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Background: In critically ill patients, the most common manifestation of brain dysfunction is de-
lirium, which is independently associated with higher morbidity and mortality. While electrolyte
imbalance is one of the precipitating factors, the impact of hypomagnesemia on the incidence of
delirium remains unknown.

Methods: We retrospectively analyzed patients admitted to the medical intensive care unit (ICU)
of a tertiary referral center between January and June 2020. Patients with ICU stay 248 hours and
aged 40-85 years were included. The primary outcome was cumulative incidence of delirium in
the ICU. Patients were divided into two groups based on serum magnesium level at ICU admission.
Multivariable Cox proportional hazards regression analysis was performed, and covariates were se-
lected using the least absolute shrinkage and selection operator (LASSO) method.

Results: A total of 109 patients included 43 (39.4%) women and had a median age of 69.0 years
(interquartile range [IQR], 60.0-76.0 years). The median magnesium level was 1.7 mg/dl (IQR, 1.5-
1.9 mg/dl), and the cumulative incidence of delirium was 32.1% (35 patients). Hypomagnesemia
was independently associated with delirium (adjusted hazard ratio [aHR], 2.12; 95% confidence
interval [Cl], 1.03-4.38), along with prior use of immunosuppressants (aHR, 3.08; 95% Cl, 1.46-
6.48) or benzodiazepines (aHR, 4.02; 95% Cl, 1.54-10.50), body mass index (aHR, 0.93; 95% Cl,
0.84-1.02), and alcohol history (aHR, 1.68; 95% Cl, 0.74-3.80).

Conclusions: In critically ill adults, hypomagnesemia increases the risk of delirium by more than
two-fold compared to patients with normal magnesium level.
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INTRODUCTION

Delirium is an acute neuropsychological disorder defined as a disturbance of attention
awareness and a change in baseline cognition over a short period of time [1,2]. It is the most
common manifestation of brain dysfunction in critically ill patients, reported in 30%-80% of
intensive care unit (ICU) patients, depending on the institution and ICU environment [3,4].
Delirium is independently associated with higher mortality, longer hospital stays, longer
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durations of mechanical ventilation, increased risks of reintu-
bation, higher cognitive impairment, and higher costs for ICU
patients [3,5-7]. While haloperidol, atypical antipsychotics,
and dexmedetomidine are frequently used to treat delirium,
no single pharmacological agent has been proven effective,
emphasizing the importance of preventing delirium [2].

Delirium is caused by a variety of factors, necessitating a
multicomponent approach for prevention. Patients with pre-
disposing factors, such as preexisting dementia or underlying
cognitive impairment, alcoholism, smoking, and advanced
age, are at high risk of delirium in the presence of precipi-
tating factors such as infection, hypoxia, hypoglycemia, and
electrolyte abnormalities [7-10]. Aspects of ICU care and the
environment surrounding the patients, such as use of ben-
zodiazepines, physical restraints, immobilization, indwelling
catheters, and absence of visible daylight, also contribute to
the development of delirium and are often more modifiable
than the predisposing and precipitating factors of the host.

Among the factors associated with delirium, correctable
electrolyte abnormalities are modifiable predisposing factors
[9,11]. Electrolytes are essential components in the human
body that maintain the membrane potential of cells, trans-
mit nerve impulses, and sustain intra- and extracellular fluid
balance [12,13]. Magnesium is the fourth most abundant
electrolyte in the body and is involved in diverse biochemical
reactions such as adenosine triphosphate metabolism, muscle
contraction and relaxation, blood pressure regulation, neu-
ronal activity, and neurotransmitter release [14,15]. Patients
with hypomagnesemia, who account for 20%-65% of all ICU
patients, are at a significantly higher risk of prolonged me-
chanical ventilation and longer ICU stay, ultimately increasing
the risk of delirium [14-18]. Consistent with the role of mag-
nesium, neurological manifestations such as convulsions and
coma, have been reported to be associated with hypomagne-
semia [16,18]. Although it is reasonable to postulate a similar
relationship between hypomagnesemia and delirium, few
studies have examined this possible association. Therefore, in
this study, we investigated the impact of hypomagnesemia on
the incidence of delirium in critically ill, middle-aged, and old-
er adult patients admitted to the medical ICU.

MATERIALS AND METHODS
Statement of Ethics

The study protocol was approved by the Institutional Review
Board of Seoul National University Hospital (IRB No. H-2012-
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KEY MESSAGES

= In a multivariable Cox proportional hazards regression
analysis of critically ill patients aged 40-85 years in the
medical intensive care unit (ICU), hypomagnesemia was
independently associated with the cumulative incidence
of delirium adjusted for body mass index, prior use of im-
munosuppressants and/or benzodiazepines, and alcohol
history.

= Hypomagnesemia increases the risk of delirium by more
than two-fold compared to patients with normal magne-
sium level.

= Hypomagnesemia is a possible predictive marker of delir-
ium in medical ICU settings, warranting greater attention.

155-1183), and the requirement for written informed consent
was waived because of the retrospective study design.

Study Design and Patient Selection

We retrospectively analyzed patients admitted to the medical
ICU at Seoul National University Hospital between January 1,
2020 and June 30, 2020. Patients =40 years of age and <85 years
of age who stayed in the ICU for more than 2 days were in-
cluded in the analysis. Those who were transferred from other
ICUs, had acute brain injury or overt neurologic or psychiatric
disorders, or had no record of serum magnesium level were
excluded. When patients were admitted to the ICU multiple
times during the study period, only the first admission was in-
cluded in the analysis. Several patients who were analyzed in
this study were included in our previous report [19].

Data Collection
Demographic and clinical factors potentially associated with
delirium were collected at the time of admission to the ICU,
including age, sex, body mass index (BMI), smoking history
and intensity, alcohol use, baseline serum magnesium level,
reason for ICU admission (respiratory, cardiogenic, renal, and
septic), and relevant comorbidities such as cerebrovascular
diseases and cognitive disorders. Details on the use of antipsy-
chotics, opioids, and hypnotics before ICU admission were re-
corded. The severity of illness at ICU admission was assessed
using the Acute Physiology and Chronic Health Evaluation
(APACHE) II score, Simplified Acute Physiology Score (SAPS)
11, and Sequential Organ Failure Assessment score.

The use of renal replacement therapy and mechanical venti-

lation, ventilator-free days, duration of mechanical ventilation,
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length of stay in the ICU, length of hospital stay, mortality in
the ICU, and 28-day mortality were collected.

Delirium Assessment

Each patient’s level of sedation and agitation was monitored by
trained bedside duty nurses six times per day using the Rich-
mond agitation sedation scale, and the patient was screened
for delirium once per day using the Confusion Assessment
Method for the ICU (CAM-ICU) [20]. Delirium, the primary
outcome of this study, was diagnosed collectively based on the
presence of one or more of the following conditions: positive
CAM-ICU, confirmation by a consulting psychiatrist, adminis-
tration of antipsychotics specifically for management of deliri-

um, and clinical diagnosis by the attending physician.

Statistical Analyses
A sample size of 105 patients was determined to provide 85%

power using a one-sided alpha (a) level of 0.05. Patient char-
acteristics at ICU admission were summarized as counts and
proportions for categorical variables and medians with inter-
quartile ranges (IQRs) for continuous variables. The prelimi-
nary analysis compared the factors between patients with and
without hypomagnesemia using the Pearson’s chi-square test
or Fisher’s exact test for categorical variables and the Student
t-test or Mann-Whitney U-test for continuous variables where
appropriate. Hypomagnesemia was defined as a serum mag-
nesium concentration less than 1.7 mg/dL. The Kaplan-Meier
method was used to delineate the cumulative incidence rates.
We examined the relationship between hypomagnesemia and
the primary outcome using a Cox proportional hazards regres-
sion model. Covariates were selected using the least absolute
shrinkage and selection operator (LASSO) method for multi-
variable analysis among the clinical variables. All analyses were
conducted using R software (version 4.1.2; R Foundation for
Statistical Computing, Vienna, Austria), and all the tests were
two-sided with an a of 0.05 to determine statistical significance.

RESULTS

Patient Characteristics
During the study period, 208 patients were admitted to the med-

ical ICU, of whom 109 were included in the analysis (Figure 1).
Among the 99 excluded patients, 51 had a less than 48 hour
length of stay in the ICU, seven were transferred from other
ICUs (surgical, emergency, or coronary care units), 16 were
previously admitted to the medical ICU during the study pe-
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riod, two had no account of baseline serum magnesium level,
and 23 did not meet the age criteria. The median age was 69
years (IQR, 60-76 years), and 43 patients (39.4%) were women.
The median concentration of serum total magnesium was 1.7
mg/dl (IQR, 1.5-1.9 mg/dl). When grouped according to base-
line serum magnesium level, there were 46 and 63 patients
with hypomagnesemia and normomagnesemia, respectively.
While age, sex, BM], alcohol and smoking history, comorbid-
ities, and medication history were comparable, fewer patients
in the hypomagnesemia group were admitted because of a
cardiogenic cause (3 [6.5%)] vs. 15 [23.8%], P=0.032) or require-
ment of renal replacement therapy (12 [26.1%)] vs. 30 [47.6%)],
P=0.037). The hypomagnesemia group also exhibited a lower
SAPS II median score (41.5 [28.0-49.0] vs. 45.0 [36.5-65.0],
P=0.016). The detailed demographic and clinical characteris-
tics of the study patients are summarized in Table 1.

Cumulative Incidence of Delirium According to Baseline
Serum Magnesium Level

In this study cohort, the cumulative incidence of delirium was
32.1% (35 patients), and the median delirium- or coma-free
days was 1.0 day (IQR, 0.0-3.0 days) (Table 2). The cumulative
incidence of delirium (18% [28.6%] vs. 17% [37.0%], P=0.47)
and the median delirium- or coma-free days (2.0 [0.0-4.0] vs.
1.0 [0.0-3.0], P=0.14) did not differ between the hypo- and nor-
momagnesemia groups. There was no significant difference
in the cumulative hazard of delirium between the two groups
(Figure 2). We did not observe statistical differences between
the hypo- and normomagnesemia groups in number of venti-
lator-applied patients, median duration of mechanical venti-
lation, and median ventilator-free days. ICU mortality and 28-

208 Patients admitted to MICU between
Jan 2020 and Jun 2020

51 Had MICU length of stay <48 hr
7 Transferred from other ICUs
16 Previously admitted during study period
2 Had no account of baseline magnesium level
10 Under 40 yr
13 Over 85 yr

v

109 Patients included for analysis

Figure 1. Flowchart of the patients included in the study. MICU:
medical intensive care unit; ICU: intensive care unit.
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Table 1. Baseline patient characteristics by Mg level

T

Normal serum Mg

Hypomagnesemia

Characteristics (n=63) (n=46) Total (n=109) P-value
Age (yr) 69.0 (60.5-76.0) 68.0 (60.0-76.0) 69.0 (60.0-76.0) 0.570
Female 26 (41.3) 17 (37.0) 43 (39.4) 0.797
BMI [kg/mz) 22.0 (19.4-249) 20.5(17.2-23.1) 21.0(18.8-23.7) 0.068
Mg (mg/dl) 1.9 (1.8-2.0) 1.5 (1.4-1.6) 1.7 (1.5-1.9) < 0.001
Alcohol history 11(17.5) 8(17.4) 19 (17.4) 1.000
Smoking 0.118
Unknown 5(7.9) 10 (21.7) 15(13.8)
Never 32 (50.8) 20 (43.5) 52 (47.7)
Ever 26 (41.3) 16 (34.8) 42 (38.5)
Comorbidity
DM 29 (46.0) 22 (47.8) 51 (46.8) 1.000
Chronic liver disease 12 (19.0) 7(15.2) 19 (17.4) 0.791
Chronic kidney disease 21(33.3) 9(19.6) 30(27.5) 0.170
Cardiovascular disease 21(33.3) 11 (23.9) 32(29.4) 0.393
Cerebrovascular disease 6(9.5) 2 (4.3) 8(7.3) 0.515
Cognitive disorder 0 1(2.2) 1(0.9) 0.874
COPD 2(3.2) 1(2.2) 3(2.8) 1.000
Indication for ICU admission
Respiratory failure 37 (58.7) 36(78.3) 73 (67.0) 0.053
Renal failure 14 (22.2) 5(10.9) 19 (17.4) 0.198
Cardiogenic cause 15(23.8) 3(6.5) 18 (16.5) 0.032
Sepsis 9(14.3) 9(19.6) 18 (16.5) 0.637
Others 10 (15.9) 5(10.9) 15 (13.8) 0.640
Medication
Immunosuppressant 17 (27.0) 16 (34.8) 33(30.3) 0.507
Antipsychotics 2(3.2) 6(13.0) 8(7.3) 0.114
Benzodiazepines 9(14.3) 3(6.5) 12 (11.0) 0.332
Benzodiazepine dose (equipotent lorazepam dose, mg/kg/day) 0.0 (0.0-0.1) 0.0 (0.0-0.4) 0.0 (0.0-0.1) 0.600
Hypnotics 3(4.8) 3(6.5) 6 (5.5) 1.000
Opioids 10 (15.9) 6(13.0) 16 (14.7) 0.890
Score
APACHE || 21.0 (16.0-27.0) 18.5 (15.0-26.0) 20.0 (15.0-26.0) 0.215
SOFA 9.0 (7.0-12.0) 8.0 (6.0-12.0) 9.0 (6.0-12.0) 0.190
SAPS || 450 (36.5-65.0) 41.5(28.0-49.0) 44.0 (32.0-55.0) 0.016
Renal replacement therapy 30 (47.6) 12 (26.1) 42 (38.5) 0.037

Values are presented as median (interquartile range) or number (%o).

Mg: magnesium; BMI: body mass index; DM: diabetes mellitus; COPD: chronic obstructive pulmonary disease; ICU: intensive care unit; APACHE: Acute Physiology
and Chronic Health Evaluation; SOFA: Sequential Organ Failure Assessment; SAPS: Simplified Acute Physiology Score.

day mortality were comparable between the two groups.

Relationship between Hypomagnesemia and Delirium

Next, we examined the factors associated with the incidence
of delirium in the ICU (Table 3). In univariate analysis, prior
use of immunosuppressants (hazard ratio [HR], 2.82; 95%
confidence interval [CI], 1.20-6.66) or benzodiazepines (HR,
3.45; 95% CI, 1.01-11.79) was significantly associated with an

410 https://www.accjournal.org

elevated risk of delirium incidence. Among these factors, the
LASSO method indicated that hypomagnesemia, BMI, alcohol
history, and prior use of immunosuppressants and/or benzo-
diazepines were associated with incidence of delirium. The
adjusted hazard ratio (aHR) of hypomagnesemia from mul-
tivariable Cox proportional hazards regression analysis using
these selected variables was 2.12 (95% CI, 1.03-4.38); that of
immunosuppressants was 3.08 (95% CI, 1.46-6.48); and that
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Table 2. Qutcomes of patients by Mg level

T

Outcome Normal serum Mg (n=63) Hypomagnesemia (n=46) Total (n=109) P-value
Incidence of delirium 18 (28.6) 17 (37.0) 35(32.1) 0.47
Delirium- or coma-free day 2.0 (0.0-4.0) 1.0 (0.0-3.0) 1.0 (0.0-3.0) 0.14
Mechanical ventilation 49 (77.8) 37(80.4) 86 (78.9) 0.92
Duration of mechanical ventilation (day) 3.0(1.0-6.0) 40(2.0-7.0) 40 (2.0-7.0) 0.55
Ventilator-free day 3.0(0.5-5.0) 1.0 (0.0-3.0) 2.0 (0.0-5.0) 0.09
ICU length of stay 6.0 (4.0-11.0) 5.5 (3.0-11.0) 6.0 (4.0-11.0) 0.40
Hospital length of stay 29.0 (19.5-61.5) 39.0(18.0-83.0) 31.0 (19.0-69.0) 0.31
ICU mortality 18 (28.6) 8(17.4) 26 (23.9) 0.26
28-Day mortality 21 (33.3) 11 (23.9) 32(29.4) 0.39
Values are presented as number (%) or median (interquartile range).
Mg: magnesium; ICU: intensive care unit
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Figure 2. Cumulative hazard plot of delirium in the intensive care unit stratified by magnesium (Mg) level.

of benzodiazepines was 4.02 (95% CI, 1.54-10.50). The asso-
ciation with BMI (aHR, 0.93; 95% CI, 0.84-1.02) and alcohol
history (aHR, 1.68; 95% CI, 0.74-3.80) was not statistically sig-
nificant.

DISCUSSION

We retrospectively examined the relationship between hypo-
magnesemia and incidence of delirium in patients aged be-
tween 40 and 85 years who spent 2 or more consecutive days

Acute and Critical Care 2022 August 37(3):407-414

in the medical ICU. Multivariable Cox proportional hazards
regression analysis adjusted for BMI, prior use of immuno-
suppressants, benzodiazepines, and alcohol demonstrated
that hypomagnesemia was independently associated with in-
creased risk of delirium.

Magnesium functions as a cofactor in more than 300 enzyme
systems; regulates diverse biochemical metabolism; maintains
the stabilization of cellular membranes, proteins, and nucleic
acid synthesis; and participates in cellular timekeeping [21-23].
Magnesium is widely known to exhibit a neuroprotective effect

https://www.accjournal.org 411
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Table 3. Univariable and multivariable Cox proportional hazards regression

T

Factor Unadjusted HR (95% Cl) P-value Adjusted HR (95% Cl) P-value
Age 0.99 (0.96-1.03) 0.78
Female 1.74 (0.77-3.95) 0.18
BMI 0.96 (0.88-1.05) 0.38 0.93 (0.84-1.02) 0.10
Hypomagnesemia 1.47 (0.65-3.30) 0.36 2.12 (1.03-4.38) 0.04
Alcohol history 2.22 (0.81-6.08) 0.12 1.68 (0.74-3.80) 0.21
Comorbidity

DM 0.79 (0.35-1.78) 0.57

Chronic liver disease 0.71 (0.24-2.17) 0.55

Chronic kidney disease 0.55 (0.21-1.45) 0.23

Cardiovascular disease 0.95 (0.39-2.29) 0.90

Cerebrovascular disease 0.28 (0.03-2.38) 0.24

Cognitive disorder

COPD
Indication for ICU admission

Respiratory failure 1.66 (0.68-4.06) 0.27

Renal failure 0.97 (0.34-2.81) 0.96

Cardiogenic cause 0.55(0.17-1.82) 033

Sepsis 1.90 (0.68-5.33) 0.22
Others

Medication

Immunosuppressant 2.82 (1.20-6.66) 0.01 3.08 (1.46-6.48) 0.003

Antipsychotics 2.26 (0.53-9.62) 0.27

Benzodiazepines 3.45(1.01-11.79) 0.05 4.02 (1.54-10.50) 0.005

Hypnotics 2.22 (0.42-11.60) 0.34

Opioids 2.44 (0.83-7.18) 0.10
Score

APACHE || 0.97 (0.93-1.02) 0.27

SOFA 1.00 (0.91-1.10) 0.95

SAPS Il 1.00 (0.98-1.02) 0.97
Renal replacement therapy 1.10 (0.48-2.50) 0.83

HR: hazard ratio; Cl, confidence interval; BMI: body mass index; DM: diabetes mellitus; COPD: chronic obstructive pulmonary disease; ICU: intensive care unit;

APACHE: Acute Physiology and Chronic Health Evaluation; SOFA: Sequential Organ Failure Assessment; SAPS: Simplified Acute Physiology Score.

in preclinical models and has been tested for its role in acute
stroke and subarachnoid hemorrhage [24,25], although the re-
sults are controversial. Its association with sleep disorders and
sedation in the ICU has been reported in other studies [22,26].
The latter study involved a randomized controlled trial of addi-
tion of intravenous magnesium to the traditional sedatives in
the ICU and found that patients who received magnesium had
decreased use of midazolam and additional analgesics without
side effects. While these results suggest that magnesium level
is related to delirium, there have been no definitive studies to
date.

In our study, patients with hypomagnesemia exhibited a
two-fold increased risk of delirium compared to those without

412 https://www.accjournal.org

hypomagnesemia. One possible explanation for this finding
is the reduced neuroprotective effect in patients with hypo-
magnesemia, as mentioned above. Specifically, deficiency of
magnesium, which is a vital element for establishing the elec-
trical potential across cell membranes, activating enzymes,
and regulating calcium metabolism, can induce unwanted
dysfunction in neuronal activities [15]. In addition, the anal-
gesic properties of magnesium through inhibitory effects on
N-methyl-D-aspartate receptors can be reduced in hypomag-
nesemia, leading to increased vulnerability to pain in the ICU
[15]. Furthermore, hypomagnesemia can increase the risk of
specific conditions and procedures that are known precipitat-

ing factors for delirium. Previous studies have shown a more

Acute and Critical Care 2022 August 37(3):407-414
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frequent need for ventilatory support, prolonged duration of
mechanical ventilation, and more frequent association with
sepsis in critically ill patients with hypomagnesemia [27].
Although not statistically significant, patients with hypomag-
nesemia exhibited fewer median ventilator-free days (1.0 vs.
3.0 days, P=0.09) and longer median duration of mechanical
ventilation (3.0 vs. 4.0, P=0.55) despite less severe illness at
baseline (SAPS Il score, 41.5 vs. 45.0; P=0.016).

Our finding that hypomagnesemia is associated with in-
creased risk of delirium in the ICU is important and has mean-
ingful clinical implications in the diagnosis and management
of delirium. Delirium in the ICU is multifaceted and can
present as hyperactive, hypoactive, or mixed hyperactive and
hypoactive states. Although many validated screening tools
such as the CAM-ICU have been developed, delirium detec-
tion remains demanding, particularly for the hypoactive state.
Our findings could help improve the detection rate of delirium
by guiding intensivists and nursing staff to carefully examine
patients with hypomagnesemia. In addition, while there is cur-
rently no single pharmacological agent that has been proven
to be effective in the prevention and management of delirium,
it would be interesting to determine whether the supplemen-
tation of magnesium in patients with hypomagnesemia could
lead to delirium prevention and/or control, meriting a future
well-designed randomized controlled trial.

This study has several limitations. This was a retrospec-
tive, observational, proof-of-concept study conducted in a
single medical ICU. Prospective, multicenter studies includ-
ing non-medical patients are necessary before the results
of our findings can be applied. In addition, since only free
magnesium is biologically active [21], the use of serum total
concentration of magnesium in our study might have over-
estimated the number of patients with hypomagnesemia.
Future studies adopting magnesium tolerance tests or ionized
magnesium-level measurements might provide additional
information. Furthermore, only the baseline magnesium con-
centration was used for analysis because of data availability. It
would be interesting to examine the longitudinal changes in
magnesium concentration between patients with and without
delirium. Although there were no distinct differences in base-
line characteristics between patients with and without hypo-
magnesemia, and all the relevant factors selected by the LAS-
SO method were taken into consideration for multivariable
analysis, other factors that affect magnesium concentration,
such as dietary intake, might have confounded the results.

In conclusion, in critically ill patients 40-85 years of age,
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hypomagnesemia increases the risk of delirium by more than
two-fold compared to that in patients with normal magnesium
level. The initial serum magnesium level upon ICU admission
is a potential predictive marker of delirium in these patients.
Therefore, more attention to hypomagnesemia is warranted.
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