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healthy elderly which occurs due to changes in the tubular 
handling of sodium, a multifactorial etiology including thi-
azides seems to predict the occurrence and the severity of 
hyponatremia. Hyponatremia may be a significant cause of 
mortality in seniors. A relatively younger age, male gender, 
association of cirrhosis, malignancy, and hypoalbuminemia 
predict mortality. In elderly outpatients, identification of 
the risk factors for hyponatremia and close monitoring are 
imperative to reduce the related mortality and morbidity.
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Introduction

Hyponatremia, a serum sodium concentration less than 
135  mEq/L, is the most common electrolyte disorder 
encountered in clinical practice, especially in hospital in-
patients [1]. Clinical manifestations of hyponatremia are 
nonspecific and range from anorexia, nausea, and malaise 
to headache, decreased level of consciousness, seizures, and 
coma. Severe hyponatremia is defined as a serum sodium 
concentration less than 125  mEq/L and is a serious elec-
trolyte disorder associated with significant morbidity and 
mortality [2, 3]. There are numerous etiologic factors for 
hyponatremia, covering a broad spectrum of diseases, phar-
macologic agents, and physiopathological processes. The 
clinical management of hyponatremia basically consists of 
identification and treatment of the underlying cause(s) and 
restoring the altered salt and water balance [4].

Hyponatremia, its clinical characteristics, and the associ-
ation between hyponatremia and in-hospital mortality have 
been well documented in hospitalized patients by numer-
ous studies [5]. However, with regard to hyponatremia 

Abstract 
Purpose  Hyponatremia is a common disorder and 
hyponatremia in the outpatient setting is not extensively 
studied. Our aim was to investigate the characteristics of 
hyponatremia in ambulatory patients.
Methods  Seventy-six adult outpatients with hyponatremia 
were enrolled in this prospective study. Demographic fea-
tures, presenting symptoms and signs, associating mor-
bidities, medications, laboratory findings, mortalities, and 
length of hospital stay, were recorded.
Results  Mean age was 74.7 ± 12.7 years, and 52 (68.4 %) 
were female whereas 24 (31.6 %) were male. Mean sodium 
concentration was 123.6 ± 6.6 mEq/L. Leading cause was 
thiazide diuretic use (n = 37, 48.7 %) and approximately 
half of the patients (n =  40, 52.6 %) had a multifactorial 
etiology. Severe hyponatremia (sodium  <  125  mEq/L) 
was identified in 37 (48.7 %). Thiazide diuretic use, vom-
iting, and apathy were independent predictors of severe 
hyponatremia. Eight (10.5 %) patients had a mortal course. 
A relatively younger age, male gender, presenting sign of 
lethargy, associating morbidities of malignancy, chronic 
liver disease, and hypoalbuminemia were risk factors for 
mortality.
Conclusions  Hyponatremia is prevalent among elderly, 
especially in women and with thiazide diuretics. Apart 
from the trend toward sodium depletion observed in 
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identified in the outpatient setting, there is only limited 
data in the literature. In this study, hyponatremia diagnosed 
in the outpatient setting was put under the scope and our 
aim was to identify the risk factors, clinical characteristics, 
and outcome of hyponatremia identified in the outpatient 
population.

Materials and methods

This was a prospective and observational study of a 
series of outpatients with a diagnosis of hyponatremia on 
their admission to hospital. The study was reviewed and 

approved by the local ethics committee of Ufuk University 
School of Medicine and was conducted according to the 
ethical standards laid down in the Declaration of Helsinki. 
All patients gave their written informed consent prior to 
their inclusion in the study.

Seventy-six adult outpatients were enrolled between 
September 2011 and February 2013. Hyponatremia 
was defined as a serum sodium concentration less than 
135  mEq/L, while severe hyponatremia was defined as a 
serum sodium concentration less than 125 mEq/L [2]. With 
regard to eligibility, patients younger than 18 years of age 
and patients developing hyponatremia following hospitali-
zation were excluded (Table 1).

The relevant data of the patients were retrieved from 
Ufuk University School of Medicine Hospital elec-
tronic medical record system on a day-to-day basis and 
patients were tracked until their discharge or deaths. The 
demographics, presenting symptoms and signs, associ-
ated morbidities, prior history of hyponatremia, medica-
tion history, and clinical examination findings (including 
a clinical evaluation of volume status) were recorded at 
the time of hospital admission (Table  2). As one of the 
main focuses of the present study was the risk factors for 
hyponatremia in outpatients, a careful and comprehensive 
etiological classification had been performed. Because of 
this detailed etiological classification and the frequent use 
of diuretics in our study population which clearly has an 

unargued effect on the volume status, the data regarding 
the volume status of the patients were not further evalu-
ated. In addition, the admission laboratory data, the serum 
sodium concentration follow-up, the length of hospital 
stay, and the outcome of the patients were also obtained 
(Table 2).

Data analyses were carried out using the SPSS 17 soft-
ware (SPSS Statistics for Windows, version 17.0, Chi-
cago, SPSS Inc.). Continuous variables were expressed as 
mean ± SD and categorical variables as percentages (%). 
For comparing the means of two independent groups, the 
t test was used, whereas comparison of the proportions of 
two independent groups was performed by Chi-square (χ2) 
test. The risk factors associated with severe hyponatremia 
and mortality were further investigated using logistic 
regression analysis. p ≤ 0.05 was considered to be statisti-
cally significant.

Results

The mean age of the 76 patients enrolled in the study was 
74.7 ± 12.7 years, and 24 (31.6 %) of these patients were 
male and 52 (68.4  %) were female. On admission, their 
mean serum sodium concentration was 123.6 ± 6.6 mEq/L 
and 37 (48.7 %) patients had severe hyponatremia.

Table 1   Eligibility criteria for the study

Eligibility criteria

Inclusion criteria

 1. Age ≥ 18 years

 2. Serum sodium concentration <135 mEq/L

 3. Being seen in the outpatient clinic

Exclusion criteria

 1. Age < 18 years

 2. Patients developing hyponatremia following hospitalization

Table 2   Relevant data obtained for the study

CHF congestive heart failure, SIADHS syndrome of inappropriate 
antidiuretic hormone secretion, SSRIs selective serotonin reuptake 
inhibitors

Data

Clinical

 Demographics (age, gender)

 Presenting symptoms/signs (anorexia, nausea, vomiting, disorienta-
tion, agitation, apathy, lethargy)

 Associated morbidities (chronic liver disease, CHF, diarrhea, 
hyperglycemia, hypoalbuminemia, hypovolemia, malignancies, 
pneumonia, salt-losing nephritis, SIADHS)

 Prior history of hyponatremia

 Medication history (thiazide diuretics, loop diuretics, SSRIs, laxa-
tives)

 Clinical examination findings (including a clinical evaluation of 
volume status)

 Length of hospital stay

 The outcome of the patients

Laboratory

 Admission laboratory data (complete blood count, serum sodium, 
blood urea nitrogen, serum creatinine, albumin, plasma glucose, 
plasma lipids, thyroid function tests, urinalysis, spot urine sodium 
level, spot urine osmolality, morning plasma cortisol in selected 
patients)

 Serum sodium concentration follow-up
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The patients with a diagnosis of congestive heart fail-
ure and/or chronic liver disease had been following a low-
sodium diet but as a 24-h urine analysis was not performed 
and 37 (48.7 %) patients were on thiazides and 33 (43.4 %) 
patients were on loop diuretics, it was not possible to obtain 
an objective measure of the patients’ sodium intake.

Most frequent constitutional and central nervous sys-
tem symptoms were anorexia (n = 58, 76.3 %) and apathy 
(n = 27, 35.5 %), respectively. While congestive heart fail-
ure (n =  24, 31.6  %) was the most common accompany-
ing clinical condition, thiazide diuretics (n =  37, 48.7  %) 
were the most commonly associated pharmacologic agents. 
Twenty-six (34.2 %) patients had a prior history of hypona-
tremia. In 36 (47.4  %) patients, only one risk factor for 
hyponatremia was identified, whereas 40 (52.6 %) patients 
had two or more risk factors for hyponatremia. The serum 
creatinine and hemoglobin levels were 0.86 ±  0.28 mg/dL 
and 11.35 ±  1.58  g/dL, respectively. The mean length of 
hospital stay was 10.8 ± 5.9 days and a total of 8 (10.5 %) 
deaths were observed. Essential clinical and laboratory char-
acteristics of the study population are summarized in Table 3 
(statistically significant values are marked in bold, p < 0.05).

With respect to the presence of severe hyponatremia, the 
patients were divided into two groups, namely “Na+ < 125” 
(severe hyponatremia group, serum sodium concentration 
<125 mEq/L, n = 37) and “Na+ ≥ 125” (mild-to-moderate 
hyponatremia group, 125 mEq/L ≤ serum sodium concen-
tration <  135  mEq/L, n =  39). The comparison of these 
two groups is presented in Table  3. As can be seen from 
the table, the two groups were similar with regard to demo-
graphics. Anorexia, vomiting, and apathy were more com-
mon in Na+ < 125 group (p = 0.05, p = 0.03, and p = 0.03, 
respectively). There was a significant association between 
the use of thiazide diuretics and the presence of severe 
hyponatremia (p =  0.01). Interestingly, both chronic liver 
disease and mortalities were more common in Na+ ≥ 125 
group (p = 0.02 and p = 0.05, respectively). As expected, 
length of hospital stay was longer (p < 0.001) and therapeu-
tic use of hypertonic saline more common (p  < 0.001) in 
patients with severe hyponatremia.

The logistic regression analysis including the clini-
cal characteristics associated with severe hyponatremia 
documented that the use of thiazide diuretics (p = 0.005), 
the presence of apathy (p =  0.009), and the symptom of 
vomiting (p = 0.01) were independent predictors of severe 
hyponatremia.

With regard to mortality, two groups were created, 
namely “mortality (+)” (n  =  8) and “mortality (−)” 
(n = 68). The comparison of the mortality (+) and mortal-
ity (−) groups is presented in Table 3. The mean age of the 
mortality (+) group was significantly lower (61.8 ±  12.0 
versus 76.2 ±  12.0  years, p =  0.002). There was also a 
statistically important gender difference between the two 

groups. The male/female ratio was 6/2 (3.00) in the mor-
tality (+) group, whereas it was 18/50 (0.36) in the mor-
tality (−) group (p  =  0.01). With respect to their mean 
serum sodium concentrations, the mortality (+) group 
had a significantly higher level (128.3  ±  4.6 versus 
123.1 ±  6.6  mEq/L, p =  0.03). There were associations 
between the presenting signs of agitation and lethargy 
and the occurrence of mortality (p =  0.05 and p =  0.02, 
respectively). Hypoalbuminemia, chronic liver disease, 
and malignancies were significantly more common in the 
mortality (+) group (p = 0.03, p = 0.005, and p < 0.001, 
respectively). Conversely, the use of thiazide diuretics and 
the occurrence of severe hyponatremia were more fre-
quently observed in the mortality (−) group (p = 0.05 for 
both).

The significant characteristics associated with mortality 
were analyzed by logistic regression. The presenting sign 
of lethargy (p =  0.02) and the associated morbidities of 
chronic liver disease (p = 0.02) and malignancy (p = 0.01) 
were found to be the independent predictors of mortality.

Discussion

Hyponatremia is the most common electrolyte abnormal-
ity among hospitalized patients and is definitely associated 
with adverse outcomes including an increase in mortality. 
Regarding hyponatremia occurring in outpatients, conges-
tive heart failure is the most frequently studied clinical 
scenario [6–10]. Excluding the studies performed in heart 
failure, the data available on hyponatremia in the ambula-
tory setting are limited [11–15]. Specifically focusing on 
hyponatremia documented in ambulatory patients, the pre-
sent study not only verified several essential facts regarding 
hyponatremia but also pointed to some significant prognos-
tic factors of mortality in hyponatremic outpatients.

Age-related physiological changes (e.g., decreased glo-
merular filtration and renal diluting capacity, reduced activ-
ity of the renin-angiotensin-aldosterone system, decreased 
cardiac output), associated comorbidities (e.g., congestive 
heart failure, chronic obstructive pulmonary disease, diar-
rhea, hypoalbuminemia, hypovolemia, malignancies, pneu-
monia, stroke, syndrome of inappropriate antidiuretic hor-
mone secretion), and commonly used medications in the 
elderly (e.g., thiazide diuretics, loop diuretics, laxatives, 
selective serotonin reuptake inhibitors), put older people 
at significant risk of hyponatremia [1, 16–18]. In accord-
ance with the literature on hyponatremia, the hyponatremic 
patients in our study had a mean age of 74.7 years.

An apparently idiopathic form of hyponatremia is also 
documented in the geriatric population and solely aging 
is suggested as an independent etiology for hyponatremia 
[14]. As is well known, with the aging of the nephron both 
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the glomerular and the tubular functions decrease. Conse-
quently, the aging nephron demonstrates a reduced capac-
ity to conserve sodium, especially during a low-sodium 

diet [19]. The two main points emphasized with regard to 
urinary sodium losses in the healthy elderly are a reduced 
capacity for sodium reabsorption in the ascending limb 

Table 3   Clinical and laboratory characteristics of the study population and Na+ < 125, Na+ ≥ 125, mortality (+), and mortality (−) groups

SIADHS syndrome of inappropriate antidiuretic hormone secretion, SSRIs selective serotonin reuptake inhibitors
a  Mean ± SD
b  Number (%)

Characteristics Study population Na+ < 125 Na+ ≥ 125 p value Mortality (+) Mortality (−) p value

Number of patients 76 37 39 – 8 68 –

Demographics

Age (years)a 74.7 ± 12.7 75.5 ± 13.9 73.9 ± 11.6 0.59 61.8 ± 12.0 76.2 ± 12.0 0.002

Genderb

 Female 52 (68.4 %) 26 c 26 (66.7 %) 0.80 2 (25.0 %) 50 (73.5 %) 0.01

 Male 24 (31.6 %) 11 (29.7 %) 13 (33.3 %) 6 (75.0 %) 18 (26.5 %)

Presenting symptoms/signs

Anorexiab 58 (76.3 %) 32 (86.5 %) 26 (66.7 %) 0.05 6 (75.0 %) 52 (76.5 %) 1.00

Nauseab 31 (40.8 %) 18 (48.6 %) 13 (33.3 %) 0.24 1 (12.5 %) 30 (44.1 %) 0.13

Vomitingb 13 (17.1 %) 10 (27.0 %) 3 (7.7 %) 0.03 0 (0 %) 13 (19.1 %) 0.33

Apathyb 27 (35.5 %) 18 (48.6 %) 9 (23.1 %) 0.03 2 (25.0 %) 25 (36.8 %) 0.70

Lethargyb 19 (25.0 %) 10 (27.0 %) 9 (23.1 %) 0.79 5 (62.5 %) 14 (20.6 %) 0.02

Disorientationb 8 (10.5 %) 5 (13.5 %) 3 (7.7 %) 0.47 1 (12.5 %) 7 (10.3 %) 1.00

Agitationb 4 (5.3 %) 1 (2.7 %) 3 (7.7 %) 0.61 2 (25.0 %) 2 (2.9 %) 0.05

Associated morbidities

Congestive heart failureb 24 (31.6 %) 13 (35.1 %) 11 (28.2 %) 0.62 2 (25.0 %) 22 (32.4 %) 1.00

SIADHSb 14 (18.4 %) 7 (18.9 %) 7 (17.9 %) 1.00 3 (37.5 %) 11 (16.2 %) 0.15

Hypoalbuminemiab 14 (18.4 %) 4 (10.8 %) 10 (25.6 %) 0.14 4 (50.0 %) 10 (14.7 %) 0.03

Pneumoniab 13 (17.1 %) 8 (21.6 %) 5 (12.8 %) 0.37 1 (12.5 %) 12 (17.6 %) 1.00

Hypovolemiab 11 (14.5 %) 5 (13.5 %) 6 (15.4 %) 1.00 1 (12.5 %) 10 (14.7 %) 1.00

Chronic liver diseaseb 9 (11.8 %) 1 (2.7 %) 8 (20.5 %) 0.02 4 (50.0 %) 5 (7.4 %) 0.005

Malignancyb 9 (11.8 %) 3 (8.1 %) 6 (15.4 %) 0.48 5 (62.5 %) 4 (5.9 %) <0.001

Diarrheab 8 (10.5 %) 5 (13.5 %) 3 (7.7 %) 0.47 0 (0 %) 8 (11.8 %) 0.58

Salt-losing nephritisb 5 (6.6 %) 2 (5.4 %) 3 (7.7 %) 1.00 1 (12.5 %) 4 (5.9 %) 0.43

Hyperglycemiab 5 (6.6 %) 1 (2.7 %) 4 (10.3 %) 0.35 0 (0 %) 5 (7.4 %) 1.00

Prior history of hyponatremia

Prior history of hyponatremiab 26 (34.2 %) 13 (35.1 %) 13 (33.3 %) 1.00 4 (50.0 %) 22 (32.4 %) 0.43

Medication history

Thiazide diureticsb 37 (48.7 %) 24 (64.9 %) 13 (33.3 %) 0.01 1 (12.5 %) 36 (52.9 %) 0.05

Loop diureticsb 33 (43.4 %) 16 (43.2 %) 17 (43.6 %) 1.00 4 (50.0 %) 29 (42.6 %) 0.72

SSRIsb 11 (14.5 %) 5 (13.5 %) 6 (15.4 %) 1.00 1 (12.5 %) 10 (14.7 %) 1.00

Laxativesb 8 (10.5 %) 2 (5.4 %) 6 (15.4 %) 0.26 1 (12.5 %) 7 (10.3 %) 1.00

Admission laboratory data

Serum sodium concentration (mEq/L)a 123.6 ± 6.6 117.9 ± 4.5 129.1 ± 2.5 – 128.3 ± 4.6 123.1 ± 6.6 0.03

Severe hyponatremiab 37 (48.7 %) 37 (100 %) 0 (0 %) – 1 (12.5 %) 36 (52.9 %) 0.05

Length of hospital stay

Length of hospital stay (days)a 10.8 ± 5.9 13.3 ± 0.9 8.4 ± 5.8 < 0.001 12.8 ± 10.7 10.5 ± 5.1 0.30

Mortality

Mortalityb 8 (10.5 %) 1 (2.7 %) 7 (17.9 %) 0.05 8 (100 %) 0 (0 %) –

Therapeutic approach

Therapeutic use of hypertonic salineb 31 (40.8 %) 23 (62.2 %) 8 (20.5 %) <0.001 3 (37.5 %) 28 (41.2 %) 1.00
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of Henle and a low aldosterone level [19, 20]. Even with-
out any additional factors, these two changes on their own 
seem to account for the occurrence of hyponatremia in the 
aged population.

Hyponatremia in general and particularly hyponatremia 
secondary to the use of thiazide diuretics is more prevalent 
among women [3, 11, 21–23]. In female subjects, a similar 
propensity to develop hyponatremia also seems to be valid 
for a couple of different etiologies [24, 25]. Correspondingly, 
in outpatients presenting with hyponatremia, our study docu-
mented a female-to-male ratio of approximately 2.2. While 
it is still unclear why hyponatremia is observed more fre-
quently in women than men, hormones, medications, and a 
lower body mass index have been implicated as confounding 
factors. We believe that the significantly frequent use of thi-
azide diuretics was another important factor accounting for 
the female dominance documented in this study.

Hyponatremia frequently has a multifactorial etiol-
ogy, which is especially true for elderly patients [23, 26]. 
As such, nearly half (52.6 %) of the patients in this study 
also had two or more risk factors for hyponatremia. This 
value is pretty consistent with the 51 % reported by Sha-
piro et  al. [23]. With regard to hyponatremia occurring in 
the outpatient setting, congestive heart failure, coronary 
artery disease, chronic obstructive pulmonary disease, dia-
betes mellitus, hypertension, stroke, cancer, cirrhosis, psy-
chiatric disorders, and syndrome of inappropriate antidiu-
retic hormone secretion are the most commonly reported 
comorbid conditions [11–15]. Thiazides, potassium-spar-
ing diuretics, selective serotonin reuptake inhibitors, and 
benzodiazepines are the pharmacologic agents associated 
with hyponatremia in outpatients [11–15]. Furthermore, 
an increased intake of fluids and strict adherence to a low-
sodium diet definitely contribute to the development of 
hyponatremia. In the ambulatory setting, the most empha-
sized and also the most throughly studied risk factors for 
hyponatremia have been congestive heart failure and thi-
azide diuretics. In patients with congestive heart failure, 
hyponatremia often develops secondary to the activation of 
compensatory neurohormonal systems causing low serum 
sodium levels [27]. Concerning thiazides, these diuretics 
are known to solely cause hyponatremia or contribute to 
and aggravate hyponatremia caused by various other disor-
ders [28]. While causing hyponatremia, thiazides seem to 
act heavily by impairing renal diluting mechanisms [28]. 
Consistent with the literature, the presence of congestive 
heart failure and the use of thiazide diuretics were the most 
commonly associated factors (31.6 and 48.7  %, respec-
tively) in our series of hyponatremic outpatients.

As is known, the symptoms and signs of hyponatremia 
are universal and include anorexia, nausea and vomiting, 
fatigue, headache, apathy, confusion, progressive decrease 
in level of consciousness, seizures, and coma [29]. It is 

also known that these clinical manifestations result from 
the osmotic water shift leading to cerebral edema. Char-
acteristically, as the serum sodium concentration falls, 
the symptoms and signs of hyponatremia become more 
severe. This trend was also observed in the present study. 
The symptoms and signs of anorexia, vomiting, and apathy 
were more common in patients with severe hyponatremia. 
Furthermore, vomiting and apathy were independent pre-
dictors of severe hyponatremia.

In this study, the use of thiazide diuretics was significantly 
more prevalent in the severe hyponatremia group. In our 
opinion, the potential explanation for this finding lies in the 
impairing effects of thiazides on renal diluting mechanisms. 
By this route, thiazides may be strongly aggravating hypona-
tremia caused by various other disorders. In our study, the 
frequency of thiazide diuretic use was 64.9 % among patients 
with severe hyponatremia. So it seems most probable that, 
in a significant proportion of severely hyponatremic patients 
receiving thiazides, one or more additional risk factors 
for hyponatremia were also present. Supportingly, in their 
study reviewing severe hyponatremia in elderly hospitalized 
patients, Shapiro et  al. [23] demonstrated that all patients 
with thiazide-induced hyponatremia had other contributing 
factors. Moreover, in logistic regression, the use of thiazide 
diuretics was also identified as an independent predictor of 
severe hyponatremia. In a recent report by Rodenburg et al., 
the risk of severe hyponatremia was found to be eight times 
higher in patients receiving thiazides [30].

The present study documented a significantly higher 
mortality rate in the mild-to-moderate hyponatremia group 
compared to the severe hyponatremia group (17.9 and 
2.7 %, respectively). A similar trend was also observed in 
the study by Waikar et  al. [31]. Although different from 
expected, we believe that there are possible explanations 
for this finding. First, the well-known and significant risk 
for mortality observed in acute and severe hyponatremia 
may not be effectual for this study. As conducted on ambu-
latory patients, it is reasonable to state that our study 
mainly included chronic hyponatremia patients regard-
less of their sodium levels. Secondly, studies of mortal-
ity of hyponatremic patients consistently documented an 
increased risk of death even with mild degrees of hypona-
tremia [11–13, 32]. Thirdly and perhaps most importantly, 
there is an essential yet unanswered question which asks 
“whether hyponatremia itself is contributing directly to 
mortality or is serving as an unfavorable prognostic marker 
for other risk factors.” Although the exact reason of our 
finding of increased mortality in the less severe hypona-
tremia group is not clear, we believe that higher frequen-
cies of both chronic liver disease (20.5 % for “Na+ ≥ 125” 
and 2.7 % for “Na+ < 125”) and malignancies (15.4 % for 
“Na+ ≥ 125” and 8.1 % for “Na+ < 125”) in the mild-to-
moderate hyponatremia group are contributing significantly 
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to the increased mortality rate. In patients with liver cir-
rhosis and congestive heart failure, hyponatremia is known 
to predict mortality. So it seems acceptable to propose 
that hyponatremia in some instances does act as a severity 
marker of an illness and may predict mortality rather than 
directly causing it.

As previously mentioned, even mild degrees of hypona-
tremia is shown to be associated with an increased risk 
of mortality [12, 13, 32]. The present study documented 
a mortality rate of 10.5  % which is in good accordance 
with the figure of 10  % reported by Vu et  al. [33]. The 
same study, which was performed on outpatients present-
ing with severe hyponatremia, was not able to document 
an association between increased mortality and the severity 
of hyponatremia on admission. Likewise, on the contrary 
to the expected, the mean serum sodium concentration of 
the patients with a mortal course was significantly higher 
in our study. Again, rather than being a direct consequence 
of hyponatremia, mortalities occurring in the present study 
are thought to be strongly related to the markedly increased 
frequencies of chronic liver disease and malignancies. In 
other words, hyponatremia seemed not only to cause but 
also to predict mortality by acting as a severity marker for 
chronic liver disease and malignancies.

Another explanation for the deaths observed in our 
study may come from the age distribution of the patients. 
As is known, the human brain is shown to loose volume 
and begin to atrophy following the third decade of life [34]. 
Consequently, the brain volume of an 80-year-old individ-
ual is expected to decrease by nearly 25 %. It is believed 
that in elderly patients, the reduction in the brain volume 
serves as a protecting mechanism against hyponatremic 
brain injury. A similar protective effect of the increasing 
age was also documented in an experimental rat model 
of hyponatremic encephalopathy [35]. Accordingly, the 
patients demonstrating a mortal course in the present study 
had a relatively but significantly younger mean age with 
respect to the patients with no mortalities.

In patients with hyponatremia, regarding the effects of 
gender differences on mortality, the current literature hosts 
reports with conflicting results. In addition to the deleteri-
ous effects of both sexes, no significant differences in mor-
tality with respect to gender are also reported [4, 11, 12, 
23, 35–37]. In their study, Rao et  al. [37] concluded that, 
though occurring more frequently in females, hyponatremia 
was better tolerated by the female patients and mortality 
related to hyponatremia was more prevalent in the male 
counterparts. The findings of our study were in accordance 
with the results of the study by Rao et al. and indicated a 
significantly increased risk of mortality in male patients 
with hyponatremia.

In the present study, hypoalbuminemia was shown to be 
a significant risk factor for mortality. Previously, in hypona-
tremic patients, hypoalbuminemia had been documented 
to be an independent risk factor for mortality. The same 
study had also shown that hypoalbuminemia was a predic-
tor of neurological manifestations of hyponatremia [23]. It 
is important to note that in our study, the presenting sign of 
lethargy was also significantly more common among the 
patients with mortalities. As such, it seems possible that 
hypoalbuminemia, not on its own but when accompanying 
hyponatremia, potentiates the osmotic water shift leading 
to cerebral edema. Another important explanation for this 
finding may be hypoalbuminemia’s being a poor prognos-
tic marker for both chronic liver disease and malignant neo-
plasms [38–41]. In this study, it is likely that serum albumin 
concentration was also acting as a strong indicator of dis-
ease severity. Accordingly, the logistic regression analysis 
documented three independent predictors of mortality in 
hyponatremic patients, namely the presenting sign of leth-
argy and the associated morbidities of chronic liver disease 
and malignancy, but not hypoalbuminemia.

Although prospective in design, the relatively small 
number of patients enrolled may be mentioned as the 
major limitation of our study. Nevertheless, yielding sev-
eral important findings consistent with the literature and 
verifying many essential facts regarding hyponatremia, 
the present study proved its reliability with respect to data 
collection and analysis. So, while clearly emphasizing the 
importance of a larger study population, we believe that 
the results of this study provide valuable information with 
regard to hyponatremia in outpatients, specifically about 
factors predicting severity and mortality.

Hyponatremia is a common disorder among elderly, 
especially in women and when thiazide use is present. A 
multifactorial etiology including thiazides seems to pre-
dict the severity of hyponatremia. Vomiting and apathy are 
important manifestations characterizing severe hypona-
tremia. In the elderly population, hyponatremia may be a 
significant cause of mortality. A relatively younger age, 
male gender, association of a serious systemic disorder, 
and presence of hypoalbuminemia predict a mortal course 
among hyponatremic patients and lethargy is a perni-
cious sign in hyponatremia strongly associating mortality; 
especially in elderly outpatients, identification of the risk 
factors for hyponatremia and close monitoring of these 
patients are imperative to reduce the related mortality and 
morbidity. The question of “Do patients die from or with 
hyponatremia?” is still to be answered [42]. According to 
the authors of this study, there is not a single answer to this 
question, with the answer being dependent on the specific 
clinical circumstances.
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