean+SD.

ASBP, SBP at discharge-SBP at hospitalization; AHR, HR at discharge-HR at hospitalization; ABUN, BUN at
discharge-BUN at hospitalization; ACre, Cre at hospitalization—Cre at discharge; Aserum sodium (Na), Na at

discharge—Na at hospitalization; ACEI, angiotensin-convert
Other abbreviations as in Table 1.

I-BUN groups, respectively, P=0.11, Figure 1A). In the I-BUN
group, 225% increase in BUN level was noted in 94.6% and
WREF in 32.1% of the patients (Figure 1B). Furthermore, the
I-BUN group had the largest BUN/creatinine ratio at dis-
charge among the 3 groups (Figure 1C). In the U-BUN group,

Circulation Journal

ing enzyme inhibitor; ARB, angiotensin-receptor blocker.

>25% increase in BUN was noted only in 13.3% and the
prevalence of WRF was lower than in the I-BUN group. In the
I-BUN group, the changes in SBP, serum Na level and serum
K level were the largest among the 3 groups.
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Medications at Discharge

Among the 3 groups, there was no significant difference in
medications at either admission or discharge, although the
I-BUN group tended to have more diuretics and spironolac-
tone and the U-BUN group more angiotensin-converting en-
zyme inhibitors and f3-blockers (Table 2). There was no dif-
ference in the furosemide dose at discharge among the 3

groups.

Prognostic Impact of BUN Changes During Hospitalization
of AHFS Patients

During the median follow-up period of 2.3 years after discharge,
120 patients (35.6%) died. Figure 2 shows the Kaplan-Meier
survival curves for all-cause death. The D-BUN and I-BUN
groups had worse prognosis compared with the U-BUN group.
Furthermore, 3-year mortality rate of the [-BUN group was
approximately 150% higher compared with the D-BUN group.

Table 3 shows the results of multivariable logistic regres-
sion models for all-cause death. In the unadjusted model (a),
as compared with the U-BUN group (reference), both the
D-BUN and I-BUN groups showed 181% and 277% increase,
respectively, in the risk for all-cause death (P=0.049 and
P<0.001, respectively). In model (b), as compared with the
U-BUN group (reference), the hazard ratio (95% confidence
interval [CI]) for all-cause death of the D-BUN and I-BUN
groups was 1.09 (0.54-2.21) and 2.94 (1.51-5.73), respec-
tively. In model (c), the hazard ratio (95% CI) for all-cause
death in groups D-BUN and I-BUN was 0.93 (0.43-2.01) and
4.27 (2.14-8.52), respectively, as compared with the U-BUN
group (reference). Furthermore, the I-BUN group also had
significantly higher hazard ratios for all-cause death as com-
pared with the D-BUN group in both model (b) and (c) (haz-
ard ratio 2.78, 95% CI 1.36-5.68, P=0.002; hazard ratio 4.19,
1.77-9.91, P=0.001, respectively).

Figure 3A shows the results of multivariable logistic mod-
els to compare the prognostic impact of BUN and creatinine
levels at admission, BUN and creatinine levels at discharge,
and BUN increase and WRF during hospitalization for all-
cause death. BUN increase during hospitalization had the
highest heart rate for all-cause death compared with BUN and
creatinine levels both at admission and at discharge. Figure 3B
shows that BUN increase was significantly associated with

1225
1007
= 80 U-BUN
s D-BUN
g 60
%)
o I-BUN
2 \
s 40
3
£
5 207
Q U-BUNvs. D-BUN: P=0.01
U-BUNvs. I-BUN: P<0.001
D-BUNvs. [-BUN: P=0.11
0_
0 1 2 3
Number at risk Years
D-BUN 112 73 52 35
U-BUN 113 95 78 41
I-BUN T2 85 55 32
Figure 2. Kaplan-Meier survival curves for all-cause death.

all-cause death, regardless of serum BUN or creatinine level
at admission. Furthermore, the prognostic impact of BUN in-
crease during hospitalization for all-cause death was insig-
nificant in AHFS patients with WRF, whereas it was signifi-
cant in those without WRF.

Predictors of BUN Increase During Hospitalization

In the I-BUN group, the prevalence of patients with >25%
increase in BUN level during hospitalization was 94.6%.
Among the covariates, only SBP at admission was associated
with the increase in BUN level during hospitalization (Table 4).
The analysis also showed that CS1 (SBP >140mmHg) was
associated with 81% increase in the prevalence of the BUN
increase compared with CS >1 (hazard ratio 1.81, 95% CI
1.05-3.12, P=0.03). Importantly, -blocker use before hospi-

Table 3. Logistic Regression Models for All-Cause Death
Hazard ratio categories Alé'::tfe (r el:é?:nbé e) D-BUN I-BUN

No. of events (%) 25 (22.1) 38 (33.9) 57 (50.9)
No. of events/100 person-year 11.7 141 252
Unadjusted

Hazard ratio 1.00 1.81 2.77

95% ClI 1.00-3.27 1.734.44

P value <0.001 0.049 <0.001
Baseline adjusted

Hazard ratio 1.00 1.09 2.94

95% ClI 0.54-2.21 1.51-5.73

P value <0.001 0.81 0.002
Adjusted by the covariates including the change in clinical status

Hazard ratio 1.00 0.93 4.26

95% ClI 0.43-2.01 2.14-8.52

P value <0.001 0.76 <0.001

See text for explanations of hazard ratio categories. Abbreviations as in Table 1.
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A P value
BUN at hospitalization (1mg/dL perincrease) @ 0.17
BUN atdischarge (1mg/dL per increase) =3 0.01
BUN increase (group I-BUN) - <0.001
Cre level at hospitalization (1m g/dL per increase) —_— 0.015
Cre level at discharge (1mg/dL perincrease) G e 0.07
WRF during hospitalization B 0.41

00 1.0 20 3.0 40 5.0
Relativerisk —> Worse prognosis
Sl P value for
B interaction
BUN level at hospitaiization >22 3mg/dL ke 0.001
0.75
£22.3mg/dL by 0.004
Cre level at hospitalization <0.96mg/dL - 0.009
0.79
£0.96mg/dL at 0.002
(+) WRF during hospitaiization o 047
035
(-) WRF during hospitalization <0.001
0.0 1.0 20 3.0 40 5.0 6.0 7.0
Relativerisk —> Worse prognosis
Figure 3. Multivariable logistic analysis. (A) Models to compare the prognostic impact of BUN and creatinine levels at admission,

BUN and creatinine levels at discharge and BUN increase and WRF during hospitalization for all-cause death. (B) Subgroup
analysis of prognostic value of BUN increase according to serum BUN and creatinine levels at admission and WRF during hospi-
talization. BUN, blood urea nitrogen; WRF, worsening renal function.

Male (vs. female)
Age (per 1-year older)
Ischemic HF
Past history
HF hospitalization
Diabetes
Malignant tumor
Cerebrovascular disease
Previous medications
ACEls
ARBs
Diuretics
B-blockers
Clinical condition at admission
CS1(vs.CS2&3)
HR {per 1 beat/min increase)
NYHA class Ill and IV (vs. class Il)
SpO2 (per 1% decrease)
Hemoglobin (per 1g/dl increase)
LVEF (per 1% increase)

eGFR (per 1mml-min-'-1.73m2 increase)

Table4. Predictors of BUN Increase During Hospitalization for AHFS

Hazard ratio 95% Cl
1.23 0.66-2.02
1.01 0.99-1.04
1.02 0.56-1.86
0.77 0.42-1.39
0.87 0.51-1.5
0.74 0.36-1.52
0.87 0.45-1.67
1.68 0.89-3.18
0.85 0.45-1.6
1.19 0.66-2.15
0.51 0.26-0.99
1.81 1.05-3.12

1 0.89-1.01
1.81 0.19-16.9
1.01 0.96-1.06
0.92 0.8-1.05

1 0.98-1.01
0.99 0.7-1.42

P value
0.61
0.34
0.96

0.96
0.62
0.41
0.67

0.11
0.62
0.56
0.047

0.03

0.6

0.79
0.21
0.56
0.97

AHFS, acute heart failure syndrome. Other abbreviations as in Tables 1,3.
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talization was associated with 49% decrease in the incidence
of the BUN increase during hospitalization (hazard ratio 0.51,
95% CI 0.26-0.99, P=0.047) (Table 4).

Discussion

The novel findings of the present study were that AHFES pa-
tients with increased BUN levels during hospitalization had
worse long-term prognosis after discharge, regardless of renal
function, and that the BUN increase during hospitalization
was a strong predictor of the long-term prognosis of post-
AHFS patients. Thus, the present study suggests that more
attention should be paid to BUN changes during hospitaliza-
tion for risk stratification of post- AHFS patients, regardless of
creatinine-based measures of renal function.

Prognostic Importance of BUN Increase During AHFS
Hospitalization

Elevated BUN level at admission is well known to be associ-
ated with increased in-hospital mortality and adverse outcomes
after discharge.>** However, the BUN level during hospital-
ization for AHFS often fluctuates dynamically because it is
widely influenced not only by neurohumoral factors but also
by several biological parameters, including fluid volume bal-
ance, nutritional status, and hemodynamics.!s Therefore, it is
clinically important to evaluate BUN changes during hospital-
ization to predict the prognosis of AHFS patients. In the pres-
ent study, we found that the patients with increased BUN
levels during hospitalization (I-BUN group) had the worse
prognosis compared with those with unchanged BUN levels
{(U-BUN group) or decreased BUN levels (D-BUN group).
Singh et al reported that BUN level at admission was more
important than subsequent in-hospital fluctuations of BUN in
terms of predicting short-term and long-term risk.'* However,
the length of the hospital stay in their study was shorter than
in ours (5.316.4 vs. 30.4+£19.4 days), which could explain the
discrepancy in the results of the 2 studies.

We did not have enough data to examine the association
between BUN increase and neurchumoral factors (eg, RAS
activities). However, it has been reported that a higher BUN
level is associated with a greater degree of elevation of neuro-
humoral activation.'” Therefore, in the present study a BUN
increase during AHFS hospitalization may have reflected ac-
tivated neurohumoral systems.

Our results also demonstrated that the prognosis of the
D-BUN group was relatively better than that of the I-BUN
group, although the D-BUN group had worse clinical profiles
characterized by higher prevalence of Nohria profile C, use of
inotropes and lower eGFR at admission. Thus, it is suggested
that even if AHFS patients have elevated BUN levels and a
more severe clinical status at admission, their long-term prog-
nosis could be improved if their BUN levels are decreased
during hospitalization with intensive medical treatment.

WRF and BUN Increase During Hospitalization

It has been reported that WRF is a complication in approxi-
mately one-third of AHES patients and is associated with poor
prognosis.!-1418 In the present study, the [-BUN group had a
higher prevalence of WRF, suggesting a close association
between WRF and BUN increase during hospitalization. How-
ever, it is noteworthy that the effect of BUN increase during
hospitalization (ie, I-BUN group) was associated with the
worst long-term survival, regardless of the presence or ab-
sence of WRF. Indeed, the present study showed that an in-
crease in BUN level had a higher hazard ratio in patients

without WRF than in those with WRF (Figure 3B). Thus,
evaluation of BUN increase during hospitalization, regardless
of WREF, could be important for appropriate risk stratification
of AHFS patients.

Predictors for BUN Increase During AHFS Hospitalization
The present results showed that higher SBP at admission was
significantly associated with BUN increase during hospitaliza-
tion. In previous reports, higher SBP at admission was found
to be a risk factor for WRF, but AHFS patients with higher
SBP, who were often classified as CS1, have significantly
decreased mortality compared with those with normal or lower
SBP.1? Thus, caution should be paid to AHFS patients with
higher SBP at admission, because they are likely to develop
BUN increase during subsequent hospitalization, which may
increase the risk of death after discharge. In the present study,
SBP at 24-72h after admission was almost same level among
the 3 groups. However, the change in SBP during the 24-72h
after admission was —43.9135.8 vs. -29.4+31.2mmHg in
the patients with WRF and those without WRF, respectively
{P=0.03). Considering that early SBP drop may cause WRF in
AHFS patients,? reduction in SBP should be achieved care-
fully in AHFS patients with higher SBP in order to prevent
WRF and BUN increase during hospitalization.

AHFS Treatment to Prevent BUN Increase

In the present study, f-blockers use before admission was in-
versely associated with BUN increase during hospitalization
(eg, 49% decrease in the -BUN group). However, de novo
AHFS accounted for approximately 70% of AHFES patients
and only 24.6% patients had been treated with S-blocker(s)
before admission. Considering the renal protective effects of
B-blockers?! their use before hospitalization for AHFS may be
important to prevent BUN increase during hospitalization.
Indeed, the ACC/AHA Guidelines recommend that -blocker
therapy should be started at the earlier stage of cardiovascular
disease.?? Thus, the present results may support the notion that
B-blocker initiation at the earlier stage of HF could reduce the
incidence of BUN increase through inhibition of SNS and
RAS activation.

Study Limitations

Several limitations should be mentioned. First, this study was
a retrospective observational study in Japan, so caution is
needed when interpreting the present results in comparison
with other cohorts. For example, the median hospital stay for
AHFS in the present study (24.0 days) was much longer than
in Western countries.2** However, the present study suggests
the importance of re-evaluating the BUN level, at a 1-month
interval, for risk stratification of the patients. Second, the BUN
measurement was not performed at a central laboratory. Third,
the lack of assessment of pulmonary congestion or volume
overload during hospitalization was a major limitation. Fourth,
we did not have enough data on nutrition status (eg, serum
albumin and body mass index), which may affect the BUN
changes during hospitalization. However, we performed logis-
tic analysis adjusted for fasting period, which may influence
nutritional status, and found no influence of fasting. Finally,
we excluded the patients who died during hospitalization,
which might have influenced the present results.

Conclusions

AHFS patients with increased BUN levels during hospitaliza-
tion have worse long-term prognosis after discharge, regard-
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less of creatinine-based measures of renal function. Although
ithas been established that a higher BUN level at admission is
associated with poor in-hospital prognosis, the present study
provides further insights into the importance of BUN changes
during hospitalization for risk stratification of AHFS patients.
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Abstract

Background: Prognostic impact of nutritional status is poorly understood in asymptomatic
patients with structural and/or functional heart diseases, classified as stage B in the
ESC/AHA/ACC chronic heart failure (HF) guidelines.
Methods and Results: We evaluated the impact of nutrition, using the controlling nutritional
status (CONUT) score, calculated by the serum albumin levels, total cholesterol and
lymphocyte number, in 3,421 stage B patients from our Chronic Heart Failure Analysis and
Registry in the Tohoku District-2 Study (mean age: 66.9+12.7 years, male: 71.6%). During
a median follow-up of 2.89 years, 224 patients died due to cardiovascular (45%, n=102) and
noncardiovascular (55%, n=123) origins and 139 experienced hospitalization for HF.
- Survival at 3 years in patients with CONUT 0-1 (reference, n=2,121),2 (n=693) and >3
(n=607) was 95.5, 92.3, and 73.2%, respectively (P<0.001). The adjusted Cox hazard
analyses revealed that the CONUT score was significantly associated with increased
incidence of all-cause death (hazard ratio (HR) 1.27 per point increase; 95% CI, 1.16-1.39,
P<0.001). Subgroup analysis showed that per point increase in the CONUT score was
significantly associated with a 17% increase in HF hospitalization in patients > 70 years
(P=0.049), but not in those with <70 years.
Conclusions: In stage B patients, poor nutritional status was associated with increased
incidence of death for overall population and that of HF hospitalization for elderly
population.

(220/220 words)

Keywords; nutrition, epidemiology, heart failure, risk factors
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Introduction

Heart failure (HF) is a progressive disorder with severe mortality and morbidity.! The
European Society of Cardiology (ESC), American Heart Association (AHA) and the
American College of Cardiology (ACC) guideline underscores the importance of early
detection and prevention in subjects at high risk for progression to symptomatic HF.'* The
ESC/ACC/AHA guidelines classify asymptomatic subjects with structural and/or functional
heart disease as stage B, a category that is strongly associated with future development of
HF.”> It has been reported that the prevalence of stage B was highest among stages A to D
patients and that 34.1% of individuals older than 45 years is classified as stage B in the US.?
Thus, the management of stage B HF is quite important in the real world practice. ~ Also in
Japan, we have recently reported that the number of patients with stage B was almost
comparable with that of stage C/D in the Chronic Heart Failure Analysis and Registry in the
Tohoku District-2 (CHART-2), a prospective multicenter observational study for HF, where
10,219 patients were enrolled in the Tohoku district (www.clinicaltrials.gov. Identifier:
NCT00418041).%> Therefore, risk stratification and management of stage B patients are
warranted in the clinical settings. The progression of HF syndrome involves extra-cardiac
disorders including metabolic disorder and inflammation.*” Undernutrition, which could be
caused by metabolic disorder and chronic inflammation, is an established prognostic marker
when evaluated with body mass index (BMI)8 or serum albumin level in patients with
symptomatic HF.” However, there have been few reports investigating the prognostic impact
of undernutrition in patients with asymptomatic stage B patients. In the present study, we
thus tested our hypothesis that assessment of nutritional status is useful in the risk
stratification for future mortality and morbidity in stage B patients in the CHART-2 study, the

largest prospective observational cohort study for HF in Japan (n=10,219)."
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Methods

The CHART-2 Study

The study design and purpose of the CHART-2 Study have been previously described.*’
Briefly, the CHART-2 study is a multi-center, prospective observational study, where
consecutive patients older than 20 years with significant coronary artery disease and those in
the stages B to D of the ESC/AHA/ACC guidelines® were enrolled. The diagnosis of HF
was based on the criteria of the Framingham study.'® The enrollment was started in October,
2006, and was ended in March, 2010.  All information, including medical history, laboratory
data, and echocardiography data, were recorded in a computer database at the time of
enrollment.  Annual follow-up was made by clinical research coordinators by means of
review of medical records, surveys and telephone interviews. The present study was
conformed to the Declaration of Helsinki and approved by the local ethics committee in the
24 participating hospitals. A written informed consent was obtained from all patients.

Finally, we were able to enroll 10,219 patients in the CHART-2 Study.*’

Study Design

Among the 10,219 patients enrolled, there were 4,463 patients of stage B status. As
mentioned below, we employed the controlling nutritional status (CONUT) score for
evaluation of nutritional status of each patient."’  Since 1,042 patients (23 %) had insufficient
information to calculate CONUT score, we finally enrolled 3,421 patients with sufficient data.
We examined whether nutritional status assessed with the CONUT score is associated with

clinical endpoints of all-cause death and first hospitalization.
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Definition of Stage B Patients

We defined HF patients at the time of registration in the CHART-2 study, according to the
ESC/ACC/AHA guidelines classification;” stage A is at high risk for HF but without structural
heart disease or symptom of HF, stage B with asymptomatic cardiac structural and/or
functional diseases, stage C with HF symptoms, and stage D with severe HF. Cardiac
structural or functional diseases were defined by echocardiographic and clinical findings as
follows; enlarged left ventricular end-diastolic dimension (LVDd, =55 mm), reduced left
ventricular ejection fraction (LVEF, <50%), thickened interventricular septum (IVS, >12 mm)
and/or thickened left ventricular posterior wall (LVPW, >12 mm), valvular heart diseases,
wall-motion abnormalities, congenital abnormalities, and previous cardiac surgery (e.g.

coronary artery bypass grafting).*

Evaluation of Nutritional Status with the CONUT Score

The CONUT score has been developed by Ignacio et al. in 2005 as a screening tool for
detection of undernutrition in a hospital population."!  Three parameters are used for
calculating the score, including serum albumin levels (g/dl), total cholesterol levels (mg/dl),
and total lymphocyte count (counts/ml) (Table 1). Thus, the CONUT score allows the
assessment of protein reserves, caloric depletion, and immune defenses in each patient."'

To validate the relationship between CONUT score and another nutritional index,we the
relationship between CONUT score and the nutritional risk index (NRI), an established

2 We have calculated NRI by the following formula;

nutrition score.
NRI=[1.519 x serum albumin (g/dL)] + [41.7 x present weight (kg)/ideal body weight
(kg)].”>  We defined “ideal body weight” as height (m) xheight (m) x23.0 (ideal BMI).

BMI level of 23.0 was determined by the results from our previous study on the relationship
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between BMI and chronic HF.®  We evaluated the CONUT score both as a continuous
variable (per one point increase) and as a categorical variable as performed in a previous
study [undernutrition degree; normal, CONUT 0-1 (reference); light, CONUT 2; and
moderate to severe, CONUT >3].!'  For the CONUT score evaluation, we obtained all blood
samples from the patients with clinically stable status at the enrollment. Clinical status was
considered as stable when the treatment and clinical parameters were not changed during the
last three months.

The endpoints of the present study were all-cause death and the first hospitalization for HF.
Cardiovascular death was defined as death that was attributed to cardiovascular origins.
Non-cardiovascular death was defined as death due to reasons other than cardiovascular
origins (e.g. renal, respirato_ry, cancer, trauma and infection). Unknown death was defined as
death for which no specific morbid event classification could be assigned. For all patients, a
single mode of death was stated. First hospitalization for HF was defined as the first
hospitalization necessitated by HF and primarily for its treatment. A patient admitted for HF
hospitalization had to show signs and symptoms of HF and to require treatment with
intravenous diuretics. All events were reviewed and assigned by consensus of 2 independent
physicians, the members of the Tohoku Heart Failure Association.*” They reviewed case

reports, death certificates, medical records, and summary provided by the investigators.

Statistical Analysis

All continuous variables are shown as mean + standard deviation (SD). Comparisons of data
among the 3 groups were performed by ANOVA test in continuous variables and by
chi-square test or Fisher’s exact test in dichotomous variables. Kaplan-Meier curves were
plotted to evaluate the association between the CONUT score and all-cause death or first

hospitalization for HF. We performed Cox proportional hazard analysis to compare the



