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Abstract: 

Introduction: Heart failure is one of the leading cardiac 

disorders, and is considered as very critical clinical 

condition representing an important health care problem. 

Low levels of sodium in serum refers to sodium 

concentration of <135 m.eq./L and is one of the most 

common biochemical conditions seen in subjects with 

heart failure. 

Materials and Methods: 146 indoor patients of heart 

failure (acute or chronic) that were admitted in new civil 

hospital, Surat, Gujarat and those who satisfied the 

inclusion and exclusion criteria were included in this 

study. History, systemic examination and blood sample 
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to measure sodium levels were collected at the time of 

hospital admission. Direct Ion Selective Electrode 

(Direct ISE) method was employed to measure sodium 

levels. 

Results: Mean, standard deviation as well as level of 

significance were measured for different parameters 

under study as well as for each type of anti-hypertensive 

medications that were regularly taken by patients. A 

statistical significant difference was seen in the 

medication profile as well as laboratory results among 

hyponatremia and normonatremia patients, in particular, 

the use of diuretics. 

Conclusion: Hyponatremia is one of the key factors, 

along with other factors like medications and systemic 

conditions, for determining the prognosis of heart failure 

patients. Further study on larger sample size is required 

for evaluating in detail, the effects of hyponatremia in 

heart failure patients. 

Keywords: Heart failure, Hyponatremia, serum sodium 

level, antihypertensive drugs 

Introduction 

Heart failure (HF), regarded as one of the foremost 

cardiovascular disorder, remains a critical clinical 

condition notwithstanding any progression in medical 

care, representative of a significant health care problem 

and overall health expenditure.1 

Low serum sodium level, also known as hyponatremia, 

is characteristically defined as a serum sodium 

concentration of <135 m.eq./L and is one of the most 

common biochemical disorders featured in heart failure 

patients, with a prevalence close to 25%.2-4 HF affects 

cardiac output by either decreasing heart rate or reducing 

the stroke volume. The reduction of cardiac output 

subsequently causes arterial under–filling, which triggers 

the renin angiotensin aldosterone system (RAAS). 

Angiotensin II, the final product of the RAAS, activates 

aldosterone from the adrenal cortex, which results in the 

reabsorption of water and salt into the blood. The 

expansion of extracellular fluid ultimately results in 

hyponatremia.5-7 

Several observational studies and clinical trials have 

been conducted to assess the prognostic impact of serum 

sodium levels at -admission and during hospitalization 

of HF patients. The current study was conducted with 

the aim of assessing the prevalence of hyponatremia in 

patients hospitalized with a diagnosis of heart failure and 

comparing baseline clinical characteristics of heart 

failure patients based on sodium level. Further survival 

progress between patients with hyponatremia and 

normonatremia was assessed and clinical prognostic 

markers of overall mortality in heart failure patients 

were monitored. 

Materials and Methods 

This study was conducted in 146 indoor patients of heart 

failure (acute or chronic) that were admitted in new civil 

hospital, Surat, Gujarat.  

Inclusion criteria 

Individuals diagnosed as heart failure patients 

(irrespective of aetiology), who were willing to 

participate in the study and give consent, having age 

more than 18 years were included in the study. 

Exclusion criteria 

Patients with conditions causing hyponatremia like 

vomiting, diarrhoea, diabetic ketoacidosis, cirrhosis, 

nephritic syndrome, salt losing nephropathy, Syndrome 

of inappropriate antidiuretic hormone secretion 

(SIADH), glucocorticoid deficiency were excluded from 

the study.  Also, patients with conditions causing 

hypernatremia such as chronic kidney disease and 

diabetes insipidus were excluded from the study. 
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Moreover, patients taking leave against medical advice 

or discharge against medical advice were not included in 

this study. 

Detailed history of the patient was taken and complete 

systemic examination was performed followed by blood 

sample collection to measure sodium levels at the time 

of admission. Direct Ion Selective Electrode (Direct ISE) 

method was employed to measure sodium levels.  

A pretested semi structured questionnaire was used for 

data collection. Follow up of the patient was done till the 

discharge of the patient and the response outcome was 

noted as improvement or deterioration of the patient 

condition as well as outcome was measured in terms of 

discharge / death of the patient at the end of the hospital 

stay.   

Data collected was entered in to Statistical Package for 

the Social Sciences (SPSS) software and Microsoft excel 

for carrying out statistical analysis. 

Results 

Out of 146 patients included in this study, 65 were males 

and 81 were females. The mean, standard deviation and 

the maximum minimum values were calculated for age, 

heart rate, systolic and diastolic blood pressure and are 

enumerated in Table 1. 

 Age Heart 

Rate 

(HR) 

Diastolic 

blood 

pressure 

(DBP) 

Systolic 

blood 

pressure 

(SBP) 

Mean 58.68 107.26 79.78 125.96 

Std.deviation 18.46 26.05 10.96 23.38 

Minimum 40.22 80.51 68.82 102.58 

Maximum 77.14 133.61 90.74 149.34 

Table 1: Mean standard deviation and range (minimum-

maximum) for patient’s age, heart rate and diastolic – 

systolic blood pressure findings. 

Out of 146 subjects, a little more than 50% (74 patients 

= 50.7%) had dyspnea at rest, whereas 66 patients 

(45.2%) had complaint of chronic fatigue. 

Parameter Frequency 

 YES (%) NO (%) 

Hypertension (HTN) 81 (55.5%) 65 (43.5%) 

Diabetes Mellitus (DM) 72 (49.3%) 74 (50.7%) 

Dyslipidemia 82 (56.2%) 64 (43.8%) 

History of Smoking 47 (32.2%) 99 (67.8%) 

Atrial Fibrillation (AF) 26 (17.8%) 120 (82.2%) 

Table 2: The frequency distribution of patients as per the 

presence of hypertension, diabetes, dyslipidemia, history 

of smoking and atrial fibrillation. 

Parameter Frequency 

 YES (%) NO (%) 

Ischemic heart disease (IHD) 58 (39.7%) 88 (60.3%) 

Valvular heart diease (VHD) 31 (21.2%) 115 (78.8%) 

Dilated cardiomyopathy 

(DCM) 

67 (45.9%) 79 (54.1%) 

Prior hospitalization 78 (53.4%) 68 (46.6%) 

Presence of oedema 115 (78.8%) 31 (21.2%) 

Lung congestion 115 (78.8%) 31 (21.2%) 

Pleural effusion 24 (16.4%) 122 (83.6%) 

Table 3: The frequency distribution of patients as per the 

presence of ischemic heart disease, valvular heart 

disease, dilated cardiomyopathy, prior hospitalization, 

presence of edema, lung congestion and pleural effusion. 

Medications (drugs) Frequency 

 YES (%) NO (%) 

Angiotensin Converting 

Enzyme (ACE) inhibitors 
69 (47.3%) 77 (52.7%) 

Angiotensin II Receptor 

Blockers (ARB) 
75 (51.4%) 71 (48.6%)  

Beta blockers 83 (43.2%) 63 (56.8%) 

Diuretics 84 (57.5%) 62 (42.5%) 

Calcium Channel Blockers 65 (44.5%) 81 (55.5%) 
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(CCB) 

Statin 115 (78.8%) 31 (21.2%) 

Table 4: The frequency distribution of patients as per the 

history of taking different medication (drugs). 

The overall outcome of 146 cases under study revealed a 

discharge percentage of 72.6% (106 patients) as against 

the mortality percentage of 27.4% (40 patients). 

 
Frequency 

Discharge (%) Expired (%) 

Outcome 106 (72.6%) 40 (27.4%) 

Table 5: The frequency distribution of outcomes noticed 

in patients. 

Discussion 

Hyponatremia is a typical finding in heart failure 

patients. A strong association is established between the 

mortality of HF patients and low serum sodium status at 

admission.8-10 This association is attributed to 

cardiorenal insufficiency and the related decrease in 

water elimination but there is no current evidence on the 

prognostic impact of changes in serum sodium 

concentrations on patients’ overall prognosis.  

Several observational studies reported similar findings, 

suggesting hyponatremia as a marker of a more severe 

clinical condition, but not a target for treatment or 

intervention.11-12 The clinical significance of 

hyponatremia acquired during hospitalization was 

highlighted by Goldsmith, as a predictive factor for 

increased mortality and readmission in patients with 

HF.13 

In the current study, a significant difference was seen in 

the medication profile and laboratory results among 

hyponatremia and normonatremia patients, in particular, 

the use of diuretics. Similar findings were reported by 

Dai-Yin Lu et al. and J.C Arevalo Lorido et al14, where 

most of the patients with hyponatremia were found to be 

treated with diuretics. 

Valvular heart disease was an important etiology which 

was more pronounced in patients with normonatremia. 

The etiological significance of VHD for the development 

of heart failure is further supported by the Valirie N. 

Agbor et al. study (a meta-analysis and systematic 

review of heart failure etiologies in sub-Saharan Africa) 

where VHD (14.1%) was the leading cause of HF.15 

Tefera et al. further showed the valvular implication of 

VHD with findings of mitral regurgitation and mitral 

stenosis as the most common valvular involvement in 

Ethiopian HF cohorts.16 

The pathogenesis of hyponatremia in HF is considered to 

be multidimensional and correlated to disease severity. 

In most HF patients’ cases, hypervolemic-hyponatremia 

is the common denominator or nexus. The interlinking 

of increased secretion of arginine vasopressin (AVP) - 

enhanced activity of the sympathetic nervous system and 

the renin-angiotensin system plays a paramount factor in 

the development of hyponatremia.17-18 

In our study, independent prognostic markers of all-

cause mortality among study participants were 

hyponatremia (p = 0.001), advanced age (p = 0.003), and 

prescription of medications like, ACEI (p = 0.015), arb 

(p = 0.344), diuretics (p = 0.009), ccb (p = 0.943), beta 

blocker (p = 0.637). These findings were on par with 

studies conducted in Ethiopia,19 Poland,20 Spain,21-22, 

UK,23 and the US24 that showed an unfavorable 

prognosis in HF cohorts, who were at advanced ages and 

had lower levels of sodium. 
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Graph 1: Graph shows outcome percentage in patients who were smokers (YES) and non-smokers (NO). The correlation 

obtained was found to be non-significant with p-value = 0.456 

Parameter  Outcome Total p value 

  Discharge Expired   

Sodium <135 (Low) 58 38 96 <0.005 

>135 (Normal) 48 2 50 

Sex Female 53 28 81 0.03 

Male 53 12 65 

Dyspnea Female 49 25 74 0.079 

Male 57 15 72 

Fatigue Female 59 21 80 0.732 

Table 6: Independent analysis of outcome in patients under different conditions

Parameter  Outcome Total P value 

  Discharge Expired   

Hypertension 
NO 49 16 65 

0.682 
YES 57 24 81 

Diabetes Mellitus 
NO 57 17 74 

0.224 
YES 49 23 72 

Dyslipidemia 
NO 47 17 64 

0.842 
YES 59 23 82 

Atrial Fibrillation 
NO 88 32 120 

0.671 
YES 18 8 26 

Ischemic Heart Disease 
NO 62 26 88 

0.473 
YES 44 14 58 
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Valvular Heart Disease 
NO 82 33 115 

0.498 
YES 24 7 31 

Dilated 

Cardiomyopathy 

NO 57 22 79 
0.894 

YES 49 18 67 

Pleural Effusion 
NO 89 33 122 

0.832 
YES 17 7 24 

Lung Congestion 
NO 23 8 31 

0.832 
YES 83 32 115 

Prior Hospitalization 
NO 51 17 68 

0.544 
YES 55 23 78 

Presence of pedal 

edema 
NO 21 10 31 0.494 

Table 7: Independent analysis of outcome in patients with different systemic conditions. 

 
Graph 2: Independent analysis of outcome in patients taking different medications. 

Conclusion 

In conclusion, hyponatremia is one of the crucial factors 

in the clinical prognosis of heart failure patients. 

However, as other prognostic factors (i.e., medication, 

age etc) also played vital roles in overall survival, well-

controlled clinical trials (complete with medication 

dosing, laboratory outputs and long-term prospective 

follow up) are required to further study the impact of 

hyponatremia in HF patient’s prognosis. 
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