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Abstract

Aim: To explore the relationship between the serum sodium level on admission and
all-cause mortality in HF patients.

Design: A single-center retrospective cohort study.

Methods: Patients hospitalized with HF at the Heart Failure Center, Fuwai Hospital,
from November 2008 to November 2018 were enrolled.

Results: A total of 3649 patients were included, and the mean sodium level was
137.19 +4.36 mmol/L, with a range from 115.6 to 160.9 mmol/L. During a median
follow-up of 1101 days, mortality occurred in 1413 (38.7%) hospital survivors. After
adjustment for age, sex, and other potential confounders, patients with sodium levels
<135 mmol/L (hazard ratio [HR]: 1.67; 95% confidence interval [CI]: 1.29-2.16) and
135-137 mmol/L (HR: 1.34; 95% Cl: 1.01-1.78) had an increased risk of all-cause mor-

tality compared to those with sodium levels of 139-141 mmol/L.

KEYWORDS
heart failure, risk factor for mortality, serum sodium

monitoring, and providing patient care as well as improving out-

Heart failure (HF) is a clinical syndrome in which the structure
and/or function of the heart is abnormal due to multiple causes.
Data from the China Hypertension Survey (CHS) show that 1.3%
of the Chinese adult population aged 235years had HF. It has
been emphasized that nurses play an important role in assessing,

comes in HF (Bjornsdottir et al., 2021; Ordéfez-Piedra et al., 2021,
Sezgin et al., 2017; Yang et al., 2020; Zhang et al., 2020). However,
more advanced and intensive care means greater burdens on nurses
and other care-givers. In consequence, it is important to screen for
the HF patients who need more advanced care exactly for improv-
ing both the efficiency of nursing care and the prognosis of HF.
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Abnormal admission sodium levels are the most common electrolyte
disturbances in HF patients (Hao et al., 2019). Hyponatremia, de-
fined as serum sodium lower than 135mmol/L, can be caused by an
increase in arginine vasopressin (AVP), the use of loop diuretics, the
control of sodium salt intake, and other factors that can induce over-
activation of the neurohormonal system (Adrogué, 2017; Farmakis
et al., 2009). The results from the Outcomes of a Prospective Trial
of Intravenous Milrinone for Exacerbations of Chronic Heart Failure
(OPTIMIZE-HF) registry showed that 19.7% of HF patients had
serum sodium values below 135 mmol/L (Gheorghiade et al., 2007).
The China Heart Failure Registry Study (China-HF) showed that the
incidence of hyponatremia in hospitalized HF patients in China is
14.8% (Zhang et al., 2017). Research has shown that hyponatremia
at admission is an independent predictor of increased mortality in
patients with HF (Breen et al., 2020; Gheorghiade et al., 2007; Hiki
et al.,, 2018; Klein et al., 2005). Hypernatremia refers to a serum
sodium level higher than 145mmol/L and is often accompanied by
an increase in blood osmotic pressure. The main reasons include
impaired fluid intake, excessive fluid loss, and neurological deficits
(Adrogué & Madias, 2000). Hypernatremia is less common in HF pa-
tients, but previous research has shown that it is associated with
poor prognosis (Shorr et al., 2011; Vicent et al., 2020). Recent re-
search in America showed that hypernatremia on admission to the
cardiac intensive care unit is associated with increased short-term
and long-term mortality (Breen et al., 2020). Research on predictors
of adverse events such as death and readmission in HF patients will
help in making corresponding clinical decisions for people with HF,
reduce patient mortality, and improve prognosis. Whether a nar-
rower range of sodium values impacts outcomes in HF warrants fur-
ther investigation. As a result, this study was designed to assess the
effect of admission serum sodium levels on all-cause post-discharge
mortality in hospitalized patients with HF to further provide a reli-

able method for accessing patients in nursing practice.

2 | METHODS

2.1 | Study population

The study population consisted of patients admitted to the HF care
unit (HFCU) of Fuwai Hospital from November 2008 to November

Sodium

Interval 1 (hyponatremia)

Interval 2 (lower level of normal serum sodium levels)
Interval 3

Interval 4 (reference interval)

Interval 5

Interval 6

Interval 7 (hypernatremia)

2018 who were diagnosed with heart failure during hospital admis-
sion.The diagnostic criteria for HF refer to the “Chinese HF Diagnosis
and Treatment Guideline” (Chinese Society of Cardiology & The
Editorial Board of Chinese Journal of Cardiology, 2014). The diagno-
sis of each patient was confirmed by two cardiologists. For patients
who had been hospitalized several times, the first in-hospital data
were used. Patients who died during hospitalization were excluded
from the study.

Abnormal serum sodium levels were defined as serum so-
dium levels lower than 135mmol/L (hyponatremia) or higher than
145mmol/L (hypernatremia). The study population was divided
into seven groups based on the serum sodium level at admission:
Na<135mmol/L, 135<Na<137mmol/L, 137 <Na<139mmol/L,
139 <Na< 141 mmol/L (reference interval), 141 <Na< 143 mmol/L,
143 <Na<145mmol/L and Na> 145 mmol/L (Table 1).

2.2 | Baseline study variable measurements
Comorbidities (hypertension and diabetes mellitus) were di-
agnosed according to the World Health Organization (WHO)
International Classification of Disease (ICD). Blood samples for
laboratory tests were collected via the cubital vein at 6 a.m. on
the morning after patients were admitted to the HFCU to achieve
an overnight fasting state. Serum sodium levels were measured
using the indirect ion-selective electrode method in the clinical
laboratory of Fuwai Hospital. Left ventricular ejection fraction
(LVEF) was measured by transthoracic echocardiogram according
to the modified Simpson method. The estimated glomerular filtra-
tion rate (eGFR) was calculated using the Modification of Diet in
Renal Disease equation from baseline serum creatinine levels (Ma
et al,, 2006).

2.3 | Outcomes and follow-up

The outcome for the analysis was all-cause mortality. Outcome data
were collected through routine follow-up, either by outpatient visits
or phone calls. After discharge, patients were routinely followed up
by outpatient visits or phone calls at 1, 6, and 12months and then
annually if they survived more than 1year.

TABLE 1 Predefined serum sodium

Serum sodium R
interval.

concentration

<135mmol/L

135-137 mmol/L
137-139 mmol/L
139-141 mmol/L
141-143mmol/L
143-145mmol/L
>145mmol/L
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2.4 | Statistical analysis

Measurement variables are expressed as the mean values +
standard deviation (SD) or median (first quartile [Q1], third quar-
tile [Q3]) according to distribution. Categorical variables are pre-
sented as numbers (percentages). Measurement variables were
compared using one-way ANOVA or the Kruskal-Wallis H (K) test.
Categorical variables were compared using the chi-square test.
The Kaplan-Meier method was used to estimate all-cause mortal-
ity in the hospital survivors stratified by baseline serum sodium
levels. Cox proportional hazards regression models were used to
examine the association between all-cause death and the seven
categorical baseline serum sodium levels. Multivariable linear re-
gression analyses were applied after adjusting covariates as fol-
lows: model 1 was adjusted for age and sex; model 2 was adjusted
for age, sex, body mass index (BMI), hypertension, diabetes mel-
litus, smoking history, drinking history, alanine aminotransferase
(ALT), aspartate transaminase (AST), eGFR, abnormal serum po-
tassium level (serum potassium <3.5 or >5.5mmol/L), N-terminal
pro-brain natriuretic peptide (NT-proBNP), New York Heart
Association (NYHA) functional class IV, LVEF, and pharmacother-
apy. Restricted cubic spline (RCS) multivariable Cox regression
analysis was used to show the relationship between serum sodium
as continuous variables and mortality. All data management and
analyses were performed using SAS version 9.4 (SAS Institute) and
R version 4.0.2 (The R Foundation, Vienna, Austria).

3 | RESULTS

3.1 | Baseline characteristics

A total of 3649 HF patients were ultimately included in the analysis
of this study (Figure S1) and the baseline characteristics of individu-
als included and individuals lost to follow-up are shown in Table S1.
The mean age of the patients was 56.9 + 15.83 years, and 71.2% were
male (2599/3649). HF patients with NYHA functional class IV symp-
toms accounted for 24.1% (878/3649) of the study population. The
LVEF of the patients was 41.04+14.67%. At admission, the mean
serum sodium level was 137.19 +4.36 mmol/L, and the range was
115.6 to 160.9mmol/L. The distribution of baseline serum sodium
values of the study population is shown in Figure 1. Patients with
normal serum sodium (135mmol/L<serum sodium <145 mmol/L)
accounted for 74.2% (2709/3649) of the study population, while
patients with abnormal serum sodium levels accounted for 25.8%
(940/3649). Regarding abnormal serum sodium levels, patients with
hyponatremia (serum sodium <135mmol/L) accounted for 24.3%
(887/3649) of the study population, and patients with hyperna-
tremia (serum sodium >145mmol/L) accounted for 1.5% (53/3649).
Of the patients included in this analysis, 20.3% (741/3649) had
sodium levels within the reference range of 139-141mmol/L. The
baseline characteristics of the included HF patients grouped by ad-
mission serum sodium level are listed in Table 2.

Open Access,
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FIGURE 1 Distribution of baseline serum sodium values of the
study population.

3.2 | Abnormal serum sodium levels and all-
cause mortality

During a median follow-up of 1101days, all-cause mortality oc-
curred in 1413 (38.7%) hospital survivors. In Kaplan-Meier analysis,
hospital survivors with abnormal admission serum sodium levels had
lower survival than those with normal admission serum sodium lev-
els (p<0.01 by log-rank) (Figure S2). In unadjusted Cox analysis, ab-
normal serum sodium levels were associated with an increased risk
of all-cause mortality (hazard ratio [HR]: 1.82, 95% confidence inter-
val [Cl]: 1.64-2.03; p<0.01) compared with normal serum sodium
levels. After adjusting for age and sex, the hazard ratio was 1.78 (Cl:
1.60-1.99; p<0.01), and after adjusting for age, sex, and other con-
founders, the hazard ratio of abnormal serum sodium levels was 1.58
(Cl: 1.32-1.89; p<0.01) (Table 3).

To confirm that the findings were robust to potential confound-
ers, stratified analyses were conducted by subgroups defined by
covariates that had been demonstrated to have a major role in af-
fecting the outcome of heart failure, including sex, age, BMI, hyper-
tension, diabetes mellitus, eGFR, NYHA functional class, and LVEF.
All of these analyses were adjusted for age, sex, BMI, hypertension,
diabetes mellitus, smoking history, drinking history, ALT, AST, eGFR,
abnormal serum potassium level, NT-proBNP, NYHA functional class
IV, LVEF, and pharmacotherapy except for the covariate, which was
stratified. The associations of normal and abnormal serum sodium
with all-cause mortality were present in all examined subgroups and
revealed a highly consistent pattern: the risk for all-cause mortality
increased with abnormal serum sodium regardless of the subgroup
(all p for interaction >0.05) (Figure 2). The Kaplan-Meier survival
curves of the subgroups are shown in Figure S3.
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TABLE 3 Hazard ratios for mortality associated with abnormal serum sodium level in patients with heart failure.

Crude Model-1 Model-2
HR (95% ClI) p-Value HR (95% CI) p-Value HR (95% ClI) p-Value
Abnormal serum sodium level 1.82(1.64,2.03) <0.001 1.78 (1.6, 1.99) <0.001 1.58(1.32, 1.89) <0.001

Note: The risk of all-cause mortality in patients with abnormal sodium level (<135 mmol/L or> 145 mmol/L) was examined with normal sodium
level (135-145mmol/L) as reference. The model 1 is adjusted for age and sex. The model 2 is adjusted for age, sex, BMI, hypertension, diabetes
mellitus, smoking history, drinking history, ALT, AST, eGFR, abnormal serum potassium level, NT-proBNP, NYHA Functional Class IV, LVEF, and
pharmacotherapy.

Normal Abnormal HR (95%Cl) P for
Serum Na, n(%) Serum Na, n(%) interaction

Overall

Crude 2079 (74.2) 940 (25.8) 1.82 (1.64,2.03) -

Adjusted 1.58 (1.32,1.89) i
Sex 0.29
Male 1948 (71.9) 651 (69.3) 1.43 (1.14,1.78) ——
Female 761 (28.1) 289 (30.7) 1.8 (1.3,2.5) ——
Age 260 0.99
No 1457 (53.8) 466 (49.6) 1.38 (1.05,1.82) ——
Yes 1252 (46.2) 474 (50.4) 1.62 (1.27,2.07) ——
Obesity 0.47
No 2173 (88.5) 738 (93.1) 1.58 (1.31,1.9) ——
Yes 281 (11.5) 55 (6.9) 2.18 (1.09,4.37) .,
Hypertension 0.68
No 1304 (48.1) 554 (58.9) 1.58 (1.25,2.01) ——
Yes 1405 (51.9) 386 (41.1) 1.51(1.13,2.01) ——
Diabetes Mellitus 0.79
No 1929 (71.2) 658 (70.0) 1.63 (1.31,2.02) ——
Yes 780 (28.8) 282 (30.0) 1.51(1.07,2.13) ——
eGFR <60 0.32
No 2003 (73.9) 598 (63.6) 1.54 (1.22,1.93) ——
Yes 706 (26.1) 342 (36.4) 1.53 (1.14,2.05) ——
NYHA IV 0.19
No 2179 (80.4) 592 (63.0) 1.74 (1.38,2.19) ——
Yes 530 (19.6) 348 (37.0) 1.46 (1.09,1.97) ——
LVEF <40 0.806
No 1294 (50.4) 392 (44.7) 1.55 (1.15,2.1) —_—
Yes 1273 (49.6) 484 (55.3) 1.47 (1.17,1.85) ——

I 1 I 1 I I
0.5 1 2 3 4 5

HR (95%)

FIGURE 2 Subgroup analyses of hazard ratios (95% confidence intervals) associated with mortality associated with abnormal serum sodium
levels. The model adjusted for age, sex, BMI, hypertension, diabetes mellitus, smoking history, drinking history, ALT, AST, eGFR, abnormal
serum potassium level, NT-proBNP, NYHA functional class IV, LVEF, and pharmacotherapy except for the covariate, which was stratified.

3.3 | Association between baseline sodium 3.4 | Association between baseline sodium

level and all-cause mortality—RCS

In unadjusted RCS analyses, there was a U-shaped relationship be-
tween serum sodium level and mortality risk. The lowest hazard
ratio for mortality was 140.5 mmol/L sodium, with an increase in risk
with both higher and lower sodium levels (Figure 3a). In the spline
analyses adjusted for age and sex, the lowest hazard ratio for mor-
tality was 140.5 mmol/L sodium (Figure 3b), while when adjusted for
age, sex, and other potential confounders, the lowest hazard ratio
was 140.2 mmol/L sodium (Figure 3c).

level and all-cause mortality—Survival rates

Based on the results of RCS analyses, patients were further strati-
fied into seven groups according to serum sodium levels, and pa-
tients with serum sodium within the 139-141mmol/L range were
taken as the reference. Kaplan-Meier analysis demonstrated that
patients with serum sodium <135mmol/L had the lowest survival
rate. Compared with patients with serum sodium within the 139-
141 mmol/L range, both patients with serum sodium <135 mmol/L
and those with serum sodium between 135 and 147 mmol/L had a
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FIGURE 3 Restricted cubic spline curve showing the adjusted hazard ratios for all-cause mortality as a function of baseline serum
sodium level. (a) Unadjusted: 140.5 mmol/L was associated with the lowest risk of mortality. (b) Adjusted for age and sex: 140.5 mmol/L was
associated with the lowest risk of mortality. (c) Adjusted for age, sex, BMI, hypertension, diabetes mellitus, smoking history, drinking history,
ALT, AST, eGFR, abnormal serum potassium level, NT-proBNP, NYHA functional class IV, LVEF and pharmacotherapy: 140.2 mmol/L was

associated with the lowest risk of mortality.

— Na < 135 mmol/L (P<0.01)

—135 < Na< 137 mmol/L (P<0.01)

—137 < Na < 139 mmol/L (P=0.37)

—139 < Na < 141 mmol/L (Reference)
141 < Na < 143 mmol/L (P=0.75)

—143 < Na < 145 mmol/L (P=0.61)

— Na > 145 mmol/L (P<0.36)

FIGURE 4 Kaplan-Meier chart of
probability of survival among the different
serum sodium levels. Maximal follow-up
survival of seven groups: Na< 135 mmol/L
(hyponatremia), 135 <Na< 137 mmol/L,
137<Na<139mmol/L,

139 <Na< 141 mmol/L (reference

interval), 141 <Na<143mmol/L, 143<Na
<145mmol/L, and Na> 145 mmol/L
(hypernatremia).

100
& 75;
2
)
3
o 501
(-3
®
2
2
S 25+
(7]
0.
0 1 2 3 4 5 6 7
Time (Years)
Number at risk
<135 mmol/L 887 595 466 349 268 224 176 140
135~137 mmol/L 607 475 356 277 207 169 135 111
137~139 mmol/L 730 614 488 355 239 202 149 107
139~141 mmol/L 741 639 529 392 274 202 156 109
141~143 mmol/L 453 386 321 247 174 127 96 67
143~145mmol/L 178 156 124 93 69 47 33 21
>145mmol/lL 53 43 33 27 20 11 7 5

lower survival rate (Figure 4). However, no significant difference in
the survival rate was noted between patients with serum sodium
>145mmol/L and patients with serum sodium between 139 and
141 mmol/L (Figure 4).

3.5 | Association between baseline sodium
level and all-cause mortality—Cox regression

The results of the Cox proportional hazards regression analysis of
all-cause death and serum sodium level with 139-141 mmol/L as the

9 10 M
85 32 4
42 19 1
47 26 1
49 26 3
28 13 1
11 4 0

1 0 0

reference are shown in Table 4. Unadjusted Cox analysis showed
that patients with serum sodium <135mmol/L (HR: 2.12, 95% ClI:
1.81-2.48; p<0.01) had a significantly higher risk of all-cause mor-
tality than those with a serum sodium level of 139-141 mmol/L.
In the multivariable analysis adjusted for age, sex, and other po-
tential confounders, the risk of mortality remained increased in
patients with serum sodium <135mmol/L (HR: 1.67, 95% Cl: 1.29-
1.16; p<0.01). Moreover, patients with levels at the lower end of
the normal serum sodium range (Na 135-137 mmol/L) were also at
higher risk of all-cause mortality than those with values between
139 and 141 mmol/L after adjusting for age, sex, and other potential
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TABLE 4 Hazard ratios for mortality associated with serum sodium levels in patients with heart failure.

Model-1 Model-2

HR (95% ClI) p-Value HR (95% ClI) p-Value
2.05(1.75,2.41) <0.001 1.67 (1.29,2.16) <0.001
1.46(1.22,1.75) <0.001 1.34(1.01, 1.78) 0.042
1.11(0.92,1.33) 0.266 0.94(0.71,1.25) 0.676

1 (Reference) - 1 (Reference) -

0.95(0.77,1.18) 0.666 0.96 (0.68, 1.35) 0.827
1.06 (0.8, 1.42) 0.682 0.93(0.58, 1.47) 0.745
1.28(0.8, 2.05) 0.298 1.6 (0.85, 3.03) 0.146

Crude

HR (95% ClI) p-Value
Na<135mmol/L 2.12(1.81,2.48) <0.001
135<Na<137mmol/L 1.49 (1.24,1.78) <0.001
137 <Na< 139 mmol/L 1.11(0.93,1.34) 0.243
139 <Na< 141 mmol/L 1 (Reference) -
141<Na<143mmol/L 0.96 (0.78, 1.19) 0.725
143 <Nas145mmol/L 1.09 (0.82, 1.46) 0.543
Na>145mmol/L 1.32(0.83, 2.11) 0.245

Note: The reference interval is represented by the sodium interval 139-141 mmol/L. The model 1 is adjusted for age and sex. The model 2 is adjusted
for age, sex, BMI, hypertension, diabetes mellitus, smoking history, drinking history, ALT, AST, eGFR, abnormal serum potassium level, NT-proBNP,

NYHA Functional Class IV, LVEF, and pharmacotherapy.

confounders (HR:1.46, 95% Cl: 1.22-1.75; p<0.01). However, the
differences in the risk of all-cause mortality between patients with
hypernatremia and with serum sodium between 139 and 141 mmol/L

were not found to be statistically significant.

4 | DISCUSSION

4.1 | HFinChina

The China Hypertension Survey (2012-2015) shows that there was
an increase in the prevalence of HF in China, and among Chinese
adults aged 235years, the weighted prevalence of HF was 1.3%
(Hao et al., 2019). With the increasing longevity of the Chinese
population, HF has become one of the most prominent public health
problems in China due to its high mortality, readmission rate, and
medical expenses. In this study, the mean age of the patients was
56.9+15.83years, 71.2% were male (2599/3649), and 24.1% were
in NYHA functional class IV (878/3649). The China Patient-centered
Evaluative Assessment of Cardiac Events Retrospective Study of
Heart Failure (China PEACE 5r-HF study) shows that the average
age of Chinese patients hospitalized with HF was 73 [65, 80] years,
48.9% were women, and 30.9% were in NYHA functional class IV (Yu
et al., 2019). China-HF research shows that compared with HF pa-
tients in developed countries such as Europe and the United States,
patients with HF in China are characterized by a low age of onset, poor
risk factor control, and poor compliance (Zhang et al., 2017). Research
on predictors of adverse events such as death and readmission in HF
patients will help in making corresponding clinical decisions for peo-

ple with HF, reducing patient mortality, and improving prognosis.
4.2 | Mechanism of abnormal serum sodium levels
in HF patients

Abnormal serum sodium is one of the most common types of elec-
trolyte disorders in patients with HF. Furthermore, abnormal AVP

regulation is one of the most common causes of hyponatremia in HF
patients (Anderson et al., 1985). In the early stages of HF, affected
by factors such as reduced blood pressure and blood volume, the
baroreceptors located at the left ventricle, carotid sinus, aortic arch,
and renal arteriole received less stimulation, leading to sympathetic
nerve excitement, renin-angiotensin-aldosterone system (RAAS) ac-
tivation, and the release of AVP from the posterior pituitary. As a
result, an excess of aldosterone leads to sodium retention and ex-
tracellular fluid increase, causing peripheral edema but not hypona-
tremia. However, in advanced stages of HF, insufficient perfusion
causes renal insufficiency, and the increase in AVP levels in the body
leads to increased renal reabsorption of water and levels of angio-
tensin and aldosterone. This results in reduced sodium and water de-
livery to the renal collecting tubule. Coupled with resistance to the
effects of natriuretic peptides, the use of potent diuretics, and strict
salt limitation, hyponatremia is induced or exacerbated in patients
(Fonarow et al., 2007; Mullens et al., 2017; Schrier & Abraham, 1999;
Urso et al., 2015). Hypernatremia in patients with HF is related to
the use of diuretics. Sufficient volume balance cannot be maintained
in the patients because free water is removed by diuretics. At the
same time, multiple organ dysfunction in patients with advanced HF,
damage to the thirst center caused by age-dependent degradation
of the brainstem osmotic receptors and improper volume manage-
ment during hospitalization can also cause hypernatremia (Adrogué
& Madias, 2000; Sterns, 2015).

4.3 | Prevalence of abnormal serum sodium levels
in HF patients

Epidemiological studies report that the prevalence of hyponatremia
is between 11% and 27% in heart failure patients (Bavishi et al., 2014;
Cuffe et al.,, 2002; Gheorghiade et al., 2007; Hiki et al., 2018;
Rusinaru et al., 2012; Zhang et al., 2017). In this study, the preva-
lence of hyponatremia was 24.3%. Although both studies focused on
Chinese heart failure patients, the prevalence in the current study
was higher than that in China-HF research (13.1%). The reason may
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be that the patients in our HF care unit tend to have more complex
conditions. Hypernatremia is much less common than hyponatremia
in HF patients. Research has shown that the prevalence of hyperna-
tremia ranges from 3.3% to 10.2% in HF patients (Breen et al., 2020;
Polcwiartek et al., 2018). The prevalence of hypernatremia in this
research was 1.5%, which is lower than that in other research. This
may be caused by the exclusion of patients who died during hos-
pitalization, as hypernatremia has been reported to contribute to a

higher risk of in-hospital mortality (Breen et al., 2020).

4.4 | Abnormal serum sodium levels and
risk of morality

The results of previous research have shown that hyponatremia is an
independent predictor of poor prognosis in hospitalized HF patients
and is related to a prolonged hospital stay, increased long-term mor-
tality after discharge, and high readmission rates (Bavishi et al., 2014;
Gheorghiade et al., 2007; Klein et al., 2005). There are relatively few
reports about the prognosis of HF patients with hypernatremia.
However, a few studies have shown that hypernatremia can also
lead to increased mortality in hospitalized patients with HF (Breen
etal., 2020; Deubner et al., 2012; Gheorghiade et al., 2007; Kovesdy
etal., 2012).

In this study, abnormal serum sodium levels were associated
with a significantly greater risk of all-cause mortality than normal
serum sodium levels in multivariable adjusted models. The associa-
tions remained consistent in subgroups of patients stratified by sex,
age, BMI, hypertension, diabetes mellitus, eGFR, NYHA functional
class, and LVEF. Furthermore, RCS analyses showed that there was
a U-shaped relationship between serum sodium levels and mortality
risk. The lowest hazard ratio for mortality was 140.5 mmol/L sodium
in unadjusted analysis, 140.5 mmol/L sodium after adjusting for age
and sex, and 140.2 mmol/L sodium after adjusting for age, sex, and
other potential confounders. Our data were in line with other pub-
lications focusing on serum sodium levels in heart failure patients
(Deubner et al., 2012; Kovesdy et al., 2012). In addition, patients
with serum sodium <135 mmol/L and with serum sodium between
135 and 137 mmol/L had a significantly higher risk of all-cause mor-
tality than those with Na between 139 and 141 mmol/L. This result
suggested a narrower optimum serum level for heart failure patients.

However, hypernatremia was not found to be a predictor of
mortality in this research, possibly because of the small sample size.
Nevertheless, recent research showed that although less common in
heart failure patients, hypernatremia was associated with in-hospital
morality (Breen et al., 2020), whereas patients who died during the
hospital stay were excluded in this study. Hypernatremia may be
a marker of worse renal failure, altered mental status, preexisting
neurologic dysfunction or aggravation of other conditions, which
increases the risk of in-hospital death or short-term death. On the
other hand, whether hypernatremia is an independent risk factor for
long-term mortality and whether correction of hypernatremia could
reduce the risk of long-term mortality need to be further verified.

Serum sodium ions are one of the most abundant cations in ex-
tracellular fluid. Serum sodium ions are important for maintaining
extracellular fluid volume, regulating acid-base balance, maintain-
ing normal osmotic pressure, and regulating maintenance of the
cell membrane potential and other physiological functions of cells.
When the serum sodium concentration is lower than the intracellu-
lar sodium concentration, extracellular water enters the cell by os-
motic pressure gradient effects, resulting in cell swelling (Reynolds
et al., 2006). In contrast, intracellular water is pushed into the ex-
tracellular space during hypernatremia, causing cellular dehydration
(Adrogué & Madias, 2000). However, the mechanisms underlying
the association between serum sodium concentration and long-
term mortality remain unclear. As serum sodium concentration is
related to renal insufficiency, an imbalance in circulating blood vol-
ume and circulating AVP levels (Khan et al., 2016; Packer et al., 1987;
Palmer, 2015), it is possible that abnormal serum sodium concen-
tration may be a marker of underlying disease severity. At the same
time, whether treatment focusing on correcting the sodium level

would be beneficial remains to be further investigated.

4.5 | Nursing care and HF

Previous research show that nursing care plays an important role
in the management of HF. A systematic review focusing on effec-
tiveness of nursing interventions showed that advanced practice
nurse interventions imply a reduction in the number of hospital
readmissions and an improvement in the quality of life of HF pa-
tients (Ordonez-Piedra et al., 2021). A randomized controlled study
showed that nursing care conducted for the HF patients may im-
prove the life quality (Zhang et al., 2020). More importantly, out-
patient nursing support in HF patients has gradually been valued
recently (Kitagawa et al., 2022; @stergaard et al., 2021; Taniguchi
et al., 2021). Meanwhile, stratifying high-risk patients is of great
importance as caring HF patients has been proved associated with
healthcare burden (Jackson et al., 2018). This study illustrated that
both HF patients with hyponatremia and lower end of the normal
serum sodium range (135-137mmol/L) at admission had an in-
creased long-term risk of all-cause death. This result indicates that
not only patients with hyponatremia but also with lower end of the
normal serum sodium range need more intensive and advanced
nursing care in hospital and even need strengthened nursing sup-

port after discharge.

4.6 | Limitations

This study certainly has some limitations. First, the study is a single-
center study, which may affect the extrapolation of the results.
Second, this study has some limitations common to all retrospec-
tive cohort studies, such as unmeasured residual confounding fac-
tors that could partially or completely explain the observed findings.
Third, there were 863 individuals lost to follow-up, which may cause
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bias. Fourth, data on serum chloride were not always available in this
study, so the risk interaction between serum sodium and chloride
was not investigated. Fifth, serum sodium fluctuations were not ob-
tained in our patient population, and we were unable to investigate
the association between the change in serum sodium concentra-
tion and mortality. Sixth, cause-specific mortality was not available
in our study, and therefore, only all-cause mortality was taken into
consideration. Seventh, we set all-cause mortality as the endpoint.
However, the influence of serum sodium on hospitalization time and
HF rehospitalization may also be of clinical significance.

In summary, serum sodium abnormalities (including hyponatre-
mia and hypernatremia) are common types of electrolyte abnor-
malities in hospitalized HF patients. Serum sodium abnormalities at
admission independently predict all-cause mortality in hospitalized
HF patients. In addition, levels in the lower end of the normal serum
sodium range (135-137 mmol/L) at admission were associated with
an increased long-term risk of all-cause mortality.

5 | CONCLUSION

Serum sodium levels below 135mmol/L and in the lower end of the
normal serum sodium range (135-137 mmol/L) at admission were as-
sociated with an increased long-term risk of all-cause death in hos-
pitalized HF patients.

5.1 | Implications of the findings for nursing
research and practice

It is suggested that HF patients with hyponatremia and lower normal
serum sodium levels at admission are at higher risk of all-cause death
and need to be closely monitored and receive more intensive levels

of care.
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