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ABSTRACT 
 
Background: Profound hyponatremia (<125 mmol/l) is a serious electrolyte disturbance often 
encountered in tertiary care setting and is associated with increased morbidity and mortality. Does 
hyponatremia per se or the underlying disorder contribute to increased mortality remains a 
controversial point. Clinical records of profound hyponatremia patients were explored with the aim of 
finding its cause and contribution of hyponatremia in final outcome.  
Materials and Methods: All the inpatients with serum sodium ≤125 mmol/L were identified from 
laboratory data over a period of four months in a tertiary care hospital. Outpatients and cardiac 
patients were not included in the study. They were classified into three groups according to serum 
sodium levels in mmol/l (group I: 121-125, group II: 116-120, group III: ≤115). Clinical data was 
obtained from medical record office. Clinical diagnosis, extent of hyponatremia correction and 
mortality rates were studied.  
Observations: One thousand and fifty patients were identified as having profound hyponatremia 
(sodium ≤125 mmol/l). Prevalence of profound hyponatremia was recorded as 6.35%. Majority of 
profound hyponatremic patients (70.54%) had sodium levels in range of 121-125 mmol/l. Very 
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profound hyponatremia (≤115 mmol/l) was noted in 17.6% patients. Mortality rate was significantly 
higher than the general mortality rate of hospital during that period (8.83% vs 4.6%, p < 0.001). 
Mortality in group III was highest (12%) followed by patients in group-I (8.42%). Most common 
cause of hyponatremia was chronic liver disease (20.9%), followed by infectious disease (17.04%), 
chronic and acute renal disease (15.4%). Diabetes mellitus along with its complications and 
endocrinological cause were present in 12.1% patients. Other causes include malignancy (11%), 
neurological (7.04%), pulmonary and trauma (6.4% and 5.17% respectively). Some miscellaneous 
causes like burns, psychological, skin disease were also noted.  
It was observed that patients died mainly because of underlying disease as in majority of subjects 
(75.72%) hyponatremia was corrected either fully or partially (Na≥ 130 mmol/l and Na ≥ 125 
respectively) before demise. 
Conclusion: High prevalence of hyponatremia was recorded in inpatients making it a common 
electrolyte disturbance. Underlying disease and severity of hyponatremia have a bearing on final 
outcome of patients. 
 

 
Keywords: Hyponatremia; incidence; mortality; sodium levels. 
 
1. INTRODUCTION 
 
Hyponatremia defined as serum sodium 
concentration <135 mmol/l  is the most prevalent 
electrolyte abnormality encountered in 30% of 
hospitalized patients and can lead to wide 
spectrum of clinical symptoms ranging from 
subtle to severe and even life threatening [1,2]. 
Hyponatremia can result from a varied spectrum 
of conditions and can occur by different 
pathophysiological mechanisms. It can be 
classified as mild, moderate and profound 
depending upon the serum sodium level; mild 
denoting serum sodium level of 130 to 135 
mmol/l, moderate 125-129 mmol/l and profound 
hyponatremia as serum sodium level of <125 
mmol/l [3]. The defined threshold of profound 
hyponatremia published in scientific literatures 
have values varying from 110-125 mmol/l [4,5] 
Several studies report that when serum sodium 
concentration drop below 125 mmol/, symptoms 
become more common [6,7]. There are other 
ways to classify hyponatremia like depending 
upon duration and speed of development as 
acute or chronic [8] depending on serum 
osmolality and volume status as hypovolemic, 
euvolemic and hypervolemia; based on 
symptoms moderately severe and severe. From 
clinical point of view hyponatremia is classified 
as non-hypotonic hyponatremia and hypotonic 
hyponatremia. Non-hypotonic hyponatremia can 
be isotonic or hypertonic resulting from the 
presence of additional osmoles. Hypotonic 
hyponatremia is further subdivided into three 
categories depending upon adequacy of 
extracellular water; decreased extracellular water 
resulting from renal, non-renal and third space 
losses; normal extracellular fluid volume resulting 
from syndrome of inappropriate ant diuresis, 
secondary adrenal insufficiency, hypothyroidism 

and increased extracellular water from kidney 
disease, heart failure, liver failure, nephrotic 
syndrome.   
 
Hyponatremia is basically a disorder of water 
balance, with relative excess of water compared 
to total sodium content. It results from disturbed 
activity of water balancing hormone, vasopressin. 
Vasopressin secretion is regulated by various 
mechanisms. Osmoreceptors located in 
hypothalamus, and peripherally stretch receptors 
present in left atrium, carotid sinus, aortic arch 
are the main affector sensors for the release of 
vasopressin from posterior pituitary gland. 
Unregulated release of vasopressin (without 
osmo or baro signals) under pathological 
circumstances can also occur eutopically or 
ectopically. 
 
Hyponatremia affects body by extracellular hypo-
osmolarity, causing free water to shift from 
vascular space to intracellular space. Therefore 
clinical manifestations of hyponatremia are 
related primarily to cerebral edema. Adaptatory 
mechanisms of brain can take care of this edema 
if hyponatremia occurs slowly. This adaptation 
process takes 24-48 hours hence the reason for 
using 48 hours threshold to distinguish between 
acute (<48 hours) and chronic (>48 hours) 
hyponatremia. Unfortunately the distinction 
between acute and chronic hyponatremia 
becomes unclear in clinical practice, especially in 
emergency ward. Unless there is clinical or 
amnestic evidence to suggest acute 
hyponatremia, it is considered to be chronic in 
nature. Even patients with chronic hyponatremia 
with no apparent symptoms can have subtle 
clinical abnormalities when analyzed in detail like 
gait disturbance, concentration, cognitive deficits, 
repeated falls and fractures [9]. Hyponatremia is 
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associated with increased hospitalization and risk 
of death [10,11]. Whether these are casual 
association or merely symptoms of underlying 
medical conditions such as heart or liver failure 
remains unclear.  
 
Correct diagnosis of etiology causing 
hyponatremia and its treatment can definitely 
alter the prognosis when it is recognized timely. 
Proper correction of serum sodium level is 
necessary in patients of severe acute 
hyponatremia to avert brainstem herniation and 
death. On the other hand slow correction is the 
key for chronic hyponatremia. Present study is 
undertaken to study prevalence, underlying 
disorder causing hyponatremia, clinical outcome 
and whether severe hyponatremia was corrected 
prior to demise so as to know the contribution of 
hyponatremia. 
 

2. MATERIALS AND METHODS 
 
In this observational study conducted at 
Dayanand Medical College and Hospital, 
Ludhiana in North Indian state of Punjab, after 
ethical clearance from institution, data for all 
patients admitted in Hospital was screened                           
for hyponatremia (Na ≤125 mmol/l) from 
biochemistry laboratory. Ion Specific Electrode 
analyzed electrolytes on auto analyzer Cobas 
6000 (Roche Diagnostics). Outpatients and 
cardiac patients data were not included in the 
study. Profound hyponatremia patients were 
identified and divided arbitrarily into three groups 
according to [Na+] levels in mmol/l (group I: 121-
125, group II: 116-120 and group III: ≤115, 
corrected for pseudo-hyponatremia). Their 
clinical data was obtained from medical record 
office. Main parameters studied were clinical 
diagnosis [International Classification of Disease 
(ICD)-10], mortality, and correction of 
hyponatremia in each group. Serum sodium 

levels and status of correction of sodium on the 
day of demise was recorded. Sodium levels > 
130 mmol/l was taken as corrected and ≥ 125-
129 mmol/l as partially corrected. The data 
collected were statistically analyzed. Mean and 
standard deviation were computed. t-test was 
used to compare the difference between means 
and Chi square test was used to evaluate 
differences in mortality rate. A p value <0.05 was 
considered as significant. 
 
3. RESULTS 
 
Twelve thousand four hundred and seventy five 
patients admitted over period of four months 
were studied. One thousand and fifty patients 
were identified as having profound hyponatremia 
(Na ≤125 mmol/l) from laboratory data at the time 
of admission. After excluding subjects with 
insufficient data for analysis, 792 patients were 
analyzed for clinical diagnosis and outcome from 
medical record office data. Prevalence of 
hyponatremia (sodium ≤ 125 mmol/l) was 
recorded as 6.35%. Table 1 shows distribution of 
patients according to sodium levels. Majority of 
patients (70.54%) had sodium levels in range of 
121-125 mmol/l.   
 
Mortality rate during this period in all the 
hospitalized patients was 4.6% as compared to 
8.83% in profound hyponatremic patients 
(p<0.001). Mortality in group III was highest 
(12%) followed by patients in group I (8.42%) 
Table 1.Status of hyponatremia on day of demise 
is shown in Table 2. About 48% patients had 
hyponatremia corrected (> 130 mmol/l) and 
another 28.57% got it partially corrected (125 – 
130 mmol/l) at time of demise. Only 22.85% 
patients died with uncorrected hyponatremia. On 
the other hand all the patients discharged had 
sodium>130mmo/l. 

 

Table 1. Incidence and mortality in hyponatremia patients, n=792 
 

Groups  [na+]  Levels mol/l No of patients % of total Mortality N=70 % Age 
I 121-125 570 70.54 49 8.59 
II 116-120 122 11.86 9 7.3 
III <115 100 7.6 12 12 

 

Table 2. Status of hyponatremia in mortality patients before demise, n=70 
 

[Na+] 
status 

Group III 
n=12 

Group II 
n=9 

Group I 
n=49 

Total 
n=70 

Corrected  ≥130 mmol/l 4 33% 3 33% 27 55% 34 48.6% 
Partially corrected  
≥121-130 mmol/l 

5 41% 2 22% 13 26.5% 20 28.57% 

Uncorrected/ No 
significant change 

3 25% 4 44% 9 18.4% 16 22.85% 
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Table 3. Clinical profile of hyponatremia patients n=792 
 
 Clinical diagnosis Group I Group II Group III Total % 
Git Chronic liver disease 115 34 17 166 20.9 

1.59 Pancreatitis 9 2 1  
Infectious disease  102 16 13 135 17.04 
Nephrology Arf 20 2 4  

122 
 
15.4 Crf 29 8 5 

Miscellaneous 39 6 9 
Endocrinology Dm and  it`s 

complications 
57 17 8  

96 
 
12.12 

Hypopituitirism 8 2 4 
Oncology Heamatology 16 4 6  

87 
 
11.23 Tumor 29 10 9 

Miscellaneous 5 1 1 
Nhl 4 1 1 

Neurology Cns(cva) 7 2 2  
56 

 
7.07 Cns infection 9 2 4 

Miscellaneous 24 5 1 
Cancer neuro 1 - - 

Pulmonary 
medicine 

Pulmonary infection 24 1 6 51 6.43 
Copd/asthma 12 5 3 

Trauma Trauma cns 9 - 9  
41 

 
5.17 Spinal cord 1 1 - 

Miscellaneous 18 2 1 
Miscellaneous Dengue 1 - - 1  

 
3.2 

Rheumatology 2 1 1 4 
Skin 4 1 - 5 
Burns 3 1 - 4 
Surgery 9 1 - 10 
Psychiatry 1 - - 1 

 
4. DISCUSSION 
 
Hyponatremia is the frequent electrolyte 
abnormality encountered in hospitalized patients.  
Hyponatremia is generally a consequence of 
systemic diseases and it adds to morbidity and 
mortality of subjects. These conditions are 
diverse in etiology and may alter the dynamics in 
their unique ways. By elucidating various causes 
one can plan the treatment strategies [12]. So 
the present work was carried out to identify 
various clinical conditions associated with 
hyponatremia. Data of cardiology patients was 
not included in this study as these patients need 
separate study, analysis and discussion. 
 
Various authors have reported different 
prevalence rates with wide variations of 2.5 to 
30%. This variation in prevalence has been 
because of number of factors like definition, level 
and severity of hyponatremia, method of testing, 
health care setting, total patient number and 
population. We studied profound hyponatremia 
(<125 mmol/l), as symptoms and effects of 

hyponatremia are pronounced below these levels 

[13,14]. 
 
As the symptoms of hyponatremia are 
nonspecific and causes can be multifactorial, so 
manifestation of the underlying disease takes the 
precedence. In our study, in association with 
hyponatremia most common disease happens to 
be chronic liver disease (CLD) (20.09%). 
Advanced liver disease generally is associated 
with impairment in renal capacity to eliminate 
solute free water causing hypo-osmolality. 
Systemic vasodilatation in arteriovenous 
shunting of blood may reduce effective arterial 
blood flow. This lead to neurohumoral activation 
and water retention due to baroreceptor 
mediated vasopressin release. In addition use of 
mineralocorticoid antagonist spironolactone 
alone or in combination with loop diuretic 
reduces sodium retention in liver failure thereby 
contributing to hyponatremia [15]. CLD is very 
common in this part of country due to extensive 
burden of hepatitis C and alcoholism. A good 
number of our inpatients had CLD and probably 
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due to this reason it was most common cause of 
hyponatremia in our study. Chronic and acute 
renal disease was noted in 15.7% patients. 
When glomerular filtration rate falls or if there is 
tubular injury in kidney disease, renal ability to 
excrete water declines resulting in hyponatremia, 
if patient do not adhere to fluid restriction. 
Infectious diseases which include gastroenteritis, 
malaria, dengue, enteric, lower UTI all cause 
hyponatremia by diverse mechanisms [16]. In 
other studies GI losses remains the major cause 
of hyponatremia followed by use of medication 
(diuretics) and kidney disease [17,18]. Diabetes 
mellitus and other endocrinological causes, like 
hypopituitarism secondary adrenal insufficiency 
were noted in 12.1% patients.  
 
In our study 11% patients had various types of 
malignancies. Hyponatremia in the cancer 
patient is usually as a result of SIADH. SIADH 
may be driven by ectopic production of arginine 
vasopressin (AVP) by tumors or by effects of 
anticancer and palliative medications on AVP 
production or its action. Diarrhea and vomiting 
caused by cancer therapy may also cause 
hypovolemic hyponatremia [19]. 
 
 
In pulmonary diseases patients (6.4% in our 
study) SIADH is the most probable cause, 
mechanism of which is poorly understood. CNS 
disease/ infections were noted in 7.3% patients 
and probably hyponatremia results from 
neurohormonal response [20]. 
 
In our study significantly higher mortality rate was 
noted in hyponatremia patients, as reported by 
other workers also [21].  But mortality rates were 
significantly higher in the severest grade of 
hyponatremia (<115). Out of 792 subjects with 
profound hyponatremia 70 patients expired 
When analysis of serum sodium was done it was 
noted that hyponatremia was corrected either 
partially (125-130 mmol/l) in 28.57% or 
completely (>130 mmol/l) in 46.8% patients who 
expired. Only 22.8% patients had uncorrected 
hyponatremia at the time of demise. This finding 
reflects that severity of the underlying disease 
has a significant bearing on the mortality in 
association with hyponatremia. In line with this 
finding another study has also concluded that 
underlying disease process rather than the 
severity of hyponatremia explains the mortality 
rate [22]. 
 
5. CONCLUSIONS 
 
Timely diagnosis of hyponatremia and evaluating 
its possible cause is very important as outcome 

of these patients is governed by etiology as well 
as by Sodium [Na+] levels. 
 
CONSENT  
 
All authors declare that written informed consent 
was obtained from the patient (or other approved 
parties) for publication of this paper and 
accompanying images. 
 
ACKNOWLEDGEMENTS 
 
We are thankful to the Medical Record Officer 
Mr.Pawan K Rana for his help and thank the 
institution for allowing to collect data. 
 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 
REFERENCES 
 
1. Beukhof CM, Hoorn EJ, Lindemans J, 

Zietse R. Novel risk factors for hospital-
acquired hyponatraemia: A matched case–
control study. Clinical Endocrinology. 
2007;66:367–372. 
DOI: 10.1111/j.1365-2265. 2007.02741.x 

2. Upadhyay A, Jaber BL, Madias NE. 
Epidemiology of hyponatremia. Seminars 
in Nephrology. 2009;29:227–238. 
DOI: 10.1016/j.semnephrol   
(2009.03.004) 

3. Goce Spasovski, Raymond Vanholder, 
Bruno Allolio, Djillali Annane, Steve Ball, 
Daniel Bichet, Guy Decaux, et al. Clinical 
practice guidelines on diagnosis and  
treatment of hyponatremia. European 
Journal of Endocrinology; 2014. 
DOI: 10.1530/EJE-13-1020 

4. Sterns RH. Severe symptomatic 
hyponatremia: Treatment and outcome. A 
study of 64 cases. Annals of Internal 
Medicine. 1987;107:656–664. 
DOI: 10.7326/0003-4819-107-5-656 

5. Gill G, Huda B, Boyd A, Skagen K, Wile D, 
Watson I, van Heyningen C. 
Characteristics and mortality of severe 
hyponatraemia –   A hospital-based study. 
Clinical Endocrinology. 2006;65:246–249. 
DOI: 10.1111/j.1365-2265.2006.02583.x 

6. Funk GC, Lindner G, Druml W, Metnitz B, 
Schwarz C, Bauer P, Metnitz PG. 
Incidence and prognosis of dysnatremias 



 
 
 
 

Singh et al.; BJMMR, 14(12): 1-6, 2016; Article no.BJMMR.23971 
 
 

 
6 
 

present on ICU admission. Intensive Care 
Medicine. 2010;36:304–311.  
DOI: 10.1007/s00134-009-1692-0 

7. Stelfox HT, Ahmed SB, Khandwala F, 
Zygun D, Shahpori R, Laupland K. The 
epidemiology of intensive care unit-
acquired hyponatraemia and hyper-
natraemia in medical – Surgical intensive   
care units. Critical Care. 2008;12:R162. 
DOI: 10.1186/cc7162 

8. Hoorn EJ, Zietse R. Hyponatremia 
revisited: Translating physiology to 
practice. Nephron. Physiology. 2008;108: 
46–59.  
DOI: 10.1159/000119709 

9. Renneboog B, Musch W, Vandemergel X, 
Manto MU, Decaux G. Mild chronic 
hyponatremia is associated with falls, 
unsteadiness, and attention deficits. 
American Journal of Medicine. 2006;119: 
71.e1–71.e8.       
DOI: 10.1016/j.amjmed.2005.09.026 

10. Liamis G, Rodenburg EM, Hofman A, 
Zietse R, Stricker BH, Hoorn EJ.      
Electrolyte disorders in community 
subjects: Prevalence and risk factors. 
American Journal of Medicine. 2013;126: 
256–263. 
DOI: 10.1016/j.amjmed.2012.06.037 

11. Wald R, Jaber BL, Price LL, Upadhyay A, 
Madias NE. Impact of hospital-associated 
hyponatremia on selected outcomes. 
Archives of Internal Medicine. 2010;170: 
294–302.  
DOI: 10.1001/archinternmed.2009.513 

12. Bagshaw SM, Towmsend DR, McDermid 
RC. Disorders of sodium and water      
balance in hospitalized patients. Canadian 
Journal of Anaesthia. 2009;56(2):151-67. 

13. Laczi F. Etiology, diagnosis and therapy of 
hyponatremia. Orv Hetil. 2008;149(29): 
1347-54. 

14. Hoorn EJ, Lindemans J, Zietse R. 
Development of severe hyponatremia in 

Hospitalized patients; Treatment – related 
risk factors and inadequate management. 
Nephrology Dialysis Transplant. 2006;21: 
70-76. 

15. Goland S, Naugolny V, Korbut Z, Rozen I, 
Caspi A, Malnick S. Appropriateness and 
complications of the use of spironolactone 
inpatients treated in a heart failure clinic. 
European Journal of Internal Medicine. 
2011;22:424–427.    
DOI: 10.1016/j.ejim.2011.04.008 

16. Liamis G, Milionis HJ, Elisaf M. 
Hyponatremia in patients with infectious 
diseases. Journal of Infection. 2011;63(5): 
327-35. 

17. Yawar A, Jabbar A, Haque NU, Zuberi LM, 
Islam N, Akhtar J. Hyponatremia: Etiology, 
management and outcome. Journal 
College Physians Surgery Pakistan. 
2008;18(8):467-71. 

18. Vu T, Wong R, Hamblin PS, Zajac J, 
Grossmann M. Patients presenting with 
Severe hyponatremia: Etiological factors, 
assessment and outcome. Hospital 
Practice. 2009;37(1):128-36. 

19. Castillo JJ, Vincent M, Justice E. Diagnosis 
and management of hyponatremia in 
cancer patient. Oncologist. 2012;17(6): 
756-65 

20. Lee P, Ho KK. Hyponatremia in pulmonary 
TB: evidence of ectopic anti diuretic 
hormone production. Chest. 2010;137(1): 
207-8. 

21. Gill G, Huda B, Boyd A, Skagen K, Wile D, 
Watson I, van Heyningen C. 
Characteristics and mortality of severe 
hyponatraemia – A hospital-based study. 
Clinical Endocrinology. 2006;65:246–249. 
DOI: 10.1111/j.1365-2265.2006.02583.x 

22. Chawla A, Sterns RH, Nigwekar SU, 
Cappuccio. Mortality and serum sodium:  
Do patients die from or with hyponatremia? 
Clinlical Journal of American Society of 
Nephrology. 2011;6(5):960-65. 

_________________________________________________________________________________ 
© 2016 Singh et al.;  This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 
 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://sciencedomain.org/review-history/14045 


