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Key Summary Points

Aim This study aimed to explore the prevalence and the in-hospital mortality of hyponatremia in older inpatients who were
diagnosed and treated at a single center.

Findings Nearly a quarter of older inpatients presented with hyponatremia, which was most frequently associated with
common primary diseases such as respiratory diseases, tumors, cardiovascular diseases, central nervous system diseases,
and orthopedic diseases. Patients were most likely to use drugs such as PPIs, loop diuretics, potassium-preserving diuretics,
ACEIs/ARBs, thiazide diuretics and NSAIDs, which were often associated with hyponatremia. The in-hospital mortality
rate among patients with hyponatremia was 11.7%, and this rate increased with the severity of the disorder.

Message Early mobilisation on the day of/after surgery should be added as a new formal hip fracture standard of care in
keeping with best international practice.

Abstract

Purpose This study aimed to explore the incidence, clinical features, etiology, and mortality of hyponatremia in older inpa-
tients and thus provide preliminary data for an epidemiological study.

Methods Hospitalized older patients diagnosed with hyponatremia at the First Medical Center of PLA General Hospital dur-
ing January 2013-December 2016 were stratified by serum sodium concentrations into mild (130-< 135 mmol/L), moderate
(125-< 130 mmol/L) and severe hyponatremia groups (< 125 mmol/L). Etiologies, medication histories, hospitalization
times, and outcomes were analyzed.

Results During the indicated period, 4364 older patients with hyponatremia were hospitalized, including 2934 men and 1430
women with an average age of 84.6 +3.5 years (range 80-104 years). The prevalence of hyponatremia was 24.7%. An analy-
sis of common primary diseases identified respiratory diseases as the most frequent (25.0%), followed by tumors (23.1%),
cardiovascular diseases (19.9%), central nervous system diseases (8.9%), and orthopedic diseases (6.1%). PPIs (59.7%), loop
diuretics (57.4%), potassium-preserving diuretics (29.5%), ACEIs/ARBs (20.0%), thiazide diuretics (12.5%), and NSAIDs
(12.4%) were the drugs most commonly associated with hyponatremia. The in-hospital mortality rate was 11.7%. Aggravated
hyponatremia led to a prolonged hospitalization time. Moreover, when compared with mild hyponatremia, moderate and
severe hyponatremia were associated with significant increases in in-hospital mortality (ORs 1.89 and 2.66, respectively;
95% CIs 1.54-2.33 and 2.06-3.43, respectively; P<0.01).

Conclusions Hyponatremia is a common complication in hospitalized older patients and is caused mainly by respiratory
diseases, tumors, and cardiovascular diseases. Given the correlation between the degree of hyponatremia and prognosis, the
early and accurate identification and treatment of this condition can reduce the associated morbidity and mortality.
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Abbreviations
ACEIs/ARBs Angiotensin-converting enzyme inhibitor/

angiotensin II receptor blocker

ADH Abnormal antidiuretic hormone
BMI Body mass index
CAH Community-acquired hyponatremia

CI Confidence interval

HAH Hospital-acquired hyponatremia

NSAIDs Non-steroidal anti-inflammatory drugs

OR Odds ratio

PPIs Proton pump inhibitor

SD Standard deviation

SIADH Syndrome of inappropriate antidiuretic
hormone secretion

SNRIs Serotonin-norepinephrine re-uptake
inhibitors

SSRIs Selective serotonin reuptake inhibitors

Introduction

Hyponatremia is a clinical condition characterized by a
serum sodium concentration of < 135 mmol/L, regardless
of changes in the extracellular fluid volume. This is the com-
mon electrolyte disorder observed in clinical settings [1-4],
with incidences ranging from 15 to 30% among hospitalized
patients [5]. Hyponatremia is particularly common among
older people [6, 7]. Previously, a high incidence of hypona-
tremia in older patients was attributed mainly to the follow-
ing factors: increased prevalence of comorbidities, frequent
use of drugs that may lead to hyponatremia, age-related
changes in homeostasis, and cognitive dysfunction [8].

It is recognized that severe hyponatraemia can be symp-
tomatic and life threatening. In most cases, hyponatraemia is
mild and asymptomatic; however, recent evidence shows that
mild chronic ‘asymptomatic’ hyponatraemia, particularly in
an older population, may contribute to impaired cognition
[9], increased risk of falls and fractures [10, 11]. Winzeler
et al. found that serum sodium was positively correlated with
mortality, and serum sodium < 125 mmol/L was significantly
correlated with 1-year mortality, recurrence rate of hypona-
tremia, and readmission rate [12]. Gomez-Hoyos et al. found
that hyponatremia is associated with increased mortality and
morbidity [13]. However, there is still some debate over how
much of the increased risk of death is directly attributable to
hyponatraemia, and how much is due to under-lying disease.

Considering the aging of the population, the increased
susceptibility to electrolyte disturbances and the increased
incidence rate associated with hyponatremia in old people,
hyponatremia is of increasing importance. At present, there
is no study providing the frequency of hyponatremia in older
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inpatients for general medical conditions in China. In our
study, we conducted a retrospective analysis of hyponatremia
in older inpatients (age > 80 years) in a general hospital
(the First Medical Center of PLA General Hospital). These
analyses encompassed community-acquired hyponatremia
(CAH) and hospital-acquired hyponatremia (HAH). The
purpose of our study is to explore the prevalence, mortality,
etiology, disease characteristics, and prognosis of hypona-
tremia in older inpatients, so as to provide more valuable
reference for clinical medical workers.

Methods

Our study is a descriptive and retrospective analysis of
inpatient medical records. The First Medical Center of PLA
General Hospital, which is a 3000 bed tertiary teaching hos-
pital and 165 clinical and medical technology departments,
provides care to a economically diverse population within
the northern part of China and the surrounding region.
We searched the laboratory database of inpatients in the
hospital to identify all patients with hyponatremia (serum
sodium < 135 mmol/L). We analyzed the serum sodium
level of all patients, and corrected the serum sodium value
of the patients with hyperglycemia or hyperlipidemia before
entering the group [14], so as to exclude the patients with
pseudohyponatremia.

From January 2013 to December 2016, 17,693 older
patients (age > 80 years) were hospitalized at the First Med-
ical Center of PLA General Hospital. All patients under-
went a serum electrolyte analysis, and hyponatremia was
diagnosed in patients with a serum sodium concentration
of < 135 mmol/L. During the indicated time period, 4364
older patients with hyponatremia were hospitalized at our
institution, including 2934 men and 1430 women with
an average age of 84.6 +3.5 years (range 80-104 years).
These patients were subsequently classified according to
the serum sodium concentration at admission into mild
(>130-< 135 mmol/L), moderate (> 125-< 130 mmol/L)
and severe hyponatremia groups (< 125 mmol/L). On fur-
ther analysis of patients with hyponatremia, those with
blood sodium < 135 mmol/L within 24 h after admission
were defined as having CAH, and the patients with blood
sodium < 135 mmol/L within 24 h after admission were
defined as having HAH.

For all patients, the age, sex, body mass index, hospitali-
zation time, minimum blood sodium concentration, symp-
toms related to hyponatremia, history of primary diseases
and medication use, diagnosis and prognosis were recorded.
Prognoses were classified as a cure, improvement, unhealed
or death. Informed consent was provided by all patients. The
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study protocol was reviewed and approved by the Ethics
Committee of The First Medical Center of PLA General
Hospital.

The results of univariate analyses are expressed as
means + SDs. Independent sample ¢ tests and chi-square
tests were used for bivariate analyses, while an analysis of
variance (ANOVA) was used for all comparisons involving
more than two groups. A P value <0.05 was considered sta-
tistically significant. Data were analyzed using SPSS 19.0
statistical software (IBM Corp., Armonk, NY, USA).

Results
Patient characteristics

The characteristics of the included patients are presented
in Table 1. In our study, the overall prevalence of hypona-
tremia among older hospitalized patients admitted during
the study period was 24.7% (4364/17,693). Among patients
with hyponatremia, 2882 cases (66.0%) were classified as
mild hyponatremia, of which 1958 (67.9%) and 924 cases
(32.1%) involved men and women, respectively. The overall
prevalence of mild hyponatremia was 16.3% (2882/17,693).
Additionally, 1037 cases (23.8%) were classified as moderate

Table 1 General clinical data of each group of hospitalised older patients

hyponatremia, of which 695 (67.0%) and 342 cases (33.0%)
involved men and women, respectively. The overall preva-
lence of moderate hyponatremia was 5.9% (1037/17,693).
A further 445 cases (10.2%) were classified as severe
hyponatremia, of which 281 (63.2%) and 164 cases (36.9%)
involved men and women, respectively. The overall preva-
lence of severe hyponatremia was 2.5% (445/17,693). The
groups did not differ significantly with respect to the sex
distribution.

Compared to the mild hyponatremia group, the moderate
hyponatremia group had a significantly higher age, while the
severe hyponatremia group had a significantly higher age
and BMI. The severe hyponatremia group also had a signifi-
cantly higher BMI than the moderate hyponatremia group.
As expected, the blood sodium level decreased gradually
with the increasing exacerbation of hyponatremia (Table 1).

According to the clinical manifestations of patients with
hyponatremia (such as blood pressure, pulse, urine output,
skin elasticity, color and temperature changes), we divided
them into three subtypes (hypovolemic, euvolemic, and
hypervolemic). Euvolemic hyponatremia was the most com-
mon subtype in each group; however, there was no signifi-
cant difference among the subtypes (Table 1).

In our study, 2097 patients had CAH; the prevalence
was 11.9% (2097/17,693), 2267 patients had HAH and the

Mild hyponatremia
group (N=2882)

Moderate hyponatremia
group (N=1037)

Severe hyponatremia
group (N=445)

Total (N=4364)

Male [n (%)] 1958 (67.9)
Female [n (%)] 924 (32.1)
Age, years (mean +SD) 84.4+3.5
BMI, kg/m? (mean + SD) 22.4+4.8
Blood sodium level, mmol/L (mean + SD) 132.8+14
Hyponatremia subtypes
CAH [n (%)] 1220 (42.3)
HAH [n (%)] 1662 (57.7)
Classification
Hypovolemia [n (%)] 308 (10.9)
Euvolemia [n (%)] 1788 (63.4)
Hypervolemia [n (%)] 724 (25.7)
Others [n (%)] 62 (2.2)
Hospital outcome
Hospitalisation time, days (mean + SD) 25.2+43.2
Cure [n (%)] 610 (21.2)
Improvement [n (%)] 1984 (68.8)
Unhealed [n (%)] 31(1.1)
Death [n (%)] 257 (8.9)

695 (67.0) 281 (63.2) 2934 (67.2)
342 (33.0) 164 (36.9) 1430 (32.8)
84.9+3.7% 84.8+3.5% 84.6+3.5
22.1+4.1 21.5+4.2%* 22.2+4.6
127.8 +1.4% 120.9 +4.1+ 130.4+4.3
594 (57.3)* 283 (63.6)** 2097 (48.1)
443 (42.7)* 162 (36.4)** 2267 (51.9)
133 (13.1) 62 (13.9) 503 (11.7)
635 (62.3) 271 (60.9) 2694 (62.9)
251 (24.6) 112 (25.2) 1087 (25.4)
18 (1.7) 0 (0.0 80 (1.8)
39.3+70.8% 50.4 +78.8+* 31.1+56.0
167 (16.1)* 68 (15.3)* 845 (19.4)
695 (67.0) 277 (62.3)* 2956 (67.7)
13 (1.3) 8 (1.8) 52(1.2)
162 (15.6)* 92 (20.7)* 511 (11.7)

BMI body mass index, SD standard deviation, CAH community-acquired hyponatremia, HAH hospital-acquired hyponatremia

*P <0.05, comparison with mild hyponatremia group

#P <0.05, comparison with moderate hyponatremia group
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prevalence was 12.8% (2267/17,693). With the aggravation
of hyponatremia, the proportion of CAH increased and the
proportion of HAH decreased (Table 1).

Distribution of primary diseases in each group

The results of an analysis of primary diseases is presented
in Table 2. In our study, respiratory diseases were the most
common primary diseases reported in older patients with
hyponatremia (25.0%), followed by tumors (23.1%), cardio-
vascular diseases (19.9%), central nervous system diseases
(8.9%), and orthopedic diseases (6.1%). In our study, pulmo-
nary infection accounted for nearly all cases of respiratory
disease (90.9%), lung cancer was the most common type of
tumor (23.2%), heart failure accounted for more than three
quarters of cardiovascular disease cases (81.7%), while
cerebral infarction accounted for more than half of central
nervous system diseases (52.2%) and fracture was the most
common in orthopedic diseases (84.6%).

We considered the diagnosis of syndrome of inappropri-
ate antidiuretic hormone secretion (SIADH) based on five
criteria [15]:

1. Decreased effective osmolality of the extracellular fluid
(Posm <275 mOsmol/kg H,0).

2. Inappropriate urinary concentration (Uosm > 100 mOs-
mol/kg H,O with normal renal function) at some level
of plasma hypo-osmolality.

3. Clinical euvolemia, as defined by the absence of signs
of hypovolemia (orthostasis, tachycardia, decreased skin
turgor, dry mucous membranes) or hypervolemia (sub-
cutaneous edema, ascites).

4. Elevated urinary sodium excretion (>20-30 mmol/L)
under normal salt and water intake.

5. Absence of other potential causes of euvolemic hypo-
osmolality: severe hypothyroidism, hypocortisolism.

Among the patients with hyponatremia, 1240 patients
(28.4%) met the diagnostic criteria of SIADH. The most
common causes of SIADH were respiratory diseases
(n=731, 59.0%), followed by malignant tumors (n =357,
28.8%) and central nervous system diseases (n =128,
10.3%).

Clinical application of drugs in each group

We counted the drugs used during hospitalization in
patients, which were often associated with hyponatremia.
As shown in Table 3, PPIs (59.7%), loop diuretics (57.4%),
potassium-preserving diuretics (29.5%), ACEIs/ARBs
(20.0%), thiazide diuretics (12.5%), and NSAIDs (12.4%)
were the drugs most commonly administered. The frequen-
cies of use of loop diuretics, thiazide diuretics, potassium-
preserving diuretics, and PPIs were significantly higher in
the moderate hyponatremia group than in the mild hypona-
tremia group. Moreover, the frequencies of use of loop
diuretics, thiazide diuretics, potassium-preserving diuret-
ics, mannitol, PPIs, ACEIs/ARBs, and NSAIDs were sig-
nificantly higher in the severe hyponatremia group than
in the mild hyponatremia group. The frequencies of use
of loop diuretics and thiazide diuretics were significantly
higher in the severe group than in the moderate group.

Table 2 Distribution of basic diseases in each group of hospitalised older patients [n (%)]

Mild Moderate hyponatremia Severe hyponatremia Total (N=4364)

hyponatremia group group (N=1037) group (N=445)

(N=2882)
Respiratory diseases 732 (25.4) 272 (26.2) 87 (19.6)*# 1091 (25.0)
Tumours 651 (22.6) 230 (22.2) 128 (28.8)*# 1009 (23.1)
Cardiovascular diseases 593 (20.6) 198 (19.1) 77 (17.3) 868 (19.9)
Central nervous system diseases 196 (6.8) 118 (11.4)* 73 (16.4)*# 387 (8.9)
Kidney diseases 110 (3.8) 49 (4.7) 9 (2.0* 168 (3.9)
Digestive diseases 70 (2.4) 29 (2.8) 26 (5.8)** 125 (2.9)
Endocrine diseases 31 (1.1 11(1.1) 2 (0.5) 44 (1.0)
Hepatobiliary diseases 180 (6.3) 43 (4.2)* 15 (3.4)* 238 (5.5)
General surgical diseases 42 (1.5) 17 (1.6) 6(1.4) 65 (1.5)
Urological diseases 37.(1.3) 14 (1.4) 4(0.9) 55(1.3)
Orthopaedic diseases 203 (7.0) 45 (4.3)* 18 (4.0)* 266 (6.1)
Others 37.(1.3) 11(1.1) 0(0.0) 48 (1.1)

*P <0.05, comparison with mild hyponatremia group

#P <0.05, comparison with moderate hyponatremia group
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Table 3 Clinical applications

) Mild hyponatremia Moderate hypona- Severe hypona- Total (N=4364)

of dr.ugs. in each group of group (N=2882) tremia group tremia group

hospitalised older patients [n (N=1037) (N=445)

(%)]
Loop diuretics 1539 (53.4) 648 (62.5)* 316 (71.0)** 2503 (57.4)
Thiazide diuretics 300 (10.4) 155 (15.0)* 91 (20.5)** 546 (12.5)
Potassium-preserv- 772 (26.8) 344 (33.2)* 169 (38.0)* 1285 (29.5)

ing diuretics

Mannitol 56 (1.9) 28 (2.7) 16 (3.6)* 100 (2.3)
PPIs 1652 (57.3) 661 (63.7)* 292 (65.6)* 2605 (59.7)
ACEIs/ARBs 550 (19.1) 220 (21.2) 103 (23.2)* 873 (20.0)
SSRIs 52 (1.8) 25(12.4) 12 (2.7) 89 (2.0)
Carbamazepine 27 (0.9) 11(1.1) 5(1.1) 43 (1.0)
NSAIDs 342 (11.9) 129 (12.4) 70 (15.7)* 541 (12.4)

PPIs proton pump inhibitors, ACEIs/ARBs angiotensin converting enzyme inhibitors/angiotensin II recep-
tor blockers, SSRIs selective serotonin reuptake inhibitors, NSAIDs non-steroidal anti-inflammatory drugs

*P <0.05, comparison with mild hyponatremia group

#P <0.05, comparison with moderate hyponatremia group

Prognostic analysis of each group

The results of the prognostic analysis are presented in
Table 1. In our study, the in-hospital mortality of patients
with hyponatremia was 11.7%, and that of the mild, moder-
ate, and severe group was 8.9%, 15.6%, and 20.7%, respec-
tively. With the aggravation of hyponatremia, the hospitali-
zation time and mortality of each group were prolonged.
Moreover, when compared with mild hyponatremia, moder-
ate, and severe hyponatremia were associated with signifi-
cantly increased in-hospital mortality (ORs 1.89 and 2.66,
respectively; 95% Cls 1.54-2.33 and 2.06-3.43, respectively;
P <0.01). Compared with the moderate hyponatremia group,
severe hyponatremia also significantly increased the in-hos-
pital mortality (ORs 1.41, 95% CIs 1.06-1.87, P <0.05).

In our study, the primary diseases of patients with
hyponatremia were respiratory system diseases, tumors,
cardiovascular system diseases, central nervous system dis-
eases, and orthopedic diseases. The in-hospital mortality of
the above diseases according to the specific disease name are
pulmonary infection 15.0%, lung cancer 20.5%, heart failure
11.7%, cerebral infarction 16.3%, fracture 2.7%.

Discussion

Hyponatremia is a common electrolyte disorder observed
in clinical settings [1-4], particularly in critically ill and
older patients. It is associated with poor clinical outcomes
such as increased mortality, disability, prolonged hospital
stay, and increased hospital costs [16—18]. Published data
show that even mild and chronic hyponatraemia represents
an economic burden [17, 18].

Previous studies on older patients have reported a preva-
lence of chronic hyponatremia of 8% among those living in
private homes [19]. Tay et al. measured the electrolytes of
5873 outpatients (age > 60 years) and found that 403 (6.9%)
had hyponatremia in at least one blood test [20]. In a study
of 118 residents (mean age 85.5 years) in a single geriatric
health service facility, Naka et al. reported that 33 patients
(28%) had hyponatremia [21]. In a retrospective study of
inpatients at a tertiary hospital, Amit et al. reported that the
incidence of hyponatremia in older patients (average age
73.9+6.5 years) was 26.0% [22]. In a study of 8377 emer-
gency patients, Lmai et al. reported a significantly higher
prevalence of hyponatremia among older patients (> 65 years
old, 17.0%) than among younger adults (18-64 years, 5.7%).
Moreover, in that study, the prevalence of severe hypona-
tremia (serum sodium < 125 mmol/L) was significantly
higher among older patients relative to younger adults (1.9%
vs. 0.3%) [23]. In a comparative study of 2849 older patients
(=60 years) and 6756 non-older patients (13—59 years) at a
single center during the same period, Siregar reported that
the incidence of hyponatremia in older inpatients in a gen-
eral ward setting was 2.43 times that observed in non-older
patients (26.32% vs. 10.85%), while the incidence of HAH
in older inpatients was 2.79 times that reported in non-older
patients (7.35% vs. 2.64%) [24].

In our study, the overall prevalence of hyponatremia
among older hospitalized patients admitted to a single center
within a 4-year period was 24.7%. Most cases involved mild
hyponatremia, in contrast to similar previous studies. This
difference may be attributable to differences in the crite-
ria used to define hyponatremia and the population selec-
tion protocol, which fully explained the high incidence of
hyponatremia in older hospitalized patients. Among the
4364 hospitalized patients with hyponatremia included in
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this study, those with moderate and severe hyponatremia
had a significantly higher age than those with mild hypona-
tremia, indicating that increasing age is associated with a
gradual degeneration of the tissues and organs of the body,
impairment of the mechanisms that maintain normal body
fluid homeostasis, and increased vulnerability to hypona-
tremia-related diseases and drugs. Accordingly, severe
hyponatremia was more likely to occur with age.

In this study, 2097 patients (48.1%) had CAH on admis-
sion and 2267 patients (51.9%) had HAH after admission.
The proportion of CAH increased with the severity of
hyponatraemia. As previously reported, severe hyponatremia
was more frequently community-acquired than hospital-
acquired [2, 25]. We speculate that this may be related to
more active serum sodium monitoring and related treatment
after admission.

Many diseases have been associated with the onset of
hyponatremia. It has been reported that pneumonia, heart
failure, liver cirrhosis, malignant tumors, stroke, and other
diseases are all prone to hyponatremia [26—30]. In our study,
we analyzed the incidence of primary diseases in 4364 older
patients with hyponatremia and identified respiratory dis-
eases, tumors, cardiovascular diseases, central nervous
system diseases, and orthopedic diseases as the most com-
mon, among which pulmonary infection, lung cancer, heart
failure, cerebral infarction, and fracture accounted for the
highest proportion. Most of the patients in our study had
clinical euvolemia, which was likely partially attributable to
the large number of patients (n=1240) who met criteria for
SIADH. In our study, SIADH was the most common cause
of hyponatremia, accounting for 28.4%, which was similar
to 31% reported by Amit et al. [22]. Further research showed
that the proportion of respiratory diseases is the highest in
those with STADH, followed by malignant tumors and cen-
tral nervous system diseases. Our results for STADH were
similar to a previous study [31]. Our findings indicate that
the common causes of hyponatremia are respiratory system
disease, tumor, cardiovascular system disease, central nerv-
ous system disease, etc. These diseases should be monitored
carefully in older patients, and blood sodium concentrations
should be monitored closely in clinical settings to ensure the
earliest possible detection and correction of hyponatremia.

Many drugs used in clinical settings can also aggravate
existing hyponatremia or induce iatrogenic hyponatremia.
Several studies have reported that hyponatremia is caused
by iatrogenic factors in 40-75% of patients [15]. The mecha-
nisms associated with drug-induced hyponatremia include
volume clearance, the effects of sodium ion reabsorption in
renal tubules and the stimulation of abnormal antidiuretic
hormone (ADH) secretion or enhancement of its activity.
Consistent with our findings, previous studies have iden-
tified several drugs associated with the development of
hyponatremia, including diuretics (especially thiazide
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diuretics), dehydrants, PPIs, ACEIs/ARBs, SSRIs, carba-
mazepine and NSAIDs [32]. In one report, 73%, 20% and
8% of cases of diuretic-related hyponatremia were induced
by thiazide diuretics alone, a combination of thiazide and
potassium-preserving diuretics or furosemide, respectively
[33]. Another study reported that 13.7% of 951 thiazide-
treated outpatients had hyponatremia and that age > 70 years
was associated with a 3.9 times increase in hyponatremia
risk [34]. Concomitant administration of drugs that affect
water homeostasis, such as SSRIs, SNRIs, NSAIDs, or
benzodiazepines, is frequent in older patients with thiazide-
associated hyponatremia [5]. In a retrospective study of 2569
patients (aged > 65 years) in community-dwelling older peo-
ple, Grattagliano et al. reported the likelihood of hypona-
tremia trebled when four drugs were taken, and it was seven-
fold higher with the use of six drugs [19]. As mentioned
earlier, our study identified PPIs, loop diuretics, potassium
sparing diuretics, ACEIs/ARBs, thiazide diuretics and
NSAIDs as drugs frequently associated with hyponatremia
in patients. We further demonstrated that increasing hypona-
tremia severity was significantly associated with a higher
frequency of loop diuretic and thiazide diuretic use, suggest-
ing that these drugs are an important cause of hyponatremia
in older patients. Moreover, we determined that the use of
potassium-preserving diuretics and PPIs increased the inci-
dence of moderate to severe hyponatremia and that the use
of mannitol, ACEIs/ARBs, and NSAIDs increased the inci-
dence of severe hyponatremia. These findings suggest the
serum sodium concentrations of patients using these drugs in
clinical settings should be monitored continuously, and the
sodium intake should be increased appropriately as needed.

Early studies confirmed that hyponatremia is the most
likely cause of deterioration and increased mortality asso-
ciated with various internal environmental disorders [12,
13, 35, 36]. In a study of 53,236 hospitalized patients,
Wald et al. noted reduced survival rates and prolonged
hospitalization times among patients with CAH and HAH
[35]. Particularly, in patients with serum sodium concen-
trations < 138 mmol/L, the mortality risks associated with
CAH and HAH increased by 8% and 23%, respectively, with
each 1-mmol/L decrease in the serum sodium concentra-
tion. Tzoulis et al. found that patients with hyponatremia
and a serum sodium concentration < 128 mmol/L had a
mortality rate of 17.3% and a risk of death during hospitali-
zation 3.3 times higher than that of patients with a serum
sodium concentration > 128 mmol/L [36]. Those findings
suggest that hyponatremia is both an independent predic-
tor of mortality and a direct cause of increased mortality.
Consistent with those earlier findings, our analysis of older
inpatients with different degrees of hyponatremia revealed
that increasing severity was associated significantly with
increases in the hospitalization time and mortality. This
conclusion was reached by other scholars [1, 31]; however,
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it is at odds with the findings of Holland-Bill et al.[37]. In
that study, the risk of mortality increased with the decrease
in serum sodium, but the decrease in serum sodium below
a threshold of 132 mmol/L did not contribute to a further
increase in overall mortality risk. Further, our results are
in disagreement with the findings of the study by Zheng
et al.[38]. In this study, the in-hospital mortality was 1.7%,
11.1%, and 6.8% in the mild (> 130—< 135 mmol/L), moder-
ate (> 125-< 130 mmol/L), and severe hyponatremia groups
(< 125 mmol/L), respectively. Patients with moderate or
severe hyponatremia had a higher mortality than those with
mild hyponatremia (moderate vs. mild group: OR 6.92, 95%
CI 2.53-18.92, P<0.001; severe vs. mild group: OR 4.54,
95% CI 1.05-19.58, P=0.043). There was no significant
difference in the risk of death between the severe and mod-
erate groups. In addition, in the specific analysis of primary
diseases, the in-hospital mortality of patients with hypona-
tremia was higher in those with lung cancer, cerebral infarc-
tion and pulmonary infection (20.5%, 16.3%, 15.0%, respec-
tively). The in-hospital mortality of heart failure patients
was 11.7%, which was slightly lower than the above three
diseases. We speculate that this may be related to the sever-
ity of primary diseases and the number of complications.

This study has several strengths. We studied a large and
unselected population. As far as we know, this is the first
study on the prevalence of hyponatremia in older inpa-
tients in China. Our large research population enabled us to
examine mortality risks associated with different levels of
hyponatremia. However, our study has certain limitations.
First, as this was a single center study with a relatively lim-
ited sample size, it was difficult to make precise clinico-etio-
logical profiles and their association with different character-
istics. Second, there was no data on post discharge mortality;
this restricted the evaluation of in-hospital mortality, and
therefore, we could not follow up on patients to assess long-
term impact. Third, we did not have information regarding
the use of outpatient drugs that were often associated with
hyponatremia. Data including these drugs would enhance
the information provided in our study. Fourth, The single
serum sodium measurement in our study did not reflect
changes in clinical management.

Conclusion

Hyponatremia is a common electrolyte disorder observed
in older inpatients. The severity of hyponatremia is related
to in-hospital mortality. This disorder plays an important
prognostic role and should receive careful clinical atten-
tion. Early prevention, detection, diagnosis and treatment
strategies are needed to reduce the incidence and severity of
hyponatremia, decrease the associated hospitalization times

and mortality risks and improve the quality of life of older
patients.
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