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mone systems such as the RAAS.11 Furthermore, chloride 
regulates the sodium-potassium-chloride cotransporter 
and sodium-chloride cotransporter in the kidney, and, con-
sequently, renal salt reabsorption.12,13 The impact, however, 
of serial change in serum chloride during hospitalization 
on mortality and morbidity in ADHF patients has not 
been well described. In the present study, the aim was to 
evaluate the prognostic power of serial change in serum 
chloride during hospitalization in ADHF patients.

Methods
We prospectively enrolled 293 consecutive patients with 
ADHF and emergency hospital admission, and who were 
discharged with survival between October 2011 and 

E lectrolyte abnormalities often accompany heart fail-
ure (HF) because of the activated neurohormone 
systems such as the renin-angiotensin-aldosterone 

system (RAAS) and arginine vasopressin system, and 
because of decongestive therapy with loop and thiazide 
diuretics.1 Hyponatremia has prognostic value in both 
acute decompensated HF (ADHF) and chronic HF failure 
patients.2–6 In theory, however, serum sodium does not 
decrease by itself and an anion such as serum chloride and 
bicarbonate should be lowered in parallel with serum sodium 
to maintain electroneutrality. Recently hypochloremia was 
found to have strong prognostic value in patients with 
ADHF and chronic HF, independent of hyponatremia.7–10 
Chloride has an important role in acid-base homeostasis, 
plasma electroneutrality and the activation of neumohor-
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Background:  Although hyponatremia predicts morbidity and mortality in acute decompensated heart failure (ADHF), hypochloremia 
is also independently associated with poor prognosis in ADHF. Little is known, however, about the prognostic value of serial change 
in serum chloride during hospitalization in ADHF patients.

Methods and Results:  We prospectively studied 208 ADHF survivors after discharge and divided them into 4 groups according to 
serum chloride on admission and at discharge: (1) persistent hypochloremia group (n=12), hypochloremia both on admission and at 
discharge; (2) progressive hypochloremia group (n=42), development of hypochloremia after admission; (3) improved hypochloremia 
group (n=14), hypochloremia only on admission; and (4) no hypochloremia group, no hypochloremia during hospitalization (n=140). 
During a mean follow-up period of 1.86±0.76 years, 20 of 208 patients had heart failure death (HFD). In a model adjusted for hypo-
natremia, hypochloremia both on admission and at discharge was still significantly associated with HFD. Hyponatremia, however, 
was not significantly associated with HFD after adjustment for hypochloremia. Patients with persistent hypochloremia (HR, 9.13; 95% 
CI: 2.56–32.55) and with progressive hypochloremia (HR, 4.65; 95% CI: 1.61–13.4) had a significantly greater risk of HFD than those 
without hypochloremia during hospitalization.

Conclusions:  Both persistent hypochloremia and progressive hypochloremia during hospitalization are associated with HFD in 
ADHF patients.
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inappropriate as subjects for this clinical study by primary 
physicians (n=6). Patients who had already been enrolled 
in the registry were also excluded if they were re-hospitalized 
for worsening HF (n=65). After excluding these patients, 
208 ADHF patients (mean age, 74±13 years; 116 men, 92 
women) were analyzed in the present study. ADHF was 
due to hypertensive heart disease in 60 patients, idiopathic 
dilated cardiomyopathy in 54 patients, ischemic heart 
disease in 50 patients, valvular heart disease in 23 patients, 
tachycardia-induced cardiomyopathy in 10 patients, 
hypertrophic cardiomyopathy in 5 patients, restrictive 
cardiomyopathy in 1 patient, cardiac amyloidosis in 1 
patient, congenital heart disease in 1 patient, takotsubo 

February 2014 in the present study, which is titled “Osaka 
Prefectural trial: Acute heart failure syndrome Registry 
(OPAR: UMIN 000015246)”. ADHF was diagnosed on 
clinical signs and symptoms according to the Framingham 
Heart Study criteria. These criteria require the presence of 
at least 2 major criteria or 1 major criterion in addition to 
2 minor criteria to confirm HF.14 Patients were excluded 
from this study if serum chloride was not measured at 
discharge (n=8); if they had severe valvular disease or 
coronary artery disease needing urgent operation during 
hospitalization (n=3); if they withdrew informed consent 
(n=2); if they did not have long-term prognosis because 
of terminal stage cancer (n=1); or if they were judged as 

Table 1.  Baseline Characteristics vs. Hypochloremia Status in ADHF Patients

Persistent  
hypochloremia

Progressive 
hypochloremia

Improved  
hypochloremia

No  
hypochloremia

4 groups
Progressive  

vs. No  
hypochloremia

P-value P-value

n 12 42 14 140　　
Age (years) 76 (70–85) 79 (70–84) 68 (62–78) 77 (66–83) 0.288 0.218

Gender (male) 42 52 64 57 0.643 0.600

Ischemic origin   8 24 29 22 0.632 0.835

Prior HF hospitalization 67 33 21 21 0.005 0.149

Atrial fibrillation 75 61 36 45 0.059 0.078

Hypertension 67 79 71 84 0.309 0.482

Diabetes mellitus 58 40 57 46 0.584 0.598

Dyslipidemia 42 45 29 54 0.231 0.379

Length of stay (days) 22 (17–35) 23 (17–29) 19 (18–24) 21 (18–26) 0.928 0.665

Assessment on admission

    NYHA class III/IV 2/10 6/36 2/12 19/121 0.963 1.000

  �  Nohria-Stevenson  
classification on  
admission

0.663 0.447

        Wet/warm 58 64 79 72

        Dry/cold   0   0   0   2

        Wet/cold 42 36 21 26

SBP (mmHg) 115 (99–157)   144 (129–158)   139 (115–175)   159 (138–184) 0.002 0.003

Heart rate (beats/min) 87 (68–91) 101 (84–121) 89 (85–92) 103 (84–124) 0.033 0.709

Body weight (kg) 51 (45–67) 51 (46–60) 54 (53–60) 58 (50–69) 0.118 0.021

LVEDd (mm) 52±13 51±10 53±10 54±10 0.286 0.115

LVEF 48 (32–58) 45 (33–60) 46 (41–54) 47 (37–59) 0.929 0.674

LAD (mm) 46 (39–52) 42 (37–49) 44 (41–48) 42 (38–47) 0.547 0.800

Assisted ventilation 42 24 43 36 0.364 0.141

�Medications during  
hospitalization

    Inotropic agents 25   7 14 12 0.338 0.574

    Nitrovasodilators 50 71 71 82 0.041 0.133

    Carperitide 33 48 14 39 0.162 0.371

  �  Loop diuretics  
(furosemide/azosemide)

100/0 88/12 100/0 97/3 0.129 0.039

    Loop diuretics dose (mg)   595 (409–862)   453 (326–752) 380 (42–679)   344 (229–518) 0.013 0.005

    Thiazides 58 36 29   7 <0.001　 <0.001　
    Tolvaptan   8   0   0   3 0.294 0.575

Assessment at discharge

    NYHA class I/II/III/IV 1/3/8/0 10/18/14/0 5/3/6/0 57/44/39/0 0.046 0.129

    SBP (mmHg) 105 (96–117)   111 (106–121)   124 (115–129)   115 (105–130) 0.135 0.214

    Heart rate (beats/min) 70 (60–76) 65 (58–72) 63 (60–68) 65 (58–73) 0.559 0.957

    Body weight (kg) 49 (32–63) 45 (41–55) 50 (47–52) 52 (43–61) 0.071 0.012

(Table 1 continued the next page.)
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Additionally, loop diuretic dose on admission and at dis-
charge was described as oral furosemide equivalent dose.

All patients underwent echocardiography and venous 
blood sampling during hospitalization. On echocardiogra-
phy, LV end-diastolic dimension (LVEDd), LV end-systolic 
dimension (LVESd), left atrial (LA) dimension and LVEF 
were measured by standard techniques. Blood sampling 
for assessment of complete blood count, serum sodium, 
potassium, chloride, creatinine, blood urea nitrogen (BUN), 
uric acid, albumin and brain natriuretic peptide, was drawn 
from an i.v. cannula after the patients had rested for 
>30 min in the supine position. Estimated glomerular fil-
tration rate (eGFR) was calculated using the modified 
isotope dilution mass spectrometry traceable modification 
of diet in renal disease (IDMS-MDRD) study equation 
with a Japanese coefficient.17

cardiomyopathy in 1 patient, cor pulmonale in 1 patient 
and catecholamine-induced cardiomyopathy in 1 patient. 
The New York Heart Association (NYHA) functional 
class was III in 29 patients and IV in 179 patients. Mean left 
ventricular ejection fraction (LVEF) was 47±15%. All 
patients gave written informed consent for participation in 
this study, which was approved by the Osaka General 
Medical Center’s Review Committee. This study conformed 
to the ethical guidelines outlined in the Declaration of 
Helsinki.15

For analysis, we assessed total loop diuretic dose dur-
ing hospitalization, which was converted to furosemide 
equivalent i.v. dose. We considered 60 mg azosemide to 
be equivalent to 40 mg oral furosemide. No patient took 
torasemide in the present study. Half of the oral dose was 
used to make an adjustment for biological availability.16 

Persistent  
hypochloremia

Progressive 
hypochloremia

Improved  
hypochloremia

No  
hypochloremia

4 groups
Progressive  

vs. No  
hypochloremia

P-value P-value

Medications at discharge

    ACEI 33 21 29 29 0.758 0.431

    ARB   8 14 43 34 0.017 0.016

    β-blocker 92 86 79 91 0.392 0.375

    Spironolactone 58 50 43 36 0.212 0.107

    Diuretics 83 95 57 84 0.009 0.072

        Loop diuretics 83 95 57 83 0.010 0.046

        Furosemide/azosemide 92/8 86/14 86/14 91/9 0.540 0.540

    �    Loop diuretics dose  
(mg/day)

40 (20–60)　　 40 (20–40)　　 20 (0–40)　　　　 20 (20–40)　 0.005 0.002

        Thiazides 42 26   0   6 <0.001　 <0.001　
        Tolvaptan   0   0   0   1 1.000 1.000

Laboratory data on admission

    Sodium (mmol/L) 135 (133–136) 138 (136–141) 133 (130–137)  140 (137–141) <0.001　 0.282

    Potassium (mmol/L) 4.4 (3.6–4.8)　 4.3 (3.7–4.7)　 4.2 (3.8–4.3)　 4.1 (3.7–4.5) 0.718 0.341

    Chloride (mmol/L) 93 (92–94)　　 103 (99–105)　　 96 (94–97)　　  104 (102–106) <0.001　 0.020

    Hemoglobin (g/dL) 11.5±1.7 11.3±2.4 12.3±2.7 11.9±2.5 0.395 0.184

    Creatinine (mg/dL) 1.88  
(1.49–2.41)

1.20  
(0.74–1.59)

1.24  
(0.95–4.46)

1.16  
(0.83–1.71)

0.032 0.450

    eGFR (mL/min/1.73 m2) 23 (18–32)　　 41 (26–66)　　 44 (12–55)　　 43 (27–60)　 0.018 0.457

    BUN (mg/dL) 57 (24–62)　　 27 (18–41)　　 25 (17–35)　　 24 (17–33)　 0.072 0.345

    Uric acid (mg/dL) 7.3 (5.8–7.5)　  7.1 (6.2–10.1) 5.0 (3.7–7.5)　 6.9 (5.5–8.8) 0.259 0.292

    Albumin (mg/dL) 3.5 (3.1–3.8)　 3.5 (3.2–3.7)　 3.6 (3.3–3.8)　 3.5 (3.2–3.8) 0.749 0.353

    BNP (pg/mL) 519  
(210–1,193)

1,000  
(410–1,847)

1,190  
(667–1,888)

851  
(492–1,582) 0.464 0.940

Laboratory data at discharge

    Sodium (mmol/L) 133 (132–134) 137 (133–139) 139 (135–140)  139 (137–141) <0.001　 <0.001　
    Potassium (mmol/L) 4.5 (4.1–4.8)　 4.1 (3.8–4.6)　 4.3 (3.8–4.7)　 4.2 (3.9–4.5) 0.499 0.529

    Chloride (mmol/L) 94 (93–96)　　 95 (92–97)　　 101 (99–102)　　  102 (100–104) <0.001　 <0.001　
    Hemoglobin (g/dL) 11.3±1.7 11.7±2.3 11.0±1.6 11.7±2.4 0.917 0.930

    Creatinine (mg/dL) 2.10  
(1.49–2.57)

1.16  
(0.76–1.74)

1.13  
(0.93–2.24)

1.13  
(0.87–1.63)

0.036 0.554

    eGFR (mL/min/1.73 m2) 24 (17–29)　　 44 (24–65)　　 46 (22–61)　　 46 (30–58)　 0.012 0.665

    BUN (mg/dL) 47 (33–67)　　 27 (19–44)　　 19 (17–26)　　 25 (18–34)　 <0.001　 0.326

    Uric acid (mg/dL) 7.5 (5.4–9.2)　 7.3 (5.4–9.0)　 5.7 (4.4–6.9)　 6.8 (6.0–8.3)   0.0504 0.902

    Albumin (mg/dL) 3.4 (2.9–3.8)　 3.4 (3.1–3.6)　 3.4 (3.2–3.5)　 3.4 (3.0–3.7) 0.988 0.927

    BNP (pg/mL) 324 (140–420) 252 (82–393)　　 352 (164–566)  182 (101–319) 0.309 0.418

Data given as mean ± SD, or median (IQR) or %. ACEI, angiotensin-converting enzyme inhibitor; ADHF, acute decompensated heart failure; 
ARB, angiotensin receptor blocker; BMI, body mass index; BNP, brain natriuretic peptide; BUN, blood urea nitrogen; eGFR, estimated glomer-
ular filtration rate; HF, heart failure; LAD, left atrial dimension; LVEDd, left ventricular end-diastolic dimension; LVEF, left ventricular ejection 
fraction; NYHA, New York Heart Association; SBP, systolic blood pressure.
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Statistical Analysis
Student’s t-test and one-way analysis of variance were used 
to compare differences in continuous variables. Normally 
distributed data are presented as mean ± SD; non-normally 
distributed data are presented as median (IQR), and 
Mann-Whitney test and Kruskal-Wallis rank sum test 
were used. Fisher’s exact test was used to compare differ-
ences in categorical variables. Cumulative event rates were 
calculated using the Kaplan-Meier method. Comparison 
of event-free survival rates between groups was assessed 
using 2-sided log-rank test. Cox proportional hazards 
regression models were used to identify patients at risk of 
HFD and to calculate the multivariate-adjusted hazard 
ratios (HR) and 95% CI. Logistic regression analysis was 
used to estimate the association of hypochloremia on 
admission and at discharge with a number of variables and 
to calculate the multivariate-adjusted odds ratios (OR) and 
95% CI in ADHF patients. All data were analyzed using 
EZR version 1.03 (Saitama Medical Center, Jichi Medical 

Patients were divided into 4 groups according to serum 
chloride level on admission and at discharge: (1) persistent 
hypochloremia group with hypochloremia both on admis-
sion and at discharge; (2) progressive hypochloremia group 
with the development of hypochloremia after admission; 
(3) improved hypochloremia group with hypochloremia 
only on admission but not at discharge; and (4) no hypo-
chloremia group, with no hypochloremia during hospi-
talization. Hypochloremia was defined as serum chloride 
<98 mmol/L, the lower limit of normal range. Hyponatremia 
was defined as serum sodium <136 mmol/L, consistent 
with a previously published definition.18

After discharge, all patients were followed up in the 
present HF unit at least every 1 or 2 months. The primary 
endpoint of this study was HF death (HFD). HFD was 
defined as death resulting from a deterioration of conges-
tive HF, with progression of congestive symptoms. We 
also checked for non-cardiovascular death and all-cause 
death.

Table 2.  Baseline Characteristics vs. HFD Status in ADHF Patients

With HFD Without HFD P-value

n 20 188　　
Age (years) 78 (74–84) 76 (67–83) 0.252

Gender (male) 60 55 0.814

Ischemic origin 30 21 0.398

Prior HF hospitalization 40 25 0.182

Atrial fibrillation 55 44 0.477

Hypertension 65 83 0.068

Diabetes mellitus 35 47 0.350

Dyslipidemia 45 51 0.815

Length of stay (days) 28 (18–40) 21 (17–26) 0.053

Assessment on admission

    NYHA class III/IV 4/16 25/163 0.493

    Nohria-Stevenson classification on admission 1.000

        Wet/warm 70 70

        Dry/cold   0   1

        Wet/cold 30 29

    SBP (mmHg)   129 (106–144)   156 (134–181) <0.001　
    Heart rate (beats/min) 89 (76–99) 102 (84–121) 0.031

    Body weight (kg) 51 (46–53) 58 (49–67) 0.007

    LVEDd (mm) 54±11 53±10 0.717

    LVEF 43 (25–53) 48 (37–60) 0.030

    LAD (mm) 43 (38–48) 42 (38–48) 0.816

Assisted ventilation 30 35 0.806

Medication during hospitalization

    Inotropic agents 25 11 0.073

    Nitrovasodilators 55 80 0.021

    Carperitide 40 38 1.000

    Loop diuretics (furosemide/azosemide) 100/0 95/5 1.000

    Loop diuretics dose (mg)      671 (507–1,028)   360 (229–531) <0.001　
    Thiazides 55 13 <0.001　
    Tolvaptan   5   2 0.385

Assessment at discharge

    NYHA class I/II/III/IV 0/4/16/0 73/64/51/0 <0.001　
    SBP (mmHg) 106 (96–115)   115 (105–129) 0.018

    Heart rate (beats/min) 68 (64–75) 64 (58–72) 0.059

    Body weight (kg) 44 (39–49) 51 (43–61) 0.004

(Table 2 continued the next page.)



Circulation Journal  Vol.82,  April  2018

1045Serial Change in Serum Chloride Predicts HFD

seen with regard to NYHA class, prevalence of angiotensin 
II receptor blocker (ARB) and diuretics use, serum sodium, 
creatinine, and BUN, and eGFR. In particular, patients 
with progressive hypochloremia had significantly lower 
SBP on admission, lower prevalence of ARB use at dis-
charge, greater loop diuretic dose and prevalence of thia-
zide use during hospitalization, compared with patients 
without hypochloremia.

With regard to serum sodium, 43 and 51 of 208 patients 
had hyponatremia on admission and at discharge, respec-
tively. Hyponatremia was observed in 16 of 26 patients 
with admission hypochloremia, and in 28 of 54 patients 
with discharge hypochloremia. Serum chloride and sodium 
decreased during hospitalization in 137 and in 101 of the 
208 patients, respectively. Although both serum chloride 
and sodium decreased during hospitalization in 80 patients, 
only serum chloride and only sodium decreased in 57 and 
in 21 patients, respectively. More patients had a decrease 
in only serum chloride during hospitalization compared 
with those with only serum sodium decrease (42% vs. 21%, 
P=0.0001).

During a follow-up period of 1.86±0.76 years (range, 
0.05–3.39 years). HFD was observed in 20 of 208 ADHF 
patients, while death from non-cardiovascular cause was 

University, Saitama, Japan).19 P<0.05 was considered sta-
tistically significant.

Results
Of the 208 patients, hypochloremia was seen in 26 on 
admission and in 54 at discharge, that is, 12 patients in the 
persistent hypochloremia group, 42 patients in the progres-
sive hypochloremia group, 14 in the improved hypochlo-
remia group and 140 in the no hypochloremia group. 
Baseline characteristics in the ADHF patients are listed in 
Table 1. There were no significant differences in baseline 
characteristics such as age, gender, ischemic origin, atrial 
fibrillation (AF), hypertension, diabetes mellitus, length of 
stay, LVEDd, LA dimension or LVEF between these 4 
groups, except for prior hospitalization for HF. As for 
admission parameters, statistically significant differences 
between the groups were seen with regard to systolic blood 
pressure (SBP), serum sodium and creatinine, and eGFR. 
With regard to medication during hospitalization, statisti-
cally significant differences between the groups were seen 
with regard to the use of nitrovasodilators, thiazides, and 
loop diuretic dose. With regard to discharge parameters, 
statistically significant differences between the groups were 

With HFD Without HFD P-value

Medications at discharge

    ACEI 15 29 0.291

    ARB 20 30 0.444

    β-blocker 85 90 0.451

    Spironolactone 55 39 0.230

    Diuretics 95 83 0.211

        Loop diuretics 95 82 0.209

        Furosemide/azosemide 90/10 90/10 1.000

        Loop diuretics dose (mg/day) 40 (20–40)　 20 (20–40) 0.018

        Thiazides 40   9 <0.001　
        Tolvaptan   0   1 1.000

Laboratory data on admission

    Sodium (mmol/L)  137 (134–138)   139 (136–141) 0.007

    Potassium (mmol/L) 4.4 (3.8–4.8)  4.1 (3.7–4.5) 0.221

    Chloride (mmol/L) 100 (97–104)　   103 (100–106) 0.040

    Hemoglobin (g/dL) 10.3±1.7　　 11.9±2.5 0.005

    Creatinine (mg/dL)   1.86 (1.33–2.48)    1.17 (0.81–1.69) 0.014

    eGFR (mL/min/1.73 m2) 25 (15–40)　 43 (27–60) 0.014

    BUN (mg/dL) 46 (25–59)　 24 (17–36) <0.001　
    Uric acid (mg/dL) 8.5 (6.6–9.5)  6.8 (5.3–8.7) 0.186

    Albumin (mg/dL) 3.4 (3.0–3.5)  3.5 (3.2–3.8) 0.044

    BNP (pg/mL)     676 (475–1,820)      886 (449–1,601) 0.858

Laboratory data at discharge

    Sodium (mmol/L)  136 (133–139)   139 (136–141) 0.033

    Potassium (mmol/L) 4.2 (3.8–4.5)  4.2 (3.9–4.5) 0.856

    Chloride (mmol/L)  97 (92–100) 101 (98–103) 0.002

    Hemoglobin (g/dL) 9.8±1.7 11.8±2.2 <0.001　
    Creatinine (mg/dL)   1.58 (1.18–2.91)    1.12 (0.85–1.67) 0.035

    eGFR (mL/min/1.73 m2) 28 (15–43)　 46 (29–58) 0.034

    BUN (mg/dL) 33 (26–53)　 25 (18–37) 0.045

    Uric acid (mg/dL) 7.4 (3.9–8.9)  6.8 (5.8–8.3) 0.736

    Albumin (mg/dL) 3.1 (2.7–3.4)  3.4 (3.0–3.7) 0.008

    BNP (pg/mL)  302 (194–697) 189 (99–360) 0.011

Data given as mean ± SD, median (IQR) or %. HFD, HF death. Other abbreviations as in Table 1.
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101 mmol/L; IQR, 99–103 mmol/L, P=0.033).
On univariate Cox proportional hazard analysis, serum 

chloride on admission and at discharge, SBP and heart rate 
on admission, LVEF, prevalence of nitrovasodilators and 
loop diuretics dose during hospitalization, NYHA class at 
discharge, prevalence of angiotensin-converting enzyme 
inhibitor or ARB, hemoglobin level and serum BUN, albu-
min and eGFR on admission were significantly associated 
with HFD, while there were no significant associations 
between HFD and age, NYHA class on admission, prior 
hospitalization for worsening HF, presence of AF, body 
mass index, serum creatinine level or serum uric acid level. 
In a model adjusted for hyponatremia, both hypochlore-
mia on admission (C-index, 0.592; 95% CI: 0.516–0.668) 
and on discharge (C-index, 0.722; 95% CI: 0.606–0.838) 
were still significantly associated with HFD (Table 3). 
Regarding all-cause death, hypochloremia at discharge 
was also significantly associated with all-cause death after 
adjustment for hyponatremia (C-index, 0.609; 95% CI: 

observed in 22 patients (cancer in 6, infection in 11, respira-
tory insufficiency in 3, hepatic cirrhosis in 1 and age-related 
causes in 1 patient). Furthermore, 11 patients had sudden 
cardiac death and 3 patients had cerebrovascular death. In 
total, 56 of 208 patients died. Baseline characteristics in 
ADHF patients according to HFD status are listed in 
Table 2. Patients with HFD had significantly lower SBP 
and LVEF, higher NYHA class at discharge, loop diuretics 
dose and prevalence of thiazide, lower hemoglobin, serum 
sodium, albumin and eGFR, higher serum creatinine and 
BUN than those without HFD. With regard to serum 
chloride, patients with HFD had significantly lower serum 
chloride both on admission and at discharge than those 
without HFD. In contrast, there were no significant differ-
ences in serum chloride both on admission and at discharge 
between patients with and without non-cardiovascular 
death. Furthermore, median serum chloride at discharge 
was significantly lower in patients with than in those without 
all-cause death (99 mmol/L; IQR, 95–103 mmol/L vs. 

Table 3.  Indicators of HFD in ADHF Patients

Univariate analysis

P-value HR (95% CI)

SBP 0.001 0.974 (0.959–0.989)

Heart rate 0.017 0.977 (0.958–0.996)

LVEF 0.009 0.961 (0.933–0.99)　　
Nitrovasodilators during hospitalization 0.018 0.346 (0.143–0.836)

Loop diuretics dose during hospitalization <0.001　 1.001 (1.001–1.002)

NYHA class at discharge <0.001　   6.813 (2.605–17.820)

ACEI or ARB 0.022 0.326 (0.125–0.849)

Diuretics 0.210   3.619 (0.484–27.090)

Laboratory data on admission

    Sodium 0.017 0.908 (0.838–0.983)

    Chloride 0.035 0.916 (0.845–0.994)

    Hemoglobin 0.004 0.768 (0.642–0.920)

    Creatinine 0.159 1.148 (0.947–1.392)

    eGFR 0.009 0.970 (0.949–0.992)

    BUN <0.001　 1.046 (1.026–1.068)

    Albumin 0.021 0.404 (0.187–0.873)

Laboratory data at discharge

    Sodium 0.032 0.891 (0.802–0.990)

    Chloride <0.001　 0.863 (0.795–0.935)

    eGFR 0.031 0.977 (0.956–0.998)

Models with hyponatremia on admission

    Hypochloremia 0.012 3.484 (1.323–9.179)

    Hyponatremia 0.269 1.777 (0.641–4.919)

Model with hyponatremia at discharge

    Hypochloremia 0.008   3.880 (1.424–10.570)

    Hyponatremia 0.457 1.453 (0.543–3.890)

Model with eGFR on admission

    Hypochloremia 0.043 2.914 (1.035–8.207)

    eGFR 0.008 0.966 (0.941–0.991)

Model with eGFR at discharge

    Hypochloremia 0.001   4.634 (1.805–11.900)

    eGFR 0.035 0.975 (0.953–0.998)

Models with loop diuretics at discharge

    Hypochloremia 0.002   4.190 (1.693–10.370)

    Diuretics 0.369   2.539 (0.333–19.380)

Abbreviations as in Tables 1,2.
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HR, 9.13; 95% CI: 2.56–32.55) and those with progressive 
hypochloremia (P=0.002; HR, 4.65; 95% CI: 1.61–13.4) 
had a significantly greater risk of HFD than those without 
hypochloremia during hospitalization (Figure 1). In con-
trast, there was no difference in non-cardiovascular death 
between these groups (persistent hypochloremia group, 
1/12 patients, 8%; progressive hypochloremia group, 6/42 
patients, 14%; improved hypochloremia group, 2/14 patients, 

0.540–0.678).
HFD was observed in 4 of 12 patients (20.98 per 100 

person-years) in the persistent hypochloremia group; in 8 
of 42 (10.99 per 100 person-years) in the progressive hypo-
chloremia group; in 2 of 14 (7.43 per 100 person-years) in 
the improved hypochloremia group; and in 6 of 140 (2.23 
per 100 person-years) in the no hypochloremia group. 
Both patients with persistent hypochloremia (P<0.0001; 

Figure 1.    Heart failure death-free rate according to hypochloremia status on admission and at discharge in acute decompensated 
heart failure patients.

Figure 2.    All-cause death-free rate according to hypochloremia status on admission and at discharge in acute decompensated 
heart failure patients.
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and water reabsorption, resulting in abnormal renal loss of 
sodium and chloride, which might be modified by anti-HF 
therapy with diuretics. Many ADHF patients have limita-
tion of salt intake as part of ADHF therapy. They there-
fore have water gain because of the decreased sodium 
chloride intake, and also decreased excretion of free water 
due to increased non-osmotic and baroreceptor-mediated 
arginine vasopressin release.17,22 Serum chloride and 
sodium, however, could be lowered asymmetrically in HF 
patients.23 In the present study, 57 (44%) of 130 patients 
with a decrease in serum chloride showed no simultaneous 
decrease in serum sodium, and 16 (38%) of 42 patients with 
progressive hypochloremia did not have decrease in serum 
sodium during hospitalization, suggesting that change in 
serum chloride is independent of change in serum sodium. 
Radulović et al reported that increased in-hospital mortal-
ity was observed in ADHF patients with hypochloremia/
normonatremia but not in those with normochloremia/
hyponatremia.24 Mechanisms that specifically decrease 
serum chloride might be more important. Chloride is a 
buffer for cations, including acid and sodium, and plays an 
important role in the function of the kidney to excrete salt 
and water, therefore chloride has a broader homeostatic 
role than sodium. Thus, chloride might have superior 
prognostic value to sodium in ADHF.

In the present study, serial change in serum chloride also 
had great significance in the prognosis of ADHF. Patients 
with progressive hypochloremia as well as those with per-
sistent hypochloremia had a significantly greater risk of 
HFD than those without hypochloremia. ADHF patients 
with progressive hypochloremia required a higher dose of 
loop diuretics than those without hypochloremia, and the 
dose of loop diuretics was significantly associated with 
hypochloremia at discharge on multivariate logistic regres-
sion analysis. Loop diuretic use at discharge is related to 
adverse outcome in ADHF patients.25 Hypochloremia at 
discharge might reflect the chronic use of higher loop 
diuretic dose, which could be responsible for poor clinical 
prognosis in ADHF patients. Thus, electrolyte imbalance 
after treatment could have prognostic significance in 
ADHF patients.

Serial change in serum chloride could be influenced by 
salt intake and diuretics. Given that we provided dietary 

14%; and no hypochloremia group, 13/140 patients, 9%). 
Regarding all-cause death, both patients with persistent 
hypochloremia (P=0.001, HR, 3.63; 95% CI: 1.58–8.32) 
and those with progressive hypochloremia (P=0.016, HR, 
2.10; 95% CI: 1.14–3.90) had a significantly greater risk of 
all-cause death than those without hypochloremia during 
hospitalization (Figure 2).

On multivariate logistic regression analysis, AF, loop 
diuretics dose at discharge and serum sodium were inde-
pendently associated with hypochloremia at discharge 
(Table 4).

Discussion
This study has shown that hypochloremia not only on 
admission but also at discharge is a predictor of HFD in 
ADHF patients. Hyponatremia, however, had no prog-
nostic value in predicting HFD after adjustment for hypo-
chloremia. Almost a quarter of ADHF patients had newly 
developed hypochloremia during hospitalization. Impor-
tantly, hypochloremia that progressed after admission was 
associated with a several-fold increased risk of HFD, as 
was persistent hypochloremia.

Chloride is responsible for modulation of renin secretion 
and tubular glomerular feedback.11,20 Recent studies have 
identified a family of specific serine-threonine kinases 
called With-No-Lysine (WNK). WNK plays an essential 
role in regulating the actions of the RAAS and the trans-
porters on which loop and thiazide diuretics work.12,13,21 
Chloride seems to bind directly to the active site of WNK 
and inhibit WNK autophosphorylation, which decreases 
the availability of the sodium-potassium-chloride cotrans-
porter and sodium-chloride cotransporter.12,21 Sensing of 
hypochloride by WNK causes upregulation of the sodium-
potassium-chloride cotransporter, exacerbates renal salt 
reabsorption and then attenuates the effect of loop diuret-
ics. Thus, patients with hypochloremia might have acti-
vated RAAS and then difficulty in treatment with diuretics.

The prognostic power of hypochloremia to predict HFD 
was superior to that of hyponatremia in the present study. 
Both serum chloride and sodium could be lowered by sev-
eral mechanisms. Patients with HF have exacerbated RAAS 
and a pleotropic effect of excess angiotensin II on renal salt 

Table 4.  Indicators of Hypochloremia at Discharge in ADHF Patients

Univariate analysis Multivariate analysis

P-value OR (95% CI) P-value OR (95% CI)

Prior hospitalization 0.006 2.520 (1.300–4.900) – –

Atrial fibrillation 0.013 2.260 (1.190–4.310) 0.044 2.180 (1.020–4.650)

SBP <0.001　 0.983 (0.973–0.993) – –

Medications at discharge

    ACEI or ARB 0.004 0.386 (0.203–0.732) – –

    Spironolactone 0.048 1.880 (1.010–3.530) – –

    Diuretics 0.047 3.020 (1.010–9.030) – –

    Diuretics dose <0.001　 1.030 (1.010–1.050) 0.047 1.020 (1.000–1.040)

Laboratory at discharge

    Sodium <0.001　 0.727 (0.651–0.813) <0.001　 0.736 (0.657–0.825)

    Creatinine 0.620 1.040 (0.896–1.200)

    eGFR 0.542 0.996 (0.985–1.010)

    BUN 0.003 1.030 (1.010–1.040) – –

Abbreviations as in Table 1.
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Conclusions
Both persistent hypochloremia and progressive hypo-
chloremia were associated with a greater risk of HFD in 
ADHF patients. Hyponatremia was not significantly asso-
ciated with HFD after adjustment for hypochloremia.
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