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Abstract

Aims Emergency department (ED) visits for decompensated heart failure (HF) are frequent and associated with poor
long-term outcomes in patients with HF. Serum N-terminal pro b-type natriuretic peptide (NT-proBNP) is widely used to assist
diagnosis and predict clinical outcomes in HF patients. Few studies have investigated the use of urine NT-proBNP as an HF bio-
marker. This study aims to assess the value of urine NT-proBNP for predicting ED visits for decompensated HF as compared
with that of serum NT-proBNP.
Methods and results This study included 122 HF patients with reduced left ventricular ejection fraction (<50%). Serum and
urine NT-proBNP levels were measured. Baseline data included demographics, comorbidities, and co-medications. Medical re-
cords were used to determine the incidence of visits to the ED for decompensated HF during the 3 months following the last
visit. We observed significantly higher levels of both serum and urine NT-proBNP in patients with subsequent ED visits than in
those without. Multivariate logistic regression analysis showed that urine NT-proBNP/creatinine ratio (OR, 1.031; 95% CI,
1.001–1.061; P = 0.046) but not serum NT-proBNP was an independent factor associated with subsequent ED visits. According
to receiver-operating characteristic area under the curve analysis, the optimal cut-off value of urine NT-proBNP/creatinine ra-
tio for predicting subsequent heart-failure related ED visits was 0.272 pg/μg Cr (area under the curve, 0.675; P = 0.011).
Conclusions For HF patients with reduced left ventricular ejection fraction, a single measurement of urinary NT-proBNP/
creatinine ratio is predictive of subsequent ED visits for decompensated HF. This non-invasive and easy measurement may
be a clinically useful tool for monitoring clinical outcomes and identifying a subset of patients at higher risk of ED visits within
a short time.
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Introduction

Heart failure (HF) is a leading cause of emergency depart-
ment (ED) visits and hospitalization worldwide.1 Serum
N-terminal pro-brain natriuretic peptide (NT-proBNP) is a
well-established marker used for diagnosis and to predict
prognosis, including mortality and HF hospitalization.2–4

However, the assessment of NT-proBNP in serum requires
a blood draw, which is not available in all clinical settings.
In addition to its presence in serum, NT-proBNP is excreted

in urine, and the assessment of urine NT-proBNP level is
non-invasive and easier than is testing for NT-proBNP in
serum.5 Several studies have investigated the accuracy of
urine NT-proBNP concentration as an indicator of HF prog-
nostic parameters such as 2-month cardiac mortality6 and
acute decompensated HF.7 One study reports that
inter-subject variability in urinary NT-proBNP concentration
can be decreased by correcting for urinary creatinine excre-
tion (urine NT-proBNP/creatinine), thereby optimizing its
clinical use.8
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This study aims to determine whether the NT-proBNP in
fresh urine is predictive of subsequent ED visits for decom-
pensated HF. We compare this association between serum
and urine NT-proBNP in a cohort of HF patients with impaired
left ventricular ejection fraction (LVEF).

Methods

Patients

This prospective case–control study enrolled 122 consecutive
patients who had chronic HF with impaired LVEF (<50%) diag-
nosed ≥6 months before enrolment, with New York Heart As-
sociation functional classes II and III at enrolment, and were
treated with regular medications in the cardiovascular outpa-
tient department of National Cheng Kung University Hospital
from December 2018 to August 2019. Patients with end-stage
renal disease were excluded. This study was approved by the
ethics committee of National Cheng Kung University Hospital
and was conducted according to the guidelines of the Inter-
national Conference on Harmonization for Good Clinical Prac-
tice. All patients provided written informed consent before
enrolment.

All patients received standard therapy for HF based on cur-
rent guidelines. Medical histories, including co-morbid dis-
eases and co-medications, were reviewed. Data on
comorbidities and prescribed co-medications were collected.
The following comorbid medical conditions as well any medi-
cations prescribed for indications of the following conditions
were included for analysis: diabetes mellitus (fasting plasma
glucose level > 126 mg/dL on two occasions), hypertension
(blood pressure >140/90 mmHg on three occasions),
dyslipidaemia (≥200 mg/dL), chronic kidney disease [esti-
mated glomerular filtration rate (eGFR) < 60 mL/min/
1.73m2 persisting for 3 months], and coronary artery disease
(history of acute coronary syndrome or percutaneous coro-
nary intervention with stents). At the start of enrolment,
blood and fresh urine samples were collected, and blood
pressure, heart rate, and body mass index (BMI) were mea-
sured. All patients underwent formal echocardiography, and
the LVEF was evaluated using Simpson’s method. The medical
records were carefully reviewed for the primary endpoint:
the number of ED visits for HF decompensation within
3 months after enrolment.

No patient and public involvement

This research was done without patient involvement. Patients
were not invited to comment on the study design and were
not consulted to develop relevant patient outcomes or inter-
pret the results. Patients were not invited to contribute to

the writing or editing of this document for readability or
accuracy.

Laboratory examinations

Blood and fresh urine samples were collected. Fresh, unfro-
zen samples were sent to the chemistry laboratory at the Na-
tional Cheng Kung University. Fresh urine samples were used
because previous studies suggest that the accuracy of
NT-proBNP assessment is greater for fresh than frozen
urine.8,9 Urine samples were collected during outpatient de-
partment visits at 9:00 am–12:00 pm or 2:00–5:00 pm. Serum
NT-proBNP levels were measured using the NT-proBNP assay
(Roche Diagnostics, Mannheim, Germany) with a Roche Mod-
ular E-170 automated immunoanalyzer. The within-run coef-
ficient of variation was <2%, and the total variation was
<6% at all levels measured (20–30 000 pg/mL). Urine
NT-proBNP level was measured using a miniVIDAS analyser
(BioMérieux SA, Mercy I’Etoile, France). The analytical mea-
surement range of NT-proBNP was 7.5–100 000 pg/mL, with
a coefficient of variation of 1.34–3.26%. Urine creatinine con-
centrations were determined using creatinine FS (DiaSys Di-
agnostic Systems GmbH, Holzheim, Germany) and an
automated biochemical analyser (TBA-25 FR, Toshiba Medical
Systems, Tokyo, Japan). The creatinine measurement range
was 0.20–15.00 mg/dL. For values exceeding the range, sam-
ples were diluted with normal saline and remeasured. The
urine sample (200 μL) was pipetted onto the VIDAS
NT-proBNP2 test strip (BioMérieux SA), which then was
inserted into the miniVIDAS analyser.

Statistical analysis

Data are expressed as the mean ± standard deviation. Contin-
uous variables were compared using Student’s t-test, and cat-
egorical variables were compared using the chi-square or
Fisher’s exact test. Serum NT-proBNP levels were correlated
with those in urine using Spearman’s rank correlation coeffi-
cient. Multivariate logistic regression analysis was used to
identify the independent factors associated with future ED
visits. The receiver-operating characteristic area under the
curve from urine NT-proBNP/creatinine and their associated
95% confidence intervals (CI) were investigated for associa-
tion with future ED visits. The cut-off values were chosen
based on the results of receiver-operating characteristic
curve analysis and used to analyse the associated values of
urine NT-proBNP/creatinine (pg/μg Cr) for determining end
points. All tests were two tailed. P < 0.05 was considered sta-
tistically significant. All data were analysed using SPSS statis-
tical package version 23.0 (SPSS Inc. Chicago, IL, USA).
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Results

Patient baseline characteristics

A total of 122 patients (age, 67.3 ± 10.3 years; sex, 75.4%
male patients) were recruited into this study. Past admission
for HF was documented in 68 patients (55.7%). Table 1 shows
the characteristics of this patient cohort. The most common
co-morbidity in this study population was hypertension (55
patients; 45.1%). Atrial fibrillation was present in 41 patients
(33.6%). The mean value of the LVEF was 36.2%. Serum con-
centrations of NT-proBNP correlated significantly with those
of fresh urine NT-proBNP (r = 0.813; P < 0.001) and urine
NT-proBNP/creatinine (r = 0.775; P < 0.001). Most patients
received guideline-derived standard medical therapy. As
such, more than 95% patients were receiving renin-angioten-
sin-aldosterone system inhibitors, and 71.3% were being
treated with beta blockers.

Parameter comparison between patients with
and without future emergency department visits
for heart failure decompensation within
3 months

No mortality was reported during the follow-up period. The
average BMI of patients with primary endpoint (ED visit for
HF decompensation within 3 months) was lower than that
of patient without primary endpoint (Table 2). No significant
differences between patients with and without primary end-
point were observed with respect to HF duration, blood pres-
sure, heart rate, co-morbidities, and co-medications;
however, both coronary artery disease and chronic kidney
disease were more common in patients with primary end-
point (Table 2). Significantly higher levels of serum NT-
proBNP, urine NT-proBNP levels, and urine NT-proBNP/
creatinine were observed in patients with primary endpoint
(Table 2). Only LVEF was significantly lower in patients with
a subsequent HF-related ED visit than in those without
(28.7 ± 8.5% vs. 37.8 ± 8.6%; P < 0.001). After adjusting for
confounders (age and sex) and covariates (BMI, eGFR, coro-
nary artery disease, and LVEF), multivariate logistic regression
analysis revealed that urine NT-proBNP/creatinine (pg/μg Cr)
was an independent factor (OR, 1.031; 95% CI, 1.001–1.061;
P = 0.046), while blood NT-proBNP and urine NT-proBNP
were not (Table 3).

We further divided the study population into four quartiles
based on the urine NT-proBNP/creatinine (pg/μg Cr) (quartile
1, 0–0.05595; quartile 2, 0.05596–0.26305; quartile 3,
0.26306–0.82646; and quartile 4, >0.82647) and found that
the number of patients with a subsequent HF-related ED visit
significantly increased with increasing quartile (10%, 12.9%,
12.9%, and 36.7%, respectively; P = 0.024) (Figure 1).

Receiver-operating characteristic area under the
curve determination of serum and urine
NT-proBNP cut-off values for association with
subsequent heart failure-related emergency
department visit

We found that fresh urine NT-proBNP/creatinine but not se-
rum NT-proBNP was independently associated with subse-
quent HF-related ED visits (Table 3). The optimal urine NT-
proBNP/creatinine cut-off value for association with ED visits
was determined to be 0.272 pg/μg Cr (sensitivity, 68.2%;
specificity, 55.0%; positive predictive value, 25%; negative
predictive value, 88.7%; area under the curve, 0.675; 95%
CI, 0.543–0.806; P = 0.011) (Figure 2). The positive predictive
value was higher in patients with eGFR < 60 mL/min/1.73 m2

than in those with eGFR > 60 mL/min/1.73 m2 (32.3% vs.
17.2%).

Table 1 Baseline characteristics of the patient cohort

Parameter Mean value

Age (years) 67.3 ± 10.3
Male sex (n) 92 (75.4%)
Body height (cm) 162.5 ± 7.6
Body weight (kg) 65.8 ± 12.1
Body mass index (kg/m2) 24.8 ± 4.1
Systolic blood pressure (mmHg) 121 ± 17
Diastolic blood pressure (mmHg) 71 ± 11
Heart rate (bpm) 80 ± 15
Heart failure duration (years) 4.5 ± 3.2
Diabetes mellitus (n) 54 (44.3%)
Hypertension (n) 55 (45.1%)
Dyslipidemia (n) 46 (37.7%)
Coronary artery disease (n) 45 (36.9%)
Chronic kidney disease (n) 52 (42.6%)
Atrial fibrillation (n) 41 (33.6%)
Creatinine (mg/dL) 1.38 ± 1.24
eGFR (mL/min/1.73m2) 62.0 ± 22.5
Sodium (meq/L) 144 ± 34
Potassium (meq/L) 4.2 ± 0.6
Blood NT-proBNP (pg/mL) 2856.7 ± 3999.8
Urine creatinine (mg/dL) 73.9 ± 51.4
Urine NT-proBNP (pg/mL) 1210.7 ± 6122.8
Urine NT-proBNP/creatinine ratio (pg/μgCr) 1.89 ± 8.71
Left atrial diameter (cm) 4.3 ± 0.9
Average mitral E/e′ 12.6 ± 5.5
Ejection fraction (%) 36.2 ± 9.2
Medications taken (n, patients; %)

ACEI 7 (5.7%)
ARB 84 (68.9%)
ARNI 25 (20.5%)
MRA 48 (39.3%)
Beta blockers 87 (71.3%)
Diuretics 66 (54.1%)

ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin II
receptor blocker; ARNI, angiotensin receptor neprilysin inhibitor;
eGFR, estimated glomerular filtration rate; MRA, mineralocorticoid
receptor antagonist; NT-proBNP, N-terminal pro b-type natriuretic
peptide.
Total N, 122. Data are presented as the mean ± standard
deviation.
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Table 3 The multivariate logistic regression analysis for independent predictors for future emergency department visits for heart failure
decompensation

OR 95% CI for B P

Age (years) 0.937 0.868–1.011 0.095
Sex (male) 0.196 0.039–0.992 0.049
Body mass index (kg/m2) 0.691 0.533–0.897 0.005
eGFR (mL/min/1.73m2) 0.933 0.892–0.976 0.002
LVEF (%) 0.867 0.780–0.964 0.008
CAD (yes) 10.035 2.080–48.420 0.004
Blood NT-proBNP (pg/mL) 1.000 1.000–1.000 0.132
Age (years) 0.928 0.856–1.007 0.073
Sex (male) 0.245 0.045–1.335 0.104
Body mass index (kg/m2) 0.684 0.522–0.897 0.006
eGFR (mL/min/1.73m2) 0.935 0.892–0.979 0.004
LVEF (%) 0.854 0.766–0.952 0.004
CAD (yes) 8.682 1.679–44.897 0.010
Urine NT-proBNP (pg/mL) 1.001 1.000–1.002 0.084
Age (years) 0.936 0.866–1.013 0.102
Sex (male) 0.283 0.055–1.454 0.131
Body mass index (kg/m2) 0.670 0.512–0.876 0.003
eGFR (mL/min/1.73m2) 0.935 0.893–0.979 0.004
LVEF (%) 0.851 0.762–0.949 0.004
CAD (yes) 8.205 1.676–40.161 0.009
Urine NT-proBNP/creatinine (pg/μg Cr) 1.031 1.001–1.061 0.046

CAD, coronary artery disease; eGFR, estimated glomerular filtration rate; LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro
b-type natriuretic peptide

Table 2 Comparison of clinical characteristics between patients with and without subsequent emergency department visits for heart fail-
ure decompensation

Without ED visits (n = 100) With ED visits (n = 22) P

Age (years) 67.1 ± 10.1 68.3 ± 11.1 0.601
Male gender 76 (76.0%) 16 (72.7%) 0.607
Body mass index (kg/m2) 25.2 ± 3.9 23.2 ± 4.8 0.048
Heart failure duration (years) 4.6 ± 3.1 4.0 ± 3.6 0.434
Systolic blood pressure (mmHg) 122 ± 17 115 ± 19 0.197
Diastolic blood pressure (mmHg) 72 ± 10 69 ± 11 0.442
Heart rate (bpm) 81 ± 16 78 ± 10 0.679
Diabetes mellitus 46 (46.0%) 8 (36.4%) 0.410
Hypertension 45 (45.0%) 10 (45.5%) 0.969
Dyslipidemia 39 (39.0%) 7 (31.8%) 0.529
Coronary artery disease 32 (32.0%) 13 (59.1%) 0.017
Chronic kidney disease 36 (36.0%) 16 (72.7%) 0.002
Atrial fibrillation 31 (31.0%) 10 (45.5%) 0.194
ACEI 6 (6.0%) 1 (4.5%) 0.791
ARB 70 (70.0%) 14 (63.6%) 0.580
ARNI 20 (20.0%) 5 (22.7%) 0.880
MRA 37 (37.0%) 11 (50.0%) 0.258
Beta blockers 69 (69.0%) 18 (81.8%) 0.229
Diuretics 51 (51.0%) 15 (68.2%) 0.143
Creatinine (mg/dL) 1.17 ± 0.50 2.31 ± 2.56 0.002
Potassium (Meq/L) 4.2 ± 0.5 4.1 ± 0.7 0.516
eGFR (mL/min/1.73m2) 65.3 ± 20.6 46.9 ± 25.0 0.015
Blood NT-proBNP (pg/mL) 2271.5 ± 3075.5 5504.0 ± 6208.7 0.001
Urine creatinine (mg/dL) 72.1 ± 51.7 82.2 ± 50.0 0.403
Urine NT-proBNP (pg/mL) 321.3 ± 613.2 5253.1 ± 13904.9 <0.001
Urine NT-proBNP/creatinine ratio (pg/μg Cr) 0.59 ± 1.11 7.81 ± 19.65 <0.001
Left atrial diameter (cm) 4.3 ± 0.9 4.4 ± 0.9 0.768
Average mitral E/e′ 12.4 ± 5.7 13.4 ± 4.7 0.467
Left ventricular ejection fraction (%) 37.8 ± 8.6 28.7 ± 8.5 <0.001

ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin II receptor blocker; ARNI, angiotensin receptor neprilysin inhibitor; eGFR,
estimated glomerular filtration rate; MRA, mineralocorticoid receptor antagonist; NT-proBNP, N-terminal pro b-type natriuretic peptide.
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Discussion

The results of this study show that the ratio of NT-proBNP/
creatinine in fresh urine but not serum NT-proBNP level or
urine NT-proBNP level was independently associated with

subsequent ED visits for HF decompensation within 3months.
We also observed a strong correlation between NT-proBNP
concentrations in serum and fresh urine. Thus, a single,
non-invasive test of fresh urine provides an accurate measure
of NT-proBNP/creatinine level and has great value for
predicting short-term future ED visits.

Few studies have investigated the effectiveness of urine
NT-proBNP as a biomarker to assess the status of HF patients
during ED visits or hospitalization. The diagnostic value of se-
rum NT-proBNP concentration is greater for acute10 than
chronic11 HF. Based on the results of several trials and cur-
rent guidelines, a serum NT-proBNP level of 300 pg/mL indi-
cates a diagnosis of HF,4 and 1000 pg/mL indicates that HF
treatment should be started.11 Our data indicate that regard-
less of future ED visits, the mean values of serum NT-proBNP
were significantly higher than 1000 pg/mL. Although all of our
patients received guideline-derived medical treatment includ-
ing RAAS inhibitors and beta-blockers, more aggressive drug
therapy may be needed to lower the serum NT-proBNP
concentration.

Blood sampling is invasive and cannot be carried out in ev-
ery clinical setting. Thus, fresh and frozen urine have been in-
vestigated as alternative sources of NT-proBNP concentration
assessment. Results show that fresh and frozen urine concen-
trations of NT-proBNP are acceptably accurate biomarkers for
diagnosing HF, with cut-off values of 94.28 and 74.2 pg/mL,6

respectively. By comparison, our patient cohort had higher
NT-proBNP levels (1210.7 ± 6122.8 pg/mL). This difference
may result from our use of fresh urine, which is reported to
be more accurate than frozen urine for predicting HF from
NT-proBNP levels.8 Investigating the prognostic power of
fresh urine NT-proBNP, one study showed that the
12-month combined event rate was 21% in patients with
low urine NT-proBNP compared with 52% in those with

FIGURE 1 Subsequent emergency department visits significantly increased with quartiles of urine NT-proBNP/creatinine ratio.

FIGURE 2 Receiver-operating characteristic curve analysis of fresh urine
NT-proBNP/creatinine (pg/μg Cr) in heart failure patients with subse-
quent emergency department visits for decompensated heart failure.
Urine NT-proBNP/creatinine: cut-off value, 0.272 pg/μgCr; sensitivity,
68.2%; specificity, 55.0%; AUC, 0.675; 95% CI, 0.543–0.806; P = 0.011.
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NT-proBNP levels > 92.61 pg/mL.6 For comparison, our study
showed that the 3-month ED visit rate was 11% in patients
with low urine NT-proBNP (less than median, 128.0 pg/mL)
and 25% in those with NT-proBNP levels > 128.0 pg/mL. An-
other study showed that fresh urine NT-proBNP had signifi-
cant and independent predictive value, especially regarding
all-cause mortality, during a 5-year-follow-up, a relatively
long-term outcome.12 Our study, however, did not indicate
NT-proBNP as an independent predictor for short-term ED
visits. We found that the serum NT-proBNP concentration
correlated more significantly with LVEF than with urine NT-
proBNP/Cr (r = �0.435 vs. �0.210, data not shown). Using
LVEF as a covariate factor in multivariate regression analysis,
only urine NT-proBNP/Cr remained an independent predictor
of short-term ED visits.

One study reported that urine NT-proBNP concentrations
needed correction for creatinine excretion to reduce
inter-subject variability.1 Although no study has shown that
urine NT-proBNP/creatinine is a better predictor than urine
NT-proBNP for cardiovascular outcomes in HF patients, we
observed the power for independently predicting future ED
visits was significantly higher for the urine NT-proBNP/
creatinine ratio than for urine NT-proBNP alone. Together,
these observations indicate that fresh urine NT-proBNP/
creatinine may be a promising marker for HF prognostication
in short-term follow-up.

This study has several limitations. The sample size was
small. In addition, our primary endpoint was short term; thus,
these results might not be applicable to long-term outcomes.
Third, urine samples were obtained during two different time
periods, which may have affected the results. The average
difference in measurements between the two time periods
was less than 5% of the value. Although a urine sample col-
lected after waking up in the morning may be less error
prone, this timing is not clinically practical, limiting its useful-
ness in outpatient settings. Fourth, hypertension can poten-
tially decrease the specificity of NT-proBNP. Finally,
suboptimal beta blocker dosage or poor drug compliance
may lead to a mildly elevated heart rate in this study popula-
tion, possibly resulting in more ED visits. Despite these limita-
tions, our results indicate that high NT-proBNP concentration
in urine but not serum in HF patients predicts a risk for

decompensation within 3 months. These patients might need
more aggressive treatment for HF.

Conclusions

A single measurement of the NT-proBNP/creatinine ratio (pg/
μg Cr) in fresh urine may be an alternative biomarker to se-
rum or urine NT-proBNP for predicting subsequent ED visits
within 3 months in HF patients with impaired LVEF (<50%).
This non-invasive and easy measurement may be a clinically
useful tool in outpatient settings for monitoring future
outcomes.
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