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Abstract

Background: Traumatic brain injury (TBI) is a major public health concern. Hypomagnesemia in the
brain following TBI has been shown to contribute to secondary injury via several mechanisms. We
aimed to longitudinally evaluate the effect of magnesium on various clinical outcomes in patients
with severe TBI. Methods: We conducted a retrospective review at a level 1 Trauma Center,
investigating the relationship between magnesium levels at five clinical timepoints (Hospital
Admission, ICU Admission, ICU Discharge, Hospital Discharge, and Patient Death) and a range of
clinical variables (Hospital Length of Stay, ED Length of Stay, ICU Length of Stay, Vent Days) and
injury severity scores (Abbreviated Injury Scale, Injury Severity Score, and Glasgow Coma Scale).
Results: 826 patients were included in our study (25.1% female). Significant associations were noted
at the Patient Death (PD) timepoint for Hospital LOS (p=0.000, DF=3), ED LOS (p=0.000, DF=3), and
vent days (p=0.000, DF=3). All three injury severity scores were also significantly associated with
magnesium levels at the PD timepoint (p=0.000, DF=3). Conclusion: We found significant associations
between magnesium level and hospital length of stay, ED length of stay, number of days on
mechanical ventilation, and injury severity scores at the Patient Death timepoint. No other significant
associations were noted. This agrees with existing literature, though there is a relative dearth of
research assessing the relationship of magnesium levels to these clinical outcomes.

Keywords: magnesium levels; traumatic brain injury; length of stay; vent days; injury severity;
mortality

Introduction

Magnesium is a Group 2 alkaline earth metal within the periodic table. In the human body, it is
primarily found in its ionized state as Mg?* and is bound to proteins and negatively charged
molecules such as ATP [1]. Mg? is the second most abundant intracellular cation. However, since
most of the intracellular Mg?* is bound, the concentration of freely available Mg?* is quite low [2].
ATP is considered in its active state when forming the ATP-Mg complex [1]. Magnesium is also
responsible for acting as a co-enzyme in over 600 enzymatic reactions within the body. It plays an
important role in the DNA repair pathway, glycolysis, as well as acting as a powerful Ca?* antagonist
[2]. Bone and liver are the major stores of Mg? within the body. In healthy individuals, about 30%-
50% of ingested Mg?* is absorbed in the intestines, and up to 80% in those with Mg?" deficiency.
Human kidneys filter approximately 2400mg of Mg?* daily, of which about 95% is reabsorbed along
the nephron [1].

In the brain, Mg?* plays an important role in the regulation of N-methyl-D-aspartate (NMDA)
receptor excitability by acting as an inhibitor. These receptors are essential for excitatory synaptic
transmission, neuronal plasticity, and excitotoxicity. Mg?* also regulates y-aminobutyric acid
(GABA) receptors. In states of hypomagnesemia, GABAAx receptors are less stimulated. This in turn

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202508.1495.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 August 2025 d0i:10.20944/preprints202508.1495.v1

2 of 22

relieves the Mg? block of the NMDA receptor and contributes to neuronal hyperexcitability. Mg
also acts as an inhibitor of glutamate, an excitatory neurotransmitter in the CNS, potentially by the
inhibition of voltage-gated Ca? channels. This further leads to neuronal excitability as well as
neuroinflammation [2].

Normal serum magnesium levels typically range from 0.75 to 0.95 mmol/L while CSF
magnesium levels range between 0.77 and 1.17 mmol/L. Decreased CSF magnesium levels
correspond with reduced concentrations of extracellular brain magnesium and have been associated
with epilepsy [3]. Animal model studies have suggested that magnesium deficiency may also trigger
greater recruitment of phagocytic cells which leads to generation of reactive oxygen species. Chronic
neuroinflammation results in neuronal damage, disrupted synaptic functionality, and cognitive
impairment. When this inflammatory response is sustained, it results in the overproduction of
proinflammatory cytokines. Prolonged inflammation also triggers oxidative stress, which leads to
neurotoxicity and cellular damage and contributes to cognitive decline following traumatic brain
injury (TBI) [3-6].

Decreased free Mg? in the brain following traumatic injury has been found to contribute to
secondary injury via release of excitatory amino acids (e.g. glutamate), alterations in Ca?* flux, edema
formation, and impairment of glucose utilization and energy metabolism [7]. Low admission serum
Mg? and paradoxically high CSF Mg? following TBI portend poor prognosis [8]. Studies assessing
the use of magnesium as a therapy following TBI yield mixed results [9-11]. A 2008 analysis of four
randomized control trials assessing the use of magnesium salt to treat patients following acute TBI
concluded that there is currently no evidence to support the use of magnesium salts in patients with
acute traumatic brain injury [9]. A 2016 animal study concluded that polyethylene glycol facilitates
central penetration of Mg ?* following TBI in rats, reducing the concentration of Mg? required to
confer neuroprotection [10]. Another 2015 systemic review of 8 randomized control trials analyzing
the use of magnesium sulfate in the treatment of TBI concluded that there is no significant beneficial
effect in the mortality of TBI patients but magnesium sulfate shows a tendency to improve the
Glasgow Outcome Scale and Glasgow Coma Scale scores [11]. Thus, magnesium may be
neuroprotective in precilinical TBI, but routine therapeutic magnesium administration to improve
outcomes in acute TBI is not strongly supported.

TBI is an injury to the brain that results from an external mechanical force, impact, rapid
acceleration-deceleration, or penetrating injury to the head. Mild TBI, or concussion, is clinically
defined as a loss of consciousness lasting less than 30 minutes, post-traumatic amnesia lasting under
24 hours, or any alteration of consciousness. It also corresponds with a Glasgow Coma Scale (GCS)
of 13-15. Moderate or severe TBI is clinically defined as a loss of consciousness lasting 30 minutes or
more to prolonged coma, post-traumatic amnesia lasting 24 hours up to permanently, or a GCS <8
[12]. As of 2021, the global incidence of TBI is estimated to be at approximately 20.8 million new cases
per year [13,14]. Falls are the leading cause of TBI globally, and males have a higher incidence than
females, particularly older adults [15]. As severe TBI can have a mortality rate of approximately 25-
30% [16] and complications can vary from acute (e.g. neuroinflammation) to chronic (e.g. dementia),
TBI is a major public health concern [12,16].

Current literature assessing magnesium levels following severe TBI usually involves smaller
patient sample sizes with poor control of confounding factors such as age or injury mechanism [17].
Timing of measurement also varies, with few studies examining longitudinal changes in magnesium
as patients move through the hospital system [18]. The primary aim of this study was to evaluate
how Mg? levels are associated with severity (GCS, ISS, AIS), length of stay (ED, Hospital, ICU),
ventilator days, and mortality in patients with severe TBI at different time points. Our secondary aim
was to study the relationship between Mg? levels and the demographics of patients with severe TBI,
hopefully addressing potential confounders in determining clinical outcomes.
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Methods

We performed a single-center, retrospective review at Elmhurst Hospital Center, a Level 1
trauma center verified by the American College of Surgeons (ACS) in Queens, New York City. Patient
data were obtained from the National Trauma Registry of the ACS (NTRACS) database for our center.
All patients presenting to the hospital between January 1, 2020 and December 31, 2023 with severe
TBI, which was defined as a Glasgow Coma Scale (GCS) score of 8 or less after resuscitation but prior
to sedation and a head Abbreviated Injury Severity (AIS) score of 3 or higher, were included in our
analysis.

For each patient, demographic data (age, sex, race, ethnicity), trauma severity scores (AlIS-head,
Injury Severity Score (ISS), and GCS), trauma type (blunt vs. penetrating injury) and vitals were
collected. Clinical outcomes, including emergency department length of stay (ED LOS, hours),
intensive care unit length of stay (ICU LOS, days), hospital length of stay (Hospital LOS, days),
duration of mechanical ventilation (days), and in-hospital mortality, were collected, as well as total
magnesium levels. Magnesium levels were then further classified as Extreme Hypomagnesemia
(<lmg/dL), Hypomagnesemia (1-1.6 mg/dL), Normomagnesemia (1.7-2.2 mg/dL),
Hypermagnesemia (2.3-4.9mg/dL), and Extreme Hypermagnesemia (>4.9mg/dL) [19-25].

Total magnesium levels were collected at five key time points: hospital admission (HA), ICU
admission (RL1) , ICU discharge (RL2) , hospital discharge (HD), and patient death (PD), if
applicable. Definitions were as follows:

e Hospital admission (HA): first measured magnesium level after admission to the trauma bay.

e ICU admission (RL1): first measured magnesium level after admission to the ICU.

e ICU discharge (RL2): last measured magnesium level before transfer to a step-down or floor
unit.

e Hospital discharge (HD): last measured magnesium level prior to discharge.

e Patient death (PD): last measured magnesium level prior to death.

In cases of missing magnesium data, values were occasionally imputed using the most recent
magnesium measurement from the preceding time point.

Pearson Chi-square tests were conducted to test the association between categorical variables.
The Kruskal-Wallis test was used to test if various scores and lengths of stays differed between Mg

levels at different points of stay. The analyses were conducted in IBM SPSS Version 31.0.0.0. A
significance level of 0.05 was used for all analyses.

Results

This study consisted of a cohort of 826 patients (Table 1; 25.1% female). Most patients were
identified as “other” race (N=468, 56.7%), non-Hispanic origin (N=409, 49.5%), and age 24-64 years
(N=490, 59.3%). Magnesium levels were collected at five time points (HA, RL1, RL2, HD, and PD)
and further subdivided into Extreme Hypomagnesemia, Hypomagnesemia, Normomagnesemia,
Hypermagnesemia, and Extreme Hypermagnesemia categories (Table 2).

Table 1. Demographics.

Sex N (%)
Female 207 (25.1%)
Male 619 (74.9%)
Race

Asian 122 (14.8%)
Black 69 (8.4%)
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Native Hawaiian o1 3 (0.4%)
Other Pacific Islander

Other 468 (56.7%)

Unknown 21 (2.5%)

White 142 (17.2%)

Ethnicity

Hispanic Origin 371 (44.9%)

Non-Hispanic Origin 409 (49.5%)

Unknown 45 (5.4%)

Age Group

O<age<15 17 (2.1%)

15 < age <24 55 (6.7%)

24<age<64 490 (59.3%)

age 2 65 264 (32%)

Trauma Type

Blunt 808 (97.8%)

Penetrating 18 (2.2%)

Mortality

Non-survival 119 (14.4%)

Survival 705 (85.4%)

d0i:10.20944/preprints202508.1495.v1
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Table 1: Demographics characteristics of the 826 patients included in analysis. The cohort was predominantly
male (N=619), identified as “other” race (N=468), non-Hispanic (N=409), sustained blunt injuries (N=808), and
survived (N=705).

Table 2. Magnesium Levels at Different Timepoints.

HA (mg/dL) N (%)
(blank) 383 (46.4%)
Extreme hypo: <1 2 (0.2%)
Hypo: 1-1.6 59 (7.1%)
Normal: 1.7-2.2 322 (39%)
Hyper: 2.3-4.9 60 (7.3%)
RL1 (mg/dL)

(blank) 216 (26.2%)
Extreme hypo: <1 1 (0.1%)
Hypo: 1-1.6 96 (11.6%)
Normal: 1.7-2.2 410 (49.6%)
Hyper: 2.3-4.9 103 (12.5%)
RL2 (mg/dL)

(blank) 304 (36.8%)
Hypo: 1-1.6 29 (3.5%)
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Normal: 1.7-2.2 370 (44.8%)
Hyper: 2.3-4.9 123 (14.9%)
HD (mg/dL)

(blank) 106 (12.8%)
Hypo: 1-1.6 43 (5.2%)
Normal: 1.7-2.2 519 (62.8%)
Hyper: 2.3-4.9 158 (19.1%)
PD (mg/dL)

(blank) 707 (85.6%)
Hypo: 1-1.6 5 (0.6%)
Normal: 1.7-2.2 88 (10.7%)
Hyper: 2.3-4.9 26 (3.1%)

Table 2: Magnesium levels at five timepoints (Hospital Admission, ICU Admission, ICU Discharge, Hospital
Discharge, and Patient Death). Magnesium levels were categorized into Extreme Hypomagnesemia (<Img/dL),
Hypomagnesemia (1-1.6 mg/dL), Normomagnesemia (1.7-2.2 mg/dL), Hypermagnesemia (2.3-4.9mg/dL), and
Extreme Hypermagnesemia (>4.9mg/dL). Rows marked “(blank)” signify missing data. Abbreviations: HA =
Hospital Admission; RL1=ICU Admission; RL2 =ICU Discharge; HD = Hospital Discharge; PD = Patient Death.

Each magnesium category was compared to Hospital LOS (Table 3), ED LOS (Table 4), ICU LOS
(Table 5), and days on mechanical ventilation (Table 6) at each timepoints of interest. Significant
associations were noted at the Patient Death timepoint for Hospital LOS (Table 3; p=0.000, DF=3), ED
LOS (Table 4; p=0.000, DF=3), and vent days (Table 5; p=0.000, DF=3).

Table 3. Comparison of Hospital LOS to Magnesium Levels at Different Timepoints.

Magnesium NI Me Medi sD P- D
Category an an value F
HA
(blank) 3 13.1 5.00 26.6
83 6 69
Extreme hypo: <1 2 10.5 10.50 777
0 8
Hypo: 1-1.6 5 14.9 5.00 28.0
9 7 31
Normal: 1.7-2.2 3 10.0 4.00 15.7 0.653 4
21 7 16
Hyper: 2.3-4.9 5 104 6.00 20.7
9 6 57
Total 8 11.8 5.00 22.6
24 9 90
RL1
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(blank) 2 11.2 5.00 19.4
15 0 10 ‘ ‘
Extreme hypo: <1 1 7.00 7.00
Hypo: 1-1.6 9 12.7 6.00 21.9
6 3 99
Normal: 1.7-2.2 4 12.2 4.00 259 0392 4
10 7 49
Hyper: 2.3-4.9 1 11.0 6.00 14.5
02 7 51
Total 8 11.8 5.00 22.6
24 9 90
RL2
(blank) 3 12.3 5.00 23.8
03 2 55
Hypo: 1-1.6 2 11.7 6.00 20.0
9 6 12
Normal: 1.7-2.2 3 12.0 5.00 23.3
69 7 11 0.494 3
Hyper: 2.3-4.9 1 10.3 4.00 18.1
23 1 73
Total 8 11.8 5.00 22.6
24 9 90
HD
(blank) 1 14.6 6.00 249
05 8 84
Hypo: 1-1.6 4 12.5 6.00 19.5
3 8 29
Normal: 1.7-2.2 5 11.2 5.00 20.4
18 6 38 0.375 3
Hyper: 2.3-4.9 1 11.8 4.00 28.3
58 9 04
Total 8 11.8 5.00 22.6
24 9 90
PD
(blank) 7 12.3 5.00 23.0
06 0 37
Hypo: 1-1.6 5 27.2 9.00 45.6 0.000 3
0 53
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Normal: 1.7-2.2 8 9.90 1.00 20.7
7 14

Hyper: 2.3-4.9 2 4.31 1.00 6.96
6 7

Total 8 11.8 5.00 22.6
24 9 90

Table 3: Hospital LOS at five timepoints (Hospital Admission, ICU Admission, ICU Discharge, Hospital
Discharge, and Patient Death) compared to average magnesium levels. Magnesium levels were categorized into
Extreme Hypomagnesemia (<Img/dL), Hypomagnesemia (1-1.6 mg/dL), Normomagnesemia (1.7-2.2 mg/dL),
Hypermagnesemia (2.3-4.9mg/dL), and Extreme Hypermagnesemia (>4.9mg/dL). Rows marked “(blank)”
signify missing data. Significance was noted at the Patient Death timepoint only. Abbreviations: HA = Hospital
Admission; RL1 = ICU Admission; RL2 = ICU Discharge; HD = Hospital Discharge; PD = Patient Death; SD =

Standard Deviation; DF = Degrees of Freedom.

Table 4. Comparison of ED LOS to Magnesium Levels at Different Timepoints.

Magnesium Mea Medil P- D
Category Nn an 5D value F
HA
(blank) 3 11.8 9.23 10.5
83 1 9
Extreme hypo: <1 2 14.7 14.72 3.82
2
Hypo: 1-1.6 5 12.6 8.65 14.7
9 6 6
Normal: 1.7-2.2 3 12.8 9.75 11.8 0.274 4
22 7 9
Hyper: 2.3-4.9 5 9.43 7.95 7.45
7
Total 8 12.1 9.23 11.2
23 3 8
RL1
(blank) 2 13.0 9.43 13.6
14 9 3
Extreme hypo: <1 1 14.1 14.17
7
Hypo: 1-1.6 9 12.0 9.29 10.8
6 0 9 0.580 4
Normal: 1.7-2.2 4 11.5 9.02 10.2
09 2 7
Hyper: 2.3-4.9 1 12.6 9.70 10.0
03 2 9
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Total 8 12.1 9.23 11.2
23 3 8

RL2

(blank) 3 12.3 9.01 12.7
02 5 2

Hypo: 1-1.6 2 12.3 7.95 12.0
9 1 2

Normal: 1.7-2.2 3 11.5 9.21 9.92
70 9 0.603 3

Hyper: 2.3-4.9 1 13.1 10.47 11.2
22 7 7

Total 8 12.1 9.23 11.2
23 3 8

HD

(blank) 1 10.8 8.47 9.52
04 9

Hypo: 1-1.6 4 12.0 9.45 9.42
3 4

Normal: 1.7-2.2 5 12.5 9.65 11.9
19 2 5 0.614 3

Hyper: 2.3-4.9 1 11.6 9.02 10.5
57 7 2

Total 8 12.1 9.23 11.2
23 3 8

PD

(blank) 7 3.52 1.10 7.26
07

Hypo: 1-1.6 5 8.08 8.90 8.19

Normal: 1.7-2.2 8 4.69 0.79 8.41
b 0.000 3

Hyper: 2.3-4.9 2 2.85 0.12 5.08
6

Total 8 3.65 1.03 7.34
26

Table 4: ED LOS at five timepoints (Hospital Admission, ICU Admission, ICU Discharge, Hospital Discharge,
and Patient Death) compared to average magnesium levels. Magnesium levels were categorized into Extreme
Hypomagnesemia (<lmg/dL), Hypomagnesemia (1-1.6 mg/dL), Normomagnesemia (1.7-2.2 mg/dL),
Hypermagnesemia (2.3-4.9mg/dL), and Extreme Hypermagnesemia (>4.9mg/dL). Rows marked “(blank)”
signify missing data. Significance was noted at the Patient Death timepoint only. Abbreviations: HA = Hospital
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Admission; RL1 = ICU Admission; RL2 = ICU Discharge; HD = Hospital Discharge; PD = Patient Death; SD =
Standard Deviation; DF = Degrees of Freedom.

Table 5. Comparison of ICU LOS to Magnesium Levels at Different Timepoints.

Magnesium N M Me S P- D
Category ean dian D value F
HA
(blank) 3 3. 1.0 7.
83 85 4 66
Extreme hypo: 2 3. 3.8 1.
<1 88 8 32
Hypo: 1-1.6 5 4. 1.8 7.
9 49 1 26
0.4
Normal: 1.7-2.2 3 3. 0.9 6. 68 4
22 22 1 10
Hyper: 2.3-4.9 6 3. 1.5 1
0 89 7 0.84
Total 8 3. 1.0 7.
26 65 3 34
RL1
(blank) 2 3. 0.8 6.
16 24 2 35
Extreme hypo: 1 1. 1.1
<1 11 1
Hypo: 1-1.6 9 4. 1.2 8.
6 16 6 53
Normal: 1.7-2.2 4 3. 0.9 7| 1 04 4
10 69 7 58
Hyper: 2.3-4.9 1 3. 1.5 7.
03 89 1 25
Total 8 3. 1.0 7.
26 65 3 34
RL2
(blank) 3 3. 1.0 7.
04 79 3 52
Hypo: 1-1.6 2 3. 1.7 4.
9 37 2 76
0.9
Normal: 1.7-2.2 3 3. 1.1 6. 18 3
70 50 2 78
Hyper: 2.3-4.9 1 3. 0.9 8.
23 81 1 94
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Total 8 3. 1.0 7.
26 65 3 34
HD
(blank) 1 4. 1.6 7.
06 43 7 45
Hypo: 1-1.6 4 4. 2.0 8.
3 95 2 94
Normal: 1.7-2.2 5 3. 0.9 6.
19 |47 6 83 03 3
00
Hyper: 2.3-4.9 1 3. 0.9 8.
58 35 8 36
Total 8 3. 1.0 7.
26 65 3 34
PD
(blank) 7 13 10. 1
04 .35 43 1.38
Hypo: 1-1.6 5 1. 1.4 2.
96 7 18
Normal: 1.7-2.2 8 5. 2.1 8. 04
8 16 6 01 3
81
Hyper: 2.3-4.9 2 4. 2.5 4.
6 65 3 90
Total 8 12 9.2 1
23 13 3 1.28

Table 5: ICU LOS at five timepoints (Hospital Admission, ICU Admission, ICU Discharge, Hospital Discharge,
and Patient Death) compared to average magnesium levels. Magnesium levels were categorized into Extreme
Hypomagnesemia (<Img/dL), Hypomagnesemia (1-1.6 mg/dL), Normomagnesemia (1.7-2.2 mg/dL),
Hypermagnesemia (2.3-4.9mg/dL), and Extreme Hypermagnesemia (>4.9mg/dL). Rows marked “(blank)”
signify missing data. No significant associations were noted. Abbreviations: HA = Hospital Admission; RL1 =
ICU Admission; RL2 = ICU Discharge; HD = Hospital Discharge; PD = Patient Death; SD = Standard Deviation;

DF = Degrees of Freedom.

Table 6. Comparison of Ventilator Days to Magnesium Levels at Different Timepoints.

Magnesium N M Me S P- D
Category ean dian D value F
HA
(blank) 3 1. 0.0 5.
83 95 0 40
Extreme hypo: 2 0. 0.0 0. 01
<1 00 0 00 4
79
Hypo: 1-1.6 5 3. 0.0 14
9 00 0 25
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Normal: 1.7-2.2 3 1. 0.0 3.
22 17 0 55
Hyper: 2.3-4.9 6 1. 0.0 4.
0 23 0 03
Total 8 1. 0.0 5.
26 66 0 84
RL1
(blank) 2 1. 0.0 3.
16 11 0 37
Extreme hypo: 1 0. 0.0
<1 00 0
Hypo: 1-1.6 9 2. 0.0 11
6 94 0 73
0.1
Normal: 1.7-2.2 4 1. 0.0 5. 13 4
10 84 0 30
Hyper: 2.3-4.9 1 0. 0.0 2.
03 95 0 92
Total 8 1. 0.0 5.
26 66 0 84
RL2
(blank) 3 1. 0.0 3.
04 35 0 62
Hypo: 1-1.6 2 4. 0.0 20
9 66 0 07
Normal: 1.7-2.2 3 1. 0.0 4.
70 |47 0 77 0> 3
03
Hyper: 2.3-4.9 1 2. 0.0 5.
23 31 0 82
Total 8 1. 0.0 5.
26 66 0 84
HD
(blank) 1 1. 0.0 3.
06 47 0 49
Hypo: 1-1.6 4 4. 0.0 16
3 33 0 92
Normal: 1.7-2.2 5 1. 0.0 4. 01
19 38 0 29 3
19
Hyper: 2.3-4.9 1 1. 0.0 5.
58 99 0 60
Total 8 1. 0.0 5.
26 66 0 84
PD
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(blank) 7 1. 0.0 4.
07 34 0 45
Hypo: 1-1.6 5 25 7.0 46
.00 0 .60
Normal: 1.7-2.2 8 2. 0.0 4.
8 56 0 76 00 3
00
Hyper: 2.3-4.9 2 2. 1.0 4.
6 92 0 88
Total 8 1. 0.0 5.
26 66 0 84

Table 6: Ventilator days at five timepoints (Hospital Admission, ICU Admission, ICU Discharge, Hospital
Discharge, and Patient Death) compared to average magnesium levels. Magnesium levels were categorized into
Extreme Hypomagnesemia (<Img/dL), Hypomagnesemia (1-1.6 mg/dL), Normomagnesemia (1.7-2.2 mg/dL),
Hypermagnesemia (2.3-4.9mg/dL), and Extreme Hypermagnesemia (>4.9mg/dL). Rows marked “(blank)”
signify missing data. Significance was noted at the Patient Death timepoint only. Abbreviations: HA = Hospital
Admission; RL1 = ICU Admission; RL2 = ICU Discharge; HD = Hospital Discharge; PD = Patient Death; SD =

Standard Deviation; DF = Degrees of Freedom.

Injury Severity was also compared to magnesium categories at all five timepoints of interest
(Table 7). Three injury severity scores were used: Abbreviated Injury Scale (AIS) Head score, Injury
Severity Score (ISS), and Glasgow Coma Scale (GCS). Significant associations were only noted at the
Patient Death timepoint, with p=0.000 and DF=3 for all three severity scores. No other significant
associations were noted.

Table 7. Comparison of Injury Severity to Magnesium Levels at Different Timepoints.

Magnesium AIS
1SS GCS
Category [HEAD
HA
N 383 383 383
Mean 3.66 17.92 12.27
(blank) Media
3.00 16.00 15.00
In
SD 0.80 9.35 4.34
N 2 2 2
Mean 4.00 18.00 15.00
Extreme
Media
hypo: <1 4.00 18.00 15.00
In
SD 141 11.31 0.00
N 60 60 60
Mean 3.62 17.50 12.38
Hyper: 2.3
Media
4.9 3.00 17.00 15.00
In
SD 0.78 6.68 4.15

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202508.1495.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 August 2025

N 59 59 59
Mean 3.59 18.29 12.78
Hypo: 1-1.6 Media
3.00 14.00 15.00
In
SD 0.81 10.50 3.97
N 322 322 322
Mean 3.66 18.63 12.60
Normal: 1.7
Media
22 3.00 16.00 15.00
In
SD 0.80 11.87 413
N 826 826 826
Mean 3.65 18.20 12.45
Total Media
3.00 16.00 15.00
In
SD 0.80 10.32 422
P-value 0.929 0.979 0.535
DF 4 4 4
RL1
N 216 216 216
Mean 3.66 18.24 12.66
(blank) Media
3.00 16.00 15.00
In
SD 0.78 10.832 4.086
N 1 1 1
Mean 3.00 10.00 14.00
Extreme
Media
hypo: <1 3.00 10.00 14.00
In
SD - - -
N 103 103 103
Mean 3.51 16.45 12.77
Hyper: 2.3
Media
4.9 3.00 16.00 15.00
In
SD 0.68 6.78 3.77
N 96 96 96
Mean 3.74 18.20 12.35
Hypo: 1-1.6 Media
3.00 17.00 15.00
In
SD 0.84 8.49 4.33
N 410 410 410
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Mean 3.66 18.63 12.27
Normal: 1.7- Media
3.00 16.00 15.00
2.2 In
SD 0.82 11.13 437
N 826 826 826
Mean 3.65 18.20 12.45
Total Media
3.00 16.00 15.00
In
SD 0.80 10.32 422
P-value 0.391 0.695 0.879
DF 4 4 4
RL2
N 304 304 304
Mean 3.65 18.04 12.42
(blank) Media
3.00 16.00 15.00
In
SD 0.77 10.30 4.19
N 123 123 123
Mean 3.62 17.24 12.25
Hyper: 2.34
Media
4.9 3.00 14.00 15.00
In
SD 0.78 8.92 4.43
N 29 29 29
Mean 3.72 18.00 12.41
Hypo: 1-1.6 Media
3.00 17.00 15.00
In
SD 0.84 8.50 4.26
N 370 370 370
Mean 3.65 18.66 12.54
Normal: 1.7-
Media
2.2 3.00 16.00 15.00
In
SD 0.82 10.90 417
N 826 826 826
Mean 3.65 18.20 12.45
Total Media
3.00 16.00 15.00
In
SD 0.80 10.32 422
P-value 0.907 0.841 0.920
DF 3 3 3
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HD
N 106 106 106
Mean 3.81 19.87 12.05
(blank) Media
4.00 17.00 15.00
In
SD 0.83 11.51 4.42
N 158 158 158
Mean 3.60 17.46 12.18
Hyper: 2.34
Media
49 3.00 16.00 15.00
In
SD 0.78 9.87 4.45
N 43 43 43
Mean 3.67 18.30 12.51
Hypo: 1-1.6 Media
3.00 17.00 15.00
In
SD 0.81 8.11 4.30
N 519 519 519
Mean 3.63 18.07 12.61
Normal: 1.7
Media
2.2 3.00 16.00 15.00
In
SD 0.79 10.35 4.09
N 826 826 826
Mean 3.65 18.20 12.45
Total Media
3.00 16.00 15.00
In
SD 0.80 10.32 422
P-value 0.140 0.222 0.586
DF 3 3 3
PD
N 707 707 707
Mean 3.55 16.16 13.42
(blank) Media
3.00 14.00 15.00
In
SD 0.73 7.13 3.19
N 26 26 26
Mean 4.42 28.35 7.38
Hyper: 2.34
Media
49 5.00 25.50 4.50
In
SD 0.90 16.63 5.31
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N 5 5 5
Mean 4.20 24.60 4.00
Hypo: 1-1.6 Media
5.00 30.00 3.00
In
SD 1.10 14.78 2.24
N 88 88 88
Mean 4.23 31.17 6.64
Normal: 1.7
Media
22 4.50 26.00 3.00
In
SD 0.91 16.47 4.88
N 826 826 826
Mean 3.65 18.20 12.45
Total Media
3.00 16.00 15.00
In
SD 0.80 10.32 422
P-value 0.000 0.000 0.000
DF 3 3 3

Table 7: Injury Severity (AIS head, ISS, and GCS) at five timepoints (Hospital Admission, ICU Admission, ICU
Discharge, Hospital Discharge, and Patient Death) compared to average magnesium levels. Magnesium levels
were categorized into Extreme Hypomagnesemia (<lmg/dL), Hypomagnesemia (1-1.6 mg/dL),
Normomagnesemia (1.7-2.2 mg/dL), Hypermagnesemia (2.3-4.9mg/dL), and Extreme Hypermagnesemia
(>4.9mg/dL). Rows marked “(blank)” signify missing data. Significance was noted at the Patient Death timepoint
only for all three injury severity scales. Abbreviations: HA = Hospital Admission; RL1 =ICU Admission; RL2 =
ICU Discharge; HD = Hospital Discharge; PD = Patient Death; AIS = Abbreviated Injury Scale; ISS = Injury
Severity Score; GCS = Glasgow Coma Scale; SD = Standard Deviation; DF = Degrees of Freedom. (Note: No
standard deviation for RL1 extreme hypomagnesemia due to only one N).

Figures 1-3 are boxplots representing the significant associations between magnesemia levels
and AIS Head (Figure 1), ISS (Figure 2), and initial GCS scores (Figure 3).
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Independent-Samples Kruskalt-Wallis Test

AIS_HEAD

Hyper: 2.3-4.9 Hypo: 1-1.6 Normal: 1.7-2.2
PD_Group

Figure 1. Association of AIS Head Score and Magnesemia Level at PD Timepoint. Figure 1: Boxplot
representing association between AIS Head score and Magnesemia categories (Hypermagnesemia:
2.3-4.9 mg/dL, Normomagnesemia: 1.7-2.2 mg/dL, Hypomagnesemia: 1.0-1.6 mg/dL) at the Patient
Death timepoint. Abbreviations: AIS = Abbreviated Injury Scale; PD = Patient Death.

Independent-Samples Kruskal-Wallis Test
80

70
60 -
50 o

40

ISS

30

20

10

Hyper: 2.3-4.9 Hypo: 1-1.6 Normal: 1.7-2.2
PD_Group

Figure 2. Association of ISS Score and Magnesemia Level at PD Timepoint. Figure 2: Boxplot representing
association between ISS and Magnesemia categories (Hypermagnesemia: 2.3-4.9 mg/dL, Normomagnesemia:
1.7-2.2 mg/dL, Hypomagnesemia: 1.0-1.6 mg/dL) at the Patient Death timepoint. Abbreviations: ISS = Injury
Severity Score; PD = Patient Death.
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Independent-Samples Kruskal-Wallis Test
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1
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Figure 3. Association of Initial GCS Score and Magnesemia Level at PD Timepoint. Figure 3: Boxplot
representing association between GCS score and Magnesemia categories (Hypermagnesemia: 2.3-4.9 mg/dL,
Normomagnesemia: 1.7-2.2 mg/dL, Hypomagnesemia: 1.0-1.6 mg/dL) at the Patient Death timepoint.
Abbreviations: GCS = Glasgow Coma Scale; PD = Patient Death.

Discussion
Key Findings

In this large, retrospective cohort study of 826 patients with severe traumatic brain injury (TBI),
we identified a significant association between magnesium levels and in-hospital mortality, which
was recorded as the Patient Death (PD) timepoint. Significant associations were noted when
accounting for Hospital Length of Stay (LOS), ED LOS, number of days on mechanical ventilation,
and all three measured injury severity scales: Abbreviated Injury Scale (AIS) Head score, Injury
Severity Scale (ISS) score, and Glasgow Coma Scale (GCS) score. No significant relationships were
observed at the other timepoints of interest.

Comparison to Existing Literature

There is limited evidence regarding the direct association between magnesium levels and
Hospital, ED, or ICU length of stay. Smaller cohort studies have found that hypomagnesemia is
significantly associated with an increased risk of long-term disability and mortality, especially among
younger patients [8,26-27]. Hypermagnesemia has also been observed to be independently associated
with mortality in TBI [27]. Ngatuvai et al. conducted a systematic review including 14 studies to assess
the impact of sodium, potassium, calcium, and magnesium abnormalities on outcomes in patients
with TBI, specifically looking at ICU LOS and Glasgow Outcome Scale (GOS) at six months [17]. They
concluded that hypomagnesemia was associated with worse GOS at six months but ICU LOS was
only significantly associated with hypo- and hyper-natremia [17].

Existing literature also does not specifically address the association between magnesium levels
and number of days on mechanical ventilation among patients with severe TBI. However, a large
meta-analysis including 6 studies by Upala et al. concluded that among critically ill patients admitted
to the ICU, not limited to patients with severe TBI, hypomagnesemia is associated with higher
mortality, the need for mechanical ventilation, and increased length of ICU stay [28].

Lower serum magnesium levels have also been found to be associated with greater injury
severity, as demonstrated by GCS scores of 4-6. Patients presenting with more severe TBI, as shown
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by lower GCS scores, exhibit significant and persistent declines in plasma magnesium during the
acute post-injury period [29]. There does not appear to be direct evidence linking magnesium levels
to AIS or ISS scores.

Both hypo- and hypermagnesemia are associated with increased mortality in patients with
severe TBI. Hypomagnesemia on admission is independently associated with higher risk of poor
neurological outcome and death at 6 months, even when corrected rapidly after injury [8,26]. While
these associations have been observed for magnesium, most robust evidence points towards
significant associations between other electrolyte imbalances and patient mortality in severe TBI
[17,30-33]. Thus, there exists a meaningful gap in information regarding magnesium levels and
clinical variables such as LOS and vent data following TBI.

Implications of Study Findings

Due to the relative paucity of literature regarding the impact of magnesium level on clinical
outcomes such as length of stay, number of days on mechanical ventilation, and injury severity, this
study addresses an important gap in understanding the impact of magnesium fluctuations following
TBI. Most notably, significance was noted at the Patient Death timepoint, suggesting magnesium
levels following trauma have appreciable implications on mortality. While other significant
associations were not noted in our study, investigators should continue to explore these relationships.

Strengths, Limitations, and Future Perspectives

Our study’s large sample size provides substantial statistical power. The collection of a range of
magnesium levels (Extreme Hypomagnesemia: <lmg/dL, Hypomagnesemia: 1-1.6 mg/dL,
Normomagnesemia: 1.7-2.2 mg/dL, Hypermagnesemia: 2.3-49mg/dL, and Extreme
Hypermagnesemia: >4.9mg/dL) at five distinct timepoints (Hospital Admission, ICU Admission, ICU
Discharge, Hospital Discharge, and Patient Death) offers a comprehensive view of magnesium
kinetics throughout the course of hospitalization. Such collection of data provides a dynamic
longitudinal perspective on how magnesium levels fluctuate in response to injury progression and
clinical interventions. Additionally, multivariable regression models adjust for a broad spectrum of
relevant confounders, including trauma severity (AlS-head, ISS, and GCS), demographic factors
(sex, age, race, ethnicity), and trauma type (blunt vs. penetrating), which strengthens the validity of
observed associations by minimizing potential confounding biases.

Limitations of this study include those commonly associated with retrospective study designs.
These include decreased generalizability, which is also influenced by the fact that data was collected
at a single study center, as well as information bias and missing or incomplete data. Another
important limitation of this study is the lack of data collection of other important electrolyte
abnormalities that often co-occur with magnesium changes following trauma, including potassium,
calcium, and phosphate levels. Hypomagnesemia is especially frequently associated with
hypokalemia and hypocalcemia, and correction of magnesium deficiency is often necessary to resolve
these other abnormalities [34]. Future studies should aim to take these co-occurring electrolyte
abnormalities into consideration. Additionally, future research should continue to explore
relationships between magnesium level and various important clinical outcomes that could
significantly affect patient morbidity and mortality.

Conclusions

In conclusion, our study addresses an important gap in literature regarding the relationship
between magnesium levels and important clinical variables such as Hospital, ED, and ICU LOS, as
well as number of days on mechanical ventilation. We found significant associations between
magnesium level and hospital LOS, ED LOS, vent days, and injury severity (AIS, ISS, and GCS) scores
at the Patient Death (PD) timepoint. However, no other significant associations were noted. This
agrees with current literature, although a paucity of evidence exists linking these clinical variables to
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magnesium levels. Future studies should aim to further explore these relationships, as well as take
into consideration the impact of other electrolyte abnormalities that likely co-occur with magnesium
fluctuations following severe TBI.
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