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Does magnesium matter in patients of Medical
Intensive Care Unit: A study in rural Central India

Sunil Kumar, Akshay Honmode, Shraddha Jain', Vijay Bhagat?

Abstract

Introduction: Hypomagnesemia has been common, but mostly underdiagnosed
electrolyte abnormality. Studies regarding this is lacking in India especially in rural
setting. Here, we have correlated serum magnesium (Mg) level with outcome in patients
of medicine Intensive Care Unit (ICU) with respect to length of ICU stay, need for
mechanical ventilatory support and its duration and ultimate outcome (discharge/death).
Materials and Methods: This is a prospective observational study carried out over a
period of |-year enrolling 601 patients of Medical ICU (MICU).The Chi-square test is applied
to correlate hypomagnesemia with the outcome. Result and Observation: About 25%
patients had admission hypomagnesemia.VWWhen compared with the normal Mg group, there
was significant association of hypomagnesemia with outcome in terms of duration of MICU
stay 5.46 (5.75) versus 3.93 (3.88), need for mechanical ventilation (56.86% vs. 24.33%),
discharge/cured from ICU (61.43% vs. 85.26%), and death (38.56% vs. 14.73%). However,
no significant difference was found in the duration of ventilation between the two groups.
Conclusion: Hypomagnesemia is associated with a higher mortality rate in critically ill
patients. The need for ventilatory support, but not its duration is significantly higher in
hypomagnesemic patients. Hypomagnesemia is commonly associated with sepsis and
diabetes mellitus. The duration of MICU stay is significantly higher in patients with low
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serum Mg.
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Introduction

Magnesium (Mg) is the second most prevalent
intracellular cation and has an important role as
a cofactor in various enzymatic reactions.! It also
provides energy and regulates various processes in the
cell and cell membrane, as well as protein and DNA
synthesis, and the regulation of mitochondrial function.™
Hence, recognition of hypomagnesemia in patients of
Medical Intensive Care Unit (MICU) may be important
as this may be associated with severity of illness or
increased mortality and morbidity. The incidence of
hypomagnesemia is reported as 2% in the general
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population, 10-20% in hospitalized patients, 50-60%
in Intensive Care Unit (ICU) patients, and 30-80% in
persons with alcoholism, and 25% in outpatients with
diabetes.”

Although many templates have been assessed to
study the mortality and morbidity in ICUs regarding
Mg and its impact, it is less reported especially in
India, in this respect leading to inconclusive results.**
No data are available from the rural part of India.
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In this study, we have tried to correlate serum Mg
level with outcome in patients of medicine ICU with
respect to the length of ICU stay, need for mechanical
ventilatory support and its duration and ultimate
outcome (discharge/death).

Materials and Methods

This prospective observational study was carried
out in the ICU of medicine department in Jawaharlal
Nehru Medical College and Acharya Vinoba Bhave
Rural Hospital, Wardha, Maharashtra, India, in year
2012; from January to December, after approval by the

Total patient admitted in MICU n= 651 50 patients excluded. n=42 stable
(admitted only for observation),
n=8 patients discharged against
> medical advice due to financial

constrains.

601 patients enrolled on the basis of
APACHE Il score.

l

| Serum magnesium level measured |

l l

Hypomagnesemia Normal magnesium level
n=153 n=448

Outcome measured as: a) duration
of stay in ICU, b) need of ventilators,
and c) mortality

Figure I: Flow chart showing enrolment of the patients

Table |: Baseline characteristics of study subjects

Characteristic Male Female Total Applicable
n=367 n=234
61.06% 38.93% 601

Age

Mean (SD) 47.08(17.18) 46.37(18.16) 86.80(17.56) P=0.6292
Blood pressure (%)

Normal 293 (79.83) 183(78.20) 476 xX?=0.23

Hypertension 74 (20.16) 51 (21.79) 125 P=0.63
QT (%)

Normal 335(91.3) 219 (93.6) 554 X*=1.05

Prolonged 32(8.7) 15 (6.4) 47 P=0.30
Diagnosis

Cirrhosis 30 5 35 Not

CKD 22 14 36 applicable

COPD 10 5 15

DM Il 6 17

IHD 68 39 107

Malaria 27 22 49

Other 115 70 185

Sepsis 54 60 114

Stroke 30 13 43

SD: Standard deviation; CKD: Chronic kidney disease; COPD: Chronic obstructive
pulmonary disease; DM: Diabetes mellitus; IHD: Ischemic heart disease

Institutional Ethics Committee. Among 651 patients
admitted to the MICU 601 were included in the study.
Patients were enrolled at random, and the selection bias
was avoided by registering those patients who fulfilled
the criteria for critical illness on the basis of severity
scoring system (Acute Physiology and Chronic Health
Evaluation-II [APACHEII]). Fifty patients were excluded
from the study as 42 were stable and 8 due to financial
constraints shown in flow chart [Figure 1]. Patients
who had received Mg prior to transfer to MICU were
excluded though there was no such history in our patients.
Demographic data (age and sex), past medical history,
medications administrated, and length of ICU stay were
recorded for each patient. The severity scoring system
used was APACHE-II. Blood, urine, and endotracheal
secretions were sent for culture screen in every febrile
patient. Blood samples were collected for estimation of
serum total Mg levels on admission to MICU, which was
determined by colorimetric method. The study had not
interfered with the patient management in MICU. The
normal reference value of total serum Mg was between
1.5 and 2.5 mg/dl.P! Less than 1.5 was considered as
hypomagnesemia. Statistical analysis was done by
using description and inferential statistics. All the data
were expressed in mean * standard deviation (SD). The
analysis was performed by using test statistic Student’s
t-test for the difference of means, Chi-square test, and
correlation. The software used in the analysis was SPSS
17.0 version [IBM Corporation, www.ibm.com/software/
analytics/spss/] and Graph Pad Prism 5.0, and P < 0.05
was considered as significant.

Results

Altogether, 651 patients were admitted to MICU between
April and October 2012, among them 601 were included in
the study. Their mean age was47.08 £17.18 inmale and 46.37
+ 18.16 in female. Baseline comparison of characteristics
of study subjects is shown in Table 1. On admission,
25.6% (94/367) in male patients and 25.2% (59/234) in
female patients had hypomagnesemia. The lowest serum
Mg value recorded was 1 mg/dl while the highest value
was 2.5 mg/dl The range of duration of stay in MICU
varied from 1-day to 41 days with a mean of 4.60 days.
The mean duration of stay in MICU was 3.93 (3.88) days
among those with normal Mg level and 5.46 (5.75) days
in patients of hypomagnesemia while overall it was
4.32 (4.48) days with t = 3.6849 and P = 0.0002. Median
range in normomagnesemia was 10 days versus 3 days
in hypomagnesemia [Table 2]. About 56.86% (87/153)
patients with hypomagnesemia needed mechanical
ventilatory support while 42.48% (65/153) did not need the
support and in normomagnesemic group 24.33% (109/448)
needed ventilatory support 75.66 % (339/448) did not need
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it. The difference was statistically significant (P < 0.000 and
x> =55.87). The mean duration of ventilatory assistance for
the hypomagnesemic group was 4.80 (5.16) days and that
for the normomagnesemic group were4.22 (4.19) days. The
duration of ventilatory support was 4.22 days (SD 4.19)
versus 4.80 days (SD 5.16) between hypomagnesemic and
normomagnesemic patients, which was not found to be
statistically significant P = 0.3697 and ¢ = 0.8990 [Table 2].
The difference between cure rates/discharge between
normal Mg and low Mg was 382 (85.26%) for normal
Mg and 94 (61.43%) for low Mg, which was statistically
significant. The mortality rate in hypomagnesemic group
was 59/153 (38.56%); whereas in normomagnesemic group
was 66/448 (14.73%) (* = 39.31, P = 0.000). Finding of
association between characteristics of study subjects and
hypomagnesemia is shown in Table 2. The major groups
of patients admitted in MICU were grouped as cirrhosis,
chronic kidney disease (CKD), chronic obstructive
pulmonary disease, diabetes mellitus (DM), ischemic heart
disease (IHD), malaria, sepsis, stroke, and others [Table 2].

Multiple logistic regression models applied for the
determination of factors associated with hypomagnesemia.
Independent positive linear correlation was observed
among QT prolongation on electrocardiography (ECG)

and the longer requirement of ventilator support for
patients with hypomagnesemia [Table 3].

Discussion

This study of hospitalized patients in MICU from
rural Central India points to a possible impact of serum
magnesium levels on outcomes in critically ill patients.
In our study, of 601 critically ill patients, 25% (153/601)
patients were hypomagnesemic, 75% (448/601) were
normomagnesemic, suggesting frequent occurrence of
low Mg in ICU patients. The primary endpoints of this
study were serum Mg level and mortality of critically
ill patients. Secondary outcome measures were the
associated electrolyte disturbances and length of ICU stay.
Mg deficiency along with other electrolyte abnormalities
has been found to coexist in up to 40% of patients.l*”]
Many factors contribute to hypomagnesemia in critically
ill patients such as decreased absorption caused by
impaired gastrointestinal activity, malnutrition, renal
wasting of various drugs (e.g., digitalis, gentamicin, loop
diuretics, etc.), DM, hypokalemia, and hypocalcemia.!*!

Various studies have shown varying relationship
between hypomagnesemia and mortality /morbidity

Table 2: Comparison of patient characteristics between groups with normal vs. hypomagnesemia

Characteristics Outcome Significance
Normal serum magnesium levels Hypomagnesemia Total
Sex (%)
Male 273 (60.93) 94 (61.43) 367 7*=1.7531
Female 175 (39.06) 59 (38.56) 234 P=0.4162
BP (%)
Normal 353 (78.79) 123 (80.39) 476 7*=0.18
Hypertension 95 (21.20) 30 (19.60) 125 P=0.67
Diagnosis (%)
Cirrhosis 19 (54.28) 16 (45.71) 35 Not applicable
CKD 26 (72.22) 10 (27.77) 36
COPD 11(73.33) 4 (26.66) 15
DM 14 (82.35) 3(17.65) 17
IHD 89 (83.17) 18 (16.82) 107
Malaria 31 (63.26) 18 (36.73) 49
Other 148 (80) 37 (20) 185
Sepsis 74 (66.07) 38(33.92) 112
Stroke 36 (83.72) 7(16.29) 43
Outcome (%)
Discharge/cured 382 (85.26) 94 (61.43) 476 72=39.31
Death 66 (14.73) 59 (38.56) 125 P=0.000
ICU requirement (days)
Mean (SD) 3.93 (3.88) 5.46 (5.75) 4.32 (4.48) t=3.6849
Median 10 3 P=0.0002
Requirement of ventilator support n (%)
Yes 109 (24.33) 87(56.86) 196 x*=55.87
No 339 (75.66) 66(42.48) 405 P<0.000
Duration of ventilator support (days)
Mean (SD) 4.22 (4.19) 4.80 (5.16) 4.48 (4.64) t=0.8990
P=0.3697
APACHE-II 19.26+4.37 21.82+5.90 P=0.24

NB: The normal reference value of serum total magnesium was between |.5-2.5 mg/dL. < 1.5 was considered as hypomagnesemia. SD: Standard deviation; CKD: Chronic kidney
disease; COPD: Chronic obstructive pulmonary disease; DM: Diabetes mellitus; IHD: Ischemic heart disease; ICU: Intensive Care Unit; BP: Blood pressure; APACHE-II: Acute

Physiology and Chronic Health Evaluation-II
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rates. A higher mortality rate was detected in
hypomagnesemia patients when compared with
normomagnesemic patients by Limayeetal., (57% vs.31%),
Safavi and Honarmand (55% vs. 35%), and Rubeiz et al.,
(46% vs. 25%).14781 There was no significant difference
in ICU mortality between hypomagnesemic and
normomagnesemic groups (18% vs. 17%), but noted a
higher mortality rate among hypermagnesemic patients
by Guérin et al.,”l our study revealed the mortality rate in
hypomagnesemic group 38.56%, which was significantly
higher as compared to 14.73% in the normomagnesemic
group (P = 0.000, x* = 39.31). The higher mortality
in our study can be ascribed to a greater incidence
of electrolyte abnormalities especially hypokalemia
and cardiac arrhythmias and a strong association of
hypomagnesemia with sepsis and malnutrition. This was
explained as independent positive linear correlation was
observed among QT prolongation on ECG and outcomes
for patients with hypomagnesemia [Table 3].

It has been observed in some studies, which had
measured ionized Mg, the prevalence of hypomagnesemia
was much lower (14% and 18%, respectively) than the
studies, which had measured total serum or RBC
Mg (20-70%).1°11 We have not presented the actual Mg
measurements for the groups, which may be one of the
limitations.

Mg plays an important role in sepsis. Hypomagnesemia
is associated with increased release of endothelin and
proinflammatory cytokines.l'>"* This was strongly
associated with increased mortality in experimental
sepsis, and Mg replacement provides significant
protection against endotoxin challenge. This effect
was due to the down-regulation of the release of
inflammatory cytokines (tumor necrosis factor-alpha,
interleukin-6).0'° Sepsis was an independent risk factor
for developing hypomagnesemia during ICU stay as
found by Soliman et al.,m In the study conducted by
Limaye et al., the incidence of sepsis was twice as more
common in hypomagnesemic patients as compared
to normomagnesem patients (P < 0.05). Similarly,

in the present study, the incidence of sepsis was
twice as common in hypomagnesemic patents as in
normomagnesemic patients.

Hypomagnesemia is also associated with DM,
which may be due to increased renal losses of Mg that
accompany glycosuria. There is also a strong relationship
between hypomagnesemia and insulin resistance, and
Mg supplementation is associated with decreased
insulin requirements.' Limaye et al., carried out a
study showing hypomagnesemia was more common
in diabetic patients (P < 0.05).[ In the present study,
the incidence of hypomagnesemia was more common
among diabetic patients.

Chronic alcoholism may be one of the predisposing
factors for Mg deficiency. Hypomagnesemia was reported
in 30% of hospital admissions with alcohol abuse and in
85% of admissions for delirium tremens. Low Mg in
alcoholic individuals may be due to poor nutrition, renal
tubular dysfunction so Mg wasting, pancreatitis, and an
intracellular shift in alcohol withdrawal syndrome.*3
Soliman et al., had noted hypomagnesemia in one-third of
patients with the chronic liver disease and alcoholism."
Limaye et al., showed the prevalence of hypomagnesemia
was observed in one-half of alcoholic patients. In the
present study, the prevalence of hypomagnesemia is
observed among one-third of the alcoholic patients.

Hypomagnesemia also leads to muscle weakness
and respiratory failure, causing difficulty in weaning
the patient from the ventilator. In the current study,
it has been seen that patients with hypomagnesemia
needed ventilatory support more frequently and for
a longer duration. However, no significant difference
was found in the duration of ventilation between the
two groups (¢ = 0.8990, P = 0.3697). Fiaccadori et al.,
had observed that patients with low muscle Mg were
on ventilatory support for more number of days.!"!
Safavi and Honarmand had found that in patients with
hypomagnesemia the duration of mechanical ventilation
was longer (7.2 vs. 4.7 days, P < 0.01)."? Prolonged

Table 3: Logistic regression for correlation between hypomagnesemia and various patients characteristics

Correlation variable SE Significant OR 95% CI for OR
Lower bound Upper bound

Age 0.278 0.166 1.470 0.852 2.534

Sex 0.226 0.744 1.076 0.692 1.675

BP 0.266 0318 1.304 0.775 2.195
ECG QT prolongation 0.551 0.000 42.872 14.562 126.220
Requirement of ventilation 0.498 0.007 3.810 1.434 10.122
MICU stay 0.312 0.254 1.428 0.775 2.634
Outcome 0.323 0.295 1.403 0.744 2.644

Cl: Confidence interval; OR: Odds ratio; SE: Standard error; ECG: Electrocardiography; BP: Blood pressure; MICU: Medical Intensive Care Unit
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ventilation is not just due to muscle weakness causing
difficulty to wean. Hypermagnesemia is characteristically
associated with neuromuscular blockade and muscle
weakness and therefore also prolonged ventilation
time.”! Hypermagnesemia were not observed in our
patients; the maximum level was 2.5 mg/dl

In the study carried out by Soliman et al., there was
no difference in the length of ICU stay among the hypo,
as well as normomagnesium groups.'”’ However, the
patients who developed hypomagnesemia during
their ICU stay had a longer duration of stay in the ICU.
In the study conducted by Limaye ef al., also there
was no difference in the length of ICU stays among
hypomagnesemic versus normomagnesemic patients.
In the present study, we have a significant difference
in the length of ICU stay in hypomagnesemic and a
normomagnesemic group of patients 5.46 = 5.75 days
vs. 3.93 + 3.88 days, P = 0.0002, S).

The major limitation in our study design was the
presence of many confounding variables that were not
controlled for.

Conclusion

Mg alterations have frequently been observed in
critically ill patients. In this study, there is a high
prevalence of hypomagnesemia in the critically ill
patients, which were associated with adverse outcomes.
Physicians should be alert to the high incidence of
hypomagensemia in critically ill patients and should
consider their routine monitoring.
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