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Abstract

Hyponatremia may affect every age group but it has a higher incidence among elderly. An increased
prevalence of hyponatremia has been shown in the presence of comorbid condition, although very few
studies include uptodate information on the relationship between severity of hyponatremia and
comorbidity. The aims of our study are that; comorbid conditions in elderly inpatients diagnosed with
hyponatremia and the relationship between hyponatremia severity and comorbid conditions. A total 978
patients aged 65 years and older admitted in hospital were considered for our study. 176 patients with
serum sodium <135 mEg/L were included in the study. Sodium levels between 126-135 mEq/L were
defined as mild, between 116-125 mEq/L as moderate and 115 mEq/L and below as severe
hyponatremia. The relationships between severity of hyponatremia and comorbid conditions were
examined. Patients’ mean age was 76.1 ± 7.2 years (65-95 years). Hyponatremia was significantly higher
among women (female/male: 109/67; 61.6%/38.4%). 121 (68.7%) patients had mild, 41 (23.2%) had
moderate and 14 (7.9%) had severe hyponatremia. 92 (52.2%) patients had diabetes mellitus, 130
(73.8%) had hypertension and 87 (49.4%) had chronic renal failure. A significant relationship was found
between hyponatremia severity and ischemic and congestive heart diseases, neurological disorders,
psychiatric disorders and thyroid dysfunction. In addition, mild hyponatremia decreased, moderate and
severe hyponatremia increased with higher number of comorbidities. Comorbid conditions may cause
hyponatremia through several mechanisms but severity of hyponatremia may differ. Hospitalizations,
morbidity, mortality rates and healthcare expenses due to hyponatremia can be reduced with regular
care of geriatric patients.
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Introduction
Hyponatremia is the most frequent electrolyte disturbances
seen in clinical practice and is commonly described as serum
sodium (Na) values below 135 mEq/L [1,2]. The exact
prevalence and incidence is not known. While it is seen in
15-30% of hospitalized patients, more than 50% of the
hyponatremic populations consists of hospitalized patients
[3,4].

Although hyponatremia may affect all age groups, its incidence
seems to be higher in the elderly individuals due to impaired
response of fluid and electrolyte homeostasis to dietary and
environmental changes [5]. Studies have shown that presence
of coexisting comorbidities, physiological changes in
glomerular filtration rate, altered water metabolism and
polypharmacy were other explanations for the higher incidence
of hyponatremia among the elderly [6-8].

Several studies have demonstrated an increased prevalence of
hyponatremia in the presence of comorbid conditions [9-11].
However, there are a very few studies with uptodate
information on the relationship between severity of
hyponatremia and comorbidity. Previous studies involve
contradictory results but they indicate significantly more
severe hyponatremia in the presence of some comorbid
conditions [12,13]. The purpose of our study was to determine
the frequency of comorbid conditions in the hospitalized
elderly patients diagnosed with hyponatremia and the
relationship between severity of hyponatremia and comorbid
conditions.

Material and Methods
A total 978 patients aged 65 years and above were evaluated in
our study. One hundred and seventy-six elderly patients with
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serum sodium levels below 135 mEg/L at presented or
decreased below 135 mEq/L during hospital stay were included
in the study.

Patients’ age, sex, the time hyponatremia was diagnosed, any
coexisting chronic conditions were documented. Patients’
duration of hospital stay and final outcome (improvement,
death) were indicated. Patients were identified from
determined sodium values of hospitalized patients, which were
sent electronically from the chemistry department.
Sodium values were determined with ion-selective electrodes
(Hitachi 917, Roche, according to the manufacturer's
instructions) and in all of these samples plasma osmolality and
plasma glucose concentration were determined simultaneously.
In all patients, the first step consisted of the exclusion of
pseudo-hyponatraemia, through analysis of plasma osmolality,
total protein, triglyceride and cholesterol concentrations.
Patients were divided into groups according to the severity of
hyponatremia. Sodium levels between 126 and 135 mEq/L
were defined as mild, between 116 and 125 mEq/L as moderate
and 115 mEq/L and below as severe hyponatremia [14].

Comorbid conditions in patients with hyponatremia were
calculated as percentage. Number of comorbid conditions was
indicated. The relationship between severity of hyponatremia
and comorbid conditions was studied. The relationship
between the number of comorbid conditions and severity of
hyponatremia was also examined.

Statistical analysis
SPSS 22.0 software was used for statistical analysis of the data.
The data were summarized as percentage, mean and standard
deviation. Prevalence of hyponatremia and concomitant
comorbidities in the hospitalized elderly inpatients were
determined. Relationships between severity of hyponatremia
and comorbid conditions, and between severity of
hyponatremia and number of comorbid condition were studied
using Mann Whitney U, independent T student, chi-square and
Fischer’s exact tests. The results were evaluated using hazard
ratio and 95% confidence interval. In these analyses, p values
below 0.05 were considered statistically significant.

Result
A total of 978 patients aged 65 years and older that admitted in
hospital were enrolled. Of the hospitalized patients, 530 (54%)
had one or more electrolyte imbalance. Hyponatremia was
detected in 176 (18%). The lowest Na was 98 mEq/L, the
highest was 134 mEq/L and the mean Na was 125.9 mEq/L.
121 (68.7%) patients had mild, 41 (23.2%) had moderate and
14 (7.9%) had severe hyponatremia. Patients’ mean age was
76.1 ± 7.2 years (65-95 years); mean age of women was 75.8 ±
7.3 years (65-95 years) and mean age of men was 76.7 ± 7.2
years (65-92 years). Of the patients, 84 (47.7%) were aged
65-74 years, 66 (37.5%) were aged 75-84 years and 26 (14.8%)
were aged 85 years and older. Hyponatremia was significantly
more common among women (female/male: 109/67; 61.6% vs.
38.4%). Duration of hospital stay was minimum 1 day and

maximum 50 days, with a mean duration of 9.9 days of
hospital stay. Of the 176 patients diagnosed with hyponatremia,
113 (64.2%) were diagnosed at the time of hospitalization,
while 63 (35.8%) patients developed hyponatremia following
hospitalization. Of the patients diagnosed with hyponatremia,
145 (82.4%) were discharged from the hospital with improved,
while 31 (17.6%) patients were died.

Patients diagnosed with hyponatremia were evaluated for
coexisting comorbid conditions. Of the patients, 92 (52.2%)
patients had Diabetes Mellitus (DM,) 130 (73.8%) had
hypertension (HT), 30 (17%) had malignancies, 41 (23,3%)
had Coronary Artery Disease (CAD), 60 (34%) had congestive
heart failure (CHF), 87 (49.4%) had Chronic Renal Failure
(CRF), 13 (7.4%) had Chronic Liver Disease (CLD), 32
(18.1%) had Chronic Obstructive Pulmonary Disease (COPD)
or asthma, 10 (5.7%) had psychiatric disorders, 12 (6.8%) had
thyroid dysfunction, 23 (13%) had neurological disorders, 15
(8.5%) had cardiac arrhythmias, 11 (6.2%) had Benign
Prostatic Hyperplasia (BPH) and only 1 (0.5%) patient had
chronic skin disease (Figure 1).

Figure 1. Distribution of comorbid conditions in patients with
hyponatremia (DM: Diabetes Mellitus, HT: Hypertension, CAD:
Coronary Artery Disease, CHF: Chronic Hearth Failure, CRF:
Chronic Renal Failure, CLD: Chronic Liver Disease, COPD:
Chronic Obstructive Lung Disease, BPH: Benign Prostatic
Hypertrophy, dis.:Disorders)

The relationship between severity of hyponatremia and
comorbid conditions were examined: There is no significant
relationships were found between severity of hyponatremia and
DM, HT, malignancy, CRF, COPD/asthma, CLD, cardiac
arrhythmia and BPH but significant relationships were found
between severity of hyponatremia and CHD, CHF,
neurological disorders, psychiatric disorders and thyroid
dysfunction. Mild hyponatremia was significantly lower and
moderate hyponatremia was significantly higher in patients
with CLD, compared to patients without CLD (Hazard ratio:
2.7, Cl 95%: 0.059-0.347, p<0.05). Mild hyponatremia was
significantly lower and moderate hyponatremia was
significantly higher in patients with CHF compared to patients
without CHF (Hazard ratio: 2.5, Cl 95%: 0.045-0.373, p<0.05).
Mild hyponatremia was significantly lower and moderate
hyponatremia was significantly higher in patients with
psychiatric disorders compared to patients without psychiatric
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disorders (Hazard ratio: 2.8, Cl 95%: 0.035-0.493, p<0.05).
Mild hyponatremia was significantly lower and moderate
hyponatremia was significantly higher in patients with
neurological disorders compared to patients without
neurological disorders (Hazard ratio: 2.5, Cl 95%: 0.054-0.410,
p<0.05). Mild hyponatremia was significantly lower and

moderate hyponatremia was significantly higher in patients
with thyroid dysfunction compared to patients without thyroid
dysfunction (Hazard ratio: 2.6, Cl 95%: 0.029-0.211, p<0.05).
The relationship between severity of hyponatremia and other
comorbid conditions is presented in Table 1.

Table 1. Relationship between severity of hyponatremia and comorbid conditions.

 
Total Mild hyponatremia Moderate hyponatremia Severe hyponatremia

P value
N (%) N (%) N (%) N (%)

DM      

Positive 92 (100) 61 (66.3) 26 (28.2) 5 (5.5) 0.18

Negative 84 (100) 57 (67.9) 17 (20.2) 10 (11.9)  

Hypertension      

Positive 130 (100) 83 (63.8) 34 (26.2) 13 (10) 0.26

Negative 46 (100) 35 (76) 9 (19.5) 2 (4.5)  

Malignancy      

Positive 30 (100) 25 (83.3) 5 (16.7) 0 (0) 0.67

Negative 146 (100) 93 (64) 38 (26) 15 (10)  

CAD      

Positive 41 (100) 20 (48.7) 16 (39) 5 (12.3) <0.05

Negative 135 (100) 98 (72.6) 27 (20) 10 (7.4)  

CHF      

Positive 60 (100) 33 (55) 21 (35) 6 (10) <0.05

Negative 116 (100) 85 (73.3) 22 (19) 9 (7.7)  

CRF      

Positive 87 (100) 58 (66.6) 22 (25.3) 7 (8.1) 0.95

Negative 89 (100) 60 (67.4) 21 (23.6) 8 (9)  

CHD      

Positive 13 (100) 10 (77) 3 (23) 0 (0) 0.49

Negative 163 (100) 108 (66.2) 40 (24.5) 15 (9.3)  

COPD/Asthma      

Positive 32 (100) 21 (65.6) 8 (25) 3 (9.4) 0.97

Negative 144 (100) 97 (67.4) 35 (24.2) 12 (8.4)  

Psychiatric disorders      

Positive 10 (100) 3 (30) 6 (60) 1 (10) <0.05

Negative 166 (100) 115 (69.2) 37 (22.3) 14 (8.5)  

Thyroid dysfunction      

Positive 12 (100) 5 (41.6) 7 (58.4) 0 (0) <0.05

Negative 164 (100) 113 (69) 36 (22) 15 (9)  

Neurological disorders      
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Positive 23 (100) 12 (52.1) 6 (26.1) 5 (21.8) <0.05

Negative 153 (100) 106 (69.3) 37 (24.2) 10 (6.5)  

Cardiac arrhythmia      

Positive 15 (100) 8 (53.4) 4 (26.6) 3 (20) 0.22

Negative 161 (100) 110 (68.3) 39 (24.2) 12 (7.5)  

BPH      

Positive 11 (100) 7 (63.6) 3 (27.2) 1 (9.2) 0.96

Negative 165 (100) 111 (67.3) 40 (24.2) 14 (8.5)  

(DM: Diabetes Mellitus, HT: Hypertension, CAD: Coronary Artery Disease, CHF: Chronic Hearth Failure, CRF: Chronic Renal Failure, CLD: Chronic Liver Disease,
COPD: Chronic Obstructive Lung Disease, BPH: Benign Prostatic Hypertrophy)

Three patients (1.7%) had no comorbid conditions, while 19
(10.7%) had one comorbid condition, 37 (21%) had two
comorbid conditions and 117 (66.6%) had three or more
comorbid conditions. The relationship between severity of
hyponatremia and the number of comorbid conditions were
examined; mild hyponatremia decreased, moderate and severe
hyponatremia increased with higher number of comorbidities
(Figure 2).

Figure 2. Relationship between number of comorbidities and
hyponatremia severity.

Discussion
Hyponatremia is the most common electrolyte disturbance in
the geriatric population and among hospitalized patients [15].
Varying results are reported for the incidence and prevalence of
hyponatremia due to the different variables examined like
different age ranges and populations, values ranging from 2.5
to 30% have been reported from the previous studies [3]. In our
study, hyponatremia was observed to develop in 18% of the
geriatric population, consistent with the literature.

The leading cause to explain the higher frequency of
hyponatremia in the geriatric population is coexisting
comorbid conditions. In a study by Mohan et al. 51% of the
patients diagnosed with hyponatremia had HT, 16% had DM,
17% had COPD, 15% had malignancies and 19% had
psychiatric disorders, while 27% of then had no comorbid
conditions [10]. In a study by Kang et al. 12.1% of the patients

diagnosed with hyponatremia had cerebrovascular disorders,
21.6% had DM, 26.7% had CHD, 20.7% had CRF and 31%
had malignancies [16]. DM, HT, CAD, CRF and malignancies
were more common in our study compared to the other studies.
Because only the geriatric population was examined.

Previous studies have demonstrated a relationship between
hyponatremia and comorbid conditions [9,10]. In a study by
Liamis et al. DM was significantly more common in patients
diagnosed with hyponatremia (p<0.001), while a significant
relation was not noted for hypertension and CHF [9]. Another
study determined a significantly higher prevalence of
hyponatremia in patients with HT, DM, CAD, malignancies,
stroke, COPD and psychiatric disorders [10]. A few studies
also demonstrated a significant relationship between severity
of hyponatremia and comorbid conditions [12,13]. Bucher et
al. demonstrated that hyponatremia was significantly more
severe in patients with DM, CLD, CRF and malignancies [12].
On the other hand, in a study by Kovesdy et al. hyponatremia
level was lower in subjects with CLD, CHF and depression but
the authors noted no differences in other comorbid conditions
[13]. In our study, patients with CAD, CHF, psychiatric
disorders, neurological disorders and thyroid dysfunction had a
higher frequency of moderate and severe hyponatremia.
Comorbid conditions may cause hyponatremia through several
mechanisms. CHF increases hyponatremia by stimulating non-
osmotic Antidiuretic Hormone (ADH) [13]. The mechanism by
which these drugs cause hyponatremia is believed to be the
development of Syndrome of inappropriate antidiuretic
hormone secretion (SIADH). However, it should be
emphasized that low serum sodium levels in emotionally
disturbed or psychotic patients may not be a direct
consequence of these medications. Among the most frequent
causes of hyponatremia in this population are the underlying
psychosis itself and the compulsive water drinking [17].
SIADH Syndrome may develop due to neurological disorders
and drugs taken for its treatment [17,18]. In addition,
hyponatremia occurrence increases due to reduced GFR,
reduced sodium reabsorption, increased ADH secretion and
increased renal ADH sensitivity secondary to thyroid
dysfunction [19]. We believe that the reasons of contradictory
results from previous studies include age differences in
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subjects included in these studies, presence of other coexisting
comorbidities, polypharmacy and differences in healthcare
practices.

There are a very few studies examining the relationship
between the number of comorbidities and prevalence of
hyponatremia and severity of hyponatremia. A previous study
has found a significantly higher prevalence of hyponatremia in
patients with one or more comorbidities compared to patients
without comorbidities [10]. In our study, the risk of developing
moderate or severe hyponatremia were increased with
increasing number of comorbid conditions (p<0.05).

Conclusion
Electrolyte disturbances are more common among the geriatric
population due to increased incidence of chronic conditions.
Given the increased frequency of coexisting comorbidities and
polypharmacy, these patients should be monitored closely.
Establishing more institutions to undertake the care of geriatric
patients and training staff to be employed in these institutions
may result in decreased hospitalization, morbidity, mortality
rates and healthcare expenses due to hyponatremia.
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