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Background/Aims: Hyponatremia is a well-known risk factor for poor outcomes 
in Western studies of heart failure (HF) patients. We evaluated the predictive val-
ue of hyponatremia in hospitalized Asian HF patients.
Methods: The Clinical Characteristics and Outcomes in the Relation with Serum 
Sodium Level in Asian Patients Hospitalized for Heart Failure (the COAST) study 
enrolled hospitalized patients with systolic HF (ejection fraction < 45%) at eight 
centers in South Korea, Taiwan, and China. The relationship between admission 
sodium level and clinical outcomes was analyzed in 1,470 patients.
Results: The mean admission sodium level was 138 ± 4.7 mmol/L, and 247 patients 
(16.8%) had hyponatremia defined as Na+ < 135 mmol/L. The 12-month mortality 
was higher in hyponatremic patients (27.9% vs. 14.6%, p < 0.001), and hypona-
tremia was an independent predictor of 12-month mortality (hazard ratio, 1.72; 
95% confidence interval, 1.12 to 2.65). During hospital admission, 57% of hypo-
natremic patients showed improvement without improvement in their clinical 
outcomes (p = 0.620). The proportion of patients with optimal medical treatment 
was only 26.5% and 44.2% at admission and discharge, respectively, defined as the 
combined use of angiotensin-converting-enzyme inhibitor/angiotensin receptor 
blocker and β-blocker. Underuse of optimal medical treatment was more pro-
nounced in hyponatremic patients.
Conclusions: In hospitalized Asian HF patients, hyponatremia at admission is 
common and is an independent predictor of poor clinical outcome. Furthermore, 
hyponatremic patients receive less optimal medical treatment than their counter-
parts.

Keywords: Hyponatremia; Predictor of clinical outcomes; Hospitalized heart fail-
ure; East Asians

Prognostic value of hyponatremia in heart failure 
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INTRODUCTION

Hospitalized heart failure (HF) patients require more 
advanced medical care [1]. However, data on the clinical 
characteristics of these patients are scarce because stud-
ies in the past 30 years have focused on non-hospitalized 
HF patients. Hyponatremia is a common phenomenon 
that correlates with HF outcomes and has been iden-
tified as a prognostic factor in chronic HF patients in 
Western studies [2,3], although the prognostic value of 
hyponatremia in hospitalized HF patients remains to be 
established, particularly in Asian HF patients. In addi-
tion, the adherence to evidence-based therapy in hospi-
talized Asian HF patients is unknown.

The aim of the present multinational, multicenter 
study was to evaluate the prognostic value of hypona-
tremia and the adherence to evidence-based therapy in 
hospitalized Asian patients with systolic HF.

METHODS

Ethics statement
The present study was approved by the Institutional 
Review Board (IRB) or Ethics Committee of Seoul Na-
tional University Bundang Hospital, Severance Hospi-
tal, Wonju Christian Hospital, National Taiwan Univer-
sity Hospital, Taipei Veterans General Hospital, Chang 
Gung Memorial Hospital, Fuwai Hospital, and Zhong 
Shan Hospital. Informed consent was waived by the IRB 
of each participating center that complied with the Dec-
laration of Helsinki.

Study population
The study on the Clinical Outcomes in Relation with 
Serum Sodium Level in Asian Patients Hospitalized for 
Heart Failure (COAST) was a multinational, multicenter 
registry involving eight centers in South Korea, Taiwan, 
and China. The study population included all adult pa-
tients ≥ 18 years of age who were hospitalized for HF 
and left ventricular ejection fraction < 45% at admission 
since January 2009. HF was diagnosed with at least one 
of the pre-defined International Classification of Dis-
eases 9 (ICD9)/ICD10 HF-related diseases, or with any 
disease corresponding to the codes. In total, 550 consec-
utive patients per region were scheduled to enroll for a 

sum of 1,650 patients. Index admission, discharge, and 
1-year follow-up data were collected from each patient.

Patient demographic and baseline characteristics, 
underlying diseases, clinical presentation, causes of 
HF, treatment strategy (diuretics, nitrate, inotropes, 
anti-arrhythmics, anticoagulants, antiplatelet agents, 
blood transfusion), laboratory tests (serum sodium, po-
tassium, creatinine, creatinine clearance, blood urea ni-
trogen), and outcomes during admission and after dis-
charge were recorded. Data were collected at each site 
by trained study coordinators using a standardized case 
report form, and were entered into the COAST Regis-
try database via a web-based electronic data capture sys-
tem. Data collection and audits were performed by the 
COAST Registry Steering Committee. 

Endpoints
The primary endpoint was the 12-month mortality 
from the index hospitalization for decompensated HF 
according to the serum sodium levels. Hyponatremia 
was defined as serum Na+ < 135 mmol/L. The secondary 
endpoints included the mortality rate at index-admis-
sion, 12-month rehospitalization rate, the composite of 
mortality and/or rehospitalization and 12-month mor-
tality rate according to changes in serum sodium sta-
tus during the hospital stay, and adherence to the evi-
dence-based therapy according to serum sodium level.

Statistical analysis

Sample size calculation
Based on the EuroHeart Failure Survey study, the 12-month 
mortality rate among hospitalized HF patients was as-
sumed to be 29.5% and 18.9% for hyponatremic and 
normonatremic patients, respectively [4]. Thus, a total of 
1,650 patients were needed to detect a significant differ-
ence in 12-month mortality rate between the normona-
tremia and hyponatremia groups with a power of 0.80 
and at a two-sided α level of 0.05.

Statistics
Data are presented as numbers and frequencies for 
categorical variables and as mean ± standard deviation 
(SD) for continuous variables. For comparison between 
groups, the chi-square test (or Fisher exact test when any 
expected cell count was < 5 for a 2 × 2 table) and Mc-
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Nemar tests were used for categorical variables, and the 
Mann-Whitney U tests were applied for continuous 
variables. The Kruskal-Wallis test and Wilcoxon rank-
sum test were used for comparisons of serum sodium 
with continuous measures, multilevel nominal mea-
sures, and dichotomous measures, respectively. A pro-
pensity score matching age, gender, region, left ventri-
cle ejection fraction, systolic blood pressure (BP), serum 
potassium, serum creatinine, medical history, and basal 
metabolic index (BMI) was also performed between the 
normonatremia and hyponatremia groups. The vari-
ables were incorporated as predictors in a non-parsi-
monious logistic regression model with the presence 
of hyponatremia as the outcome. The propensity score 
was defined as the conditional probability of being a 
hyponatremic patient given the covariates listed above. 
Caliper matching was used to pair the hyponatremic 
patients to similar patients with normal sodium levels, 
as it was considered the most transparent method. This 
one-to-one match was performed without replacement. 
Multivariable models of 12-month mortality, in-hospi-
tal death, and length of hospital stay were developed to 
allow for assessing associations of these outcomes with 
other patient and clinical variables with consistent co-
variate adjustment. The following variables associated 
with 12-month mortality with p < 0.05 were included: age 
in decade, current smoking, BMI, diabetes mellitus, hy-
pertension, glomerular filtration rate (GFR) mL/min/1.73 
m2, coronary artery disease, stroke, chronic obstructive 
pulmonary disease (COPD), New York Heart Associa-
tion (NYHA) Functional Class, hyponatremia, diastolic 
BP, serum potassium and use of angiotensin converting 
enzyme inhibitor (ACEi), angiotensin receptor blocker 
(ARB), β-blocker, calcium channel blocker (CCB), oral 
furosemide, spironolactone, or dobutamine. All of the 
data were analyzed using SAS version 9 (SAS Institute, 
Cary, NC, USA) by a professional statistician. 

RESULTS

A total of 1,653 patients were initially assessed. In total, 
seven patients were not eligible due to violation of inclu-
sion criteria, 17 patients had missing serum sodium lev-
els, and 159 patients were lost to follow-up. Thus, 1,470 
patients were available for the final analysis. The mean 

age was 66 years, and 67% of the patients were men, 32% 
had diabetes mellitus, 51% had hypertension, 49% had 
chronic kidney disease defined as GFR < 60 mL/min/1.73 
m2, and 45% had ischemic cardiomyopathy as the cause 
for HF.

The mean admission sodium level was 138 ± 4.7 
mmol/L and showed a unimodal distribution. Two hun-
dred forty-seven patients (16.8%) had hyponatremia at 
hospital admission. Hyponatremic patients had more 
adverse baseline characteristics including older age (68.6 
± 14.7 years vs. 65.9 ± 14.8 years, p = 0.004), and a higher 
frequency of chronic kidney disease (58.9% vs. 47.0%, 
p < 0.001). They also had a lower frequency of myocar-
dial infarction history (4.5% vs. 8.4%, p = 0.038), use of 
ACEi/ARBs (31.2 vs. 44.6%, p < 0.001), β-blocker (20.6% 
vs. 36.1%, p < 0.001), or spironolactone (29.1% vs. 37.3%, p 
= 0.050) (Table 1). In addition, on physical examination, 
hyponatremic patients had lower BP (systolic BP, 121.3 ± 
28.1 mmHg vs. 129 ± 27.4 mmHg, p < 0.001; diastolic BP, 
72.8 ± 18.3 mmHg vs. 78.8 ± 16.9 mmHg, p < 0.001). NYHA 
class did not differ between both groups (p = 0.323). The 
diuretic dose also did not differ between normonatre-
mia and hyponatremia groups (intravenous furosemide: 
34 ± 28.7 mg vs. 36.5 ± 34.3 mg, p = 0.569; oral furosemide: 
30.6 ± 21.8 mg vs. 36.4 ± 30.7 mg, p = 0.287; thiazide 18 ± 
9.8 mg vs. 13.8 ± 10.6 mg, p = 0.500; spironolactone 26.4 ± 
16.3 mg vs. 26.3 ± 15.2 mg, p = 0.583).

Clinical outcomes
Two hundred forty-seven patients (16.8%) died in the 
first 12 months. The patients who died were older (71.9 ± 
14.3 years vs. 65.2 ± 14.6 years, p < 0.001), had a lower BMI 
(22.2 ± 3.6 kg/m2 vs. 24.2 ± 4.3 kg/m2, p < 0.001), were less 
likely to be current smoker (13.8% vs. 21.8%, p = 0.004), 
and were more likely to have diabetes mellitus (40.8% 
vs. 30.6%, p = 0.002), hypertension (57.6% vs. 50.0%, p = 
0.031), chronic kidney disease (20.4% vs.10.6%, p < 0.001), 
coronary artery disease (22.9% vs. 17.4%, p = 0.047), a pre-
vious history of stroke (9.8% vs. 5.6%, p = 0.015), COPD 
(6.9% vs. 3.9%, p = 0.037), and more advanced NYHA 
class (p < 0.001). They also had lower systolic BP (122.8 
± 28.9 mmHg vs. 128.6 ± 27.3 mmHg, p = 0.004), lower 
serum sodium level (136.7 ± 5.7 mmol/L vs. 138.6 ± 4.3 
mmol/L), higher potassium level (4.4 ± 0.8 mmol/L vs. 
4.3 ± 0.6 mmol/L, p = 0.017) and lower GFR (52.8 ± 29.1 
mL/min/1.73 m2 vs. 65.9 ± 26.8 mL/min/1.73 m2) (Supple-
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Table 1. Baseline characteristics of the study population

Characteristic
Total

(n = 1,470)
Normonatremia
(n = 1,223, 83.2%)

Hyponatremia
(n = 247, 16.8%)

p value

Age, yr 66.3 ± 14.8 65.9 ± 14.8 68.6 ± 14.7 0.004

> 65 857 (58.3)   691 (56.5) 166 (67.2) 0.002

Men 977 (66.5)    823 (67.3) 154 (62.3) 0.133

Current smoker  301 (20.5)    258 (21.1)  43 (17.4) 0.190

Body mass index, kg/m2 23.9 ± 4.3 24.1 ± 4.2  22.9 ± 4.3 < 0.001

Past medical history

Diabetes mellitus 459 (32.3)    351 (29.8)   108 (44.3) < 0.001

Hypertension 728 (51.3)   607 (51.6)   121 (49.6) 0.565

Chronic kidney disease 716 (48.7)   571 (47.0)   145 (58.9) < 0.001

Dyslipidemia 169 (11.9)   144 (12.2)    25 (10.2) 0.380

Findings of coronary artery disease 261 (18.4)   218 (18.5)    43 (17.6) 0.737

Myocardial infarction 110 (7.7)    99 (8.4)   11 (4.5) 0.038

Angina 52 (3.7)   47 (4.0)    5 (2.0) 0.141

Congestive heart failure 251 (17.7)    206 (17.5)    45 (18.4) 0.730

Percutaneous coronary intervention 28 (2.0)     23 (2.0)    5 (2.0) 0.805

Coronary artery bypass grafting 15 (1.1)    11 (0.9)    4 (1.6) 0.307

Atrial fibrillation  163 (11.5)   133 (13.5)    30 (14.0) 0.829

Dilated cardiomyopathy  67 (4.7)    54 (4.6)   13 (5.3) 0.622

Valvular heart disease 58 (4.1)    45 (3.8)   13 (5.3) 0.281

Myocarditis   5 (0.4)     5 (0.5)   0 0.593

Stroke  90 (6.3)   72 (6.1)   18 (7.4) 0.464

Chronic obstructive pulmonary disease  63 (4.4)    51 (4.3)    12 (4.9) 0.688

Causes of heart failure 0.934

Ischemic 669 (45.5)    556 (45.5)   113 (45.7)

Non-ischemic  801 (54.5)    667 (54.5)   134 (54.3)

Non-ischemic causes

Valvular heart disease 178 (12.1)    145 (11.9)    33 (13.4)

Myocarditis  19 (1.3)   17 (1.4)    2 (0.8)

Dilated cardiomyopathy 393 (26.7)    325 (26.6)   68 (27.5)

Hypertensive 405 (27.6)   322 (26.3)    83 (33.6)

Unknown 243 (16.5)  200 (16.4)    43 (17.4)

Other  395 (26.9)    345 (28.2)    50 (20.2)

NYHA Functional Class 0.323

I 19 (1.8)   17 (1.9)   2 (1.3)

II  235 (22.7)   207 (23.5)   28 (18.1)

III  521 (50.3)     442 (50.2)    79 (51.0)

IV 261 (25.2)    215 (24.4)    46 (29.7)

Physical exams

Systolic blood pressure, mmHg 127.6 ± 27.7 128.9 ± 27.4 121.3 ± 28.1 < 0.001

Diastolic blood pressure, mmHg 77.8 ± 17.3 78.8 ± 16.9 72.8 ± 18.3 < 0.001

www.kjim.org


      

464 www.kjim.org

The Korean Journal of Internal Medicine Vol. 30, No. 4, July 2015

http://dx.doi.org/10.3904/kjim.2015.30.4.460

mentary Table 1). Patients who died received less ACEi 
or ARB (30.0% vs. 44.9%, p < 0.001), β-blocker (25.9% 
vs. 35.0%, p = 0.007), CCB (6.9% vs. 10.9%, p = 0.026), or 
oral furosemide (26.3% vs. 32.3%, p = 0.028), but received 
more dobutamine (13.4% vs. 7.3%, p = 0.002).

There was a “J-curve” relationship between the serum 
sodium level and 12-month mortality; patients with 
a serum sodium level of 140 mmol/L had the lowest 
12-month mortality rate, and the mortality increased in 
both directions away from 140 mmol/L (Supplementary 

Fig. 1). The 12-month mortality rate was higher in the 
hyponatremia group than normonatremia group (27.9% 
vs. 14.6%, log-rank p < 0.001) (Fig. 1A). When analyzing 
the secondary endpoints, patients with hyponatremia 
had a higher 12-month rehospitalization rate (34.0% 
vs. 26.9%, log-rank p = 0.002) (Fig. 1B), and higher com-
posite of 12-month death or rehospitalization (52.6% vs. 
37.4%, log-rank p < 0.001) (Table 2, Fig. 1C).

In the Cox proportional-hazards regression model, hy-
ponatremia was an independent predictor of 12-month 

Heart rate, beats/min 90.3 ± 24.1 89.9 ± 24.0 91.8 ± 24.5 0.166

Ejection fraction, % 30.9 ± 8.2 31.1 ± 8.1 29.9 ± 8.7 0.065

Blood urea nitrogen, mmol/L 24.8 ± 36.9 23.4 ± 38.7 31.8 ± 24.9 < 0.001

Medications

ACEi  416 (28.3) 358 (29.3)   58 (23.5) 0.172

ARB 216 (14.7) 196 (16.0)  20 (8.1) 0.006

ACEi or ARB  623 (42.4) 546 (44.6)   77 (31.2) < 0.001

Antiarrhythmic drugs  101 (6.9) 87 (7.1)   14 (5.7) 0.650

β-Blocker  492 (33.5) 441 (36.1)   51 (20.6) < 0.001

Calcium channel blocker  150 (10.2) 129 (10.5)   21 (8.5) 0.545

Digitalis  324 (22.0)  279 (22.8)   45 (18.2) 0.254

Diuretics  264 (18.0)  221 (18.1)   43 (17.4) 0.963

Intravenous furosemide  584 (39.7)  475 (38.8) 109 (44.1) 0.301

Oral furosemide  460 (31.3)  390 (31.9)  70 (28.3) 0.496

Hydrochlorothiazide  33 (2.2)  30 (2.5)    3 (1.2) 0.444

Spironolactone  528 (35.9)  456 (37.3)   72 (29.1) 0.050

Inotropic agents  270 (18.4)  210 (17.2)  60 (24.3) 0.008

Dobutamine 122 (8.3)  93 (7.6)  29 (11.7) 0.095

Dopamine 189 (12.9)  148 (12.1)   41 (16.6) 0.156

Aspirin 586 (39.9)  490 (40.1)  96 (38.9) 0.917

Heparin  190 (12.9)  144 (11.8)  46 (18.6) 0.014

Warfarin  68 (4.6) 56 (4.6)   12 (4.9) 0.881

Insulin  115 (7.8)  85 (7.0)  30 (12.1) 0.020

Nitrate 468 (31.8) 394 (32.2)   74 (30.0) 0.761

Oral nitrate  422 (28.7) 368 (30.1)   54 (21.9) 0.032

Opioid  83 (5.6) 66 (5.4)   17 (6.9) 0.648

Statins  320 (21.8)  270 (22.1)   50 (20.2) 0.795

Values are presented as mean ± SD or number (%). 
ACEi, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker. 

Table 1. Continued

Characteristic
Total

(n = 1,470)
Normonatremia
(n = 1,223, 83.2%)

Hyponatremia
(n = 247, 16.8%)

p value
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mortality with 72% increase in mortality (hazard ratio, 
1.72; 95% confidence interval, 1.12 to 2.65), along with 
current smoking, BMI, GFR, NYHA Functional Class, 
and diastolic BP (Table 3). With regard to the relation-
ship between 12-month mortality and clinical outcome, 
the mortality rate was lowest in patients with a serum 
sodium level of 140 mmol/L and increased with distance 
from 140 mmol/L. After propensity score matching for 
baseline characteristics, the data of 155 patients in each 
group were available. The primary endpoint was higher 
in the hyponatremia group than in the normonatremia 
group (28.4% vs. 18.8%, p = 0.048) (Table 4).

One hundred eighty-three patients with hyponatre-
mia survived the discharge. Among those, 56.8% showed 
improvement of hyponatremia (improved HN) at the 

hospital discharge, whereas 43.2% showed persistent 
hyponatremia (persistent HN). Change in hyponatremia 
status was not associated with improvement in clinical 
outcome (Table 5, Fig. 1D).

HF management adherence to evidence-based 
guidelines regarding hyponatremia
By defining optimal medical treatment (OMT) as the 
combined use of ACEi/ARB, β-blocker, and/or aldoste-
rone antagonists, the proportion of patients on OMT 
was only 12.8% in hyponatremia patients and 26.5% in 
normonatremia patients (p < 0.001) at index admission. 
At discharge, 33.5% of the hyponatremia patients and 
44.2% of the normonatremia patients received OMT (p 
< 0.001), demonstrating that hyponatremic patients re-
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Figure 1. Clinical outcomes based on serum sodium levels. (A) Hospitalized hyponatremic patients had a higher 12-month 
mortality rate, (B) higher 12-month rehospitalization rate, and (C) higher composite 12-month mortality and rehospitalization 
rate. The distribution of patients with normonatremia (NN), improved hyponatremia (iHN), and persistent hyponatremia (pHN) 
was 78.4%, 12.3%, and 9.3%, respectively. The 12-month postdischarge mortality was lowest in the NN group (15.9%) compared 
to iHN (29.8%) and pHN groups (30.4%). (D) The outcome did not differ between iHN and pHN groups (p = 0.620), suggesting 
that short-term changes in HN status were not associated with improved clinical outcomes. 
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ceived less OMT compared to the normonatremic pa-
tients (Supplementary Table 2).

DISCUSSION

In the present multinational, multicenter study, we 
showed that hyponatremia at admission was common 

in hospitalized Asian HF patients and was an indepen-
dent predictor of poor clinical outcomes. The correc-
tion of hyponatremia during hospital stay was not asso-
ciated with improved outcomes, and adherence to OMT 
was lower in hyponatremia HF group compared to the 
normonatremia group. To the best of our knowledge, 
this is the first study to investigate the prognostic effect 
of hyponatremia and adherence to OMT in hospitalized 

Table 2. Clinical outcomes according to serum sodium level

Variable
Total

(n = 1,470)
Normonatremia
(n = 1,223, 83.2%)

Hyponatremia
(n = 247, 16.8%)

p value

Primary endpoint

12-Month mortality 247 (16.8) 178 (14.6) 69 (27.9) < 0.001

Secondary endpoints

Death at index admission 67 (4.6) 42 (3.4) 25 (10.1) < 0.001

12-Month rehospitalization 413 (28.1) 329 (26.9)  84 (34.0)  0.023

12-Month death or rehospitalization  587 (39.9) 457 (37.4) 130 (52.6) < 0.001

30-Day after index admission

Death 70 (4.8)  46 (3.8) 24 (10.0) < 0.001

Alive  1,370 (93.2)  1,153 (96.2)  217 (90.0) < 0.001

Readmission 82 (5.6)  66 (5.4)  16 (6.5)    0.490

Death or rehospitalization  149 (10.1)  109 (9.1)  40 (16.5) < 0.001

60-Day after index admission

Death 105 (7.1)  66 (5.5) 39 (16.2) < 0.001

Alive 1,335 (90.8)  1,133 (94.5)  202 (83.8) < 0.001

Readmission 82 (5.6)  66 (5.4)  16 (6.5)    0.490

Death or rehospitalization 182 (12.4)  129 (10.8)  53 (21.9) < 0.001

Values are presented as number (%). 

Table 3. Independent predictors of 12-month mortality

Variable p value Hazard ratio 95% Confidence interval

Current smoking   0.017 0.48 0.26–0.87

Body mass index, kg/m2 < 0.001 0.89  0.84–0.94

NYHA Functional Class < 0.001 1.74  1.31–2.31

Diastolic blood pressure, mmHg    0.005 0.98  0.97–0.99

GFR, mL/min/1.73 m2 < 0.001 0.99  0.98–0.99

Hyponatremia    0.014 1.72  1.12–2.65

Cox-proportional hazard ratio, forward conditional. Variables associated with 12-month mortality with p < 0.05 were included: 
age in decade, current smoking, body mass index, diabetes mellitus, hypertension, (mL/min/1.73 m2), coronary artery disease, 
stroke, chronic obstructive pulmonary disease, NYHA Functional Class, hyponatremia, diastolic blood pressure, serum potas-
sium and use of angiotensin converting enzyme inhibitor, angiotensin receptor blocker, β-blocker, calcium channel blocker, 
oral furosemide, spironolactone or dobutamine. 
NYHA, New York Heart Association; GFR, glomerular filtration rate.
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HF-patients from three East-Asian countries.

Hyponatremia and its prognostic value
Hyponatremia was observed in 17% of the hospitalized 
HF patients. The rate was comparable that observed in 
other studies of acute decompensated HF [5-7]. Hypona-
tremic patients had unfavorable baseline characteristics, 
were less likely to receive OMT, and had worse clinical 
outcomes. The primary endpoint of 12-month mortali-
ty was 2-fold higher in the hyponatremia group than in 
the normonatremia group, and hyponatremia was asso-
ciated with worse short-term, mid-term, and long-term 
outcomes. In the Organized Program to Initiate Lifesav-
ing Treatment in Hospitalized Patients with Heart Fail-
ure (OPTIMIZE-HF) [8] and the Outcomes of a Prospec-
tive Trial of Intravenous Milrinone for Exacerbations of 
Chronic Heart Failure (OPTIME-CHF) [7], and sodium 
(per 3-mEq/L decrease from 140 mEq/L), there was an 
OR of 1.25, 1.18, and 1.10 for in-hospital mortality, 60-
day mortality, and 60 to 90 day mortality, respectively. 
In our study, hyponatremia was associated with a 72% 
increased risk for 12-month mortality. 

Hyponatremia develops slowly, paralleling the rate 
of progression of heart disease. The mechanistic expla-
nation for the development of hyponatremia in HF pa-
tients is as follows: in HF patients, the low cardiac out-
put and BP lead to (1) an increase in sympathetic tone; (2) 
activation of the renin-angiotensin-aldosterone system; 
and (3) non-osmotic release of vasopressin to preserve 
arterial blood volume and pressure [9,10]. Increased 
angiotensin II and aldosterone levels lead to decreased 
sodium and water delivery to the collecting duct, and 

result in impairment of free-water excretion and hy-
ponatremia [9]. Furthermore, angiotensin II is a potent 
thirst stimulator and releases arginine vasopressin from 
neurohypophysis promoting free water intake and re-
tention by increasing the number of aquaporin in the 
collecting duct [11,12]. Finally, the concomitant use of di-
uretics in HF patients also contributes to hyponatremia. 
Because these neurohumoral changes are related to the 
severity of HF, hyponatremia identifies a group of HF 
patients in more advanced stages, explaining the worse 
clinical outcomes.

Treatment adherence of patients in Asian HF 	
patients
The treatment strategy of hyponatremia in HF patients 
includes improvement of hemodynamics, fluid restric-
tion, and the recent use of vasopressin receptor antago-
nists [5,13-15]. ACEi and ARBs reduce the afterload and 
improve the hemodynamics [16,17], cardiac output, neu-
rohumoral parameters [18], serum sodium levels, and 
survival [16,17,19].

The American College of Cardiology/American Heart 
Association guideline recommends prescription of 
ACEi/ARB and β-blockers in all patients and aldoste-
rone antagonists in selected HF patients [20]. The pro-
portion of HF patients on OMT was only 26.5% at the in-
dex hospital admission, which reflects a low adherence 
to recommended treatment guidelines in “real world 
practice” in Asian HF-patients. The proportion of pa-
tients on OMT significantly increased to 44.2% at hos-
pital discharge, which was lower than the rate observed 
in the OPTIMIZE-HF registry where > 80% of patients 

Table 4. Clinical outcomes after propensity score matching

Variable Normonatremia (n = 154) Hyponatremia (n = 155) p value

Primary endpoint

12-Month mortality 29 (18.8)  44 (28.4) 0.048

Secondary endpoint

Death at index admission  5 (3.2) 18 (11.6) 0.005

30-Day mortality 9 (5.9) 16 (10.5) 0.149

30-Day mortality or rehospitalization  25 (16.4) 29 (18.8) 0.584

60-Day mortality 11 (7.2) 26 (17.0) 0.009

60-Day mortality or rehospitalization 27 (17.8)  37 (24.0) 0.178

Values are presented as number (%).
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received ACEi/ARBs and β-blockers. It is important to 
note that more than half of the eligible Asian patients 
remained untreated with evidence-based therapies at 
hospital discharge. Furthermore, the underuse was 
more pronounced in hyponatremic patients. It is not 
clear whether the low adherence to OMT in hyponatre-
mic patient can account for poorer clinical outcomes in 
hyponatremic patients, or whether OMT was withheld 
from hyponatremic patients because they had unfavor-
able clinical presentation. Hyponatremic HF patients 
are more susceptible to the hypotensive and azotemic 
effects of ACEi, possibly because they are more depen-
dent on neurohormones to sustain BP. Therefore the 
initiation or up-titration of ACEi is particularly difficult 
in these patients [17]. However, hyponatremia identifies 
a high-risk population that may benefit from intensive 
medical treatment, and every effort should be made to 
ensure that all eligible patients receive evidence-based 
therapy. 

Correction of hyponatremia
It is not clear, whether hyponatremia is a marker or me-
diator. In the present study, the improvement of hypo-
natremia was observed in 57% of hyponatremic patients 
during hospital stay. However, the postdischarge clini-
cal outcomes of patients with improved hyponatremia 
did not differ from those with persistent hyponatremia. 
This result was similar to that of Lee et al. [21], who also 
showed that the improvement of hyponatremia during 
hospitalization was not associated with a lower incidence 
of composite endpoint of death or rehospitalization. 
These results indicate that short-term improvement of 
hyponatremia cannot be associated with improved prog-
nosis. The post hoc analysis of the Efficacy of Vasopressin 
Antagonism in Heart Failure Outcome Study with Tol-
vaptan (EVEREST) trial demonstrated that correction of 
hyponatremia with tolvaptan improved outcomes [15]. 
Whether long-term improvement of hyponatremia is 
associated with better outcomes needs to be evaluated 
in further studies.

Table 5. Clinical outcomes based on changes in serum sodium levels

Variable
Total

(n = 848)
A. normonatremia

(n = 665, 78.4%)
B. improved HN
(n = 104, 12.3%)

C. persistent HN
(n = 79, 9.3%)

p value

Overall A vs. B B vs. C A vs. C

Primary endpoint

12-Month mortality 137 (16.2) 106 (15.9)  31 (29.8)  24 (30.4) < 0.001 < 0.001 0.933 0.001

Secondary endpoint

Death at index admission 35 (4.1)  24 (3.6)  11 (10.6) 10 (12.7) < 0.001 0.004 0.662 0.002

12-Month rehospitalization 269 (31.7)  224 (33.7)  45 (43.3) 28 (35.4) 0.162 0.057 0.284 0.755

12-Month death or  
 rehospitalization

359 (42.3)  298 (44.8)  61 (58.7)  47 (59.5) 0.003 0.009 0.909 0.013

30-Day after index admission

Death 41 (4.8) 30 (4.5)  11 (10.9)  10 (12.8) 0.002 0.008 0.691 0.006

Alive 721 (85.0)  631 (95.5)  90 (89.1) 68 (87.2) 0.002 0.008 0.691 0.006

Rehospitalization 47 (5.5)  38 (5.7)  9 (8.7) 6 (7.6) 0.437 0.234 0.781 0.453

Death or 
 rehospitalization

 87 (10.3)  67 (10.1)  20 (19.6)  16 (20.5) 0.002 0.005 0.880 0.006

60-Day after index admission

Death 57 (6.7)  41 (6.2)  16 (15.8)  16 (20.5) < 0.001 < 0.001 0.419 < 0.001

Alive 705 (83.1) 620 (93.8)  85 (84.2)  62 (79.5) < 0.001 < 0.001 0.419 < 0.001

Rehospitalization 47 (5.5)  38 (5.7)  9 (8.7) 6 (7.6) 0.437 0.234 0.781 0.453

Death or 
 rehospitalization

102 (12.0)  78 (11.8)  24 (23.5)  21 (26.9) < 0.001 0.001 0.602 < 0.001

Values are presented as number (%).
HN, hyponatremia.
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Limitations
There were several limitations in this study. Most im-
portantly, the COAST study was not a prospective, ran-
domized trial. Although we tried to adjust for signifi-
cant clinical variables and performed propensity score 
matching for the analysis, unmeasured confounding 
factors may have biased the study result. Second, the 
COAST hospitals included nine self-selected centers in 
three nations. Therefore, the patients’ management in 
each site may not be entirely representative of national 
care patterns of the participating nations and especially, 
each site or location may have a different socioeconomic 
background, medical resources, and trend for treatment. 

In conclusion, in the present multinational, multi-
center analysis, hyponatremia is common in a represen-
tative population of hospitalized HF-patients and serum 
sodium levels on admission is an important predictor of 
clinical outcomes, irrespective of whether hyponatremia 
improves during hospital stay. Furthermore, the adher-
ence to evidence-based HF treatment is low in hospi-
talized Asian HF patients, and this observation suggests 
that additional strategies are needed to encourage phy-
sicians to prescribe the necessary medications in eligi-
ble HF patients. 
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      Supplementary Table 1. Baseline characteristics according to 12-month mortality

Characteristic
Alive

(n = 1,223, 83.20%)
Death

(n = 247, 16.80%)
p value

Age, yr 65.2 ± 14.6 71.9 ± 14.3 < 0.001

   > 65 678 (55.4) 179 (72.5) < 0.001

Men 808 (66.1) 169 (68.4) 0.475

Current smoker 267 (21.8)  34 (13.8) 0.004

Body mass index, kg/m2 24.2 ± 4.3 22.2 ± 3.6 < 0.001

Past medical history 

Diabetes mellitus 359 (30.6) 100 (40.8) 0.002

Hypertension 587 (50.0) 141 (57.6) 0.031

Chronic kidney disease 553 (45.4) 163 (66.8) < 0.001

Dyslipidemia 144 (12.3)  25 (10.2) 0.367

Coronary artery disease 205 (17.4)  56 (22.9) 0.047

Myocardial infarction 84 (7.1)  26 (10.6) 0.065

Angina 43 (3.7)  9 (3.7) 0.992

Congestive heart failure 216 (18.4)  35 (14.3) 0.126

Percutaneous coronary intervention 22 (1.9)  6 (2.4) 0.611

Coronary artery bypass grafting  12 (1.0)  3 (1.2) 0.733

Atrial fibrillation  136 (14.0)  27 (11.8) 0.400

Dilated cardiomyopathy  53 (4.5) 14 (5.7) 0.419

Valvular heart disease  45 (3.8) 13 (5.3) 0.288

Myocarditis  3 (0.3)  2 (0.9) 0.242

Stroke 66 (5.6) 24 (9.8) 0.015

Chronic obstructive pulmonary disease  46 (3.9) 17 (6.9) 0.037

Causes for heart failure 0.078

Ischemic  544 (44.5) 125 (50.6)

Non-ischemic 679 (55.5) 122 (49.4)

Non-ischemic causes 0.078

Valvular heart disease 145 (11.9)  33 (13.4) 0.509

Myocarditis 17 (1.4)  2 (0.8) 0.756

Dilated cardiomyopathy 341 (27.9)  52 (21.1) 0.027

Hypertensive 324 (26.5)  81 (32.8) 0.043

Unknown 200 (16.4)  43 (17.4) 0.684

Other  328 (26.8) 67 (27.1) 0.921

NYHA Functional Class < 0.001

I 18 (2.1)  1 (0.6)

II 211 (24.3) 24 (14.3)

III 443 (51.0)  78 (46.4)

IV 196 (22.6)  65 (38.7)

Physical exam

Systolic blood pressure, mmHg 128.6 ± 27.3 122.8 ± 28.9 0.004

Diastolic blood pressure, mmHg 78.6 ± 17.2 73.8 ± 17.3 0.001

Heart rate, beats/min 90.0 ± 23.8 91.5 ± 25.6 0.416

Laboratory findings
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Sodium, mmol/L 138.6 ± 4.3 136.7 ± 5.7 < 0.001

Potassium, mmol/L 4.3 ± 0.6 4.4 ± 0.8 0.017

Glomerular filtration rate, mL/min/1.73 m2 65.9 ± 26.8 52.8 ± 29.1 < 0.001

Creatinine, umol/L 48.7 ± 48.1 28.2 ± 51.6 0.033

Blood urea nitrogen, mmol/L 36.9 ± 38.5 33.0 ± 26.3 < 0.001

Ejection fraction, % 28.2 ± 8.0 30.1 ± 8.7  0.190

Values are presented as mean ± SD or number (%).
NYHA, New York Heart Association. 

Supplementary Table 1. Continued

Characteristic
Alive

(n = 1,223, 83.20%)
Death

(n = 247, 16.80%)
p value
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Supplementary Table 2. Optimal medical treatment according to serum sodium level

Variable Admission Discharge Follow-up p valuea p valueb

All patients, %

ACEi/ARB 43.3 67.1 58.1 < 0.001 < 0.001

β-Blocker  34.2 57.3 55.0 < 0.001    0.042

Spironolactone 36.7 55.3 41.6 < 0.001 < 0.001

According to serum sodium, %

ACEi/ARB

Hyponatremia  31.8  56.8 52.4 < 0.001    0.047

Normonatremia  45.6 69.2 59.1 < 0.001 < 0.001

p value   < 0.001 < 0.001    0.130

β-Blocker

Hyponatremia  21.2 46.8  51.0 < 0.001 0.866

Normonatremia  36.9 59.4 55.8 < 0.001 0.034

p value    < 0.001 < 0.001     0.288

Spironolactone

Hyponatremia 29.8 47.5  29.9 < 0.001 < 0.001

Normonatremia 38.1 56.9  43.7 < 0.001 < 0.001

p value       0.014   0.008     0.002

Optimal treatment, %

All patients 26.5 44.2 38.6 < 0.001   0.047

Serum sodium

Normonatremia  12.8 33.5 34.7 < 0.001    0.876 

Hyponatremia  26.5 44.2 38.6 < 0.001    0.036

p value   < 0.001  0.002    0.374

ACEi, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker. 
ap value between admission and discharge.
bp value between discharge and follow-up.
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Supplementary Figure 1. 12-Month mortality according to serum sodium level in bar graph (A) and restrictive cubic spline 
transformation (B).
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