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Background—Urinary neutrophil gelatinase-associated lipocalin (U-NGAL) is an early predictor of acute kidney injury and adverse
events in various diseases; however, in acute decompensated heart failure patients, its significance remains poorly understood.
This study aimed to investigate the prognostic value of U-NGAL on the first day of admission for the occurrence of acute kidney
injury and long-term outcomes in acute decompensated heart failure patients.

Methods and Results—We studied 260 acute decompensated heart failure patients admitted to our department between 2011
and 2014 by measuring U-NGAL in 24-hour urine samples collected on the first day of admission. Primary end points were all-cause
death, cardiovascular death, and heart failure admission. Patients were divided into 2 groups according to their median U-NGAL
levels (32.5 pg/gCr). The high-U-NGAL group had a significantly higher occurrence of acute kidney injury during hospitalization
than the low-U-NGAL group (P=0.0012). Kaplan-Meier analysis revealed that the high-U-NGAL group exhibited a worse prognosis
than the low-U-NGAL group in all-cause death (hazard ratio 2.07; 95%Cl 1.38-3.12, P=0.0004), cardiovascular death (hazard ratio
2.29; 95%Cl 1.28-4.24, P=0.0052), and heart failure admission (hazard ratio 1.77; 95%CI 1.13-2.77, P=0.0119). The addition of
U-NGAL to the estimated glomerular filtration rate significantly improved the predictive accuracy of all-cause mortality (P=0.0083).

Conclusions—In acute decompensated heart failure patients, an elevated U-NGAL level on the first day of admission was related to
the development of clinical acute kidney injury and independently associated with poor prognosis. (/ Am Heart Assoc. 2017;6:
e004582. DOI: 10.1161/JAHA.116.004582.)
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D espite marked progress in the long-term prognosis of
patients with chronic heart failure (HF), various problems
with HF treatments remain,”? one of which is the treatment
strategy for acute heart failure or acutely decompensated heart
failure (ADHF). Recent randomized clinical trials that investi-
gated the effect of acute intervention with novel classes of
drugs, such as nesiritide, tolvaptan, or a phosphodiesterase IlI
inhibitor, failed to exhibit an improvement in the long-term
prognosis of patients with ADHF.* To improve outcomes of
ADHF, it is essential to elucidate appropriate issues in which
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cardiologists should intervene in the acute phase, as these
affect the long-term outcomes of ADHF.

Previous reports have demonstrated that acute kidney
injury (AKI) during hospitalization is a strong risk factor for
long-term outcomes in ADHF patients.””'® To prevent or treat
AKI appropriately, prompt diagnosis of AKI itself or stratifica-
tion of high-risk patients for AKl is required. However, several
days are required to confirm a diagnosis of AKI using serum
creatinine and urine volume according to the criteria of the
Kidney Disease Improving Global Outcomes Clinical Practice
Guidelines for AKI.™

Neutrophil gelatinase-associated lipocalin (NGAL), a pro-
tein of the lipocalin superfamily, is synthesized abundantly in
kidney tubules. Its expression is rapidly upregulated by
ischemia-reperfusion injury in renal tubular epithelial cells,
and NGAL is released into urine in an experimental model."?
In humans, urinary NGAL (U-NGAL) has been recognized as a
surrogate marker of AKI complicated with various diseases,
including sepsis, post—cardiac surgery, and admission to the
intensive care unit.'*'® In particular, a few studies reported
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Clinical Perspective

What Is New?

» Elevated U-NGAL on the first day of admission is an early
predictor of acute kidney injury and a strong prognostic
factor for long-term outcomes in acute decompensated
heart failure patients.

What Are the Clinical Implications?

e Heart failure patients with an elevated U-NGAL on admis-
sion have an elevated risk of acute kidney injury and may
warrant closer monitoring of blood pressure, urine output,
and renal function.

an association between the elevation of serum NGAL levels on
admission and consequent AKI in patients with chronic heart
failure.'®"® However, in ADHF patients, the predictive value of
U-NGAL for AKI and long-term outcomes remains poorly
understood.

In this context, the present study aimed to investigate
whether the U-NGAL level on the first day of admission
predicts AKI during hospitalization and long-term mortality in
patients with ADHF as well as to analyze whether the
prognostic value of U-NGAL is independent of the develop-
ment of AKI.

Methods

Patient Population

The present study investigated ADHF patients from the NARA-
HF 3 study, which has been described previously.'*?' The
NARA-HF 3 study recruited 436 consecutive patients follow-
ing emergency admission to our department for ADHF
between April 2011 and December 2014. Diagnosis of HF
was based on the criteria of the Framingham study.?? Patients
with acute myocardial infarction, acute myocarditis, and acute
HF with acute pulmonary embolism were excluded.

Among the patients included, U-NGAL levels were mea-
sured in 260 ADHF patients. Patients were divided into high—
and low—U-NGAL groups according to their median U-NGAL
levels. The present study was approved by the Nara Medical
University Institutional Ethics Committee and was performed
in accordance with the 1975 Declaration of Helsinki guide-
lines for clinical research protocols. Informed consent was
obtained from all patients.

Outcomes

Primary end points were all-cause death, cardiovascular
death, and HF admission. Cardiovascular death was defined

as death due to HF, myocardial infarction, sudden death,
stroke, or vascular disease. Vital status and the cause of
death were confirmed through patient medical records by
clinicians blinded to their U-NGAL levels. When this informa-
tion was unavailable in the medical records, blinded clinicians
telephoned the patients or their families to collect these data.
We also investigated the association between another renal
biomarker, cystatin C, and the study outcomes to compare
the prognostic power of U-NGAL with that of cystatin C.

Measurement of U-NGAL and Cystatin C

For NGAL measurement, 24-hour urine samples were col-
lected on the first day of admission. U-NGAL levels were
determined with a chemiluminescent immunoassay on the
ARCHITECT® platform (Abbott Japan, Tokyo, Japan). The total
coefficient of variation for the measurements was <5%.'*

Cystatin C was measured with colloidal gold particle-
enhanced colorimetric immunoassay (Nescauto GC Cystatin
C, Alfresa Pharma, Osaka, Japan). The total coefficient of
variation for the measurements was <10%.

Acute Kidney Injury

The development of AKI was defined as an increase in serum
creatinine by 0.3 mg/dL within 48 hours or a 50% increase in
serum creatinine from the level on admission during hospi-
talization, according to the Kidney Disease Improving Global
Outcomes Clinical Practice Guidelines for Acute Kidney
Injury."" Urine criteria (0.5 mL/kg per hour for 6 hours) were
not utilized for AKI diagnosis because of the potential
alterations in urine volume induced by therapeutic
medication.

Echocardiography

Ultrasound examinations were performed using the Sonos
7500 system (Philips, Best, The Netherlands) and Acuson
Sequoia system (Siemens, Erlangen, Germany). Left ventric-
ular ejection fraction (LVEF) was calculated via the modified
Simpson method. LV end-diastolic diameter, LV end-systolic
diameter, and left atrial diameter were measured via M-mode
echocardiography.

Statistical Analysis

Normally distributed data are presented as means+SD, and
nonnormally distributed data as medians and interquartile
ranges. Differences between the groups were compared using
the chi-squared test for categorical variables. The Student
t-test (normally distributed data) or Wilcoxon rank-sum test
(nonnormally distributed data) was used for the comparison of
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Table 1. Baseline HF Patient Characteristics

Low U-NGAL High U-NGAL
Total (<32.5 pg/gCr) (>32.5 pg/gCr)
N 260 130 130
Demographic
Age, y 7474113 72.8+£12.5 76.6+9.5 0.0182
Sex, male, % 59.6 65.4 53.9 0.0576
BMI, kg/m? 24.0+4.4 23.8+3.9 241+49 0.7471
Causes of HF, % 0.6712
Ischemic heart 355 37.2 339
disease
Dilated 19.7 21.7 17.7
cardiomyopathy
Hypertensive 3.1 1.6 4.6
heart disease
Valvular heart 18.1 17.8 18.5
disease
Medical history, %
Previous HF hospitalization 39.2 39.2 39.2 1.0000
Hypertension 73.0 68.5 775 0.1050
Diabetes mellitus a7 34.6 48.8 0.0206
Atrial fibrillation 50.4 49.6 51.2 0.8045
Vital sign on admission
Heart rate, beats/min 95.3+25.8 96.2+26.5 94.34+25.2 0.5378
SBP, mm Hg 1441+34.5 1451+34.9 143.2+341 0.6024
DBP, mm Hg 81.8+19.4 83.8+19.8 79.9+18.8 0.1075
Echocardiographic parameters
LAD, mm 47.14+9.8 47.949.9 46.5+9.7 0.2075
LVDd, mm 55.2+10.3 57.2+10.7 53.3+9.5 0.0092
LVDs, mm 43.4+£12.6 455+13.9 41.3+£10.8 0.0170
LVEF, % 43.0+171 421+£17.8 43.9+16.4 0.2839
Laboratory data on admission
Hemoglobin, g/dL 11.6+2.4 12.2+2.4 11.04+2.3 <0.0001
CRP, mg/dL 0.5 (0.2-1.8) 0.5 (0.2-1.5) 0.6 (0.2-2.0) 0.5688
BUN, mg/dL 31.04+19.7 27.8+£181 34.2+20.8 0.0042
€GFR, mL/min per 1.73 m? 45.9+24.3 52.1+23.7 39.7+23.4 <0.0001
Sodium, mEg/L 38.6+4.3 138.8+£3.7 138.3+4.9 0.6518
BNP, pg/mL 865 (454-1614) 772 (429-1415) 997 (509-1792) 0.0941
Cystatin C, mg/L 1.7 (1.2-2.2) 1.4 (1.1-2.0) 1.8 (1.4-2.6) <0.0001
UACR, mg/gCre* 80.7 (27.1-218.9) 54.5 (22.9-147.4) 142.5 (41.3-443.0) <0.0001
U-NAG, U/gCre 11.6 (8.3-16.9) 10.5 (6.9-14.7) 13.2 (10.2-18.9) <0.0001
Medication on admission, %
B-Blockers 40.8 43.8 37.7 0.3141
ACE-I/ARBs 60.6 60.8 60.5 0.9609
Diuretics 60.8 56.9 64.6 0.2052
Continued

DOI: 10.1161/JAHA.116.004582

Journal of the American Heart Association

3

HDYVHASHY TVNIDIYO


http://jaha.ahajournals.org/

LTOZ ‘02 SequenoN uo 1senb Ag /Bio'sfeuano feyeeue j/:dny wouy pepeojumoq

Urinary NGAL and Acute Decompensated Heart Failure Nakada et al

Table 1. Continued

Low U-NGAL High U-NGAL
Total (<32.5 pg/gCr) (>32.5 pg/gCr)
Medication at discharge, %
{3-Blockers 72.3 72.7 71.9 0.8952
ACE-I/ARBs 88.4 92.2 84.3 0.0531
Diuretics 85.9 86.7 85.1 0.7191
AKI during hospitalization, % 35.8 26.2 454 0.0012

The data are presented as the mean=+SD for continuous normally distributed variables, as the median (25th to 75th interquartile range [IQR]) for continuous nonnormally distributed
variables, or n (%). ACE-l indicates angiotensin-converting enzyme inhibitor; AKI, acute kidney injury; ARB, angiotensin Il receptor blocker; BMI, body mass index; BNP, brain natriuretic
peptide; BUN, blood urea nitrogen; CRP, C-reactive protein; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; HF, heart failure; LAD, left atrial diameter; LVDd, left
ventricular end-diastolic dimension; LVDs, left ventricular end-systolic dimension; LVEF, left ventricular ejection fraction; SBP, systolic blood pressure; UACR, urine albumin-to-creatinine
ratio; U-NAG, urine N-acetyl-B-D-glucosaminidase; U-NGAL, urinary neutrophil gelatinase-associated lipocalin.

*Data on UACR were available for 244 patients.

continuous variables between the 2 groups. Estimated
glomerular filtration rate (eGFR) was calculated according to
the published equation for Japanese subjects: 194 xserum
creatinine™'°**xage %?%”x(0.739 for women).?® Cumula-
tive event-free rates during follow-up were assessed using the
Kaplan-Meier method. Univariate and multivariate analyses of
event-free survival were examined using the Cox proportional
hazard models. An unadjusted model and 4 models for the
adjustment of covariates were utilized: model 1, adjusted for
age and sex; model 2, adjusted for all factors in model 1 plus
hemoglobin concentration, eGFR, and brain natriuretic peptide
(BNP); model 3, adjusted for all factors in model 2 plus LVEF
and systolic blood pressure; and model 4, adjusted for all
factors in model 3 plus AKI. In the analysis of cystatin C, the
eGFR was excluded from the adjusted model. To evaluate the
discriminatory ability of eGFR alone (group 1), the combina-
tion of eGFR and urine albumin-to-creatinine ratio (UACR)
(group 2), the combination of eGFR and U-NGAL (group 3),
and the combination of eGFR, UACR, and U-NGAL (group 4),
the c statistic, integrated discrimination improvement, and
category-free net reclassification improvement were calcu-
lated at the 2-year follow-up in these patients. A P value <0.05
was considered statistically significant. JMP software for
Windows version 11 (SAS Institute, Cary, NC) and EZR
(Saitama Medical Center, Jichi Medical University, Saitama,
Japan) were used for all statistical analyses.”*

Results

Baseline Characteristics

The mean age of the 260 patients was 74.7 years, and the
proportion of men was 59.6% (Table 1). To investigate the
impact of U-NGAL on the prognosis of ADHF, patients were
divided into 2 groups according to the median U-NGAL levels
on admission.

Table 1 summarizes the characteristics of the ADHF
patients according to the median level of U-NGAL. Compared
with patients in the low—U-NGAL group (<32.5 ng/gCr),
patients in the high—-U-NGAL group (=32.5 ng/gCr) were
significantly older; however, the proportion of male/female
patients and body mass index were similar in both groups.
There were no significant differences in the cause of HF,
systolic blood pressure, diastolic blood pressure, LVEF, or
plasma BNP levels between the 2 groups. The high—U-NGAL
group exhibited a significantly higher proportion of patients
with diabetes mellitus, cystatin C, UACR, urine N-acetyl-p-D-
glucosaminidase, and reduced levels of eGFR compared with
the low—U-NGAL group. There was no significant difference in
the proportion of patients treated with B-blockers, angioten-
sin-converting enzyme inhibitors and/or angiotensin Il recep-
tor blockers, and diuretics on admission and at discharge
between the 2 groups. The high—U-NGAL group exhibited a
significantly increased occurrence of AKI during hospitaliza-
tion compared with the low—U-NGAL group (Table 1).

Prognosis and Outcome

During the mean follow-up period of 18.6 (8.0-31.1) months, 99
instances of all-cause death, 47 instances of cardiovascular
death, and 80 admissions due to HF occurred. Kaplan-Meier
curves were significantly distinct in the high—U-NGAL group
compared with those in the low—U-NGAL group for all-cause
death (log rank P=0.0005), cardiovascular death (log rank
P=0.0073), and HF admission (log rank P=0.0112) (Figure 1).

Table 2 shows unadjusted and adjusted hazard ratio (HR)
of U-NGAL for outcomes in the 2 groups. Elevated levels of
U-NGAL were significantly associated with a higher rate of all-
cause death (Cox regression analysis HR 2.07; 95%Cl 1.38-
3.12, P=0.0004), cardiovascular death (Cox regression anal-
ysis HR 2.29; 95%Cl 1.28-4.24, P=0.0052), and HF admission
(Cox regression analysis HR 1.77; 95%Cl 1.13-2.77,
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Figure 1. All-cause death, cardiovascular death, and HF admission. Kaplan-Meier event-free survival
curves for (A) all-cause death, (B) cardiovascular death, and (C) HF admission in patients with U-NGAL levels
>32.5 nug/gCr (black line, high—U-NGAL group; n=130) compared with patients with U-NGAL levels
<32.5 ng/gCr (gray line, low—U-NGAL group; n=130). HF indicates heart failure; U-NGAL, urinary neutrophil

gelatinase-associated lipocalin.

P=0.0119). Following adjustment for covariates including age,
sex, hemoglobin concentration, eGFR, BNP, systolic blood
pressure, and LVEF (model 3), a high U-NGAL level remained
as an independent predictor of all-cause mortality and HF
admission (Cox regression analysis HR 1.77; 95%Cl 1.17-2.72,
P=0.0073; and Cox regression analysis HR 1.69; 95%Cl 1.05-
2.72, P=0.0293, respectively). Following adjustment for AKI
(model 4), these findings attenuated but remained significant
(Table 2).

We also investigated the relationship between cystatin C
and the study outcomes to compare the predictive value of
U-NGAL with that of cystatin C. As shown in Table 3, above-
versus below-median levels of cystatin C were significantly
associated with all-cause death (Cox regression analysis HR
2.27; 95%Cl 1.48-3.56, P=0.0001), cardiovascular death (Cox
regression analysis HR 2.76; 95%Cl 1.49-5.44, P=0.0010),
and HF admission (Cox regression analysis HR 2.63; 95%Cl
1.65-4.26, P<0.0001) in the unadjusted model. However, a
significant association of cystatin C with all-cause death (Cox
regression analysis HR 1.51; 95%Cl 0.94-2.46, P=0.0876)
and cardiovascular death (Cox regression analysis HR 1.69;

95%Cl 0.85-3.53, P=0.1357) was not observed in the fully
adjusted model.

Combination Use of Renal Biomarkers

As shown in Table 4, the predictive values of all-cause
mortality were compared among group 1 (eGFR alone), group
2 (combination of eGFR and UACR), group 3 (combination of
eGFR and U-NGAL), and group 4 (combination of eGFR, UACR,
and U-NGAL). C statistics analysis demonstrated that U-NGAL
significantly improved the discriminatory ability of all-cause
mortality compared with group 1 and group 2 (group 3
versus group 1, from 0.620 to 0.678, P=0.0083; and group 4
versus group 2, from 0.624 to 0.706, P=0.0059). U-NGAL also
improved the integrated discrimination improvement (group 3
versus group 1, 0.045, 95%Cl 0.012-0.078, P=0.0080;
and group 4 versus group 2, 0.079, 95%Cl 0.036-0.121,
P=0.0003) and category-free net reclassification improvement
(group 3 wversus group 1, 0.295, 95%Cl 0.018-0.572,
P=0.0372; and group 4 versus group 2, 0.390, 95%Cl
0.113-0.666, P=0.0057).
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Table 2. Cox Regression Analysis of U-NGAL for Adverse Outcomes

All-Cause Death Cardiovascular Death HF Admission

<32.5 <32.5 <32.5

ng/gCr >32.5 png/gCr P-Value ng/gCr >32.5 ng/gCr P-Value ng/gCr >32.5 ng/gCr P-Value
Unadjusted HR 1 2.07 (1.38-3.12) 0.0004 1 2.29 (1.28-4.24) 0.0052 1 1.77 (1.13-2.77) 0.0119
Adjusted HR (model 1) 1 1.90 (1.27-2.88) 0.0018 1 2.02 (1.12-3.75) 0.0188 1 1.77 (1.13-2.80) 0.0124
Adjusted HR (model 2) 1 1.71 (1.13-2.62) 0.0115 1 1.75 (0.95-3.31) 0.0711 1 1.66 (1.04-2.67) 0.0333
Adjusted HR (model 3) 1 1.77 (1.17-2.72) 0.0073 1 1.86 (1.01-3.52) 0.0466 1 1.69 (1.05-2.72) 0.0293
Adjusted HR (model 4) 1 1.60 (1.05-2.46) 0.0303 1 1.66 (0.89-3.16) 0.1109 1 1.62 (1.07-2.62) 0.0471

Model 1, adjusted for age, sex; model 2, adjusted for age, sex, hemoglobin, eGFR, BNP; model 3, adjusted for age, sex, hemoglobin, eGFR, BNP, SBP, LVEF; model 4, adjusted for age, sex,
hemoglobin, eGFR, BNP, SBP, LVEF, AKI. AKI indicates acute kidney injury; BNP, brain natriuretic peptide; eGFR, estimated glomerular filtration rate; HF, heart failure; HR, hazard ratio;
LVEF, left ventricle ejection fraction; SBP, systolic blood pressure; U-NGAL, urinary neutrophil gelatinase-associated lipocalin.

Subgroup Analyses

Figure 2 presents subgroup analyses of all-cause death with
baseline characteristics. With the exception of 2 subgroups
(age >75 years and LVEF >50%), a high U-NGAL level
(>32.5 pg/gCr) was the strong risk factor for poor prognosis.
Heterogeneity was detected in the LVEF subgroup.

A high U-NGAL level predicted adverse events in HF with
reduced LVEF (HFrEF; <50%) patients but not in HF with
preserved LVEF (HFpEF; >50%) patients, with a significant
interaction between the HFrEF and HFpEF subgroups
(P=0.0005).

Discussion

The present study was the first to demonstrate an association
between U-NGAL on the first day of admission and all-cause
mortality and HF admission in patients with ADHF. The HRs of
U-NGAL were attenuated in the fully adjusted model; however,
U-NGAL remained independently associated with all-cause
mortality and HF admission. Subgroup analyses revealed that
this association was observed in HFrEF patients but not
HFpEF patients. Furthermore, the addition of U-NGAL on the

first day of admission into eGFR significantly improved the
discrimination ability of all-cause mortality.

NGAL is a 25-kDa lipocalin-superfamily glycoprotein that is
expressed by neutrophil and epithelial cells in various human
tissues. NGAL levels rise rapidly after nephrotoxic injury and
predict AKI in various patient groups, such as patients
admitted to the intensive care unit and patients after
cardiopulmonary bypass surgery.'® ' Previous studies have
demonstrated the association of serum and urine NGAL with
AKI and with adverse events in chronic HF patients'®'8;
however, few studies have investigated the impact of NGAL
on AKI among patients with ADHF.?>?” Aghel et al measured
serum NGAL levels in 91 ADHF patients and reported that an
elevated serum NGAL level on admission is associated with
the development of worsening renal function (defined as
creatinine level increase >0.3 mg/dL).%¢ In this study NGAL
levels were measured by urine samples in a larger number of
patients, and worsening renal function was defined by AKI
criteria. Although these differences were present, as is the
case with previous studies, U-NGAL levels on the first day of
admission were demonstrated to be a strong predictor of AKI
in the present study. Because current AKI criteria based on
creatinine lead to delays in diagnosis, U-NGAL may be highly

Table 3. Cox Regression Analysis of Cystatin C for Adverse Outcomes

All-Cause Death Cardiovascular Death HF Admission

<1.66 mg/L | >1.66 mg/L P-Value | <1.66 mg/L | >1.66 mg/L P-Value | <1.66 mg/L | >1.66 mg/L P-Value
Unadjusted HR 1 2.27 (1.48-3.56) | 0.0001 | 1 2.76 (1.49-5.44) | 0.0010 | 1 2.63 (1.65-4.26) | <0.0001
Adjusted HR (model 1) | 1 1.89 (1.22-2.99) | 0.0039 | 1 2.31 (1.23-4.60) | 0.0084 | 1 2.42 (1.51-3.95) | 0.0002
Adjusted HR (model 2) | 1 1.70 (1.07-2.74) | 0.0233 | 1 1.97 (1.01-4.05) | 0.0466 | 1 2.40 (1.46-4.02) | 0.0005
Adjusted HR (model 3) | 1 1.51 (0.94-2.46) | 0.0876 | 1 1.69 (0.85-3.53) | 0.1357 | 1 2.37 (1.44-3.99) | 0.0006
Adjusted HR (model 4) | 1 1.26 (0.76-2.09) | 0.3706 | 1 1.40 (0.68-2.99) | 0.3708 | 1 217 (1.29-3.71) | 0.0036

Model 1, adjusted for age, sex; model 2, adjusted for age, sex, hemoglobin, BNP; model 3, adjusted for age, sex, hemoglobin, BNP, SBP, LVEF; model 4, adjusted for age, sex, hemoglobin,
BNP, SBP, LVEF, AKI. AKl indicates acute kidney injury; BNP, brain natriuretic peptide; HF, heart failure; HR, hazard ratio; LVEF, left ventricle ejection fraction; SBP, systolic blood pressure.
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Table 4. Improvement in Discriminatory Ability for All-Cause Mortality

Biomarker ¢ Statistics | P-Value | DI | P-Value | NRI P-Value
All-cause mortality

Group 1 (eGFR) 0.620 (0.535-0.704)

Group 2 (eGFR+UACR*) 0.624 (0.540-0.709)

Group 3 (eGFR-+U-NGAL) 0.678 (0.596-0.760)

Group 4 (eGFR-+UACR*+U-NGAL) 0.706 (0.628-0.784)

Group 3 vs Group 1 0.0083 0.045 (0.012-0.078) 0.0080 0.295 (0.018-0.572) 0.0372

Group 4 vs Group 2 0.0059 0.079 (0.036-0.121) 0.0003 0.390 (0.113-0.666) 0.0057

Group 1, eGFR alone; group 2, combination of eGFR and UACR; Group 3, combination of eGFR and U-NGAL; Group 4, combination of eGFR and UACR and U-NGAL. eGFR indicates
estimated glomerular filtration rate; IDI, integrated discrimination improvement; NRI, category-free net reclassification improvement; UACR, urine albumin-to-creatinine ratio; U-NGAL,

urinary neutrophil gelatinase-associated lipocalin.
*Data on UACR were available for 244 patients.

beneficial for cardiologists to stratify high-risk ADHF patients
for AKI on the first day of admission.

Alvelos et al reported that the serum NGAL level was an
independent predictor of the 3-month risk of death, and
Palazzuoli et al also reported that the serum NGAL level was
associated with 6-month postdischarge outcomes.?®*° How-
ever, these previous studies did not assess urine samples or the

association between U-NGAL and long-term outcomes. In the
present study, U-NGAL levels were demonstrated to be asso-
ciated with long-term outcomes and improved diagnostic
accuracy for the prediction of adverse events on the first day
of admission. To the best of our knowledge, this is the first report
to reveal that U-NGAL on the first day of admission is a strong
prognostic factor for long-term outcomes in patients with ADHF.

' All-cause death
No.of - Hazard ratio High U-NGAL Interaction
patients (95%CI) (>32.5 ug/eCr)

All patients 260 2.07 (1.38-3.12) e
Age

<75y 105 3.74 (1.62-9.34) ) 0.4583

>75y 155 1.44 (0.91-2.30) +——
Sex

Male 155 2.13(1.28-3.59) ——

Female 105 2.14(1.11-4.38) — 0.3213
Cause of HF

ICM 92 2.70 (1.34-5.70) s 0.7989

non-ICM 168 1.85(1.13-3.10) —)— ’
HR

<90 bpm 115 2.39 (1.32-4.49) —— 0.7371

>90 bpm 145 1.90(1.10-3.33) —— ‘
SBP

<140 mm Hg 117 2.14(1.26:3.77) —— 05878

>140 mm Hg 143 1.91(1.05-3.56) —— )
LVEF

<50% 173 2.97(1.83-4.96) —— 0.0005

>50% 87 1.12 (0.53-2.40) —— )
eGFR

<45 mL/(min'1.73m?) 136  1.69 (1.02-2.89) —— 0.9702

>45 mL/(min-1.73m?) 124 2.30(1.18-4.56) — :
BNP

<1000 pg/mL 143 2.02(1.13-3.68) ) 0.8469

>1000 pg/mL 117 1.95(1.12-3.50) —)— :

0.1 1 10

Figure 2. Subgroup analyses of all-cause death by baseline characteristics. Hazard ratios for 8 predefined
subgroups. Horizontal bars represent 95%Cls. P values are for the tests of subgroup heterogeneity (tests of
interactions). BNP indicates brain natriuretic peptide; bpm, beats per minute; eGFR, estimated glomerular
filtration rate; HF, heart failure; HR, heart rate; ICM, ischemic cardiomyopathy; LVEF, left ventricle ejection
fraction; SBP, systolic blood pressure; U-NGAL, urinary neutrophil gelatinase-associated lipocalin.
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In the present study high U-NGAL levels were significantly
associated with increased development of AKI and long-term
adverse outcomes. Moreover, high U-NGAL on the first day of
admission was independently associated with long-term
adverse outcomes; this association remained after adjust-
ment for the occurrence of AKI during hospitalization in
patients with ADHF. It remains unclear why U-NGAL on the
first day of admission is associated with both acute and
chronic events. In this study ~50% of the deaths were not
associated with cardiovascular events, including death due to
infectious diseases (such as pneumonia and sepsis), and the
high—U-NGAL group had a worse prognosis than the low—
U-NGAL group in non-cardiovascular deaths (HR 1.89; 95%CI
1.09-3.33, P=0.0235). NGAL is released from injured tubular
cells after various damaging stimuli and is expressed by
stimulation of endotoxin and inflammatory cytokines, such as
IL-1B, during bacterial infection. Taken together, these
findings indicate that there may be distinct mechanisms
relating the association of NGAL to acute and chronic events,
respectively. In ADHF patients eGFR is measured on the first
day of admission because renal impairment is common and is
strongly associated with poor outcome.®®3" In this study the
addition of U-NGAL on the first day of admission to the eGFR
significantly improved the discrimination ability of all-cause
mortality. This suggests that the management strategy of
ADHF patients becomes better with the combined use of
eGFR and U-NGAL levels on the first day of admission.

In the present study U-NGAL is a more powerful predictor
of mortality than cystatin C. Similarly, a comparative analysis
between NGAL and cystatin C has been previously studied:
van Deursen et al reported that plasma NGAL is a stronger
predictor of mortality than cystatin C in patients with mild or
moderate heart failure.*? Palazzuoli et al reported that
serum NGAL has a higher predictive value of the composite
end point with cardiac death and hospital readmission in
heart failure than BNP and cystatin C.?° Various other renal
biomarkers predicting AKI as well as NGAL have been
examined,®*®° but further investigations are necessary to
elucidate which biomarkers, including NGAL, are most
suitable to predict AKI and AKl-related worsening of heart
failure prognosis.

In the subgroup analyses, a high U-NGAL level predicted
adverse events in HFrEF patients but not in HFpEF patients.
Between the HFrEF and HFpEF groups, the distribution of
U-NGAL levels remained similar, and the median U-NGAL
levels exhibited no significant differences (32.3 pg/gCr in the
HFrEF group and 35.7 pg/gCr in the HFpEF group, P=0.35).
No significant differences in baseline renal function were
detected between the 2 groups (45.3+23.9 mL/min per
1.73 m? in the HFrEF group and 47.2+25.2 mL/min per
1.73 m? in the HFpEF group, P=0.54). It remains unclear why
there was clinical heterogeneity of the prognostic power of

U-NGAL between the HFrEF and HFpEF subgroups. However,
high U-NGAL levels are associated with the occurrence of AKI
in both HFrEF and HFpEF subgroups. One possible explana-
tion is the relatively small number of HFpEF patients in this
study. Thus, further examinations in a larger number of
patients are required to elucidate the mechanisms associated
with U-NGAL and HFpEF.

Limitations

The present study had several limitations. First, this was a
single-center study involving a relatively small number of
ADHF patients. Second, this study was a retrospective
analysis of prospectively collected data. Third, residual
potential confounders could exist even with adjustment.
Fourth, this study was performed in Japan and only included
Japanese patients; therefore, Western populations were not
assessed.

Conclusions

An elevated U-NGAL level on the first day of admission is
strongly and independently associated with the long-term
prognosis in ADHF patients. A combination of the measure-
ment of U-NGAL and eGFR versus eGFR alone significantly
improved the predictive accuracy of all-cause mortality. These
findings indicate that ADHF patients with elevated U-NGAL
require careful management with close monitoring of blood
pressure and urine output and appropriate doses of diuretics
in order to avoid the development of AKI.
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