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Abstract Background: Hypomagnesemia is a common electrolyte disorder in critically ill patients and is associated with increased 
morbidity and mortality risk. This study aims to evaluate the prevalence of hypomagnesemia among critically ill patients 
attending a tertiary care centre. Objectives: To evaluate the relationship of magnesium level to the length of ICU stay, 
electrolyte disturbance, ventilator need, duration of mechanical ventilation, and mortality rate. To study the factors 
predicting mortality among critically ill medical patients admitted to ICU. Materials and Methods: A hospital-based 
cross-sectional study was conducted among critically ill medical patients from September 2018 to September 2020. One 
hundred sixty patients over 18 years with various medical illnesses and APACHE II score more than 20 were selected. 
Hypomagnesemia, mortality was considered as primary outcome variables. Differences were considered statistically 
significant if p value was less than 0.05. The CoGuide was used for statistical analysis Results: The mean age was 
36.50±10.25 years. Out of 160 patients on admission, (n=106, 66.3%) patients had hypomagnesemia, and (n=54, 33.7%) 
had normal serum magnesium levels. The mean duration of stay in ICU of patients with low serum magnesium was 7 (5-
12) days while that of patients with normal serum magnesium was 10 (5-15) days, and this difference was statistically 
significant (p=0.001). Conclusion: Hypomagnesaemia was quite prevalent among critically ill patients. Hypomagnesemia 
falling levels have a bearing on ICU stay, ventilator support, and mortality and it should be kept in mind while treating 
critically ill patients. 
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INTRODUCTION 
Magnesium (Mg), the fourth most abundant cation overall 
and second most abundant intracellular cation in the 
human body, is an essential element of life. Mg deficiency 
induces a systemic stress response through activation of 
neuroendocrine pathways, has been implicated in the 
pathophysiology of many diseases, and has been 
associated with increased mortality in an intensive care 
unit (ICU) patients.1 Some authors have called Mg “the 
forgotten electrolyte,” because, although Mg alterations 
are common, hypomagnesemia is an important but 
underdiagnosed electrolyte abnormality.2 
Hypomagnesemia is defined as a serum magnesium 
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concentration of less than 1.7 mg/dL as defined by the 
Mayo Clinic. The normal laboratory range of magnesium 
is between 1.7 and 2.3 mg/dL; however, this range can vary 
depending on the assay being used.3 The signs and 
symptoms of severe (< 1.0 mg/dL) magnesium deficiency 
include neurologic manifestations such as tremors, tetany 
(including muscle cramps), and convulsions from 
neuromuscular hyper excitability, weakness, apathy, 
delirium, and coma. Cardiovascular manifestations include 
widening of the QRS, QT prolongation, and peaking of T 
waves and torsade de pointes, a life-threatening 
complication. Nonspecific signs of magnesium deficiency 
include loss of appetite, nausea, vomiting, and fatigue.4 
Hypomagnesemia is common in critically ill patients, and 
it is strong, consistent clinical evidence, largely from 
observational studies, showing that hypomagnesemia is 
significantly associated with an increased need for 
mechanical ventilation, prolonged ICU stays, and 
increased mortality.5 Many factors contribute to 
hypomagnesemia in critically ill patients, such as impaired 
GI adsorption, nasogastric suction, poor content of 
magnesium in feeding formulae or TPN solutions, 
administration of drugs like diuretics, aminoglycosides, 
amphotericin B, which cause renal wasting of magnesium.6 
Hypomagnesemia is common, occurring in about 20% of 
hospitalized patients and up to 65% of critically ill patients, 
and is generally asymptomatic. Symptoms commonly 
occur once the serum magnesium concentration falls below 
1.2 mg/dL.7 A recent study by Kumar A et al. in 
Hyderabad, India8 reported that 106 (66.3%) patients had 
hypomagnesemia, out of 160 patients and 54 (33.7%) had 
normal serum magnesium levels. The mortality rate in the 
hypomagnesemia group was 64.8%, whereas in the 
normomagnesemia group was 35.2%. A significantly 
greater mortality rate was observed in hypomagnesemia 
patients as compared to normomagnesemic patients 
(p=0.058). In a systematic review by Hansen BA et al., 9 
different studies depending on the population studied and 
Mg threshold value chosen, the incidence of 
hypomagnesemia ranges from 9.4% in critically ill COPD 
patients to 61% in postoperative ICU patients. Another 
systematic review by Jiang.P et al. 10 reported that the 
patients with hypomagnesemia had a higher mortality rate 
[risk ratio (RR) 1.76; 95% confidence interval (CI) 1.54–
2.00; P<0.00001], more frequently had sepsis (RR 2.04; 
95% CI 1.21-3.42; P=0.0007) and more frequent need for 
ventilator support (RR 1.36; 95% CI 1.21 to 1.53; 
P<0.00001). Length of ICU stay was also higher in the 
hypomagnesemia group (RR 1.85; 95% CI 0.43-3.26; 
P=0.01) 
There is a scarcity of data in Indian literature addressing 
this standard, but underdiagnosed electrolyte deficiency as 
a predictor of morbidity or mortality. Hence, the present 

study was undertaken against this backdrop at a tertiary 
care teaching hospital to assess the prevalence of 
hypomagnesemia and its influence on the outcome of 
critically ill patients and to evaluate the relationship of 
magnesium level to organ failure, length of stay, 
electrolyte disturbance, ventilator need, duration of 
mechanical ventilation, and mortality rate. 
Aims and objectives: To evaluate the relationship of 
magnesium level to the length of ICU stay, electrolyte 
disturbance, ventilator need, duration of mechanical 
ventilation, and mortality rate. To study the factors 
predicting mortality among critically ill medical patients 
admitted to ICU. 
 
METHODS 
Study design: A hospital-based cross-sectional study. 
Study setting: Department of general medicine at a 
tertiary care center. 
Source population: Patients attending the department of 
general medicine outpatient and inpatient services at a 
tertiary care center. 
Study population: Critically ill patients with various 
medical illnesses attending the department of general 
medicine outpatient and inpatient services at a tertiary care 
center. 
Study period: A period of two years from September 
2018–August 2020. 
Sample size: A total of 160 critically ill patients were 
selected for the study. 
Sampling technique: For the feasibility of the study, all 
critically ill patients were selected according to 
convenience or non-probability sampling method. 
Sample size calculation: Prevalence of hypomagnesemia 
in critically ill patients admitted to medical ICU as cited 
from the review, study article is 52%.11 
Ethical and informed consent: Ethical clearance was 
obtained from the institutional review board and ethical 
committee of the concerned tertiary care hospital. Written 
informed consent was taken from the patients. Inclusion in 
the study did not change the routine patient management 
in the ICU. Data was collected by pretested semi-
structured questionnaire, clinical examination, and 
investigations. 
Inclusion criteria: Critically ill medical patients with 
various medical illnesses. APACHE II score more than 20 
Age more than 18 years. 
Exclusion criteria: Patients who received magnesium 
supplements prior to ICU admission 
Data collection: All patients fulfilling the inclusion 
criteria were investigated by all or few of the following in 
the clinical context of their diseases which were renal 
function tests; complete blood picture with peripheral 
smear; liver function tests including Gamma-glutamyl 
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transferase; random, fasting, and postprandial blood 
sugars; HbA1c for diabetics; prothrombin time; INR; 
activated plasma thromboplastin time; blood; urine 
endotracheal tube/sputum culture and sensitivity; serum 
procalcitonin; serum lactate; arterial blood gas analysis; 
ECG; 2D Echo; radiological investigations like chest x-
ray, ultrasound abdomen, and CT scan brain. 
Magnesium Analysis: Serum total magnesium in our lab 
is analyzed by the colorimetric method. The reference 
range for average absolute serum magnesium values at 
laboratories: 1.6-2.6 mg/dl. 
Study variables: Hypomagnesemia, mortality, etc., were 
considered as primary outcome variables. Demographic 
and clinical parameters were considered as primary 
explanatory variable. 
Statistical analysis: All quantitative data like age, vital 
signs, and serum magnesium levels were represented as 
mean and standard deviation. All qualitative variables like 
the severity of critical illness, baseline medical conditions, 
etc., were presented as frequencies and percentages. The 
proportion of critically ill patients having 
hypomagnesemia and various types of outcomes were 
presented as frequency and percentages. Serum Mg levels 
were correlated with the duration of the ICU stay, the need 
for a ventilator, and the other quantitative prognostic 
variables. The chi-square test of significance was applied 
to test association between various groups of serum 
magnesium levels and clinical outcomes. Differences were 
considered statistically significant if p value was less than 
0.05. The CoGuide was used for statistical analysis. 
 
RESULTS 
A total of 160 subjects were included in the final analysis. 
The mean age was 36.50±10.25 years in the study 
population, majority (n=86, 53.75%) were aged between 
31 to 60 years, followed by (n=38, 23.75%) up to 30 years. 
Males constituted (n=112, 70%) of the patients and (n=48, 
30%) were females. Common comorbid conditions were 
diabetes in (n=54, 33%) followed by hypertension in 

(n=51, 31.87%) and fever in (n=47, 29.38%). (Table 1) 
Tachycardia in (n=136, 85%), followed by tachypnea in 
(n=122, 76.25%) and pallor in (n=93, 58.1%) were most 
commonly observed physical signs. Most of the patients in 
study were diagnosed with sepsis (n=83, 51.9%) followed 
by drug intoxication ( n=24 , 15%).(Table 2) There was no 
statistically significant difference between the discharge 
and death group with various parameters like age (in 
years), sepsis, potassium, and phosphorus (P> 0.05). 
APACHE score II, APACHE score III, ventilation days, 
magnesium, calcium, and albumin (P < 0.05) were 
significant compared to the two groups. (Table 3) Out of 
160 patients on admission, (n=106, 66.3%) patients had 
hypomagnesemia, and (n=54, 33.7%) had normal serum 
magnesium levels. The lowest serum magnesium value 
recorded was 1.89±0.26 mg/dl. The mean duration of stay 
in ICU patients with low serum magnesium was 7 (5-12) 
days while that of patients with normal serum magnesium 
was 10 (5-15) days. The difference was not statistically 
significant (p=0.001). Patients with hypomagnesemia 
needed mechanical ventilator support for five days, while 
only 0.5 days of the normomagnesemic group needed 
ventilator support. The difference was statistically 
significant (P=0.051). Hypomagnesemia patients required 
ventilator support for a greater number of days as 
compared to the normomagnesemic patients. The mean 
APACHE II score on admission in the hypomagnesemia 
group was 23.82±1.64, while that of the 
normomagnesemic group was 24.20±1.99. The difference 
was not statistically significant. The mortality rate in the 
hypomagnesemia group was (n=70, 66%) whereas in 
normomagnesemic group was (n=38, 70.4%) which was 
not significant. Of 106 patients with hypomagnesemia, 
(n=60, 56.60%) had hypocalcaemia and (n=41, 38.7%) had 
hypoalbuminemia. Of 54 patients with normal magnesium 
levels, (n=24, 44%) had hypocalcaemia and (n=23, 42.6%) 
had hypoalbuminemia. There was no statistically 
significant difference between the two groups in 
hypocalcemia and albumin levels. 

 
Table 1: Summary of baseline parameter in the study population (N=160) 

Parameter Summary 
Mean age (in years) 36.50 ± 10.25 

Age group 
Up to 30 years 38(23.75%) 
31 to 60 years 86(53.75%) 
61 to 80 years 32(20%) 

81 years and above 4(2.5%) 
Gender 

Male 112(70%) 
Female 48(30%) 

Comorbidities 
Diabetes 54(33.75%) 

Hypertension 51(31.87%) 
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Chronic obstructive pulmonary disease 27(16.87%) 
Ischemic heart disease 25(15.63%) 

Benign prostatic hyperplasia 18(11.25%) 
Cerebro-vascular accident 17(10.63%) 

Hypothyroidism 15(9.38%) 
Malignancy 6(3.75%) 

Chronic kidney disease 3(1.87%) 
Symptoms 

Altered sensorium 79(49.38%) 
Breathlessness 72(45%) 

Oliguria 72(45%) 
Fever 64(40%) 
Cough 47(29.38%) 

Seizures 44(27.5%) 
Pain abdomen 37(23.13%) 

Bleeding tendencies 36(22.5%) 
Dysuria 32(20%) 

Loose stools 11(6.88%) 
 

Table 2: Summary of clinical diagnosis and physical sign in the study population (N=160) 
Parameter Summary 

Physical sign 
Tachycardia 136(85%) 
Tachypnea 122(76.25%) 

Pallor 93(58.1%) 
Hypotension 72(45%) 

Febrile episode 52(20%) 
Icterus 35(21.9%) 

Clinical diagnosis 
Sepsis 83(51.9%) 

Drug intoxication 24(15%) 
Snakebite 14(8.75%) 

Acute coronary syndrome 14(8.75%) 
Meningoencephalitis 12(7.5%) 

Acute pancreatitis 10(6.25%) 
Hepatic encephalopathy 10(6.25%) 
Guillain-Barre syndrome 4(2.5%) 

Myasthenia gravis 4(2.5%) 
Status epilepticus 4(2.5%) 

Status asthmaticus 2(1.25%) 
 

Table 3: Comparison of various parameters between the outcome in the study population (N=160) 
Parameter Outcome P value 

Discharge(N=108) Death(N=52) 
Age (in years) 43.56 ± 16.71 44.40 ± 17.48 0.770* 

Sepsis 52(48.1%) 31(59.6%) 0.174† 
Apache score II 23.34 ± 1.68 25.21 ± 1.68 <0.001* 
Apache score III 25.31 ± 1.57 26.98 ± 1.87 <0.001* 
Ventilation days 6 (3, 10) 4 (3 ,6) 0.051‡ 

Magnesium (mg/dL) 1.99 ± 0.21 1.78 ± 0.30 <0.001 
Potassium( mEq/L) 5.26 ± 4.98 4.58 ± 3.84 0.386* 

Calcium (mg/dL) 8.56 ± 0.58 8.28 ± 0.52 0.037* 
Phosphorus (mg/dL) 2.89 ± 1.5 2.92 ± 1.5 0.906* 

Albumin (g/dL) 3.51 ± 0.32 2.98 ± 0.25 <0.001* 
* -Independent sample t test † Chi-square test ‡- Mann Whitney U test 

 
Table 4: Comparison of various parameters between hypomagnesemia in the study population (N=160) 

Parameter Hypomagnesemia P value 
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Low (N=106) Normal (N=54) 
 

Age (in years) 42.67 ± 16.56 46.13 ± 17.71 0.222* 
Serum mg2+ levels 1.89 ± 0.26 1.98 ± 0.25 0.041* 

Diabetes 34(32.1%) 20(37%) 0.530† 
Sepsis 72 (67.9%) 11 (20.4%) <0.001† 

Apache score II 23.82 ± 1.64 24.20 ± 1.99 0.197* 
Apache score III 25.67 ± 1.79 26.22 ± 1.89 0.227* 
ICU stay (days) 10 (5, 15.25) 7 (5, 12) <0.001‡ 

Ventilation days 5 (3, 10) 5.50 (0 ,10.50) 0.051‡ 
Mortality 70(66%) 38(70.4%) 0.580† 

Hypocalcemia 60(56.60) % 24(44.44) % 0.145† 
Albumin 41(38.7%) 23(42.6%) 0.633† 

* -Independent sample t-test † Chi-square test ‡- Mann Whitney U test 
 
DISCUSSION 
The present study assessed the prevalence of magnesium 
deficiency in critical illness and its correlation with 
morbidity and mortality. The primary outcome of this 
study was serum magnesium level and the outcome of 
critically ill patients. Out of 160 patients on admission, the 
mean age was 36.50±10.25 years, (n=106, 66.3%) patients 
had hypomagnesemia, and (n=54, 33.7%) had normal 
serum magnesium levels. The mean duration of stay in 
ICU of patients with low serum magnesium was 7 (5-12) 
days, while that of patients with normal serum magnesium 
was 10 (5-15) days which was statistically significant 
(p=0.001). Patients with hypomagnesemia needed 
mechanical ventilator support for five days, while only 0.5 
days of the normomagnesemic group needed ventilator 
support. The difference was statistically significant 
(P=0.051). The mortality rate in the hypomagnesemia 
group was (n=70, 66%), whereas in the normomagnesemic 
group was (n=38, 7, 0.4%), which was not significant. In 
the present study, the mean age was 36.50±10.25 years and 
males constituted (n=112, 70%) of the patients and (n=48, 
30%) were females. This finding was in contrast to a 
prospective cohort study by Islam MM et al.12 where the 
mean age was 52.47 (±20.84) years in case of 
hypomagnesemia and in the case of normomagnesemia, it 
was 55.10 (±17.89) years. Hypomagnesemia had female 
preponderance (61.1% vs 38.9%, p<0.05). In the present 
study, serum magnesium levels were considered which is 
in contrast to a study by Zinat Heidari Z et al.13 where both 
serum and intracellular magnesium level was measured in 
erythrocytes (RBC) to evaluate correlations between 
intensive care unit (ICU) admission with ICU 
complications and mortality. Cardiovascular 
complications and mortality were significantly higher in 
patients with lower serum and intracellular magnesium 
levels when compared to patients with normal levels. 
Ventricular arrhythmias were the most common 
complication. There was a significant correlation between 
serum magnesium level on ICU admission and APACHE 
II score. These findings were similar to the present study. 

In the present study, prevalence of hypomagnesemia was 
(n=106,66.3%), which was inexact in comparison with 
Kumar A et al.8 where the prevalence of hypomagnesemia 
was 66%. The findings were in contrast to a retrospective 
study by Silfeler I et al.14 where out of 150 patients, only 
12, 6% of patients had hypomagnesemia, and 68, 9% had 
normal magnesium levels. In the present study, length of 
ICU stay, ventilation days, and magnesium, calcium, and 
albumin (P < 0.05) were significant when compared across 
two groups. The findings of the present study were in 
consistent with the systematic review and meta-analysis by 
Dineen R et al.15 were from 30 full-text articles. Six studies 
involving 1,550 participants were included in the meta-
analysis. There was a statistically significant higher risk of 
mortality in critically ill patients who had 
hypomagnesemia with RR of 1.90 (95% CI: 1.48 to 2.44, 
P<0.001, I2=63.5%). The risk for needing mechanical 
ventilation was also higher in the hypomagnesemia group 
with an RR of 1.65 (95% CI: 1.12 to 2.43, P=0.01, 
I2=84%). Length of ICU stay was also higher in the 
hypomagnesemia group with mean difference of 4.1 days 
(95% CI: 1.16 to 7.04, P=0.01). Comorbid conditions such 
as diabetes mellitus have long been known to be a risk 
factor for hypomagnesemia. The quarter of patients 
presenting with diabetes mellitus found in the present 
study was in comparison to Hammond DA et al.16, where 
two-third of the study population had patient-specific 
comorbid disease states like history of alcohol abuse (n = 
20, 22.5%), diabetes mellitus (n = 14, 15.7%), and chronic 
kidney disease (n = 18, 20.2%) that could have affected 
serum magnesium concentrations. Magnesium 
replacement and follow-up were not considered in the 
present study, which could have an effect on outcome 
among the discharge group and death group. In the present 
study, hypertension was among common comorbid 
conditions in (n=51 (31.87%) patients. The role of 
magnesium in hypertension became evident after its 
introduction in the management of 
preeclampsia/eclampsia. Vasoconstriction and subsequent 
hypertension have been observed in patients with low 
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magnesium. Low intracellular magnesium levels lead to 
increased muscle tone by increasing the intracellular 
calcium concentration. The administration of magnesium 
resulted in a decrease in blood pressure.17 In the present 
study, the average length of stay in patients with 
hypomagnesemia was 10 days, which was high in 
comparison with patients having normal magnesium levels 
(7 days). This finding was in contrast to a prospective study 
of 100 patients who underwent surgery in one of the 
gynecologic-oncology unit by Bhardwaj B et al.18 where 
the average length of stay in patients with postoperative 
hypomagnesemia was 7.6 days which was in comparison 
with patients having normal magnesium levels (6.25 days). 
Hypomagnesemia is a common electrolyte disturbance of 
increasing prevalence in line with alterations in dietary 
patterns, the broader use of causative drugs and the relative 
increase of populations that carry a higher risk including 
transplant recipients and diabetics. The rationale to correct 
hypomagnesemia parenteral in symptomatic 
hypomagnesemia is straightforward. More controversial is 
the need to update mild asymptomatic hypomagnesemia. 
Although there are theoretical arguments in favor of a 
proactive approach, especially in patients with increased 
cardiovascular risk, controlled data that could rationalize 
their consistent prescription are lacking. In dialysis and 
CKD patients, ongoing RCT (NCT02977117 and 
NCT02542319) might validate a more aggressive 
approach in the future at which high-normal to mildly 
elevated serum magnesium concentrations will even be 
pursued.19 
Limitations: There are also limitations in our study, so our 
results should be interpreted with caution. Different 
magnesium concentration cut-off, and other confounding 
factors like adverse habits and family history, have not 
been considered. The mortality and other factors 
considered were from a single center, which might limit its 
external validity. Magnesium replacement and follow-up 
were not considered in the present study, which could 
affect the outcome; hence, we recommend further 
longitudinal studies covering the large geographical area to 
generalize the findings. Large, well-designed clinical trials 
are also needed to evaluate the role of magnesium therapy 
for improving outcomes in critically ill patients. 
 
CONCLUSION 
Hypomagnesemia is a frequent electrolyte derangement in 
critically ill patients and is associated with increased 
morbidity and mortality risk. Many coexisting clinical 
conditions may be involved in the onset of Mg deficiency 
in this peculiar clinical scenario. The present study reveals 
hypomagnesemia is prevalent in a significant proportion of 
critical patients. Even falling levels of serum magnesium 
have a bearing on the length of ICU stay, electrolyte 

disturbance, ventilator need, duration of mechanical 
ventilation, and mortality rate. Hypomagnesemia in 
critically ill patients is associated with more frequent and 
prolonged ventilator support. Critically ill diabetics with 
poor glycemic control had significant hypomagnesemia. 
All diabetics with critical illness should undergo regular 
monitoring of serum magnesium levels. 
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