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Abstract: 
Background: Magnesium is a crucial intracellular cation involved in numerous physiological processes, 
including cardiac electrophysiology and cellular bioenergetics. Hypomagnesemia, characterized by a serum 
magnesium level below 1.8 mEq/L, is common in hospitalized patients, particularly those with heart failure. 
Hyponatremia, the most frequent electrolyte disturbance in hospitalized patients, is associated with increased 
morbidity and mortality in heart failure. The interplay between hypomagnesemia and hyponatremia in heart failure 
patients is not well understood. This study aims to determine the prevalence of hypomagnesemia in heart failure 
patients with hyponatremia and evaluate its impact on patient outcomes, including mortality, hospital stay, 
readmissions, and complications. 
Methods: This observational study was conducted at Malabar Institute of Medical Sciences, Calicut, Kerala, from 
March 2019 to March 2020. A total of 150 patients admitted with heart failure and hyponatremia were enrolled. 
Patients were categorized into two groups based on their serum magnesium levels: Group A (hypomagnesemia, 
Mg <1.8 mg/dL) and Group B (normomagnesemia, Mg ≥1.8 mg/dL). Data on demographic characteristics, 
comorbidities, electrolyte levels, length of hospital stay, readmissions, mortality, and complications were analyzed 
using SPSS 17.0. 
Results: Hypomagnesemia was prevalent in 44.67% of heart failure patients with hyponatremia. The mean age 
was comparable between the two groups (68.35 ± 10.72 years in Group A vs. 67.28 ± 11.70 years in Group B). A 
significant male predominance was observed in hypomagnesemic patients (63.5% vs. 36.5%, p=0.020). The 
length of hospital stay was significantly longer in the hypomagnesemic group (8.03 ± 6.436 days vs. 6.27 ± 4.518 
days, p=0.046). Mortality rates were not significantly different between the groups (12.7% in Group A vs. 16.09% 
in Group B, p=0.562). The incidence of readmissions was similar (36.51% vs. 39.08%, p=0.749). Common 
complications included acute kidney injury (34.72% in Group A vs. 48.91% in Group B), cardiac arrhythmias 
(29.16% vs. 25%), infections (8.33% vs. 5.43%), and thrombotic events (6.94% vs. 3.26%). 
Conclusion: Hypomagnesemia is common among heart failure patients with hyponatremia, affecting nearly 45% 
of cases. While hypomagnesemia was associated with prolonged hospital stays, it did not significantly impact 
mortality, readmissions, or complication rates. Further large-scale studies are required to assess the prognostic 
significance of hypomagnesemia in heart failure patients. 
Keywords: Hypomagnesemia, Hyponatremia, Heart Failure, Electrolyte Imbalance, Prognosis, Mortality, 
Hospital Stay, Readmissions, Cardiac Arrhythmias, Acute Kidney Injury. 
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Introduction

Magnesium is a vital intracellular cation essential 
for electrophysiological and enzymatic processes. 
Nearly 50% of total magnesium is stored in bones, 
with only 1% present in extracellular fluid, making 
serum magnesium levels an unreliable deficiency 
marker.[1] Hypomagnesemia (<1.8 mEq/L) can 
result from GI losses, renal defects, or drug-induced 
causes such as diuretics and PPIs.[2] It often 
coexists with other electrolyte imbalances, including 

hypokalemia (60%) and hyponatremia (56%).[2] 

Electrolyte imbalances are common in heart failure 
due to neurohumoral activation and drug effects. 
Hyponatremia, the most prevalent electrolyte 
disorder in hospitalized patients, is linked to 
increased morbidity and mortality and serves as an 
indicator of heart failure severity.[3,4] Dysregulated 
magnesium homeostasis in heart failure can occur 
independently or alongside other imbalances, 
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exacerbating oxidative stress and myocardial 
dysfunction.[5] Magnesium plays a crucial role in 
potassium homeostasis via the Na+/K+ ATPase 
pump, influencing conductivity, contractility, and 
arrhythmogenesis. Its deficiency can cause 
vasoconstriction, myocardial ischemia, endothelial 
dysfunction, and platelet aggregation, contributing 
to cardiovascular complications.[6] Hyponatremia is 
associated with increased rehospitalization, 
prolonged hospital stays, and higher complication 
rates. Its management depends on severity, ranging 
from rapid saline correction in acute cases to fluid 
restriction and diuretics in chronic cases. 
Vasopressin receptor antagonists may be considered 
for refractory cases.[4] 

Serum magnesium levels are affected by 
hypoalbuminemia and extracellular anion 
interactions. Mobilization from intracellular stores 
delays detection of deficiency until depletion is 
significant. More accurate assessments include 
urinary magnesium excretion, RBC/monocyte 
magnesium levels, and muscle biopsy.[7] Despite its 
systemic significance, magnesium is often 
overlooked due to mild or masked deficiencies. 

Aims and Objectives 

This study aims to determine the prevalence of 
hypomagnesemia in heart failure patients with 
hyponatremia and analyze its impact on patient 
outcomes. Specifically, it seeks to assess how 
hypomagnesemia influences mortality rates, the 
length of hospital stays, readmission rates, and the 
occurrence of complications in these patients. 

Materials and Methods 

Study Design 

This observational study was conducted at the 
Malabar Institute of Medical Sciences, a tertiary care 
hospital in Calicut, Kerala, over a 13-month period 
from March 2019 to March 2020. The study 
population included all patients admitted to the 
hospital with heart failure and hyponatremia during 
this period. A total of 150 patients were included, 
and they were followed up to assess outcomes. The 

sampling method involved selecting all eligible 
patients admitted with these conditions, allowing for 
a comprehensive analysis of their clinical course and 
prognosis. 

Inclusion and Exclusion Criteria 

The study included all patients with heart failure and 
hyponatremia admitted to the Malabar Institute of 
Medical Sciences from March 2019 to March 2020. 
However, patients who did not provide consent were 
excluded from the study. 

Data Collection Methods 

All patients admitted to the Malabar Institute of 
Medical Sciences with heart failure and 
hyponatremia were included in the study after 
obtaining informed consent, while those who did not 
consent were excluded. Data were collected on 
patient demographics, including name, age, gender, 
comorbidities, and serum sodium and magnesium 
levels at admission. The study population was then 
divided into two groups based on serum magnesium 
levels: one group with levels below 1.8 mg/dL and 
the other with levels above 1.8 mg/dL. Both groups 
were followed up to assess outcomes in terms of 
mortality, length of hospital stay, readmissions, and 
complications. 

Statistical Analysis 

The prevalence of hypomagnesemia in the study 
sample was calculated and the two groups were 
compared based on mortality, length of hospital 
stay, readmissions, and complications. Data analysis 
was performed using SPSS 17.0, while graphs were 
generated using MS Excel. Continuous data were 
summarized as mean ± standard deviation (SD), and 
categorical variables were represented as frequency 
with percentage. A p-value of 0.05 was considered 
statistically significant. 

Results 

Table 1 shows that 44.67% of the patients were 
hypomagnesemic while 55.33% had normal or high 
magnesium levels. It provides an overview of the 
magnesium status in the study population.

 
Group Percentage (%) 

Hypomagnesemia (Serum Mg < 1.8 mg/dL) 44.67 
Normal/High Magnesium (Serum Mg ≥ 1.8 mg/dL) 55.33 
Table 1: Prevalence of Hypomagnesemia in Heart Failure Patients with Hyponatremia 

 
Table 2 compares key demographic and clinical 
variables between patients with low and normal/high 
magnesium levels. Both groups were similar in age, 
ejection fraction, serum sodium, and most 

comorbidities, except that the proportion of males 
was significantly higher in the hypomagnesemic 
group.

 
Variable Group A (Mg <1.8 mg/dL) Group B (Mg ≥1.8 mg/dL) P-Value 

Age 68.35 ± 10.72 67.28 ± 11.70 0.526 
Male sex 40 (63.5%) 70 (80.5%) 0.020 
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Ejection Fraction (EF) 31.67 ± 9.04 31.18 ± 7.99 0.726 
Serum Sodium levels 128.89 ± 1.36 129.54 ± 1.14 0.472 

DM 45 (71.04%) 57 (65.51%) 0.475 
HTN 38 (60.31%) 47 (54.02%) 0.444 
CAD 43 (68.25%) 62 (71.26%) 0.692 
CKD 13 (20.63%) 26 (29.88%) 0.203 
PAH 9 (14.28%) 20 (22.98%) 0.184 

Table 2: Demographic Characteristics among Study Groups 
 
Table 3 highlights the gender breakdown in both 
study groups, indicating that a higher percentage of 
patients in the hypomagnesemic group were male. 

Although the association was statistically 
significant, the difference might be influenced by the 
overall higher admission rates of males.

 
Gender Group A Frequency (%) Group B Frequency (%) Chi-Square P-Value 
Female 23 (36.5%) 17 (19.5%) 5.38 0.020 
Male 40 (63.5%) 70 (80.5%) – – 
Total 63 (100%) 87 (100%) – – 

Table 3: Gender Distribution among Study Groups 
 

Table 4 compares mortality outcomes between the 
two groups. Although there was a slightly higher 
death rate in the normal/high magnesium group 

(16.09%) compared to the hypomagnesemic group 
(12.70%), the difference was not statistically 
significant.

 
Condition Group A Frequency (%) Group B Frequency (%) Chi-Square P-Value 

Stable 55 (87.30%) 73 (83.91%) 0.336 0.562 
Death 8 (12.70%) 14 (16.09%) – – 
Total 63 (100%) 87 (100%) – – 

Table 4: Mortality Comparison between Study Groups 
 
Table 5 shows the average length of stay in the 
hospital for both groups. Patients with 
hypomagnesemia had a significantly longer hospital 

stay (8.03 days on average) compared to those with 
normal/high magnesium levels (6.27 days).

 
Group Mean Hospital Stay (days) Standard Deviation (SD) N P-Value 

Group A 8.03 6.436 63 0.046 
Group B 6.27 4.518 87 – 

Table 5: Length of Hospital Stay 
 
Table 6 compares the frequency of readmissions 
between the two groups. The readmission rates were 

similar in both groups, with no statistically 
significant difference observed.

 
Readmission Group A Frequency (%) Group B Frequency (%) Chi-Square P-Value 

Yes 23 (36.51%) 34 (39.08%) 0.103 0.749 
No 40 (63.49%) 53 (60.92%) – – 

Total 63 (100%) 87 (100%) – – 
Table 6: Readmissions Comparison between Study Groups 

 
Table 7 provides a comparative view of the major 
complications observed in both groups, including 
acute kidney injury, arrhythmias, thrombotic events, 
and infections. While there were numerical 

differences between the groups, none of these 
complications reached statistical significance based 
on the reported p-values.

 
Complication Group A (Mg <1.8 mg/dL) Group B (Mg ≥1.8 mg/dL) P-Value 

AKI 25 (34.72%) 45 (48.91%) 0.0691 
Arrhythmias 21 (29.16%) 23 (25.00%) 0.5519 

Thrombotic events 5 (6.94%) 3 (3.26%) 0.2790 
Infections 6 (8.33%) 5 (5.43%) 0.4625 

Table 7: Comparison of Complications between the Two Study Groups 
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Discussion 

Numerous studies have evaluated the prevalence of 
hypomagnesemia in critically ill patients, reporting 
a wide variability ranging from 11% to 61% based 
on different measurement methods (serum vs. 
ionized magnesium).[8] In our study, 
hypomagnesemia was observed in 44.67% of heart 
failure patients with hyponatremia, which is 
comparable to findings by Whang et al., who noted 
a 56% coexistence in hyponatremia cases-with only 
9% being clinically suspected (2-and to 
Ceremuzynski et al., where about one-third of 
patients exhibited hypomagnesemia with excessive 
urinary loss.[9] 

The study groups were comparable in terms of age 
(mean 68 vs. 67 years), ejection fraction, serum 
sodium levels, and comorbidities such as diabetes 
mellitus, hypertension, coronary artery disease, 
chronic kidney disease, and pulmonary artery 
hypertension. However, a male preponderance was 
noted in our hypomagnesemic group (63.5% males 
vs. 36.5% females), which contrasts with Mallik et 
al.’s observation of female predominance 
(61.1%)[10] but aligns with the findings of Mousavi 
et al.[11] Interestingly, a greater proportion of 
females (57.5%) in our study were 
hypomagnesemic, possibly due to estrogen-
mediated intracellular shifts of magnesium.[12] 

No significant correlation was established between 
hypomagnesemia and overall clinical outcomes, 
with 12.7% of hypomagnesemic patients 
succumbing to their illness and only 36.36% of all 
deaths occurring in this group. This finding is in line 
with the variable prognostic implications reported in 
the literature. For instance, Adamopoulos et al. 
found a modest increase in hazard ratios for all-
cause mortality (1.23), cardiovascular mortality 
(1.38), and heart failure progression (1.42) among 
hypomagnesemic patients,[13] while the PROMISE 
study concluded that hypomagnesemia was not an 
independent prognostic factor, noting instead 
increased mortality in the hypermagnesemic subset 
likely due to confounding factors.[14] 

Our study also demonstrated a significantly longer 
hospital stay in the hypomagnesemic group (8.03 
days vs. 6.27 days), although the clinical relevance 
is tempered by a wide standard deviation; 
readmission rates were similar, at approximately 
40% in both groups. In terms of complications, acute 
kidney injury (AKI) emerged as the most frequent in 
both groups, constituting 72.2% of complications in 
hypomagnesemia versus 48.91% in the 
normomagnesemic group, a finding supported by 
studies linking hypomagnesemia to non-recovery in 
AKI.[15,16,17] Cardiac arrhythmias, primarily 
atrial fibrillation (38% in hypomagnesemia vs. 
34.78% in normomagnesemia), were the next 

common complication.[18] Additionally, 
magnesium supplementation has been shown to 
reduce complex ventricular arrhythmias and sudden 
cardiac deaths.[9,14] Infections accounted for 8.3% 
and 5.4% of complications in the hypomagnesemic 
and normomagnesemic groups, respectively, with 
mixed evidence regarding their impact on severity 
and mortality.[17,19] Finally, while acute coronary 
syndrome was observed equally in both groups, the 
potential protective role of magnesium against 
thrombotic events has been suggested through its 
effects on endothelial function and vascular 
tone.[20,21] 

Limitations 

The study's small sample size limits the ability to 
draw definitive conclusions. Additionally, factors 
such as the etiology and duration of heart failure, 
which directly influence outcomes, were not 
considered. While no significant difference was 
found between the hypomagnesemic and 
normomagnesemic groups, a larger, well-powered 
study incorporating all determinants of heart failure 
outcomes is needed to determine whether 
hypomagnesemia is an independent predictor of 
poor prognosis. 

Conclusion 

In conclusion, hypomagnesemia is relatively 
common, affecting approximately 44% of patients 
admitted with heart failure and hyponatremia. 
However, low magnesium levels do not have a 
significant impact on overall outcomes, including 
mortality, readmissions, or complications. 

References 

1. Kestenbaum B, Drüeke TB. Disorders of 
Calcium, Phosphate, and Magnesium 
Metabolism. In: Comprehensive Clinical 
Nephrology 2014;5:124-42. 

2. Whang R, Ryder KW. Frequency of 
hypomagnesemia and hypermagnesemia: 
requested vs Routine. JAMA J Am Med Assoc 
1990;263(22):3063-4. 

3. Milionis HJ, Alexandrides GE, Liberopoulos 
EN, et al. Hypomagnesemia and concurrent 
acid-base and electrolyte abnormalities in 
patients with congestive heart failure. Eur J 
Heart Fail 2002;4(2):167-73. 

4. Filippatos TD. Hyponatremia in patients with 
heart failure. World J Cardiol 2013;5(9):317. 

5. Kamalov G, Bhattacharya SK, Weber KT. 
Congestive heart failure: where homeostasis 
begets dyshomeostasis. Journal of 
Cardiovascular Pharmacology 
2010;56(3):320-8. 

6. Efstratiadis G, Sarigianni M, Gougourelas I. 
Hypomagnesemia and cardiovascular system. 
Hippokratia 2006;10(4):147. 



 
  

International Journal of Current Pharmaceutical Review and Research           e-ISSN: 0976-822X, p-ISSN: 2961-6042 
 

Nikitha K. et al.                          International Journal of Current Pharmaceutical Review and Research  

400   

7. Ahmed F, Mohammed A. Magnesium: The 
Forgotten electrolyte-a review on 
hypomagnesemia. Med Sci 2019;7(4):56. 

8. Soliman HM, Mercan D, Lobo SSM, et al. 
Development of ionized hypomagnesemia is 
associated with higher mortality rates. Crit 
Care Med 2003;31(4):1082-7. 

9. Ceremuzyński L, Gȩbalska J, Wolłk R, et al. 
Hypomagnesemia in heart failure with 
ventricular arrhythmias. Beneficial effects of 
magnesium supplementation. J Intern Med 
2000;247(1):78-86. 

10. Islam MM, Faruq MO, Asaduzzaman M, et al. 
Hypomagnesemia is associated with increase 
in mortality and morbidity in ICU: Can serum 
magnesium level be used as prognostic marker 
in critically ill ICU admitted patients? 
Bangladesh Crit Care J 2017;5(2):77-82. 

11. Mousavi SAJ, Salimi S, Rezai M. Serum 
magnesium level impact on the outcome of 
patients admitted to the intensive care unit. 
Tanaffos 2010;9(4 (autumn)):28-33. 

12. Seelig MS. Interrelationship of magnesium and 
estrogen in cardiovascular and bone disorders, 
eclampsia, migraine and premenstrual 
syndrome. J Am Coll Nutr 1993;12(4):442-58. 

13. Adamopoulos C, Pitt B, Sui X, et al. Low 
serum magnesium and cardiovascular 
mortality in chronic heart failure: A 
propensity- matched study. Int J Cardiol 
2009;136(3):270-7. 

14. Eichhorn EJ, Tandon PK, Dibianco R, et al. 
Clinical and prognostic significance of serum 
magnesium concentration in patients with 

severe chronic congestive heart failure: The 
Promise Study. J Am Coll Cardiol 
1993;21(3):634-40. 

15. Alves SC, Tomasi CD, Constantino L, et al. 
Hypomagnesemia as a risk factor for the non-
recovery of the renal function in critically ill 
patients with acute kidney injury. Nephrol Dial 
Transplant 2013;28(4):910-6. 

16. Cheungpasitporn W, Thongprayoon C, 
Erickson SB. Admission hypomagnesemia and 
hypermagnesemia increase the risk of acute 
kidney injury. Ren Fail 2015;37(7):1175-9. 

17. Chen M, Sun R, Hu B. The influence of serum 
magnesium level on the prognosis of critically 
ill patients. Chinese Crit Care Med 
2015;27(3):213-7. 

18. Khan AM, Lubitz SA, Sullivan LM, et al. Low 
serum magnesium and the development of 
atrial fibrillation in the community: The 
Framingham heart study. Circulation 
2013;127(1):33-8. 

19. Cojocaru IM, Cojocaru M, Tǎnǎsescu R, et al. 
Changes of magnesium serum levels in 
patients with acute ischemic stroke and acute 
infections. Rom J Intern Med 2009;47(2):169-
71. 

20. Shechter M. Does magnesium have a role in 
the treatment of patients with coronary artery 
disease? American Journal of Cardiovascular 
Drugs 2003;3:231-9. 

21. Kotwal V, Maini R. Serum magnesium levels 
in patients of ischemic stroke and its 
correlation with neurological disability. Int J 
Res Med Sci 2020;8(4):1241-4.

 


