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Abstract

Background: The association between admission serum magnesium (Mg) levels and risk of
developing septic shock in patients with systemic inflammatory response syndrome (SIRS) is
limited. The aim of this study was to assess the risk of developing septic shock in hospitalized
patients with SIRS with various admission Mg levels. Methods: This is a single-center
retrospective study conducted at a tertiary referral hospital. All hospitalized adult patients
with SIRS at admission who had admission Mg available from January 2009 to December 2013
were analyzed in this study. Admission Mg was categorized based on its distribution into six
groups (<1.5, 1.5-1.7, 1.7-1.9, 1.9-2.1, 2.1-2.3, and >2.3mg/dL). The primary outcome was
septic shock occurring after hospital admission. Logistic regression analysis was performed to
obtain the odds ratio (OR) of septic shock of various admission Mg levels using Mg with lowest
incidence of shock, 2.1-2.3mg/dL as the reference group. Results: Of 2589 patients with SIRS
enrolled, septic shock occurred in 236 patients (9.1%). The lowest incidence of septic shock was
when serum Mg was within 2.1-2.3 mg/dL. A reverse-checkmark curve emerged demonstrating
higher incidences of septic shock associated with both hypoMg (<2.1) and hyperMg (>2.3).
After adjusting for potential confounders, hypoMg (<1.5mg/dL) was associated with an
increased risk of developing septic shock with ORs of 1.86 (95% ClI 1.07-3.27). Conclusion:
Patients with SIRS and hypoMg (<1.5mg/dL) at the time of admission had increased risk of
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developing septic shock during hospitalization.

Introduction

Septic shock is the most common cause of mortality in
critically ill patients with a mortality rate reported to be as
high as 50%.' Although multiple previous randomized
controlled trials have attempted to identify effective inter-
ventions to prevent septic shock and improve the survival of
these patients,3_6 most were unsuccessful, and the mortality
rate in patients with septic shock remains unacceptably high.
Systemic inflammatory response syndrome (SIRS) is one of
the risk factors for developing septic shock. Therefore, further
studies are needed to identify patients with SIRS at high risk
of developing septic shock during hospitalization.
Magnesium (Mg) gives a few functions in fields of energy
generation, neurotransmitter release and also immune systems
fighting against infection via inflammatory response and
nitric oxide (NO) production.7_19 Studies have shown that
hypoMg is a potential risk factor of infections including acute
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bacterial infections including sepsis, bronchopneumonia and
urinary tract infections.'>?° However, the effect of admission
Mg levels on the risk of developing septic shock in patients
with SIRS has not been examined. The objective of this study
was to evaluate the risk of developing septic shock in
hospitalized patients with SIRS across a spectrum of Mg
levels.

Materials and methods
Study population

All research authorized adult (age 18 years or older) patients
who presented with SIRS and admitted to Mayo Clinic
Rochester—a tertiary referral hospital—from January 2009 to
December 2013 with available admission serum Mg levels
were enrolled. To increase the specificity of infected related
SIRS, modified SIRS criteria were used and defined as at
least 2 of 4 SIRS criteria within 24 h of presentation [body
temperature less than 36 °C (96.8 °F) or greater than 38°C
(100.4°F)], heart rate greater than 90 beats/min, tachypnea
with greater than 20 breaths per minute, white blood cell
(WBC) count less than 4000 cells/mm> (4 x 10° cells/L)
or greater than 12,000 cells/mm> (12 x logcells/L), when
it mandates that WBC or temperature be abnormal.*!
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Exclusion criteria were patients who presented with septic
shock at the time of admission. The local Institutional Review
Board approved this study.

Data collection

Clinical characteristics, demographic information, and labora-
tory data were collected using manual and automated retrieval
from the institutional electronic medical record system. The
admission serum Mg level, defined as the first serum Mg level
within 24 h of hospital admission was collected. eGFR was
derived using the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equation.?” Chronic kidney disease
was defined as a calculated eGFR less than 60 mL/min/
1.73 m?. The Charlson Comorbidity score®* was computed for
co-morbidities at the time of admission. Principal diagnoses
were grouped based on ICD-9 codes at admission. The primary
outcome was septic shock, defined as SIRS with refractory
hypotension requiring vasopressors after the admission date.

Statistical analysis

Continuous variables are reported as mean + SD for normally-
distributed data and median (IQR) for non-normally dis-
tributed data. All categorical variables are reported as count
with percentage. Baseline demographics and clinical charac-
teristics were compared among admission Mg group, using
ANOVA for continuous variables and the Chi-square test for
categorical variables. We categorized admission Mg levels,
based on six-quantile percentiles (10%, 25%, 50%, 75%,
90%): less than 1.5, 1.5-1.7, 1.7-1.9, 1.9-2.1, 2.1-2.3, and
greater than 2.3 mg/dL. The Mg level of 2.1-2.3 mg/dL was
selected as the reference group for outcome comparison since
it was associated with the lowest incidence of septic shock
(Table 2). We performed univariate analysis and then

Table 1. baseline clinical characteristics.
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multivariate logistic regression analysis to evaluate the
independent association between admission Mg levels and
septic shock. Odds ratio (OR) with 95% confidence interval
(CI) are reported. OR was adjusted for variables with
statistically significant (p-value <0.05) differences between
groups in univariate analysis. The adjusting variables were
age, sex, baseline GFR, Charlson score, principal diagnosis,
comorbidities, the presence of hypotension at hospital
admission and the need for mechanical ventilator at hospital
admission. Comorbidities were diabetes mellitus (DM) and
congestive heart failure (CHF). A two-tailed p-value of less
than 0.05 was considered statistically significant. All analyses
were performed using JMP statistical software (version 10,
SAS Institute, Cary, NC).

Results

A total of 3667 patients with SIRS with available Mg levels
within 24h were identified. After excluding 1078 patients
with septic shock at presentation, 2589 unique patients with
SIRS were enrolled.

Baseline characteristics

Of 2589 patients, 2362 (91%) patients were Caucasian and
1491 (58%) were male (Table 1). Mean age was 61 + 18 years.
Patient age was positively correlated with admission Mg
levels, when eGFR was inversely correlated with admission
Mg levels. Patient comorbidities included HTN (52%), DM
(21%), CAD (18%), and CHF (7%).

Admission Mg and the incidence of septic shock

Of 2589 patients with SIRS enrolled, septic shock occurred in
236 patients (9.1%). The lowest incidence of septic shock

Serum Mg level at hospital admission (mg/dL)

variables All <15 1.5-1.7 1.7-1.9 1.9-2.1 2.1-2.3 >2.3 P
N 2589 259 418 560 635 405 312
Age (years) 61+18 59+18 59+18 61+18 61+18 63+ 18 63+ 17 0.01*
Male 1491 (58) 132 (51) 207 (50) 313 (56) 383 (60) 250 (62) 206 (66) <0.001*
Caucasian 2362 (91) 224 (86) 378 (90) 512 (91) 592 (93) 369 (91) 287 (92) 0.06
GFR (mL/min/1.73 m?) 75+32 75+33 78 +32 79 +32 77+30 74 +32 63 +36 <0.001*
Charlson score 20+24 24+27 22+24 1.9+24 20+2.5 19+24 19+24 0.05
Comorbidities
CAD 459 (18) 31 (12) 75 (18) 97 (17) 108 (17) 86 (21) 62 (20) 0.06
HTN 1353 (52) 149 (58) 229 (55) 295 (53) 308 (49) 201 (50) 171 (55) 0.09
DM 533 (21) 71 (27) 99 (24) 104 (19) 122 (19) 86 (21) 51 (16) 0.008*
CHF 182 (7) 13 (5) 30 (7) 37 (7) 39 (6) 28 (7) 35 (11) 0.05
Principal diagnosis <0.001*
Cardiovascular 483 (19) 21 (8) 59 (14) 90 (16) 126 (20) 89 (22) 98 (31)
Hematology and oncology 380 (15) 31 (12) 69 (17) 90 (16) 100 (16) 60 (15) 30 (10)
Infectious disease 364 (14) 59 (23) 66 (16) 82 (15) 87 (14) 46 (11) 24 (8)
Endocrine and metabolic 72 (3) 10 (4) 72) 10 (2) 17 (3) 13 (3) 15 (5)
Respiratory 235 (9) 13 (5) 33 (8) 51 (9) 60 (9) 48 (12) 30 (10)
Gastrointestinal 249 (10) 27 (10) 36 (9) 56 (10) 61 (10) 36 (9) 33 (11)
Injury and poisoning 457 (18) 57 (22) 102 (24) 107 (19) 102 (16) 53 (13) 36 (12)
Other 349 (13) 41 (16) 46 (11) 74 (13) 82 (13) 60 (15) 46 (15)
Mechanical ventilator use 769 (30) 66 (25) 119 (28) 163 (29) 162 (26) 131 (32) 128 (41) <0.001*
Hypotension at admission® 781 (30) 104 (40) 132 (32) 135 (24) 167 (26) 125 (31) 118 (38) <0.001*

Notes: Continuous data are presented as mean + SD; categorical data are presented as count (percentage).

“systolic blood pressure <90 mmHg on admission date.
*p<0.05
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Figure 1. Septic shock occurrence among 20
various admission serum Mg levels.
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Table 2. ORs for the association between admission serum Mg levels and the need for vasopressor use in hospital.
Univariate analysis Multivariate analysis
Serum Mg level at
hospital admission Need for vasopressor
(mg/dL) in hospital OR (95% CI) p Adjusted OR (95% CI) p
<15 32 (12.4) 1.90 (1.11-3.25) 0.02* 1.86 (1.07-3.27) 0.03*
1.5-1.7 43 (10.3) 1.54 (0.94-2.56) 0.08 1.58 (0.95-2.68) 0.08
1.7-1.9 48 (8.6) 1.26 (0.78-2.07) 0.34 1.40 (0.85-2.32) 0.18
1.9-2.1 52 (8.2) 1.20 (0.75-1.96) 0.45 1.34 (0.83-2.20) 0.24
2.1-23 28 (6.9) 1 (ref) - 1 (ref) -
>2.3 33 (10.6) 1.59 (0.94-2.71) 0.08 1.40 (0.82-2.43) 0.22

Note: Adjusted for age, sex, eGFR, Charlson comorbidity score, history of DM, CHF, principal diagnosis, mechanical ventilator use and

the presence of hypotension at hospital admission.
*p<0.05.

(6.9%) was when serum Mg within 2.1-2.3 mg/dL (Figure 1).
A reverse-checkmark curve emerged demonstrating higher
incidences of septic shock associated with both hypoMg
(<2.1) and hyperMg (>2.3). When the incidences of septic
shock in patients with serum Mg <1.5, 1.5-1.7, 1.7-1.9, 1.9-
2.1 and >2.3mg/dL. were 12.4%, 10.3%, 8.6%, 8.2% and
10.6%, respectively.

Admission Mg and risk of septic shock

To assess whether admission Mg levels contributed to the
septic shock development, logistic regression models were
built, using 2.1-2.3 mg/dL as a reference range. Unadjusted
admission Mg level of less than 1.5mg/dL was associated
with an increased risk of septic shock with ORs of 1.90 (95%
CI 1.11-3.25) (Table 2). When adjusted for all variables
including age, sex, eGFR, Charlson Comorbidity Score,
history of DM, CHF, principal diagnosis, mechanical venti-
lator use and the presence of hypotension at hospital
admission, the association remained statistically significant

in Mg less than 1.5 mg/dL. Admission hypoMg (<1.5 mg/dL)
was associated with an increased risk of septic shock (OR
1.86; 1.07-3.27). However, admission HyperMg (>2.3 mg/
dL) was not significantly associated with the risk of
developing septic shock (OR 1.40; 0.82-2.43) (Table 2).

Discussion

In this study, we showed that admission Mg level in patients
with SIRS was correlated with the incidence of septic shock
during hospitalization. The lowest incidence of septic shock
was when serum Mg within 2.1-2.3 mg/dL and there was a
reverse-checkmark curve demonstrating higher incidences of
septic shock associated with both hypoMg (<2.1) and
hyperMg (>2.3). Patients with SIRS and hypoMg (<1.5 mg/
dL) at the time of admission had 1.86-fold increased risk of
developing septic shock during hospitalization.

There are several plausible explanations for the increased
risk of septic shock in patients with SIRS and hypoMg at
admission. First, Mg has been known to play an important
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role in the regulation of immune systems and inflammatory
response.®'? In animal models, increased levels of proin-
flammatory cytokines (IL-6, TNF-alpha) have been reported
under Mg deprivation.®'° HypoMg can result in an increase
in inflammation by the activation of macrophages, neutro-
phils and endothelial cells.'"'> Moreover, apoptosis of
thymus gland was shown in Mg-deficient rats.”* Second,
Mg also plays an important role in the release of NOs from
the cell and one of NO functions is preventing infections in
the body cavities, such as sinusitis, pneumonia and infection
of mucosa in many organs.'*> HypoMg prevents cells from
releasing their NOs and blood vessels cannot dilate properly,
resulting in increased risk of recurrent infection.'*'® Third,
the presence of Mg is mandatory for the formation of
thiamine pyrophosphate from thiamine (vitamin B1).>> The
lack of performance of thiamine can result in low levels of
gastric acid and lead to increased risk of gastrointestinal
infections. Cojocaru et al.** demonstrated that hypoMg was
significantly associated with acute bacterial infections
including sepsis, bronchopneumonia, urinary tract infections.
Altogether, our study is the first to demonstrate that hypoMg
at time of admission in patients with SIRS is an important
predictor of developing septic shock.

This study has several limitations. First, this is a single-
center, retrospective study. Second, the patient population in
this study is relatively homogeneous (predominantly
Caucasian). Further studies with more heterogeneous popu-
lation are desirable to ascertain the clinical effects of
admission Mg on septic shock in a broad patient population.
In addition, the malnutrition has been suggested to be a cause
of hypoMg and important factor for worse outcome.*®’
However, the data regarding albumin were limited since they
were not commonly measured in hospitalized patients. Lastly,
the effects of normalizing Mg levels and the risk of septic
shock were not the focus of our present study. Future studies
assessing the effects of Mg replacement in hypoMg patients
with SIRS and at the time of admission are required.

In summary, this study demonstrates that patients with
SIRS and hypoMg (<1.5 mg/dL) at the time of admission may
carry higher risk of developing septic shock during
hospitalization.
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