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Background: Lower urinary sodium concentration (UNa) may reflect impaired renal perfusion, higher neurohor-
monal activity and diuretic resistance. However, the prognostic impact of UNa in patients with acute heart failure
(AHF) has not been fully elucidated.
Methods:We investigate the association betweenUNa and clinical outcomes in 669 patients admittedwith AHF in
our prospective registry. Patients were stratified into tertiles based on UNa in a spot urine sample on admission.
Results: Patients with lower UNa were more likely to have a history of prior heart failure admission, β-blockers
and diuretics use, and had lower blood pressure and serum sodium level, and higher blood urea nitrogen, esti-
mated glomerular filtration rate, blood glucose and troponin T levels on admission than those with higher
UNa. Plasma renin activity, aldosterone, cortisol and dopamine levels were also significantly higher in patients
with lower UNa (all p b 0.001). Furthermore, patients with lower UNa had significantly less weight loss, lower
net fluid loss/furosemide equivalent dose and higher incidence of worsening renal function during hospitaliza-
tion than those with higher UNa (all p b 0.01). During a median follow-up period of 560 days, lower UNa was
significantly associated with the composite of all-cause death and worsening heart failure (p b 0.001). In mul-
tivariable Cox-proportional hazards model, UNa remained an independent determinant of long-term adverse
events (HR, 1.24, 95% CI, 1.06–1.45, p = 0.006).
Conclusions: LowerUNawas associatedwithworse long-termclinical outcomesalongwith increasedneurohormonal
activities, impaired response to diuretics and higher incidence of worsening renal function in patients with AHF.

© 2017 Elsevier B.V. All rights reserved.
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1. Introduction

Acute heart failure (AHF) is a complex syndrome involving multiple
organs and neurohormonal systems [1]. Despite the evolution of medi-
cal therapy over the past several decades, themorbidity andmortality of
AHF remain high [2]. Identification of patients at high risk for future un-
favorable adverse events is helpful in guiding medical decision making
in the management of patients with AHF. Although a large number of
studies have reported the prognostic impact of serum markers as well
as clinical characteristics in AHF patients [3–10], urinary markers are
still relatively unexplored.

Urinary sodium concentration (UNa) is simple and easy to measure,
and is widely used in clinical practice such as the differential diagnosis
of acute renal failure and hyponatremia [11,12]. Originally, lower UNa
was proposed as a marker of prerenal failure [12–14], which can be
caused by impaired organ perfusion in patients with decreased cardiac
output or effective circulating blood volume. Several small-scale studies
have reported an association between lower UNa andworse short-term
clinical outcomes in patients with AHF [15,16]. However, the prognostic
impact of UNa on short- and long-term clinical outcomes has not been
investigated in a relatively larger-scale study. In addition, although
several factors such as increased neurohormonal activity and impaired
diuretic response have been speculated as underlying mechanisms
for the relationship between lower UNa and worse clinical outcomes,
supportive data are still lacking.

Therefore, the aim of this study was to investigate the short-
and long-term prognostic significance of UNa on admission, and its
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association with neurohormonal activity and diuretic response in
patients with AHF.

2. Methods

2.1. Study design

Data from theNaDEF (National cerebral and cardiovascular center acuteDEcompensated
heart Failure) registry, which were obtained between January 2013 and August 2015, were
retrospectively analyzed. The design of the NaDEF registry has been described previously
[17]. Briefly, it is a single-center, observational, on-going, prospective cohort that includes
all consecutive patients aged N20 years requiring hospitalization at our institution for the
first time with a diagnosis of AHF from January 2013. This study has been approved by the
Institutional Review Board of the National Cerebral and Cardiovascular Center (M22-025)
and is registered under the Japanese UMIN Clinical Trials Registration (UMIN000017024).

2.2. Study population

A total of 751 consecutive patients with AHF were registered in the NaDEF registry.
Patients with acute coronary syndrome (n = 40) and those without measurement of
UNa on admission (n = 42) were excluded. Finally, 669 patients were included in this
study. Patients were stratified into tertiles based on UNa. Patients excluded because of
noUNameasurement on admissionwere younger,more likely to have a history of chronic
kidney disease and chronic hemodialysis, had lower estimated glomerular filtration
rate (eGFR), serum sodium, blood glucose, HbA1c, and total bilirubin levels, and had
higher blood urea nitrogen levels, when compared with those with UNa measurement
(Supplementary Table 1).

2.3. Blood sampling and urinary sodium measurement

Venous blood samples were obtained for measurement of routine laboratory param-
eters, plasma renin activity and aldosterone level on admission. Plasma dopamine and
serum cortisol levels were also measured as a representative of neurohormonal activity
on admission. Spot urine samples were collected as soon as possible after admission. In
patients with an indwelling urinary catheter, urine samples were collected at the time
of insertion of the urinary catheter, which was soon after the initial treatment in the
emergency department. In those without the use of urinary catheter, urine samples
were collected at the time of first spontaneous micturition after admission.

2.4. Clinical outcomes

The primary study outcome was the composite of all-cause death and worsening
heart failure (HF), which was defined as worsening symptoms and signs of HF requiring
intensification of intravenous therapy or initiation of mechanical support after stabiliza-
tion with initial treatment during hospitalization [18,19] or readmission due to HF after
discharge. We also evaluated net fluid loss during 48 h after admission, weight loss at
48 h, net fluid loss/furosemide equivalent dose (24-hour net fluid loss [ml]/intravenous
loopdiuretic dose [mg]) for evaluation of diuretic response, and the incidence ofworsening
renal function defined as an increase in serum creatinine of ≥0.3 mg/dL (≥26.5 μmol/L) or
an increase in serum creatinine to ≥1.5 times baseline during hospitalization [20].

2.5. Statistical analyses

Continuous variables are presented as mean ± standard deviation or median
(interquartile range: IQR). Categorical variables are shown as frequency with percentage
of nonmissing values. Differences among baseline characteristics, laboratory data, initial
treatment, plasma renin activity, aldosterone, dopamine and cortisol levels and in-
hospital outcomes across UNa tertiles were analyzed using the Cochrane-Armitage test
for trend. Multivariable linear regression analysis was applied to explore independent de-
terminants of UNa on admission. Univariable factors that had a value of p b 0.10 were en-
tered into a multivariable model. Furthermore, stepwise selection with a p-value of 0.10
for backward elimination was used to select the best predictive model. Long-term cumu-
lative incidence of all-cause death and worsening HF were estimated using Kaplan-Meier
curves, and log-rank (Mantel-Cox) test was performed to assess differences according to
UNa tertiles. Cox proportional hazard modeling, which included considerable prognostic
factors for AHF (based on previous prognostic reports in patients with AHF [3,5–8,10])
or potential confounders of the UNa-risk relationship, was performed to assess the associ-
ation between these factors and risk of adverse events defined as the composite of all-
cause death and worsening HF. These variables included age, gender, prior history of HF
admission, New York Heat Association (NYHA) functional class at discharge, systolic
blood pressure, brain natriuretic peptide (BNP), blood urea nitrogen, troponin T, hemoglo-
bin and serum sodium levels, and use of loop diuretics, β-blockers and angiotensin
converting enzyme (ACE) inhibitors or angiotensin receptor blockers (ARBs). Moreover,
stepwise selection with a p-value of 0.10 for backward elimination was used to select
the best predictive model. Adding to the main effect, the interactions between UNa and
the use of heart failure medications (loop diuretics, β-blockers, and ACE inhibitors or
ARBs), as well as prior history of HF admission, were also examined. In addition, we
have conducted a multivariable regression spline model to investigate the best prediction
for adverse event (composite of all-cause death andworsening HF)with UNa. The listwise
deletion was employed to address the missing data in the multivariable Cox proportional

hazard models and multivariable regression spline model. Analyses were performed
using statistical software STATA® version 14 (College Station, TX) and JMP® 10.0.2
(SAS Institute Inc., Cary, NC). Statistical significance was defined as a p-value b0.05.

3. Results

3.1. Patient characteristics

The median UNa was 91 mg/dL (IQR 61-123) (Supplementary
Fig. 1). Table 1 shows the baseline characteristics of the study popula-
tion. Patients with lower UNa were more likely to have a history
of prior HF admission, β-blockers and diuretics use on admission
and lower systolic blood pressure than those with higher UNa. These
patients also had lower levels of serum sodium and eGFR, and higher
levels of blood urea nitrogen, blood glucose and troponin T than those
with higher UNa. There were no significant trends across tertiles in
the use of ACE inhibitors or ARBs and spironolactone on admission.

3.2. Renin-angiotensin-aldosterone system and neurohormonal activity
stratified by urinary sodium concentration

The relationship between UNa and renin-angiotensin-aldosterone
system (RAAS) and neurohormonal activity are shown in Table 1. Pa-
tients with lower UNa had higher plasma renin activity (ptrend b 0.001)
and higher plasma aldosterone level than those with higher UNa
(ptrend b 0.001). Similarly, serum cortisol and plasma dopamine levels
were significantly elevated with decreasing UNa tertile (ptrend b 0.001
and b0.001, respectively).

3.3. Determinants of UNa on admission in patients with acute heart failure

Supplementary Table 2 shows the independent determinants of
UNa on admission. In the multivariable analysis, plasma renin activity
(β = −0.38, p = 0.019), aldosterone (β = −0.04, p = 0.048) and
blood glucose (β = −0.05, p = 0.050) levels, the use of loop diuretics
(β = −10.44, p = 0.002) and chronic kidney disease (β = −8.13,
p = 0.014) were inversely associated with UNa, while serum sodium
(β = 2.85, p b 0.001) level was positively associated with UNa.

3.4. Intravenous treatment, response to diuretic therapy and short-term
clinical outcomes

Intravenous treatment during the acute phase, response to diuretic
therapy and short-term clinical outcomes of the patients across UNa
tertiles are shown in Table 2. Patients with lower UNa were more likely
to receive inotropes, while there were no significant differences among
groups in the use of diuretics and vasodilators. Across tertiles of UNa,
lower UNa was associated with lower net fluid loss [2927 mL in 1st
tertile (lowest UNa), 3140 mL in 2nd tertile, 3345 mL in 3rd tertile
(highest UNa), ptrend = 0.003] and less weight loss at 48 h after admis-
sion (−1.0,−1.3,−1.5 kg, respectively, ptrend = 0.003). Among those
who received intravenous furosemide, lower UNa was associated with
lower net fluid loss/furosemide equivalent dose (66, 90, 95 mL/mg,
respectively, ptrend b 0.001).

Overall, therewere 14 all-cause deaths, 59 cases ofworsening HF and
134 cases of worsening renal function during hospitalization. The inci-
dence of in-hospital adverse events (all-cause death and worsening
HF) was significantly higher in patients with lower UNa than in those
with higher UNa [13.8% in 1st tertile (lowest UNa), 8.6% in 2nd tertile,
5.4% in 3rd tertile (highest UNa), ptrend = 0.002]. Furthermore, we ob-
served a significant association between lower UNa and higher incidence
of all-cause death (4.0%, 0.9%, 0.5%, respectively, ptrend=0.005), worsen-
ing HF (11.6%, 8.6%, 4.9%, respectively, ptrend = 0.011) and worsening
renal function (29.8%, 17.7%, 12.6%, respectively, ptrend b 0.001). Similar-
ly, the incidence of adverse events at day 30 was significantly higher in
patients with lower UNa (13.3%, 7.2%, 5.4%, respectively, ptrend = 0.003).
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