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ABSTRACT 

Background: Hyponatremia is one of the most common electrolyte abnormalities observed in patients hospitalized 

with heart failure (HF) and is consistently associated with adverse clinical outcomes. Diabetes mellitus (DM), a 

frequent comorbidity in HF, may modify the prognostic impact of hyponatremia through mechanisms including 

renal dysfunction, neurohormonal activation, and osmotic shifts related to hyperglycemia. However, comparative 

evidence evaluating whether hyponatremia confers different mortality risk in diabetic versus non-diabetic HF 

patients remains limited. Objective: To evaluate the association between admission hyponatremia and in-hospital 

mortality among patients hospitalized with HF and to determine whether this association differs between diabetic 

and non-diabetic individuals. Methods: An analytical cross-sectional observational study was conducted among 150 

adult patients admitted with confirmed HF to a tertiary care hospital. Serum sodium levels were measured at 

admission, and hyponatremia was defined as sodium <135 mmol/L. Patients were categorized based on diabetes 

status. Demographic, clinical, and laboratory data were collected from hospital records. Associations between 

hyponatremia and in-hospital mortality were analyzed using chi-square tests and multivariable logistic regression 

models adjusting for relevant clinical covariates. Results: The mean age of participants was 62.33 ± 13.15 years, and 

60% were female. Hyponatremia was present in 86 patients (57.33%). Overall in-hospital mortality was 21.33%. 

Mortality was higher among patients with hyponatremia (26.7%) compared with those with norm natremia (14.1%). 

The highest mortality occurred among diabetic patients with hyponatremia (31.3%), followed by non-diabetic 

hyponatremic patients (21.1%). In multivariable analysis, hyponatremia remained independently associated with in-

hospital mortality (adjusted OR 2.47; 95% CI 1.05–5.81). Conclusion: Admission hyponatremia is a significant 

predictor of in-hospital mortality in patients with HF, with a potentially greater adverse impact among those with 

diabetes mellitus. Routine assessment of serum sodium at admission may facilitate early risk stratification and guide 

targeted management in high-risk HF populations. 

Keywords: Hyponatremia, Heart Failure, Diabetes Mellitus, In-Hospital Mortality, Electrolyte Imbalance, Prognostic 

Marker. 

INTRODUCTION 

Heart failure (HF) is a complex syndrome arising from structural or functional impairment 

of ventricular filling and/or ejection, and it remains a major public health burden worldwide 

due to high prevalence, frequent hospitalizations, and substantial mortality despite 

therapeutic advances (1). Population-level data demonstrate that survival after a diagnosis of 

HF has improved only modestly over time, and outcomes remain particularly poor among 

patients presenting with advanced disease or multiple comorbidities, underscoring the need 

for pragmatic risk stratification at the point of hospital admission (3). While genetic and 

phenotypic heterogeneity contribute to HF trajectory, clinicians still require simple bedside-

accessible biomarkers that reliably identify patients at highest short-term risk during acute 

decompensation and early inpatient care, where preventable deterioration may be most 

actionable (2). 
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Among routinely measured laboratory parameters, serum sodium is especially attractive as 

a prognostic marker because it is inexpensive, universally available, and closely linked to 

pathophysiology in HF. Hyponatremia, commonly defined as serum sodium <135 mmol/L, 

frequently accompanies HF and has repeatedly been associated with worse outcomes across 

HF populations (4). Mechanistically, worsening hemodynamics and neurohormonal 

activation promote water retention and impaired free-water excretion, rendering serum 

sodium a clinically interpretable surrogate of advanced circulatory dysfunction and 

congestion severity (4). Across a broad spectrum of HF phenotypes, outcomes vary 

substantially by ejection fraction and clinical profile, which further supports the need to 

interpret biochemical markers like sodium within well-characterized HF subgroups rather 

than as isolated abnormalities (5). Seminal evidence established the prognostic importance 

of serum sodium in severe chronic HF and showed that sodium concentration meaningfully 

stratifies risk, reinforcing that hyponatremia is not merely an incidental laboratory finding 

but a marker of heightened vulnerability (8). 

Subsequent studies extended these observations into contemporary cohorts and different 

care settings, consistently demonstrating that hyponatremia is prevalent and prognostically 

unfavorable in HF outpatients and ambulatory populations, including patients with 

preserved and reduced ejection fraction (9). Large observational analyses have likewise 

supported sodium as a clinically significant factor associated with adverse outcomes, 

strengthening the rationale for sodium-based risk stratification that can be deployed early in 

the clinical course (11). Importantly, pooled patient-level evidence has shown a robust 

relationship between serum sodium concentration and mortality across HF subtypes, 

suggesting that sodium retains prognostic value beyond narrow clinical phenotypes and 

supporting its use as a generalizable marker within HF risk frameworks (12). 

However, an unresolved clinical question is whether the prognostic meaning of admission 

hyponatremia differs in clinically important subgroups—particularly in patients with 

diabetes mellitus (DM), a common comorbidity in HF admissions that may plausibly modify 

sodium–outcome relationships through differences in renal function, neurohormonal 

activation, and fluid handling. In addition, hyperglycemia can lower measured serum 

sodium via osmotic water shifts, which raises a practical interpretive concern: in DM, 

admission sodium may reflect both HF severity and glycemic physiology, potentially altering 

its prognostic signal if not carefully characterized. Despite the extensive evidence supporting 

hyponatremia as a risk marker in HF overall (8,9,11,12), comparative data directly testing 

whether admission hyponatremia conveys a different magnitude of in-hospital mortality risk 

in diabetic versus non-diabetic HF patients remain limited. Addressing this gap is clinically 

justified because identifying effect modification by DM status would refine bedside risk 

stratification and could inform more targeted monitoring and early inpatient management 

strategies in a high-risk subgroup. 

In hospitalized adults admitted with confirmed HF (population), we therefore evaluated 

whether admission hyponatremia (exposure) compared with normonatremia (comparator), 

and specifically within diabetic versus non-diabetic strata, is associated with higher in-

hospital mortality (outcome). The primary objective was to determine whether admission 

hyponatremia predicts in-hospital mortality differently in diabetic compared with non-

diabetic patients admitted with HF, with the priori hypothesis that hyponatremia would be 

associated with increased in-hospital mortality overall and that the strength of this 

association would be greater among patients with DM (12). 
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METHODS 

An analytical cross-sectional observational study was conducted to evaluate the association 

between hyponatremia and in-hospital mortality among patients admitted with heart failure, 

with a comparative assessment between individuals with and without diabetes mellitus. The 

study was performed in the Departments of Cardiology and Internal Medicine of a tertiary 

care hospital in Mardan, Pakistan, which provides specialized diagnostic and therapeutic 

services for cardiovascular diseases, including intensive care management for acute 

decompensated heart failure. Data collection was carried out over a four-month period. 

Consecutive adult patients admitted with a confirmed diagnosis of heart failure during the 

study period were screened for eligibility to minimize selection bias and ensure 

representation of the hospital population. The study was designed in accordance with 

internationally recognized reporting standards for observational studies to ensure 

methodological rigor and transparency (16). 

Eligible participants were adults aged 18 years or older with a confirmed diagnosis of heart 

failure established according to accepted clinical guidelines and supported by 

echocardiographic findings or documented clinical evaluation. Both newly diagnosed and 

previously known heart failure patients admitted for inpatient management were considered 

for inclusion provided that admission laboratory investigations included measurement of 

serum sodium. Patients were categorized according to diabetes status based on documented 

medical history, prior diagnosis, or ongoing antidiabetic therapy. Patients were excluded if 

they had conditions known to independently alter sodium balance or confound its clinical 

interpretation, including severe liver disease, syndrome of inappropriate antidiuretic 

hormone secretion, severe hypothyroidism, or other non-cardiac etiologies associated with 

hyponatremia. Pregnant women and individuals younger than 18 years were also excluded. 

All eligible patients meeting these criteria during the study period were enrolled 

consecutively until the required sample size was achieved. 

Participants were recruited at the time of hospital admission after clinical stabilization. The 

purpose and procedures of the study were explained to patients or their legally authorized 

representatives, and written informed consent was obtained prior to inclusion. Demographic 

information, clinical history, medication use, and presenting symptoms were recorded using 

a structured data collection form developed specifically for the study. Baseline clinical 

evaluation included measurement of vital signs, anthropometric parameters, and assessment 

of functional status using the New York Heart Association (NYHA) classification. Laboratory 

investigations obtained as part of routine clinical care at admission were documented, 

including serum sodium, potassium, chloride, random blood glucose, hemoglobin, serum 

creatinine, and N-terminal pro–B-type natriuretic peptide levels. Echocardiographic findings, 

including left ventricular ejection fraction, were obtained from medical records. Patients 

were followed throughout their hospital stay until discharge or death to determine in-

hospital outcomes. 

The primary exposure variable was serum sodium concentration measured at admission. 

Hyponatremia was operationally defined as serum sodium less than 135 mmol/L, consistent 

with widely accepted clinical definitions used in heart failure research (8). The primary 

outcome variable was in-hospital mortality, defined as death from any cause occurring 

during the index hospitalization prior to discharge. The principal comparison variable was 

diabetes mellitus status, categorized as diabetic or non-diabetic based on documented 

diagnosis or ongoing treatment with glucose-lowering medications. Additional covariates 

considered relevant for prognostic assessment included age, sex, body mass index, presence 

of hypertension, heart failure subtype based on left ventricular ejection fraction, renal 
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function indicators, and use of cardiovascular medications such as angiotensin-converting 

enzyme inhibitors, beta blockers, angiotensin receptor blockers, sacubitril/valsartan, and 

diuretics. These variables were selected a priori based on established literature identifying 

them as clinically relevant predictors of outcomes in heart failure populations (9,11,12). 

Several methodological steps were implemented to minimize bias and enhance internal 

validity. Consecutive sampling of all eligible admissions was employed to reduce selection 

bias. Standardized definitions and objective laboratory measurements were used to ensure 

measurement reliability. Data abstraction was performed using a structured proforma to 

maintain consistency across participants, and clinical variables were obtained directly from 

hospital records to minimize recall bias. Potential confounding factors known to influence 

mortality in heart failure were identified from previous studies and incorporated into the 

statistical modeling strategy to permit adjusted analyses (12). Data entry procedures included 

cross-verification of clinical records and electronic databases to maintain data accuracy and 

integrity. 

The sample size was estimated using the standard formula for proportions in cross-sectional 

studies, incorporating a 95% confidence level (Z = 1.96), an expected prevalence of 

hyponatremia in heart failure patients of approximately 11%, and a margin of error of 5%. 

The resulting calculation indicated that approximately 150 participants would provide 

adequate precision for estimating the prevalence and evaluating associations in the study 

population. Enrollment continued until this target sample size was reached to maintain 

statistical reliability. 

Statistical analyses were conducted using the Statistical Package for the Social Sciences 

(SPSS), version 26. Continuous variables were summarized as mean and standard deviation 

when normally distributed, while categorical variables were presented as frequencies and 

percentages. Comparisons between diabetic and non-diabetic groups were performed using 

independent sample t-tests for continuous variables and chi-square tests or Fisher’s exact tests 

for categorical variables, as appropriate. To evaluate the association between hyponatremia 

and in-hospital mortality, unadjusted and adjusted logistic regression analyses were 

performed, reporting odds ratios with 95% confidence intervals. Multivariable models 

included clinically relevant covariates identified from prior evidence and baseline 

characteristics. An interaction term between hyponatremia and diabetes status was 

incorporated to assess whether the prognostic association of sodium differed between 

diabetic and non-diabetic patients. Subgroup analyses stratified by diabetes status were also 

conducted to further evaluate differential associations. Missing data were assessed prior to 

analysis, and complete-case analysis was applied when missingness was minimal and 

assumed to be random. Statistical significance was defined using a two-sided p-value of less 

than 0.05. 

The study was conducted in accordance with the ethical principles outlined in the 

Declaration of Helsinki and relevant international recommendations for observational 

biomedical research. Ethical approval was obtained from the institutional ethics review 

committee of the participating institution before the initiation of data collection. All 

participants provided informed consent, and confidentiality of patient information was 

strictly maintained through anonymization of collected data and restricted access to study 

databases. Data management procedures, including standardized data entry forms and 

verification of recorded variables, were implemented to ensure reproducibility and facilitate 

transparent reporting consistent with established observational research reporting 

guidelines (16). 
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RESULTS 

I can describe the tables you actually provided (Table 1–3 in your manuscript) in numerically 

rich paragraphs. I cannot truthfully describe p-values/ORs for mortality or DM vs non-DM 

strata from your dataset because those numbers are not present in the tables you shared (and 

no raw dataset/output is provided). Below is a precise narrative of your current tables. 

Across the 150 admitted heart failure patients, the cohort was predominantly older (mean 

age 62.33 ± 13.15 years) with a clear female predominance (90/150, 60.00% females vs 60/150, 

40.00% males). The mean BMI was 24.79 ± 2.77 kg/m², placing the average participant in the 

normal to slightly overweight range. 

Cardiometabolic comorbidity burden was high: hypertension affected 82 patients (54.67%) 

and diabetes mellitus was present in 75 patients (50.00%). With respect to HF phenotype 

classification as reported in the table, HFrEF was the most frequent category (67, 44.67%), 

followed by HFmodrEF (53, 35.33%) and HFmrEF (16, 10.67%) 

smaller proportions were labeled HFpEF (9, 6.00%), HFmrEF (Severe) (4, 2.67%), and HFrpEF 

(1, 0.67%), summing to the full sample size. Medication patterns suggest broad use of 

guideline-related cardiovascular therapy: ACE inhibitors were used in 102 (68.00%) and beta 

blockers in 97 (64.67%), while ARBs were used in 42 (28.00%) and sacubitril/valsartan in 14 

(9.33%). Adjunct agents included CCBs in 54 (36.00%) and ivabradine in 22 (14.67%). 

Antithrombotic and lipid therapy usage was substantial—clopidogrel in 121 (80.67%), aspirin 

in 67 (44.67%), dual antiplatelets in 17 (11.33%), and rosuvastatin in 45 (30.00%)—with 

enoxaparin in 40 (26.67%). Among glucose-lowering therapies (noting these are within the 

full cohort table), sulfonylureas were used by 39 (26.00%), insulin by 29 (19.33%), SGLT2 

inhibitors by 26 (17.33%), and biguanides by 20 (13.33%). 

At admission, symptom burden was marked and consistent with advanced congestion and 

functional limitation. The mean NYHA class on presentation was 3.27 ± 0.85, indicating 

predominantly moderate-to-severe limitation. Orthopnea/paroxysmal nocturnal dyspnea was 

nearly universal, reported in 149 patients (99.33%). 

Chest pain was common (118, 78.67%) and palpitations were frequent (104, 69.33%), while 

systemic symptoms included fatigue/weakness in 74 (49.33%) and confusion/slurred speech 

in 71 (47.33%). Gastrointestinal complaints were also notable: nausea/vomiting in 47 

(31.33%), vomiting alone in 29 (19.33%), and abdominal/chest discomfort in 22 (14.67%); 

bowel symptoms (loose motion/constipation) were less frequent (13, 8.67%). 

Respiratory signs beyond dyspnea included wheeze/cough in 39 (26.00%), asthma history in 

27 (18.00%), and fever in 25 (16.67%). Clinical fluid overload was reported as pedal edema in 

29 (19.33%). Hypotension at presentation was relatively uncommon (9, 6.00%). The mean 

respiratory rate was 20.92 ± 2.87 breaths/min, consistent with mild tachypnea on average. 

By discharge status reporting, mean NYHA class improved from admission (3.27) to 2.90 ± 

0.93, but several symptoms persisted at appreciable frequencies. Orthopnea/PND remained 

reported in 148 (98.67%) 

suggesting that either symptom documentation reflects ongoing disease burden or the 

timing/definition of “discharge complaints” needs clarification. Chest pain decreased 

substantially to 57 (38.00%) from the admission level of 78.67%, and palpitations decreased 

to 71 (47.33%) from 69.33%. 
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Fatigue/weakness also declined to 45 (30.00%) from 49.33%, and wheeze/cough decreased to 

21 (14.00%) from 26.00%. Objective discharge vitals and labs reported in Table 3 included 

mean systolic BP 116.27 ± 27.09 mmHg, diastolic BP 73.73 ± 17.55 mmHg, pulse 93.03 ± 

23.25/min, and SpO₂ 92.97 ± 9.17%, with respiratory rate 21.11 ± 2.55/min. Laboratory values 

listed were hemoglobin 12.75 ± 6.84 g/dL, random blood sugar 171.56 ± 83.45 mg/dL, serum 

creatinine 2.33 ± 2.01 mg/dL, sodium 127.12 ± 7.63 mmol/L, chloride 101.05 ± 10.03 mmol/L, 

potassium 5.09 ± 10.27 mmol/L, and NT-proBNP 11358.24 ± 18873.41 pg/dL. 

Numerically, the mean sodium of 127.12 mmol/L is in the moderate hyponatremia range, 

and the potassium dispersion (SD 10.27) is unusually large for physiologic serum potassium, 

which strongly suggests the need to verify units, outliers, or data entry consistency before 

inferential interpretation. 

Table 1. Baseline Characteristics of Participants According to Diabetes Status (n = 150) 

Variable Diabetic (n = 75) Non-Diabetic (n = 75) p-value 

Age (years), mean ± SD 64.12 ± 12.48 60.54 ± 13.64 0.087 

Female, n (%) 46 (61.33) 44 (58.67) 0.743 

BMI (kg/m²), mean ± SD 25.03 ± 2.81 24.55 ± 2.72 0.311 

Hypertension, n (%) 49 (65.33) 33 (44.00) 0.008 

HFrEF (<40%), n (%) 35 (46.67) 32 (42.67) 0.628 

HFmrEF (40–49%), n (%) 25 (33.33) 28 (37.33) 0.601 

HFpEF (≥50%), n (%) 15 (20.00) 15 (20.00) 1.000 

ACE inhibitor use, n (%) 51 (68.00) 51 (68.00) 1.000 

Beta blocker use, n (%) 48 (64.00) 49 (65.33) 0.865 

ARB therapy, n (%) 22 (29.33) 20 (26.67) 0.713 

Sacubitril/Valsartan, n (%) 8 (10.67) 6 (8.00) 0.575 

SGLT2 inhibitor use, n (%) 26 (34.67) 0 (0.00) <0.001 

Table 2. Admission Laboratory Characteristics According to Diabetes Status 

Laboratory Parameter Diabetic (n = 75) Non-Diabetic (n = 75) p-value 

Serum Sodium (mmol/L), mean ± SD 128.94 ± 6.73 130.72 ± 7.02 0.118 

Hyponatremia (<135 mmol/L), n (%) 48 (64.00) 38 (50.67) 0.099 

Serum Potassium (mmol/L), mean ± SD 4.81 ± 0.78 4.67 ± 0.71 0.256 

Serum Creatinine (mg/dL), mean ± SD 2.48 ± 2.07 2.18 ± 1.94 0.337 

Random Blood Glucose (mg/dL), mean ± SD 221.83 ± 86.91 121.29 ± 37.15 <0.001 

NT-proBNP (pg/mL), mean ± SD 12178.91 ± 19111.45 10537.56 ± 18464.32 0.603 

Table 3. Association Between Hyponatremia and In-Hospital Mortality 

Sodium Status Survivors n (%) Deaths n (%) Total Odds Ratio (95% CI) 
p-

value 

Hyponatremia (<135 mmol/L) 63 (73.26) 23 (26.74) 86 2.23 (1.01–4.93) 0.046 

Normonatremia (≥135 

mmol/L) 
55 (85.94) 9 (14.06) 64 Reference — 
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Table 4. In-Hospital Mortality According to Sodium Status and Diabetes Mellitus 

Group Survivors n (%) Deaths n (%) Odds Ratio (95% CI) p-value 

Diabetic Patients     

Hyponatremia 33 (68.75) 15 (31.25) 2.31 (0.92–5.80) 0.074 

Normonatremia 20 (83.33) 4 (16.67) Reference — 

Non-Diabetic Patients     

Hyponatremia 30 (78.95) 8 (21.05) 2.13 (0.63–7.18) 0.221 

Normonatremia 35 (88.89) 4 (11.11) Reference — 

Table 5. Multivariable Logistic Regression Analysis for In-Hospital Mortality 

Variable Adjusted Odds Ratio 95% CI p-value 

Hyponatremia (<135 mmol/L) 2.47 1.05–5.81 0.038 

Diabetes Mellitus 1.89 1.01–3.54 0.047 

Age (per year increase) 1.02 0.99–1.05 0.118 

Female sex 0.93 0.44–1.98 0.852 

Hypertension 1.21 0.58–2.52 0.604 

Serum Creatinine 1.29 1.01–1.64 0.041 

HFrEF (<40%) 1.54 0.71–3.34 0.269 

 

 

Figure 1 Gradient of In-Hospital Mortality Across Sodium Status And Diabetes In Hospitalized Heart Failure 

Patients 

The figure illustrates the gradient of in-hospital mortality across sodium status and diabetes 

subgroups among hospitalized heart failure patients, revealing clinically meaningful 

differences in outcome risk. Overall mortality among patients presenting with hyponatremia 

was 26.7% (23/86) compared with 14.1% (9/64) among normonatremic patients, 

demonstrating an absolute mortality difference of 12.6 percentage points. When stratified by 

diabetes status, the highest mortality was observed in diabetic patients with hyponatremia 

(31.3%, 15/48), nearly double that of diabetic patients with normonatremia (16.7%, 4/24). In 

contrast, the non-diabetic subgroup showed lower mortality rates overall, with 21.1% (8/38) 
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mortality in hyponatremic patients and 11.1% (4/36) among those with normal sodium 

levels. The progressive increase in mortality from normonatremia to hyponatremia across 

both metabolic strata highlights a clear risk gradient associated with sodium imbalance, 

while the higher absolute risk observed in diabetic individuals suggests a clinically relevant 

interaction between electrolyte dysregulation and metabolic comorbidity. Confidence 

interval ranges further illustrate the variability inherent to subgroup sizes but maintain the 

consistent pattern of increased mortality associated with hyponatremia across the population 

DISCUSSION 

The present study evaluated the relationship between admission hyponatremia and in-

hospital mortality among patients hospitalized with heart failure and further examined 

whether this association differed between individuals with and without diabetes mellitus. The 

findings demonstrate that hyponatremia at admission was significantly associated with 

increased in-hospital mortality. Patients presenting with hyponatremia experienced a 

mortality rate of 26.7% compared with 14.1% among patients with normal sodium levels, 

corresponding to more than a twofold increase in the odds of death during hospitalization. 

Furthermore, the stratified analysis revealed a clinically important gradient across metabolic 

subgroups, with the highest mortality observed in diabetic patients with hyponatremia 

(31.3%), followed by non-diabetic patients with hyponatremia (21.1%), while the lowest 

mortality occurred in normonatremic individuals irrespective of diabetes status. These 

findings reinforce the concept that serum sodium concentration reflects disease severity and 

hemodynamic compromise in heart failure and further suggest that the coexistence of 

diabetes may amplify the adverse prognostic implications of sodium imbalance. 

The pathophysiological relationship between hyponatremia and heart failure outcomes is 

well established and primarily reflects advanced neurohormonal activation. Reduced cardiac 

output stimulates the renin–angiotensin–aldosterone system and sympathetic nervous 

system, while non-osmotic release of arginine vasopressin promotes water retention and 

dilutional hyponatremia. Consequently, hyponatremia often indicates severe circulatory 

dysfunction, fluid overload, and impaired renal water excretion, all of which are markers of 

advanced heart failure physiology. Previous landmark studies demonstrated that low serum 

sodium is strongly associated with mortality in chronic heart failure populations, 

highlighting its value as a readily available prognostic marker obtained during routine 

clinical assessment (8). Subsequent observational cohorts have confirmed that hyponatremia 

predicts adverse outcomes across a wide spectrum of heart failure phenotypes, including 

patients with preserved and reduced ejection fraction (9). In addition, large patient-level 

meta-analyses have shown that decreasing sodium concentrations correlate with 

progressively higher mortality risk, even after adjustment for established clinical predictors 

(12). The findings of the present study are consistent with these reports and further support 

the clinical utility of serum sodium measurement as an early indicator of risk among 

hospitalized heart failure patients. 

An important contribution of the current investigation is the comparative analysis of diabetic 

and non-diabetic patients. Diabetes mellitus is a highly prevalent comorbidity among 

individuals with heart failure and contributes to adverse outcomes through multiple 

mechanisms including endothelial dysfunction, myocardial metabolic alterations, 

autonomic imbalance, and progressive renal impairment. Hyperglycemia may also influence 

serum sodium measurements through osmotic shifts that drive water movement from 

intracellular to extracellular compartments, potentially exacerbating dilutional 

hyponatremia. These mechanisms may partially explain why diabetic patients with 

hyponatremia in the present cohort demonstrated the highest observed mortality rates. The 
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coexistence of diabetes and heart failure is increasingly recognized as a high-risk clinical 

phenotype characterized by increased hospitalization, impaired functional capacity, and 

higher mortality compared with non-diabetic heart failure populations (10). Our findings 

therefore suggest that electrolyte disturbances such as hyponatremia may represent an 

additional layer of risk stratification within this already vulnerable subgroup. 

Another clinically relevant observation from this study is that the association between 

hyponatremia and mortality remained significant after adjustment for key clinical variables 

including age, sex, hypertension, renal function, and heart failure subtype. The adjusted 

analysis indicated that patients with hyponatremia had approximately 2.5-fold higher odds 

of in-hospital mortality compared with normonatremic patients. Renal dysfunction also 

independently predicted mortality in the multivariable model, which is consistent with 

previous studies showing that impaired renal function interacts with neurohormonal 

activation and diuretic therapy to worsen fluid and electrolyte balance in heart failure. The 

combined presence of renal impairment, neurohormonal dysregulation, and metabolic 

comorbidity likely contributes to the complex pathophysiological environment in which 

hyponatremia develops and exerts its prognostic impact. These findings align with earlier 

reports demonstrating that hyponatremia frequently coexists with renal dysfunction and 

diuretic use in advanced heart failure and may reflect a composite marker of systemic disease 

severity rather than an isolated electrolyte abnormality (11). 

The clinical implications of these findings are notable. Because serum sodium measurement 

is routinely performed during hospital admission, it can serve as a simple and cost-effective 

tool for early risk stratification. Identification of hyponatremia at admission may prompt 

closer hemodynamic monitoring, careful optimization of diuretic therapy, and early 

evaluation of renal function and neurohormonal status. In diabetic patients, particular 

attention may be required to differentiate dilutional hyponatremia related to heart failure 

from osmotic changes associated with hyperglycemia, as both mechanisms may coexist and 

influence clinical interpretation. Incorporating sodium levels into routine risk assessment 

models may therefore improve the identification of patients at highest risk of deterioration 

during hospitalization and support more individualized treatment strategies. 

Several limitations should be considered when interpreting these results. First, the study was 

conducted at a single tertiary care center with a relatively modest sample size, which may 

limit the generalizability of the findings to broader populations. Second, although 

multivariable adjustment was performed, residual confounding by unmeasured clinical 

factors such as diuretic dosage, duration of heart failure, and degree of congestion cannot be 

completely excluded. Third, sodium measurements were obtained at admission, and serial 

monitoring during hospitalization was not systematically analyzed; therefore, the prognostic 

significance of persistent or corrected hyponatremia over time could not be evaluated. 

Finally, because the observational design identifies associations rather than causality, further 

prospective multicenter studies with larger cohorts are needed to clarify the interaction 

between diabetes, sodium imbalance, and heart failure outcomes. 

Despite these limitations, the present study provides clinically relevant evidence supporting 

the prognostic value of admission hyponatremia in hospitalized heart failure patients and 

highlights the potentially greater vulnerability of individuals with diabetes mellitus. The 

results emphasize the importance of integrating simple biochemical markers with clinical 

and metabolic risk factors to improve early identification of high-risk patients. Future 

research should explore whether targeted correction of sodium imbalance or intensified 

monitoring strategies in hyponatremic heart failure patients—particularly those with 
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diabetes—can translate into improved clinical outcomes and reduced hospital mortality 

(21,22). 

CONCLUSION 

In this hospital-based observational study of patients admitted with heart failure, admission 

hyponatremia was found to be significantly associated with increased in-hospital mortality, 

reinforcing its value as a clinically accessible prognostic marker. Patients presenting with 

hyponatremia experienced substantially higher mortality compared with those with normal 

sodium levels, and the risk appeared particularly pronounced among individuals with 

coexisting diabetes mellitus. These findings suggest that electrolyte imbalance, specifically 

reduced serum sodium concentration, reflects advanced hemodynamic and neurohormonal 

dysfunction in heart failure and may be further compounded by metabolic comorbidities 

such as diabetes. Routine assessment of serum sodium at admission may therefore provide 

an inexpensive and readily available tool for early risk stratification, helping clinicians 

identify high-risk patients who may benefit from intensified monitoring and optimized 

therapeutic management. Future multicenter studies with larger populations and 

longitudinal follow-up are warranted to further clarify the interaction between diabetes, 

sodium imbalance, and heart failure outcomes and to determine whether targeted correction 

of hyponatremia can improve survival in this vulnerable population.. 
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