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Abstract

Aims A considerable proportion of hospitalized patients for acute decompensated heart failure will be readmitted or die in
short-term follow-up. In the present study, we aimed to assess the role of admission sodium (Na) and uric acid (UA) levels in
the prediction of 30 day post-discharge heart failure readmission or all-cause mortality in advanced heart failure patients ad-
mitted with acute decompensation.

Methods and results One hundred and forty consecutive advanced heart failure patients who were admitted for a recent
cardiac decompensation were enrolled in this prospective study. Serum Na and UA levels remained statistically unchanged
during index admission (P = 0. 54 and 0.19, respectively). Within 30 days post-discharge, composite end point of heart failure
rehospitalization or all-cause death occurred in 62 (44.3%) patients (event group). Length of stay was statistically similar
between patients in the event and non-event groups (P = 0.38). No correlations were also found between length of stay
and left ventricular ejection fraction, serum Na, UA, erythrocyte sedimentation rate (ESR), high-sensitivity C-reactive protein
(hs-CRP), creatinine, and N-terminal pro b-type natriuretic peptide (NT-proBNP) levels (all P > 0.05). Lower left ventricular
ejection fraction and Na and higher UA on admission were significantly associated with 30 day event both in univariate and
multivariate analyses.

Conclusions Given the predictive role of baseline Na and UA for early post-discharge outcome and the absence of significant
changes in their levels during initial hospitalization, admission Na and UA can be considered as prognosticators of acute de-
compensated heart failure, which their prognostic significance cannot be affected by routine acute heart failure therapy.
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Introduction

Acute decompensated heart failure (ADHF) is one of the lead-
ing causes of hospitalization in the USA. Annually, more than
one million patients are hospitalized with a primary diagnosis
of heart failure (HF) in the USA.1 The majority of hospitalized
patients with ADHF will be readmitted with recurrent symp-
toms or will die within a few months. As defined by the
Carvedilol prospective randomized cumulative survival
(COPERNICUS) study, frequent (three or more) hospitaliza-
tions for acute decompensation within a year is one of the
major characteristics of advanced HF.2 As a result, a growing

body of interest is seen in recent literature investigating the
application of various physical examination findings, labora-
tory measurements, and ultrasonographic and echocardio-
graphic indices in the prediction of both short-term and
long-term rehospitalization and death in ADHF patients.

The pathophysiology of hyponatremia in HF has been de-
scribed as a result of renal dysfunction, neurohumoral activa-
tion, and associated increases in antidiuretic hormone (ADH),
angiotensin II, and norepinephrine levels, which in complex
interactions impair water excretion (i.e. dilutional
hyponatremia) in an attempt to return perfusion pressure
to normal.3 This condition is also exacerbated by diuretic
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agents, which enhance sodium excretion (i.e. depletional
hyponatremia). In a subanalysis from the Organized Program
to Initiate Lifesaving Treatment in Hospitalized Patients with
Heart Failure registry, on admission, hyponatremia has been
reported in ∼20% patients with ADHF.4 Moreover, hospital-
acquired hyponatremia has been reported to occur in approx-
imately 15–25% ADHF patients as a result of decongestive
treatment.5,6 Whatever the aetiology, hyponatremia has
been suggested as a predictor of short-term outcomes in hos-
pitalized patients with worsening HF.7–9

In addition, the prognostic role of serum uric acid (UA) has
been established in patients with chronic HF.10–13 In a recent
investigation in patients with acute HF, admission hyperurice-
mia was shown to be associated with higher risk of death or
HF rehospitalization at 6 months.14

However, adequate evidence regarding the role of admis-
sion serum sodium and UA levels in the prediction of short-
term prognosis of advanced HF are still limited. As a result,
in the present study, we aimed to assess the role of admission
sodium and UA levels, as routine laboratory measurements,
in the prediction of 30 day post-discharge HF readmission
or all-cause mortality in advanced HF patients admitted with
acute decompensation. We also assessed the changes in so-
dium and UA during initial hospitalization to investigate
whether adequate HF treatment could cause significant
changes in these biochemical measurements. On the other
hand, we also investigated the association of length of stay
(LOS) with short-term prognosis of ADHF patients.

Methods

Study population

One hundred and forty consecutive advanced HF patients who
were admitted at Rajaei Cardiovascular Medical and Research
Center between April 2015 and December 2015 for a recent
cardiac decompensation were enrolled in this prospective
study. Advanced HF was defined according to the criteria ap-
plied by COPERNICUS study2 as one or more of the following:
the presence of pulmonary rales, ascites, or peripheral edema;
frequent (≥3) hospitalizations for ADHF within the previous
year; the need for an intravenous positive inotrope or an intra-
venous vasodilator within 2 weeks before enrollment; or a left
ventricular ejection fraction (LVEF) of equal or less than 15%.

Patients with new onset (de novo) HF, pulmonary hyper-
tension and/or right-sided HF, end-stage renal disease, or un-
dergoing renal replacement therapy were excluded. Patients
with in-hospital death or major cardiovascular event (includ-
ing acute coronary syndromes, endotracheal intubation, inva-
sive or surgical revascularization, cardiac transplantation, and
mechanical circulatory support) at the index admission were
also excluded.

The present study was conducted in accordance with the
ethical guidelines of the Declaration of Helsinki. Institutional
Review Boards at Rajaei Cardiovascular Medical and Research
Center approved the study protocol, and written informed
consent was obtained from all participants.

Laboratory measurements

Serum samples were obtained from an antecubital vein
within 30 min from admission and at discharge. All tests were
performed at the same day or stored at 2–8 °C for analysis in
the next day. Serum creatinine was measured using the pho-
tometric Jaffe method with commercially available kits (Pars
Azmoon Co., Tehran, Iran). Serum hs-CRP levels were mea-
sured via the immunoturbidimetry method using commer-
cially available hs-CRP reagent kit (Audit Diagnostics, Cork,
Ireland). Serum UA was measured by enzymatic colorimetery
method using an autoanalyser (Selectra-2, Paderno d’Adda,
Italy) and commercially available kits (Pars Azmoon Co.,
Tehran, Iran). Plasma NT-proBNP levels were measured using
the ELISA method (Biomedia Corp, Bratislava, Slovakia).

Outcome measures

The outcome of interest was a post-discharge 30 day event.
Serum Na and UA levels were compared between event
and non-event groups. A 30 day event was defined as a com-
posite of emergency department (ED)/hospital HF readmis-
sion or all-cause mortality within 1–30 days post-discharge
from the index hospitalization. At day 30, study co-ordinators
performed follow-up telephone interviews to document
events. If any event of interest has reported to occurred, it
was then verified by assessing the medical records by a regis-
tered nurse. Serum Na and UA levels were compared be-
tween event and non-event groups.

The secondary outcomes were changes in laboratory
measurements during initial hospitalization (from admission
to discharge). Acute kidney injury (AKI) during index
admission was defined as a rise in serum creatinine of
>0.3 mg/dL or >25% of baseline creatinine level.

The other secondary outcome was LOS during initial hospi-
talization, which was compared between event and non-
event groups.

Statistical analysis

All data were initially assessed for normality using the
Kolmogorov–Smirnov test. Continuous variables with
and without normal distribution are presented as
means� standard deviation and median (interquartile range),
respectively, and were compared using the Student’s t-test,
the Mann–Whitney U-test, and the Kruskal–Wallis test, as
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appropriate. Categorical data are presented as numbers and
percentages and were compared by the χ2 test. All reported
probability values were two-tailed, and a P-value < 0.05 was
considered statistically significant. Relationships between
LOS and LVEF and laboratory measurements were assessed
using Pearson tests. The univariable associations between
predictor variables and 30 day event were modelled using lo-
gistic regression. Variables with statistical significance of asso-
ciation (i.e. LVEF, Na, and UA) were included in multivariable
logistic regression model.

Results

Patient demographics

A total of 140 patients with New York Heart Association
(NYHA) classes III (n = 83, 59.3%) and IV (n = 57, 40.7%)

consisted of 97 (69%) men with a mean age of 49 � 19 years
were included. Median LVEF was 15% (interquartile range
(IQR), 10–25%). Baseline characteristics of participants are
summarized in Table 1.

The 30 day heart failure rehospitalization or
all-cause mortality prediction

Within 30 days post-discharge, composite end point of HF re-
hospitalization or all-cause death occurred in 62 (44.3%) pa-
tients (event group). Demographic and biochemical
variables are compared between event and non-event groups
(Table 1).

Lower LVEF, hyponatremia, and hyperuricemia on admis-
sion were significantly associated with the 30 day event both
in univariate and multivariate analyses (Table 2).

Comparisons of admission of LVEF, Na, and UA values
between event and non-event groups are depicted in Figure 1.

Table 1 Baseline characteristics of the study population

Variable All (n = 140) Event (n = 62) Non-event (n = 78) P-value

Male gender, n 97 (69) 43 (69) 54 (69) 0.98
Age (years) 49 � 19 47 � 20 52 � 19 0.10
Left ventricular ejection fraction, % 15 (10–25) 12 (10–20) 20 (15–25) 0.002
New York Heart Association class, n 0.19
III 83 (59) 33 (53) 50 (64)
IV 57 (41) 29 (47) 28 (36)

Aetiology of heart failure, n 0.21
Ischaemic 56 (40) 26 (42) 30 (38.5)
Idiopathic 84 (60) 36 (58) 48 (61.5)

Risk factors, n
Diabetes mellitus 28 (20) 12 (19) 16 (20.5) 0.43
Hypertension 22 (16) 9 (14.5) 13 (16.5) 0.68
Dyslipidemia 44 (31.5) 17 (27.5) 27 (34.5) 0.07
Cigarette smoking 32 (23) 13 (21) 19 (24) 0.49

Treatment, n
Diuretic 136 (97) 61 (98) 75 (96) 0.52
Angiotensin-converting enzyme
inhibitor/angiotensin receptor blocker

118 (84) 54 (87) 64 (82)

Beta blocker 119 (85) 52 (84) 67 (86)
Spironolactone 83 (59) 35 (56) 48 (61.5)
Inotropes 5 (3.5) 4 (6) 1 (1)

(Dopamine and milrinone)
Digoxin 29 (21) 21 (34) 8 (10)
Calcium channel blocker 0 (0) 0 (0) 0 (0)
Cardiac resynchronization therapy (CRT) 12 (8.5) 4 (6) 8 (10)
Implantable cardiac device (ICD) 23 (16.5) 9 (14.5) 14 (18)
Ventricular assisted device (VAD) 0 (0) 0 (0) 0 (0)

Length of stay (days) 12 (8–16) 12 (7–15) 12 (8–19) 0.38
Laboratory measurements
White blood cell (cells/mcl) 8100.00 (6100–10 500) 8100 (7000–10 400) 8100 (5700–10 800) 0.39
Haemoglobin, g/dL 13.40 (12.10–14.10) 13.40 (12.25–14.10) 13.40 (11.90–14.00) 0.40
ESR, mm/h 9.5 (6–16.75) 9 (6–23) 10 (6–15) 0.54
Hs-CRP, mg/dL 6 (5–12.25) 6 (5–13) 6 (5–10.75) 0.75
Na, mEq/L 135 (131–137) 133 (130–135.25) 136 (131–139) <0.001
Uric acid, mg/dL 8.0 (7.0–8.8) 8.0 (7.8–9.8) 7.75 (7–8.62) <0.001
Creatinine, mg/dL 1.2 (0.9–1.6) 1.3 (0.9–1.6) 1.1 (0.9–1.5) 0.13
NT-proBNP, ng/dL 7632 (2263–15 839) 8750 (2555–18 600) 7620 (2247.25–11 442.75) 0.13
Prolactin, ng/mL 17.67 (14.40–22.80) 19.67 (15.71–21.07) 15.93 (11.84–24) 0.058
Thyroid-stimulating hormone (TSH), mU/L 2.95 (1.32–4.50) 3.25 (1.82–4.40) 2.8 (1.25–4.57) 0.66
Vitamin D, ng/mL 15.90 (11.22–36.85) 13.30 (9.80–43.20) 16.40 (13–36.40) 0.68
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Changes during initial hospitalization

On admission, biochemical measurements were compared with
discharge values in Table 3. The only laboratory measurement

that significantly changed during hospitalization was serum
creatinine, which increased from 1.20 mg/dL (0.90–1.60) to
1.40 mg/dL (1.30–1.64) (P < 0.001). Because the changes in
serum creatinine during hospitalization were statistically

Table 2 Logistic regression modelsa

Univariable model Multivariable model

OR 95% Confidence interval P-value OR 95% Confidence interval P-value

Age 0.986 0.969–1.004 0.127
Left ventricular ejection fraction 0.944 0.903–0.986 0.010 0.951 0.908–0.997 0.035
New York Heart Association function class 1.569 0.795–3.099 0.194
White blood cell 1.000 1.000–1.000 0.267
Haemoglobin 1.187 0.889–1.586 0.245
Na 0.892 0.829–0.961 0.002 0.905 0.839–0.977 0.010
ESR 1.018 0.974–1.064 0.434
Hs-CRP 0.997 0.960–1.035 0.866
NT-proBNP 1.000 1.000–1.000 0.188
Prolactin 0.998 0.974–1.022 0.867
Uric acid 1.320 1.074–1.622 0.008 1.276 1.031–1.580 0.025
Creatinine 1.474 0.714–3.046 0.294
Acute kidney injuryb 1.725 0.879–3.386 0.113
Length of stay 0.969 0.907–1.035 0.350

aDependent variable: 30 day event (composite of rehospitalization or death).
bDuring index hospitalization.

Figure 1 The left ventricular ejection fraction (LVEF, %), sodium (Na, mEq/L), and uric acid (UA, mg/dL) in patients with and without the 30-day event
(heart failure re-hospitalization or all-cause death).
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significant, the incidence of AKI was determined and compared
between event and non-event groups. AKI was seen in 31
(39.74%) patients in the non-event group and 33 (53.22%) pa-
tients in the event group (P = 0.12).

Length of stay

Length of stay was statistically similar between patients in
the event [12 (7–15)] and non-event groups [12 (8–19)]
(P = 0.38). No correlations were found between LOS and LVEF
(r = 0.03, P = 0.73), Na (r = �0.16, P = 0.14), UA (r = �0.01,
P = 0.92), ESR (r = 0.09, P = 0.41), hs-CRP (r= �0.03,
P = 0.78), creatinine (r = 0.04, P = 0.66), and NT-proBNP
(r = 0.13, P = 0.25).

Discussion

In the present study, we assessed the role of baseline LVEF,
NYHA function class, and biochemical measurements in the
prediction of early post-discharge event in patients admitted
with ADHF. Our results showed that despite symptomatic
improvement in all patients admitted with ADHF during a
median LOS of 12 days,8–16 30 day rehospitalization or death
occurred in nearly half of patients (44.3%). The main finding
of our study was that admission LVEF, serum Na, and UA
levels were independent predictors of HF readmission or
all-cause death during a 30 day period after discharge.

The vast majority of patients who are admitted with pri-
mary diagnosis of ADHF symptomatically improve during hos-
pitalization; however, rehospitalization and death are seen in
a substantial proportion of these patients during the first few
weeks of discharge. Gheorghiade and his colleagues showed
that deterioration in signs and symptoms, neurohormonal
profile, and renal function during the first few weeks after
discharge (‘vulnerable’ phase) is responsible for rehospitaliza-
tion or death during the early post-discharge phase.15 They
demonstrated that this deterioration occurs despite standard
HF therapy, including beta-blockers, angiotensin-converting
enzyme inhibitors, or angiotensin receptor blocker, and
aldosterone-blocking agents.15 Accordingly, a growing body

of research is trying to characterize this population of patients
who are at increased risk of early post-discharge mortality and
hospitalization. Presumed prognosticators comprise a wide
range of history and physical examination findings, laboratory
measurements, electrocardiographic and echocardiographic
indices, and ultrasound assessments and include anaemia,
diabetes mellitus, new sustained arrhythmias, non-use of
neurohormonal antagonists, presence of coronary heart
disease (CHD), jugular venous distension, admission systolic
blood pressure, serum albumin levels, lymphocyte counts, tro-
ponin release, blood urea nitrogen (BUN) and BUN/creatinine
ratio, natriuretic peptides, 6-min walk distance (6MWD),
LVEF, pulmonary capillary wedge pressure, diameter of infe-
rior vena cava, and diuretic response and hemoconcentration
during hospitalization among many others.16–28 However,
there is no general consensus regarding the majority of these
indices, and application of most of them is subject to several
disadvantages in routine clinical practice.

In the present investigation, we showed that admission se-
rum Na and UA are independent predictors of early post-
discharge outcome. We showed that a single measurement
of Na and UA upon admission can predict the 30 day event
both in univariate and multivariate analyses. Similarly,
Davison and his colleagues in an analysis on 1990 patients en-
rolled in the PROTECT (Placebo-Controlled Randomized Study
of the Selective A1 Adenosine Receptor Antagonist
Rolofylline for Patients Hospitalized With Acute Decompen-
sated Heart Failure and Volume Overload to Assess Treat-
ment Effect on Congestion and Renal Function) study
showed that lower sodium was associated with both 30 day
HF rehospitalization and 90 day death.29

In addition, our results demonstrated that although HF
treatment during initial hospitalization resulted in symptom-
atic improvement in ADHF patients, the serum Na and UA
levels did not change significantly during admission. However,
the evidence to support vigorous treatment of mild-to-
moderate hyponatremia with sodium, fluid restriction, and va-
sopressin receptor antagonist (either a V2 receptor selective or
non-selective vasopressin antagonist) in ADHF patients and
their beneficial effects on short-term or long-term outcome
is inconclusive.30,31 Thus, currently, the main indications for
specific therapy to correct hyponatremia are a serum sodium

Table 3 Changes in laboratory measurements during index hospitalization

On admission At discharge P-value

White blood cell 8100.00 (6100.00–10 500.00) 8350.00 (6725.00–11 050.00) 0.96
Haemoglobin 13.4 (12.10–14.10) 11.80 (11.00–13.80) 0.10
Sodium 135 (131–137) 134 (132–137.7) 0.54
Uric acid 8.00 (7.00–8.80) 8.00 (7.50–9.00) 0.19
ESR 11.00 (6.00–20.00) 12.00 (9–18.75) 0.39
Hs-CRP 9.50 (6.00–16.75) 9.00 (6.00–13.75) 0.14
Prolactin 17.67 (14.40–22.80) 18.50 (14.00–25.02) 0.15
NT-ProBNP 7632.00 (2263.00–15 839.00) 8123.50 (2555.00–12 060.25) 0.76
Creatinine 1.20 (0.90–1.60) 1.40 (1.30–1.64) <0.001
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concentration below 120 mEq/L (severe hyponatremia) and/or
the presence of symptoms that might be due to hyponatremia.

Furthermore, our results demonstrated that event and
non-event groups had comparable LOS during initial hospital-
ization. Recently, results from the PROTECT study also
revealed that longer LOS is a strong predictor of 90 day post-
discharge mortality but not of 30 day HF readmission.29 Their
results also demonstrated that longer LOS was association
with more severe HF (assessed by orthopnea and jugular ve-
nous pressure), history of ischaemic heart disease, history of
diabetes mellitus, and higher BUN and UA.29 However, our re-
sults found no association between LOS and none of LVEF, Na,
UA, creatinine, NT-proBNP, and inflammatory markers.

In addition, to investigate the effects of AHF therapy on
biochemical measurements, we assessed their changes dur-
ing initial hospitalization. We showed that AHF therapy did
not changed serum levels of Na, UA (as predictors of early
outcome in our study), and NT-proBNP level or inflammatory
markers. The only laboratory measurement that significantly
changed during initial hospitalization was the serum creati-
nine level from 1.20 mg/dL (0.90–1.60) to 1.40 mg/dL
(1.30–1.64) giving rise to the occurrence of AKI in 64 (46%)
patients. However, the incidence of AKI was comparable in
both event and non-event groups.

Study limitations

The present study had a small size. It was conducted in a
referral centre including relatively advanced HF patients
[median LVEF of 15 (10–25)] with a substantial proportion

of patients being in the NYHA function class of IV. The resul-
tant selection bias may overestimate the LOS as well as the
incidence of the 30 day event in AHDF patients compared
with previous reports and may limit the generalizability of
our findings in all AHDF patients.

Conclusions

Given the predictive role of baseline Na and UA for early
post-discharge outcome and the absence of significant
changes in their levels during initial hospitalization, admission
Na and UA can be considered as prognosticators of ADHF,
which their prognostic significance cannot be affected by rou-
tine AHF therapy. In addition, serum Na and UA are low-cost,
easily available, and routine biochemical measurements in
any ED and/or hospital settings in both developing and devel-
oped countries. These characteristics make Na and UA as
unique prognosticators that can be used efficiently in routine
clinical practice.
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