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Abstract. Background: This study aimed to investigate the association
between serum magnesium trajectory and risk of in-hospital mortality in
intensive care unit (ICU) patients with sepsis. Methods: Adult sepsis patients
who had complete data on serum magnesium at ICU admission (at 0, 12, 24, 36
and 48 hours after ICU admission) based the 2012-2019 Medical Information
Mart for Intensive Care IV (MIMIC-IV) database were included in this ret-
rospective cohort study. Serum magnesium trajectories were identified using
K-means cluster analysis. The multivariable Cox proportional-hazards mod-
el was used to evaluate the association between magnesium level at different
time points or magnesium trajectory and in-hospital mortality. Results: A total
of 2,270 patients with sepsis were enrolled, and in-hospital mortality occurred
in 716 (31.54%). Three trajectories were identified: a high-level declining tra-
jectory, normal-level stable trajectory, and low-level rising trajectory. Among
the magnesium levels at different time points, a higher serum magnesium level
only at ICU admission (Oh) (hazard ratio [HR] = 1.13, 95% confidence interval
[CI]: 1.03-1.23) was associated with an increased risk of in-hospital mortal-
ity. Compared with the normal-level stable trajectory group, patients in the
low-level rising trajectory group (HR = 0.82, 95%CI: 0.70-0.97) had a reduced
risk of in-hospital mortality, but no association with in-hospital mortality was
found in patients in the high-level declining trajectory group (p=0.812). Conclu-
sion: Sepsis patients with a low-level, rising magnesium trajectory may have a
reduced risk of in-hospital mortality.
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Sepsis is a life-threatening systemic inflamma-
tory response syndrome caused by a dysreg-
ulated host response to infection, ultimately
leading to septic shock and multi-organ failure
[1, 2]. Sepsis is a common disease in inten-
sive care units (ICUs), and its associated high
mortality, morbidity, and enormous economic
burden make it a global public health problem
[3, 4]. In 2017, there were an estimated 48.9
million sepsis cases and 11.0 million sepsis-re-
lated deaths worldwide (19.7% of all global
deaths) [5]. A meta-analysis reported that the
estimated global incidence of ICU-treated sepsis
was 58 per 100,000 person-years, two-fifths of
whom died during hospitalization [6]. Therefore,
the identification of death-related indicators in
sepsis patients is important for timely interven-
tion and improved prognosis of sepsis.

Serum magnesium testing is part of routine
biochemical tests. Magnesium (Mg?*) is one of
the main cations in the human body, a cofactor
that promotes more than 300 enzymatic reac-
tions and plays a vital role in physiological
processes, such as muscle and nerve function,
heart rhythm, protein synthesis, and energy
metabolism [7, 8]. Several bodies of evidence
suggest that serum magnesium levels are asso-
ciated with poor outcomes in patients with acute
kidney injury, heart disease and other critical
illnesses [9-11]. Wang et al. proposed that hyper-
magnesemia may be correlated with a higher
risk of in-hospital mortality in children with
sepsis in the ICU [12]. Tonai et al. reported that
hypomagnesemia may be related to an increased
risk of disseminated intravascular coagula-
tion in adult ICU patients with sepsis [13].
A randomized controlled trial of patients with
severe sepsis showed that maintaining serum
magnesium levels at around 3 mg/dL with intra-
venous magnesium sulphate increased lactate
clearance and shortened the length of stay in the
ICU [14]. In previous studies, serum magnesium
levels were generally based on measurements
taken at a single time point (e.g., at admission),
but electrolyte levels in hospitalized patients are
constantly changing. Several studies have found
an association between dynamically changing
serum sodium levels and death in hospital-
ized patients [15, 16]. However, little is known
about the relationship between the dynamics of
magnesium levels during hospitalization and the
outcomes of patients with sepsis. Thus, this study
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aimed to identify changes in serum magnesium
level in ICU patients with sepsis and assess the
possible association between these changes and
in-hospital mortality.

Methods

Data source and study population

The data used in this retrospective cohort study
were obtained from the Medical Information
Mart for Intensive Care IV (MIMIC-IV, version
1.0) database between 2012 and 2019. MIMIC-IV
is a large, single-centre, open-access database of
patients admitted to the ICU at the Beth Israel
Deaconess Medical Center from 2008 to 2019,
which includes demographic information, vital
signs, laboratory testing, procedures, medications,
caregiver notes, imaging reports, and mortality
[17]. After completing an online course from the
National Institutes of Health and passing an
exam on the Protecting Human Study Partic-
ipants, the author of this study was qualified to
use the MIMIC-IV database. The included popu-
lation should meet the following criteria: (1)
adult patients (age >18 years old); (2) a diagnosis
of sepsis; and (3) ICU stay >48 hours. Patients
were excluded if they met the following criteria:
(1) serum magnesium measurements taken less
than five times within 48 hours after ICU admis-
sion; (2) missing information on mortality; and (3)
death within 48 hours after ICU admission. Sepsis
was diagnosed according to the Sepsis 3.0 criteria;
sepsis was defined as a documented or suspected
infection plus an acute change in total Sequential
Organ Failure Assessment (SOFA) of >2 points
[18]. Infection was identified from the Interna-
tional Classification of Diseases (ICD-9) code.
The MIMIC-IV was approved by the institutional
review boards of Beth Israel Deaconess Medical
Center (Boston, MA, USA) and Massachusetts
Institute of Technology (Cambridge, MA, USA).
Informed consent was not required because infor-
mation related to patients’ identities was re-coded
and identifiable information was hidden.

Outcome

The outcome of this study was in-hospital
mortality, defined as the survival status at
hospital discharge. The follow-up period was
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from the time of patient admission to the time
of patient discharge or death. For patients with
multiple hospital admissions, only data from
the patient’s first ICU admission were used.
All included patients had five measurements
of serum magnesium levels taken within 48
hours of admission to the ICU, with the first
measurement at the time of admission to the
ICU (0 hours) and subsequent measurements at
12-hour intervals (at 12, 24, 36, and 48 hours).

Variables

Data were extracted from the MIMIC-IV database
through the Structured Query Language. Base-
line characteristics of patients’ first admission
and laboratory measurements taken within 48
hours after ICU admission were collected. These
variables included: age, sex (male, female), race
(white, black, others), insurance (Medicaid, Medi-
care, others), marital status (married, others), use
of mechanical ventilation (yes, no), use of vaso-
pressor (yes, no), acute kidney injury (AKI, yes,
no), respiratory failure (yes, no), cardiogenic shock
(yes, no), magnesium sulphate (yes, no), 48-hour
urine output (mL), length of ICU stay (day), heart
rate (b.p.m.), systolic blood pressure (SBP, mmHg),
diastolic blood pressure (DBP, mmHg), respira-
tory rate (times per minute), temperature (°C),
percutaneous arterial oxygen saturation (SpO,,
%), Glasgow Coma Scale (GCS, score), Charlson
comorbidity index (score), SOFA (score), Simpli-
fied Acute Physiology Score II (SAPS II, score),
Systemic Inflammatory Response Syndrome
(SIRS, score), white blood cells (10%L), platelet
(10%L), haemoglobin (g/dL), lactate (mmol/L), red
blood cell distribution width (%), serum creati-
nine (mg/dL), international normalized ration,
prothrombin time (seconds), partial thrombo-
plastin time (seconds), blood urea nitrogen (g/dL),
glucose (mg/dL), pH, sodium (mEq/L), potassium
(mEq/L), chloride (mEq/L), bicarbonate (mEq/L),
arterial partial pressure of oxygen (PaO,, mmHg),
arterial partial pressure carbon dioxide (PaCO,,
mmHg), magnesium levels (mg/dL), and follow-up
time (days). AKI was determined based on the
Kidney Disease Improving Global Outcomes
(KDIGO) consensus criterion of a >50% increase
in serum creatinine concentration from the base-
line creatinine concentration, measured within
three months before enrolment [19].

Statistical analysis

Continuous data were expressed as mean and
standard deviation (mean + SD) or median and
quartiles (M [Q1, Q3]). The t-test was used to
compare normally distributed continuous data
and the Wilcoxon signed-rank test was used
for non-normally distributed continuous data.
Categorical data were reported using numbers
and percentages (n [%]), and the Chi-square test
was used to compare differences between groups.
Characteristics were compared between patients
who died and those who survived.

For some of the covariates, there were missing
values, and the covariate with the largest
amount of missing values was lactate with
8.81% missing values. Missing values of
covariates were interpolated using random
forest imputation. Sensitivity analysis was
performed before and after the imputation of
missing data. The univariable Cox proportion-
al-hazards model was used to screen covari-
ates, and covariates with p<0.05 were included
in the multivariable Cox proportional-hazards
model, and least absolute shrinkage and selec-
tion operator (LASSO) regression was utilized
to determine adjusted covariates. After the
screening, covariates containing age, use of
mechanical ventilation, use of vasopressor,
AKI, respiratory failure, cardiogenic shock,
48-hour urine output, length of ICU stay,
temperature, Charlson comorbidity index,
SOFA, SAPS II, red blood cell distribution
width, partial thromboplastin time, blood urea
nitrogen, PaO,, and lactate were adjusted
in the multivariable Cox proportional-haz-
ards model (supplementary table 1). Serum
magnesium trajectories were identified using
K-means cluster analysis based on five serum
magnesium measurements taken within 48
hours of the patient’s ICU admission. K-means
cluster analysis is a type of unsupervised
machine learning that groups unlabelled data-
sets into different clusters by features. The
multivariable Cox proportional-hazards model
was used to evaluate the association between
a single serum magnesium level (at 0, 12, 24,
36 and 48 hours) or serum magnesium trajec-
tory and in-hospital mortality in patients with
sepsis, reported as hazard ratio (HR) with a
95% confidence interval (CI). Statistical anal-
yses were performed using SAS 9.4 software
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(SAS Institute Inc., Cary, NC, USA) and R
software (version 4.2.1). A two-sided p value of
<0.05 was considered statistically significant.

Results

Patient characteristics

A total of 7,495 patients with sepsis were
recorded in the MIMIC-IV database from 2012
to 2019. Twenty-seven patients who were
admitted to the ICU for less than 48 hours and
5,198 patients with incomplete data based on
five serum magnesium measurements were
excluded. Finally, 2,270 patients with sepsis
were enrolled (figure 1). The characteristics
of patients are presented in table 1. Of these
patients, in-hospital mortality occurred in 716
(31.54%) patients and 1,554 (68.46%) patients
survived at discharge. The mean age + SD of
patients was 61.60 + 16.00 years, 58.24% (1,322
cases) were male, and 58.06% (1,318 cases) were
white. The median (quartiles) length of ICU
stay was 10.30 (6.86, 15.95) days. The median
(quartiles) SOFA score of patients was 10.00

(7.00, 13.00). The mean serum magnesium
level = SD at the time of ICU admission was
2.02 + 0.59 mg/dL.

Serum magnesium levels at different time
points and in-hospital mortality

The association between serum magnesium
levels at different time points within 48 hours
after admission to the ICU and in-hospital
mortality is shown in table 2. Higher serum
magnesium levels at ICU admission (HR=1.22,
95% CI: 1.13-1.32) were linked to an increased
risk of in-hospital mortality in patients with
sepsis, whereas there was no relationship
between serum magnesium levels at 12, 24, 36,
and 48 hours after ICU admission and in-hos-
pital mortality (p>0.05). The multivariable Cox
proportional-hazards model showed that higher
serum magnesium levels only at ICU admission
(HR=1.13, 95%CI: 1.03-1.23) were associated
with an increased risk of in-hospital mortality
in patients with sepsis. The association between
serum magnesium levels at ICU admission and
in-hospital mortality is presented in figure 2.
The risk of in-hospital mortality in patients with

in the MIMIC-IV database from
2012 to 2019 (N=7,495)

Patients with sepsis were recorded

3)

Excluded (N=5,225):
1)
(&)

4)

Age < 18 years old (N=0);
Admitted to the ICU for less
than 48h (N=27);

No data on serum magnesium
levels at ICU admission (Oh)
(N=1,568);

No data on serum magnesium
levels at 12h/24h/36h/48h after
ICU admission (N=3,630).

A

Patients with sepsis were
included (N=2,270)

Figure 1. Flow chart of the study population. MIMIC-IV: the Medical Information Mart for Intensive

Care IV; ICU: intensive care unit.
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Table 1. Characteristics of patients with sepsis.

Variables ’Eotal Su{vivors In-I}ospitfl »
(n=2270) (n=1554) mortality (n = 716)

Age, years, mean + SD 61.60 + 16.00 60.02 + 16.18 65.01 + 15.05 <0.001

Sex, n (%) 0.715
Female 948 (41.76) 645 (41.51) 303 (42.32)
Male 1322 (58.24) 909 (58.49) 413 (57.68)

Race, n (%) 0.585
White 1318 (58.06) 913 (58.75) 405 (56.56)
Black 174 (7.67) 119 (7.66) 55 (7.68)
Other 778 (34.27) 522 (33.59) 256 (35.75)

Insurance, n (%) <0.001
Medicaid 199 (8.77) 142 (9.14) 57 (7.96)
Medicare 980 (43.17) 629 (40.48) 351 (49.02)
Other 1091 (48.06) 783 (50.39) 308 (43.02)

Marital status, n (%) 0.867
Married 939 (41.37) 641 (41.25) 298 (41.62)
Others 1331 (58.63) 913 (58.75) 418 (58.38)

Mechanical ventilation, n (%) 0.003
No 30 (1.32) 28 (1.80) 2 (0.28)
Yes 2240 (98.68) 1526 (98.20) 714 (99.72)

Vasopressor, n (%) <0.001
No 415 (18.28) 353 (22.72) 62 (8.66)
Yes 1855 (81.72) 1201 (77.28) 654 (91.34)

Acute kidney injury, n (%) 0.002
No 207 (9.12) 161 (10.36) 46 (6.42)
Yes 2063 (90.88) 1393 (89.64) 670 (93.58)

Respiratory failure, n (%) <0.001
No 748 (32.95) 570 (36.68) 178 (24.86)
Yes 1522 (67.05) 984 (63.32) 538 (75.14)

Cardiogenic shock, n (%) <0.001
No 1927 (84.89) 1354 (87.13) 573 (80.03)
Yes 343 (15.11) 200 (12.87) 143 (19.97)

Magnesium sulphate, n (%) <0.001
No 860 (37.89) 547 (35.20) 313 (43.72)
Yes 1410 (62.11) 1007 (64.80) 403 (56.28)

48-h urine output, mL, M (@, Q,) 2691.50 2979.50 2085.00 <0.001

(1273.00,4520.00)  (1498.00,4855.00)
10.30 (6.86,15.95)

(845.50,3855.00)
10.03 (6.75,15.45) 0.074

Length of ICU stay, day, M (Q,, Q,) 10.44 (6.91,16.28)
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Variables Total Survivors In-hospital
(n=2270) (n = 1554) mortality (n =716) P
Heart rate, b.p.m, mean + SD 95.69 + 22.51 95.61 +£22.77 95.85+21.95 0.817
SBP, mmHg, mean + SD 118.56 + 25.39 119.22 + 25.38 117.12 + 25.37 0.068
DBP, mmHg, mean = SD 66.71 +£19.43 67.14 £ 19.05 65.77 £ 20.21 0.119
Respiratory rate, times per minute, 91.30 £ 6.85 9119+ 6.78 91,53+ 7.00 0971
Mean + SD ’ ’ ’ ’ ’ ’ ’
Temperature, °C, mean + SD 36.64 +1.13 36.72+ 1.12 36.48 £ 1.14 <0.001
SPO,, %, mean + SD 96.21 +5.23 96.31 +5.24 96.00 + 5.20 0.195
GCS, score, mean + SD 13.28 + 3.37 13.33 +3.33 13.15+3.44 0.227
?éla]%s;’n comorbidity index, score, M4 5 (5 09 5 00) 3.00 (1.00,5.00) 4,00 (2.00,6.00)  <0.001
10 X3

SOFA, score, M (Q,, Q,) 10.00 (7.00,13.00)  10.00 (7.00,13.00) 11.00 (8.00,14.00)  <0.001
SAPS 11, score, M (Ql, Qa) (36.33.(5)(7).00) 45.00 (35.00,55.00) 50.00 (40.00,60.00) <0.001
SIRS, score, mean = SD 3.07 +£0.82 3.06 = 0.83 3.09 £0.81 0.493
White blood cells, 101, M (Q,, Q)  12.60 (8.20,18.20)  12.40 (8.00,17.70) 13.50 (8.70,18.80)  0.011
Platelet, 107L, M (Q,, Q,) (112.10707'25506'00) 182.00 (119.00,259.00) 165.00 (98.00,245.00) <0.001
Haemoglobin, g/dL, mean = SD 10.55 + 2.54 10.68 + 2.54 10.26 + 2.50 <0.001
Lactate, mmol/L, M (Q,, Q) 2.40 (1.50,3.90) 2.30 (1.50,3.70) 2.60 (1.60,4.40) <0.001
Red blood cell distribution width, %,
mean + SD 15.88 +2.70 15.64 = 2.60 16.42 + 2.85 <0.001
Serum creatinine, mg/dL, M (Q,, Q,) 1.40 (0.90,2.40) 1.40 (0.90,2.40) 1.55 (1.00,2.60) 0.009
International normalized ratio, ratio, 4 (4 5 1 90) 1.40 (1.20,1.80) 1.50 (1.20,2.20)  <0.001
M@, Q)

L 15.50
Prothrombin time, second, M (Q,, Q,) (13.20,20.50) 15.20 (13.10,19.40) 16.60 (13.55,23.50)  <0.001
Partial thromboplastin time, second, 34.10
M@Q,Q) (28.70.46.60) 33.25 (28.30,44.10) 36.65 (29.60,52.35)  <0.001

1 3
Blood urea nitrogen, g/dL, M (Q,, Q,) (s gggg 00) 27.00 (17.00,47.00) 32.00 (19.00,54.00) <0.001
147.00

Glucose, mg/dL, M (Q,, Q,) (112.00,200.00) 145.50 (112.00,197.00) 148.50 (114.50,206.00) 0.163
pH, mean + SD 7.31+0.12 7.31+0.12 7.31+0.12 0.916
Sodium, mEq/L, mean + SD 137.61 + 6.64 137.52 + 6.58 137.79 + 6.75 0.364
Potassium, mEq/L, mean = SD 4.34+0.95 4.34+0.95 4.36+0.93 0.554
Chloride, mEq/L, mean + SD 103.17 + 8.05 103.38 + 8.01 102.71 + 8.11 0.064
Bicarbonate, mEqg/L, mean + SD 20.47 + 5.68 20.60 + 5.69 20.21 +5.63 0.127
PaO,, mmHg, M Q,, Q,) 108.00 111.00 (76.00,189.00) 100.00 (70.00,175.00) 0.005

(74.00,185.00)
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Variables ’Eotal SuI;vivors In-}.lospitfl »
(n=2270) (n=1554) mortality (n = 716)

PaCO,, mmHg, mean + SD 41.73 +£13.47 42.10 + 13.66 40.94 = 13.04 0.056
Magnesium at Oh, mg/dL, mean + SD 2.02 +£0.59 1.98 +£0.52 2.12+0.71 <0.001
Magnesium at 12h, mg/dL,, mean + SD 2.16 £ 0.72 2.14+0.71 2.19+0.74 0.161
Magnesium at 24h, mg/dL,, mean + SD 2.15+0.40 2.14+0.41 2.16 +£0.35 0.401
Magnesium at 36h, mg/dL;, mean + SD 2.14+0.37 2.14+0.38 2.15+0.34 0.893
Magnesium at 48h, mg/dL,, mean + SD 2.14+0.36 2.13+0.37 2.14+0.32 0.594
Follow-up time, days, M (Q,, Q,) 17.28 19.73 (13.56,20.82)  11.98 (1.46,18.34)  <0.001

(11.13,26.55)

ICU: intensive care unit; SBP: systolic blood pressure; DBP: diastolic blood pressure; SPO2: percutaneous arterial
oxygen saturation; GCS: Glasgow Coma Scale; SOFA: Sequential Organ Failure Assessment; SAPS II: Simplified
Acute Physiology Score II; SIRS: Systemic Inflammatory Response Syndrome; PaO2: arterial partial pressure of
oxygen; PaCO2: arterial partial pressure carbon dioxide.

Table 2. Association between serum magnesium levels at different time points within 48 hours after

ICU admission and in-hospital mortality.

Serum magnesium levels at

Univariable model

Multivariable model

different time points HR (95% CI)

p HR (95% CI) p

0Oh 1.22 (1.13-1.32) <0.001 1.13 (1.03-1.23) 0.007
12h 1.06 (0.98-1.14) 0.12 0.97 (0.90-1.05) 0.461
24 h 1.10 (0.94-1.29) 0.214 0.99 (0.82-1.20) 0.93
36 h 1.05 (0.87-1.26) 0.612 0.92 (0.74-1.14) 0.452
48h 1.10 (0.91-1.33) 0.334 1.03 (0.83-1.28) 0.779

ICU: intensive care unit; HR: hazard ratio; CI: confidence interval.

Multivariable model adjusted for age, mechanical ventilation, vasopressor use, AKI, respiratory failure, cardiogen-
ic shock, 48-hour urine output, length of ICU stay, temperature, Charlson comorbidity index, SOFA, SAPS II, red
blood cell distribution width, partial thromboplastin time, blood urea nitrogen, PaO2, and lactate.

sepsis increased with elevated serum magne-
sium levels at ICU admission.

Serum magnesium trajectories and in-hos-
pital mortality

Serum magnesium levels in sepsis patients
admitted to the ICU for 48 hours were divided
into three trajectories by K-means cluster anal-
ysis (figure 3). These three trajectories were a
high-level declining trajectory, normal-level
stable trajectory, and low-level rising trajec-
tory. The characteristics of three serum magne-
sium trajectories are presented in table 3. The

serum magnesium level in the low-level rising
trajectory group was 1.70 + 0.29 mg/dL at ICU
admission and 1.97 = 0.24 mg/dL at 48 hours
after ICU admission. The serum magnesium
level in the normal-level stable trajectory was
2.15 + 0.34 mg/dL at ICU admission and 2.20
+0.29 mg/dL at 48 hours after ICU admission.
The serum magnesium level in the high-level
declining trajectory group was 3.10+1.27 mg/dL
at ICU admission and 2.65 = 0.61 mg/dL at
48 hours after ICU admission. The distribution
of serum magnesium levels in the three trajec-
tory groups is presented in supplementary

figure 1.
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Figure 2. Restricted cubic spline (RCS) model showing the association between serum magnesium
levels at ICU admission (0 hours) and in-hospital mortality in patients with sepsis. ICU: intensive

care units.

Compared with the normal-level stable trajectory
group, patients in the low-level rising trajectory
group (HR=0.69, 95% CI: 0.59-0.81) had a
reduced risk of in-hospital mortality, but no
association with in-hospital mortality was found
for patients in the high-level declining trajectory
group (p=0.64) (table 4). The multivariable Cox
proportional-hazards model adjusted for covari-
ates demonstrated that patients in the low-level
rising trajectory group (HR=0.82, 95% CI: 0.70-
0.97) still had a reduced risk of in-hospital
mortality.

Discussion

The relationship between serum magnesium
trajectories within 48 hours after ICU admis-
sion and in-hospital mortality in patients with
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sepsis was analysed. Serum magnesium trajec-
tories reflect the dynamic change in magnesium
level in patients over time. In this study, serum
magnesium levels in sepsis patients admitted
to the ICU for 48 hours were divided into three
trajectories: a high-level declining trajectory,
normal-level stable trajectory, and low-level
rising trajectory. The results demonstrated that
sepsis patients in the low-level rising trajectory
group had a reduced risk of in-hospital mortality
compared with those in the normal-level stable
trajectory group.

Magnesium acts as a cofactor in many enzymatic
reactions and is involved in the biochemical
processes of oxidative metabolism, protein and
nucleic acid synthesis, and immune responses
[8, 20, 21]. Based on previous studies, it has been
proposed that magnesium is related to dysregu-
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Time after ICU admission (h)
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Figure 3. Serum magnesium trajectories in ICU-admitted sepsis patients identified by K-means

cluster analysis.

lation of the host response to infection and the
pathophysiology of sepsis [22, 23]. Both high
and low serum magnesium levels have been
reported to be associated with poor prognosis
in ICU patients [9, 10, 12]. A systematic review
and meta-analysis found that hypomagnesemia
was related to a higher risk of mortality, sepsis,
mechanical ventilation, and the length of ICU
stay in ICU patients [10]. Wang et al. reported
that hypomagnesemia is a risk factor associated
with in-hospital mortality in children with sepsis
[12]. The previous analyses were reported based
on a single serum magnesium level at the time
of patient admission. However, in the current
study, we analysed the relationship between
serum magnesium levels at different time points
during 48 hours of ICU admission and in-hos-
pital mortality in patients with sepsis. Our

results reveal that higher serum magnesium
levels only at ICU admission (0 hours) correlated
with an increased risk of in-hospital mortality.
A possible explanation is that measurement at
the time of initial ICU admission reflects the
patient’s true serum magnesium level, while
interventions after ICU admission may affect
the patient’s serum magnesium level.

Serum magnesium levels measured at a single
time point do not appear to reflect an asso-
ciation between dynamic changes in serum
magnesium level and in-hospital mortality.
Several studies have demonstrated the impact
of dynamic changes in indicators (trajecto-
ries) on the outcome of patients [16, 24-26].
Chewcharat et al. indicated that trajectories of
serum sodium levels in hospitalized patients
were significantly associated with one-year
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Table 3. Characteristics of the three serum magnesium trajectories.

Low-level rising Normal-level stable

High-level declining

Serum magnesium levels trajectory trajectory trajectory p

0 h, mg/dL, mean + SD 1.70 £ 0.29 2.15+0.34 3.10+1.27 <0.001
12 h, mg/dL, mean = SD 1.90 + 0.30 2.21+0.31 3.27+2.09 <0.001
24 h, mg/dL, mean + SD 1.94 +0.24 2.22 +0.28 2.85+0.71 <0.001
36 h, mg/dL,, mean + SD 1.96 £ 0.23 2.21+0.27 2.77+0.66 <0.001
48 h, mg/dL, mean + SD 1.97+0.24 2.20 +0.29 2.65 +0.61 <0.001

Table 4. Association between serum magnesium trajectories within 48 hours after ICU admission and

in-hospital mortality.

Univariable model

Univariable model

Serum magnesium trajectories

HR (95% CI) p HR (95% CI) p
Normal-level stable trajectory Ref Ref
Low-level rising trajectory 0.69 (0.59-0.81) <0.001 0.82 (0.70-0.97) 0.019
High-level declining trajectory 1.07 (0.81-1.41) 0.640 0.97 (0.73-1.28) 0.812

ICU: intensive care unit; HR: hazard ratio; CI: confidence interval; Ref: reference.

Multivariable model adjusted for age, mechanical ventilation, vasopressor use, AKI, respiratory failure, cardiogen-
ic shock, 48-hour urine output, length of ICU stay, temperature, Charlson comorbidity index, SOFA, SAPS II, red
blood cell distribution width, partial thromboplastin time, blood urea nitrogen, PaO,, and lactate.

mortality [16]. We divided sepsis patients into
three trajectory groups based on the changes
in serum magnesium levels during 48 hours of
their ICU admission. Our findings show that
patients in the low-level rising trajectory group
had a reduced risk of in-hospital mortality, but
no association was found between a high-level
declining trajectory and in-hospital mortality.
For patients in the low-level rising trajectory
group, the entire trajectory was within normal
range, although the patients’ serum magne-
sium levels on ICU admission were near the
threshold for normal range at 1.70 + 0.29 mg/dL.
More studies are needed to confirm the associ-
ation between low serum magnesium trajecto-
ries within normal range and the lower risk of
in-hospital mortality in patients with sepsis. In
patients with a high-level declining trajectory,
the mean serum magnesium level at the time
of ICU admission was higher, at 3.10 + 1.27 mg/
dL, but the magnesium level in this trajectory
group showed a rapid decline, with the magne-
sium level dropping to 2.65 + 0.61 mg/dL at
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48 hours after ICU admission, still maintaining
a decreasing trend. This may be the reason why
there was no statistically significant difference
in the association between in-hospital mortality
and high-level declining trajectory or normal-
level stable trajectory. Future studies are needed
to explore the association between long-term
serum magnesium trajectories and outcome in
patients with sepsis.

In this study, we determined serum magnesium
trajectories and further investigated whether
these trajectories were associated with in-hos-
pital mortality in ICU patients with sepsis. Our
study may provide epidemiological evidence for
changes in serum magnesium levels after ICU
admission in patients with sepsis and their asso-
ciation with in-hospital mortality. However,
there are several limitations to this study. First,
this study was a retrospective cohort study,
and therefore a causal association may not be
inferred. Second, a large proportion of patients
were excluded due to the absence of complete
serum magnesium measurement data at the five
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time points (0, 12, 24, 36, and 48 hours after ICU
admission), which may have contributed to selec-
tion bias. Third, the current study would benefit
from a group consisting of patients with longer-
term serum magnesium measurements.

Conclusions

In this study, three trajectories of serum magne-
sium were characterised relative to in-hospital
mortality in ICU patients with sepsis. The results
show that sepsis patients in the low-level rising
trajectory group had a reduced risk of in-hospital
mortality. Further studies may need to focus
on the association between long-term serum
magnesium trajectory and outcome in patients
with sepsis.
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