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ABSTRACT—Background:Serum calcium levels disorder have been reported to be associated with poor prognosis in different
diseases. Studies on the association between serum calcium and outcomes of septic patients remained limited. The aim of this
study is to investigate the association between serum calcium and 28-day mortality in septic patients. Method: Patients diag-
nosed with sepsis in the Medical Information Mart for Intensive Care III database were included. Patients were divided into five
groups according to the quintiles of serum calcium levels, and their baseline characteristics were compared. Multivariate Cox re-
gression models were used to assess the association between serum calcium and 28-day mortality. Smooth curve fitting and
segmented regression models were used to visualize the association between serum calcium levels and 28-day mortality risk.
The 28-day survival probability between five groups was analyzed using Kaplan-Meier curves.Results:A total of 3,016 patients
with sepsis were enrolled, and the 28-day mortality rate was 35.64%. After adjusting for confounders, compared with the refer-
ence quintile (Q4: 9.00–9.50), the lowest serum calcium level quintile (Q1: 5.70–8.20) was independently associated with an in-
creased risk of 28-day mortality (hazard ratio [HR], 2.12; 95% CI, 1.76–2.56). Smooth spline fitting revealed a U-shaped asso-
ciation between serum calcium and 28-day mortality. When serum calcium was <9.0 mg/dL, 28-day mortality risk increased
by 58% per unit decrease in serum calcium (HR, 0.42; 95% CI, 0.37–0.48). When serum calcium was >9.0 mg/dL, the 28-day
mortality risk increased by 12% per unit increase in serum calcium (HR, 1.12; 95%CI, 1.04–1.20).Conclusion: AU-shaped as-
sociation was observed between serum calcium levels and 28-day mortality in septic patients. Lower or higher serum calcium
levels were associated with increased risk of 28-day mortality in septic patients.

KEYWORDS—Serum calcium; sepsis; intensive care unit; mortality; MIMIC-III
INTRODUCTION

Sepsis, a complex disorder caused by a dysregulated host re-
sponse to infection, is associated with acute organ dysfunction
and a high risk of mortality (1). In critically ill patients, the
in-hospital mortality rate attributable to sepsis has been docu-
mented to range between 30% and 45% (2–4). An overactive
proinflammatory response is considered as a primary driver of
sepsis-related mortality (5). Despite advancements in antibiotic
treatment that have demonstrated partial efficacy in reducing
28-day mortality, the overall mortality rate of sepsis still remains
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relatively high (6). Thus, the identification of high-risk patients
with poor prognosis could prompt clinicians to intervene timely
and adequately.

Calcium is involved in various physiological regulatory mech-
anisms such as myocardial contraction and relaxation, renal func-
tion, platelet adhesion, and coagulation (7–10). Calcium
dyshomeostasis could lead to serious cardiovascular complica-
tions. Wray et al. revealed that hypocalcemia could prolong the
QT interval, thereby increasing likelihood of dysrhythmias. In ad-
dition, hypocalcemia could suppress cardiac contractility, thereby
contributing to acute cardiovascular decompensation (11). In addi-
tion, Can et al. proposed that hypocalcemiamay lead to hemorrhage
event and prolong bleeding time by impairing platelet function and
affecting the coagulation cascade (12). Certainly, calcium de-
rangements could result from the diseases per se. Zaloga et al.
suggested that hypocalcemia could be caused by impaired secretion
or action of parathyroid hormone, impaired synthesis or action of vi-
tamin D, and calcium chelation/precipitation in critically ill patients
(13). Hendy et al. demonstrated that the proinflammatory cytokines
IL-1β and IL-6 could upregulate the expression of calcium-sensing
receptor in the parathyroid and kidney, resulting in decreased
levels of parathyroid hormone and 1,25-dihydroxyvitamin D,
thus leading to hypocalcemia (14). Calcium metabolic disorder
has been reported to be associated with poor prognosis in differ-
ent diseases such as acute myocardial infarction (15), acute pul-
monary thromboembolism (16), chronic kidney disease (17),
and COVID-19 (18).

Studies have indicated that the calcium derangements could
activate calcium-sensing receptors located on T cell surfaces,
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thereby promoting the release of reactive oxygen species (ROS)
and cytokine, ultimately leading to endothelial barrier damage,
fluid leakage, myocardial cell apoptosis, and aggravating sepsis
(19). Furthermore, inflammatory mediator-induced calcium influx
could also lead to the disruption of adhesion connections and rear-
rangement of the cytoskeleton, thereby disrupting endothelial in-
tegrity, increasing permeability, and exacerbating the inflammatory
response in sepsis (20,21). Researches on the association between
serum calcium levels and mortality of sepsis were limited. Li et al.
reported that serum calcium had a certain value for judging disease
severity of elderly patients with sepsis (22). Liu et al. (23) demon-
strated a significant association between lower calcium levels and
organ dysfunction, as well as sepsis-related mortality in neonates.
However, it remains insufficiently studied that whether higher or
lower serum calcium is associated with short-term mortality in
sepsis. Furthermore, the dose-response association has not been
elucidated. In this study, we aimed to explore the association be-
tween serum calcium levels and risk of 28-day mortality in criti-
cally ill patients with sepsis.

MATERIALS AND METHODS

Database
Data in this study were extracted fromMedical Information Mart for Intensive

Care (MIMIC) III, which is a large, single-center, publicly available critical care
database (24). It includes unidentified health-related data of 52,963 intensive care
unit (ICU) stays at the Beth Israel Deaconess Medical Center (BIDMC) between
June 2001 and October 2012. The variables recorded in this database included de-
mographics, vital signs, laboratory tests, medications, nursing progress records,
and other related clinical variables. The MIMIC-III was built by researchers at
the Massachusetts Institute of Technology (MIT) Laboratory for Computational
Physiology and collaborating research groups. To obtain access to the database,
we completed the course “Protecting Human Research Participants” on the website
of the National Institutes of Health and obtained certification (record ID:
40060500). The project was approved by the institutional review boards of MIT
and BIDMC and was granted a waiver of informed consent.

Patient selection
Adult patients diagnosed as sepsis were eligible for inclusion. We analyzed the

first ICU stay of patients who had multiple ICU admissions. The exclusion criteria
were (1) younger than 18 years of age, (2) ICU stays <24 h, (3) Sequential Organ
Failure Assessment (SOFA) <2 (25), and (4) no serum total calcium levels data.
FIG. 1. Flow chart of the study.
Data extraction and management
Structured query language (SQL) and PostgreSQL tools (https://www.

postgresql.org/, PostgreSQL Global Development Group, version 9.6) were used
for data extraction. We extracted basic data for each patient from MIMIC-III,
and baseline variables included age, sex, ethnicity, and body mass index (BMI).
Vital signs included heart rate, systolic blood pressure (SBP), diastolic blood pres-
sure (DBP), mean arterial pressure (MAP), respiratory rate, temperature, and oxy-
gen saturation (SpO2). Blood gas analysis indices included partial pressure of car-
bon dioxide (PCO2), partial pressure of oxygen (PO2), pH, potassium, sodium, and
lactate. Laboratory parameters included creatinine (Cr), serum urea nitrogen
(BUN), red blood cell (RBC) count, hemoglobin, white blood cell (WBC) count,
platelet (PLT) count, activated partial thromboplastin time (APTT), international
normalized ratio (INR), prothrombin time (PT), and albumin (Alb). Furthermore,
the SOFA score (26), Logistic Organ Dysfunction System (LODS) score (27),
Simplified Acute Physiology Score II (SAPSII) (28), and systemic inflammatory
response syndrome (SIRS) score (29) were calculated using the SQL code pro-
vided by Johnson et al. (30). The intervention measures included ventilation, con-
tinuous renal replacement therapy (CRRT), and vasopressors. Vasopressor use was
defined as the use of norepinephrine, epinephrine, dopamine, dobutamine, or vaso-
pressin during ICU hospitalization. Comorbidities included congestive heart fail-
ure, neurological disease, chronic obstructive pulmonary disease, diabetes, renal
failure, and metastatic cancer. Serum total calcium levels were measured within
24 h of ICU admission. The worst values were adopted when baseline data were
tested multiple times within 24 h of ICU admission. The main endpoint was
28-day mortality.

Definition
Sepsis was defined as life-threatening organ dysfunction caused by a dysregu-

lated host response to infection. The diagnostic criteria for sepsis included
suspected or documented infection and an acute increase in the total SOFA score
≥2 points as a proxy for organ dysfunction (31). The calculation method of SOFA
score was shown in the Supplemental Table 1, http://links.lww.com/SHK/B747.

Statistical analysis
Continuous variables, presented as mean ± SD or median with interquartile

range, were tested using one-way ANOVA (normal distribution) and
Kruskal-Wallis H (skewed distribution). Shapiro-Wilk tests were used to assess
variable distributions. Categorical data, summarized as numbers (percentage),
were compared using the χ2 test and Fisher exact test. The missing values for
Alb (33.5%), BMI (31.9%), PCO2 (12.9%), pH (10.5%), lactate (8.3%), APTT
(4.6%), INR (4.5%), PT (4.5%), heart rate (0.8%), SBP (0.9%), DBP (0.9%),
MAP (0.9%), respiratory rate (0.9%), temperature (0.8%), SpO2 (0.9%), potassium
(0.03%), Cr (0.03%), BUN (0.03%), RBC count (0.1%), hemoglobin (0.1%),
WBC count (0.2%), and PLT (0.1%) were imputed by means (normal distribution)
or medians (abnormal distribution).

All patients were stratified by quintiles according to their serum total calcium
levels, and their baseline characteristics were compared. Univariate analysis was
used to evaluate the associations between the variables and 28-day mortality. We
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evaluated the effect of serum total calcium levels on 28-day mortality in septic pa-
tients using multiple Cox regression models. In model I, no variables were ad-
justed. In model II, the covariates age, sex, and BMI were adjusted. We adjusted
for age, sex, BMI, and potential confounders (ethnicity, SOFA, LODS, SAPSII,
SIRS, heart rate, SBP, DBP, MAP, respiratory rate, temperature, SpO2, ventilation,
CRRT, vasopressor use, neurological disease, metastatic cancer, PCO2, PO2, pH,
potassium, sodium, lactate, Cr, BUN, RBC count, hemoglobin, PLT, APTT,
INR, PT and Alb) on the basis of their associations with 28-day mortality
(P < 0.10) or a change in effect estimate of more than 10% in model III (32).
Smooth curve fitting was performed to determine the association between serum
calcium levels and the risk of 28-daymortality in patients with sepsis. Furthermore,
a segmented regression model and logarithmic likelihood ratio test (LRT) were
used to analyze the threshold effect between serum calcium levels and 28-daymor-
tality. The results of the multivariate analysis were presented as hazard ratio (HR)
with 95% CI. The Kaplan-Meier method was used to plot survival curves, and
log-rank testing was used to compare survival rates among five groups.

All statistical analyses were performed using R (http://www.R-project.org, The
R Foundation) and EmpowerStats software version 3.0 (http://www.empowerstats.
com/cn/, X&Y solutions, Inc, Boston, MA). P < 0.05 was considered statistically
significant.

RESULTS

Selection of participants

Among the 52,963 patients identified from MIMIC-III, 4727
patients were diagnosed with sepsis. We excluded 1,021 patients
with duplicate ICU admission, 288 patients younger than
18 years, 256 patients with ICU stays <24 h, 133 patients with
SOFA scores <2, and 13 patients with missing serum calcium
data. The remaining 3,016 patients with sepsis were enrolled in
the final analysis. The overall incidence of 28-day death was
35.64% (1,075/3,016) (Fig. 1).

Demographics and baseline characteristics

The baseline characteristics of the patients according to serum
calcium quintiles (Q1, ≤8.20 mg/dL; Q2, 8.30–8.60 mg/dL; Q3,
8.70–8.90 mg/dL; Q4, 9.00–9.50 mg/dL; Q5, ≥9.6 mg/dL) were
shown in Table 1. The 28-daymortality significantly differed among
the serum calcium quintiles. The 28-day mortality was highest in
the Q1 (51.79%) group and lowest in the Q4 (29.70%) group.

Participants in the lowest calcium level group (Q1) were older
and had a lower BMI than the other groups. In group Q1, SBP,
DBP, MAP, temperature, SpO2, PCO2, and Alb were the lowest,
whereas heart rate, lactate, RBC count, and INR were the highest.
Patients in the highest calcium level group (Q5) had higher values
of potassium, Cr, BUN, APTT, INR, and PT and lower values of
PO2, pH, RBC, hemoglobin, WBC, and PLT than the other
groups. Moreover, the SOFA and LODS scores in the Q5 and
Q1 groups were significantly higher than those in the other
groups. SAPSII scores were highest in the Q1 group. In addition,
the proportions of patients with renal failure, ventilation, and
CRRTwere higher in the Q5 group. There were significant differ-
ences in the incidence of congestive heart failure, metastatic can-
cer, and chronic obstructive pulmonary disease among the groups.
No statistically significant differences were found in sex, respira-
tory rate, sodium, SIRS, vasopressor use, neurological disease,
and diabetes between the groups.

Univariate analysis of risk factors associated with 28-day
mortality in patients with sepsis

Univariate Cox regression analysis showed that serum calcium
(HR, 0.88; 95% CI, 0.82–0.94), BMI (HR, 0.99; 95% CI,
0.98–1.00), SBP (HR, 0.99; 95% CI, 0.98–0.99), DBP (HR,

http://www.R-project.org
http://www.empowerstats.com/cn/
http://www.empowerstats.com/cn/


FIG. 2. Univariate analysis. HR, hazard ratio.
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0.98; 95% CI, 0.97–0.99), MAP (HR, 0.98; 95% CI, 0.97–0.99),
temperature (HR, 0.72; 95% CI, 0.67–0.78), SpO2 (HR, 0.93;
95% CI, 0.92–0.95), pH (per 0.1 unit) (HR, 0.76; 95% CI,
0.73–0.79), sodium (HR, 0.98; 95% CI, 0.97–0.99), hemoglobin
(HR, 0.96; 95% CI, 0.93–0.99), PLT (HR, 0.99; 95% CI,
0.99–1.00), and Alb (HR, 0.72; 95% CI, 0.65–0.80) were nega-
tively associated with the risk of 28-day death in patients with
sepsis. In contrast, age (HR, 1.01; 95% CI, 1.01–1.02), ethnicity
(HR, 1.42; 95% CI, 1.19–1.68), SOFA score (HR, 1.14; 95% CI,
1.12–1.16), LODS score (HR, 1.17; 95% CI, 1.15–1.20),
SAPSII score (HR, 1.04; 95% CI, 1.04–1.05), heart rate (HR,
1.01; 95% CI, 1.00–1.01), respiratory rate (HR, 1.03; 95% CI,
1.01–1.04), ventilation (HR, 1.42; 95% CI, 1.25–1.60), CRRT
(HR, 1.83; 95% CI, 1.57–2.14), vasopressor use (HR, 1.57;
95% CI, 1.35–1.83), renal failure (HR, 1.17; 95% CI,
1.02–1.33), metastatic cancer (HR, 2.89; 95% CI, 2.43–3.43),
TABLE 2. Association between serum total calcium

Variables Model I, HR (95% CI)

Serum total calcium 0.88 (0.82–0.94) *
Serum total calcium quintiles
Q1 (≤8.20) 2.36 (1.97–2.81) *
Q2 (8.30–8.60) 1.04 (0.85–1.27)
Q3 (8.70–8.90) 1.04 (0.84–1.28)
Q4 (9.00–9.50) Ref
Q5 (≥9.60) 1.28 (1.06–1.54) *

P for trend <0.001

*P value <0.05.
Model I: adjusted for none.
Model II: adjusted for age, sex, and BMI.
Model III: adjusted for age, sex, BMI, ethnicity, SOFA, LODS, SAPSII, SIRS, h
CRRT, vasopressor, neurological disease, metastatic cancer, PCO2, PO2, pH,
PT, and Alb.
CI, confidence interval; HR, hazard ratio; Ref, reference.
PCO2 (HR, 1.00; 95% CI, 1.00–1.01), potassium (HR, 1.22;
95% CI, 1.16–1.29), lactate (HR, 1.14; 95% CI, 1.12–1.16), Cr
(HR, 1.05; 95% CI, 1.02–1.07), BUN (HR, 1.01; 95% CI,
1.01–1.01), APTT (HR, 1.01; 95% CI, 1.00–1.01), INR (HR,
1.10; 95% CI, 1.08–1.13), and PT (HR, 1.01; 95% CI,
1.01–1.02) were positively correlated with the risk of 28-day
death (Fig. 2).

Association between serum calcium and 28-day mortality in
sepsis

The independent association between serum calcium levels
and 28-day mortality in sepsis was shown in Table 2. When se-
rum calcium was handled as a continuous variable, it was nega-
tively correlated with 28-day mortality. In nonadjusted model I,
the risk of 28-day mortality decreased by 12% per unit increase
in serum calcium level (HR, 0.88; 95% CI, 0.82–0.94). In model
and 28-day mortality in patients with sepsis

Model II, HR (95% CI) Model III, HR (95% CI)

0.91 (0.85–0.98) * 0.82 (0.76–0.88) *

2.22 (1.86–2.65) * 2.12 (1.76–2.56) *
0.99 (0.81–1.22) 1.04 (0.84–1.27)
1.01 (0.82–1.24) 0.98 (0.79–1.21)

Ref Ref
1.34 (1.11–1.61) * 1.02 (0.83–1.24)

<0.001 <0.001

eart rate, SBP, DBP, MAP, respiratory rate, temperature, SpO2, ventilation,
potassium, sodium, lactate, Cr, BUN, RBC, hemoglobin, PLT, APTT, INR,



TABLE 3. Threshold effect analysis

Models

Unadjusted model Adjusted model

Unadjusted HR
(95% CI) P

Adjusted HR
(95% CI) P

Model I
One line slope 0.88 (0.82–0.94) <0.001 0.82 (0.76–0.88) <0.001
Model II
Turning point (K1)
<9.0 slope 1 0.38 (0.34–0.43) <0.001 0.42 (0.37–0.48) <0.001
>9.0 slope 2 1.26 (1.19–1.34) <0.001 1.12 (1.04–1.20) 0.002
LRT <0.001* <0.001*

Data are presented as HR (95% CI) and P value.
*Indicates that model II is significant different from model I. Model I, linear
analysis; model II, nonlinear analysis. Logarithmic likelihood ratio test
(P < 0.05 means model II is significantly different from model I, which indi-
cates a nonlinear association). The adjusted variables are the same as
those in model III of multiple Cox regression.
CI, confidence interval; HR, hazard ratio; LRT, logarithmic likelihood ratio test.

FIG. 3. Smoothing spline fitting curve. A, Unadjusted model. B, Adjusted model: after adjusting for sex, age, BMI, ethnicity, SOFA, LODS, SAPSII, SIRS, heart
rate, SBP, DBP, MAP, respiratory rate, temperature, SpO2, ventilation, CRRT, vasopressor, neurological disease, metastatic cancer, PCO2, PO2, pH, potassium,
sodium, lactate, Cr, BUN, RBC, hemoglobin, PLT, APTT, INR, PT, Alb. Nonlinear plots are displayed with red dotted lines, and the blue dotted lines represent 95%
CIs. Alb, albumin APTT, partial thromboplastin time; BMI, body mass index; BUN, serum urea nitrogen; Cr, creatinine; CRRT, continuous renal replacement
therapy; DBP, diastolic blood pressure; INR, international normalized ratio; LODS, Logistic Organ Dysfunction System; MAP, mean arterial pressure; PCO2, carbon
dioxide; PLT, platelet; PO2, partial pressure of oxygen; PT, prothrombin time; SAPSII, Simplified Acute Physiology Score II; SBP, systolic blood pressure; SIRS,
systemic inflammatory response syndrome; SOFA, Sequential Organ Failure Assessment; SpO2, oxygen saturation.
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II (adjusted for age, sex, and BMI), the result remained significant
(HR, 0.91; 95% CI, 0.85–0.98). In model III (adjusted for age,
sex, BMI, and potential confounders), the result did not show ob-
vious changes (HR, 0.82; 95% CI, 0.76–0.88), and a rise of
1 mg/dL in the serum calcium level was associated with an
18% decrease in the risk of 28-day mortality. Furthermore, group
Q4 (9.00–9.50 mg/dL) was used as the reference group, com-
pared with the group Q4, the risk of 28-day mortality was in-
creased by 136% in the Q1 group (HR, 2.36; 95% CI,
1.97–2.81) and by 28% in the Q5 group (HR, 1.28; 95% CI,
1.06–1.54) in model I. The overall trend in models II and III re-
mained consistent with model I. For the sensitivity analysis, we
handled serum calcium as five equal categorical variables and
continuous variables separately, and the trend of the association
between serum calcium level and 28-daymortality was consistent
(P < 0.001).

Smoothing spline fitting curve

A U-shaped association was observed between serum calcium
levels and 28-day mortality in patients with sepsis (Fig. 3A). Af-
ter adjusting for potential confounders, a turning point value of
serum calcium (9.0 mg/dL) was found by the segmentation re-
gression model between serum calcium and the risk of 28-day
mortality (Fig. 3B, Table 3). When serum calcium levels were
less than 9.0 mg/dL, 28-daymortality risk decreased by 58%with
each 1.0 mg/dL increase in serum calcium (HR, 0.42; 95% CI,
0.37–0.48). When serum calcium exceeded 9.0 mg/dL, 28-day
mortality risk increased by 12% with each 1.0 mg/dL increase
in serum calcium (HR, 1.12; 95% CI, 1.04–1.20). The LRT
(P < 0.001) demonstrated a nonlinear association between serum
calcium levels and risk of 28-day mortality in patients with sepsis
(Table 3).

Survival analysis

Among the 3,016 patients included, 1,075 (35.64%) died dur-
ing the first 28 days. The 28-day mortality rates of the Q1
(≤8.20 mg/dL), Q2 (8.30–8.60 mg/dL), Q3 (8.70–8.90 mg/
dL), Q4 (9.00–9.50 mg/dL), and Q5 (≥9.6 mg/dL) groups were
51.79%, 30.00%, 30.43%, 29.70%, and 36.52%, respectively.
Kaplan-Meier curves were constructed to visualize the associa-
tion between serum calcium quintiles and 28-day mortality. The
survival probability of five groups differed significantly without
(Fig. 4A) or with (Fig. 4B) adjusting for potential confounders
(log-rank test: P < 0.001), and patients in the lowest serum cal-
cium quintile had the lowest survival probability.
DISCUSSION

In this retrospective cohort study, we found a U-shaped associ-
ation between serum calcium levels and 28-day mortality in pa-
tients with sepsis. Serum calcium was negatively correlated with
28-day mortality risk for serum calcium <9.0 mg/dL and posi-
tively correlated for serum calcium >9.0 mg/dL. Serum calcium
close to 9.0 mg/dL might be associated with the lowest risk of
28-day mortality in patients with sepsis. The serum calcium
threshold (9.0 mg/dL) found in this study was just within the
range of normal range of serum calcium (8.8–10.8 mg/dL)



FIG. 4. Kaplan-Meier survival curves for sepsis patients with different groups of serum calcium levels. A, Unadjusted model. B, Adjusted model: the
adjusted variables are the same as those in model III of multiple Cox regression.
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(33). Wang et al. (34) also observed a U-shaped association be-
tween serum calcium and in-hospital mortality in critically ill pa-
tients. They indicated that patients with a decreased or increased
serum calcium had significantly increased in-hospital mortality
compared to those with the reference serum calcium level
(8.6–9.0 mg/dL). Nguyen et al. (35) reported an independent as-
sociation between serum calcium and 30-day mortality in septic
patients based on a study involving 91 participants. Fei et al.
(36) found that 28-day mortality in a hypocalcemia group was
significantly higher than that in a normal serum calcium group
in a sample of 119 sepsis patients. Likewise, Zaloga et al. (37) re-
ported a higher mortality rate (50%) in sepsis patients with hypo-
calcemia compared with those with normocalcemia (29%). Our
study found that lower or higher serum calcium levels were asso-
ciated with increased 28-day mortality risk. The identification of
the threshold holds potential value for adjusting nutritional sup-
port, treatment, and monitoring regimens for septic patients.

Multiple risk factors, such as advanced age (38), hyperlactatemia
(39), cancer (40), hypotension (41), hypothermia (42), thrombocy-
topenia (43), hypocoagulability (44), and high procalcitonin (45),
were associated with poor outcomes in patients with sepsis. Con-
sistent with the previous study, univariate analysis in this study
also revealed that advanced age, decreased SBP, DBP and
MAP, low body temperature, presence of metastatic cancer, high
lactate levels, low platelet count, and elevated APTT, PT, and
INR were positively associated with 28-day mortality in sepsis.
Therefore, early intervention and management of septic patients
with these risk factors were needed to improve prognosis.

The specific physiological mechanism underlying the associa-
tion between serum calcium levels and the prognosis of patients
with sepsis remains unclear. The regulation of calcium levels by
parathyroid hormone, vitamin D (25-hydroxyvitamin D or 1,25-
dihydroxyvitamin D), albumin, and other factors had been exten-
sively studied (46). Under sepsis condition, the proinflammatory
cytokines IL-1β and IL-6 could upregulate the expression of
calcium-sensing receptor in the parathyroid and kidney, ulti-
mately reducing serum calcium levels (14). In turn, calcium de-
rangements could also activate calcium-sensing receptors on T
cell surfaces, promote the release of ROS and cytokine, damage
endothelial cells and barrier function, and ultimately lead to fluid
leakage, tissue inflammation and poor prognosis in sepsis (19). In
addition, calcium influx could destroy the adhesion connections
and cytoskeleton of endothelial cells, impairing endothelial cell in-
tegrity and exacerbating tissue damage and organ failure in septic
patients (20,47). Calcium serves as a crucial cofactor in the coagu-
lation cascade. Dysregulated serum calcium can lead to bleeding
events and poor prognosis in septic patients by impairing platelet
function and affecting the clotting cascade (11,12,48). It was re-
ported that calcium dysregulation was significantly associated with
increased incidence of acute kidney injury, myocardial damage,
hypotension, disseminated intravascular coagulation, and organ
failure. These heightened adverse events might contribute to an
elevated risk of mortality in septic patients (49–52). In brief, cal-
cium derangements and sepsis processes might interact and influ-
ence each other, leading to a vicious cycle of disease progression.

Our study had some limitations. First, retrospective cohort
studies inevitably have some bias. However, we adjusted for po-
tential confounding factors as much as possible in the data analy-
sis to reduce potential bias. Second, intracellular calcium is an in-
dispensable secondmessenger in endothelial cells and plays a key
role in sepsis prognosis. Because of the limitations of retrospec-
tive clinical analysis, information on intracellular calcium cannot
be obtained from database, and it is difficult to explore the effect
of intracellular calcium on the prognosis of septic patients. In ad-
dition, it is difficult to determine the causal relationship and the
mechanism between calcium derangements and outcomes in sep-
tic patients. Further basic experiments and prospective studies
will be conducted to explore the mechanism and key roles of in-
tracellular calcium on the prognosis of sepsis and to verify the
causal relationship between calcium metabolism and sepsis mor-
tality. Third, we did not explore the association between serum
calcium levels and the long-term prognosis of patients with sep-
sis, which will be further explored.
CONCLUSION

The association between serum calcium and 28-day mortality in
septic patients followed a U-shaped curve. Higher or lower serum
calcium levels were associated with increased risk of 28-day
mortality in patients with sepsis. Thus, serum calcium might
serve as a factor to predict the risk of short-term mortality in sep-
tic patients and to help risk stratification and early management
of septic patients.



532 SHOCK VOL. 60, NO. 4 YAN ET AL
Ethics Approval and Informed Consent

The studies involving human participants were reviewed and
approved by the institutional review boards of MIT and BIDMC.
Written informed consent for participation was not required for
this study in accordance with the national legislation and the insti-
tutional requirements. No animal studies are presented in this
manuscript. No potentially identifiable human images or data
are presented in this study.

Data Availability Statement

Data analyzed during the current study are available from the
corresponding author on reasonable request.

AUTHOR CONTRIBUTIONS
All authors contributed to the study concept and design; DYand RY collected and

assembled data; DYoperated the software and statistical analysis; RY, DY, and XX per-
formed the data analysis and interpretation; DY contributed to writing the original draft;
and NL and RYobtained the funding. All authors have read and approved the final ver-
sion of the manuscript.

ACKNOWLEDGMENTS
The authors thank Editage (http://www.editage.cn) for the English language editing.

REFERENCES
1. Cecconi M, Evans L, Levy M, et al. Sepsis and septic shock. Lancet. 2018;

392(10141):75–87.
2. Rhee C, Dantes R, Epstein L, et al. Incidence and trends of sepsis in US hospitals

using clinical vs claims data, 2009–2014. JAMA. 2017;318(13):1241–1249.
3. Fleischmann-Struzek C, Mellhammar L, Rose N, et al. Incidence and mortality of

hospital- and ICU-treated sepsis: results from an updated and expanded systematic
review and meta-analysis. Intensive Care Med. 2020;46(8):1552–1562.

4. Fleischmann C, Scherag A, Adhikari NK, et al. Assessment of global incidence and
mortality of hospital-treated sepsis. Current estimates and limitations. Am J Respir
Crit Care Med. 2016;193(3):259–272.

5. Angus DC. The search for effective therapy for sepsis: back to the drawing board?
JAMA. 2011;306(23):2614–2615.

6. Luhr R, Cao Y, Söderquist B, et al. Trends in sepsis mortality over time in
randomised sepsis trials: a systematic literature review and meta-analysis of mortal-
ity in the control arm, 2002–2016. Crit Care. 2019;23(1):241.

7. Yusuf J, Khan MU, Cheema Y, et al. Disturbances in calcium metabolism and car-
diomyocyte necrosis: the role of calcitropic hormones. Prog Cardiovasc Dis. 2012;
55(1):77–86.

8. Bushinsky DA, Monk RD. Electrolyte quintet: calcium. Lancet. 1998;352(9124):
306–311.

9. Aberegg SK. Ionized calcium in the ICU: should it be measured and corrected?
Chest. 2016;149(3):846–855.

10. Zaloga GP. Ionized hypocalcemia during sepsis. Crit Care Med. 2000;28(1):
266–268.

11. Wray JP, Bridwell RE, Schauer SG, et al. The diamond of death: hypocalcemia in
trauma and resuscitation. Am J Emerg Med. 2021;41:104–109.

12. Can A, Du R. Calcium, magnesium, and subarachnoid hemorrhage. Aging (Albany
NY). 2018;10(9):2212–2213.

13. Zaloga GP. Hypocalcemia in critically ill patients. Crit Care Med. 1992;20(2):
251–262.

14. Hendy GN, Canaff L. Calcium-sensing receptor, proinflammatory cytokines and
calcium homeostasis. Semin Cell Dev Biol. 2016;49:37–43.

15. Schmitz T, Thilo C, Linseisen J, et al. Low serum calcium is associated with higher
long-term mortality in myocardial infarction patients from a population-based reg-
istry. Sci Rep. 2021;11(1):2476.

16. Wang X, Xiang Y, Zhang T, et al. Association between serum calcium and progno-
sis in patients with acute pulmonary embolism and the optimization of pulmonary
embolism severity index. Respir Res. 2020;21(1):298.

17. Goodman WG. Calcium and phosphorus metabolism in patients who have chronic
kidney disease. Med Clin North Am. 2005;89(3):631–647.

18. Bennouar S, Cherif AB, Kessira A, et al. Vitamin D deficiency and low serum cal-
cium as predictors of poor prognosis in patients with severe COVID-19. J Am Coll
Nutr. 2021;40(2):104–110.
19. Sood A, Singh G, Singh TG, et al. Pathological role of the calcium-sensing receptor
in sepsis-induced hypotensive shock: therapeutic possibilities and unanswered
questions. Drug Dev Res. 2022;83(6):1241–1245.

20. Dalal PJ, MullerWA, Sullivan DP. Endothelial cell calcium signaling during barrier
function and inflammation. Am J Pathol. 2020;190(3):535–542.

21. Ince C, Mayeux PR, Nguyen T, et al. The endothelium in SEPSIS. Shock. 2016;
45(3):259–270.

22. Li H, Chen J, Hu Y, et al. Clinical value of serum calcium in elderly patients with
sepsis. Am J Emerg Med. 2022;52:208–211.

23. Liu Y, Chai Y, Rong Z, et al. Prognostic value of ionized calcium levels in neonatal
sepsis. Ann Nutr Metab. 2020;76(3):193–200.

24. Johnson AE, Pollard TJ, Shen L, et al. MIMIC-III, a freely accessible critical care
database. Sci Data. 2016;3:160035.

25. Shankar-Hari M, Phillips GS, Levy ML, et al. Developing a new definition and
assessing new clinical criteria for septic shock: for the third international consensus
definitions for sepsis and septic shock (Sepsis-3). JAMA. 2016;315(8):775–787.

26. Allard J, Cotin S, Faure F, et al. SOFA—an open source framework for medical
simulation. Stud Health Technol Inform. 2007;125:13–18.

27. Le Gall JR, Klar J, Lemeshow S, et al. The logistic organ dysfunction system. A
new way to assess organ dysfunction in the intensive care unit. ICU Scoring Group.
JAMA. 1996;276(10):802–810.

28. Le Gall JR, Lemeshow S, Saulnier F. A new Simplified Acute Physiology Score
(SAPS II) based on a European/North American multicenter study. JAMA. 1993;
270(24):2957–2963.

29. American College of Chest Physicians/Society of Critical Care Medicine Consen-
sus Conference: definitions for sepsis and organ failure and guidelines for the use
of innovative therapies in sepsis. Crit Care Med. 1992;20(6):864–874.

30. Johnson AE, Stone DJ, Celi LA, et al. The MIMIC Code Repository: enabling re-
producibility in critical care research. J Am Med Inform Assoc. 2018;25(1):32–39.

31. Singer M, Deutschman CS, Seymour CW, et al. The third international consensus
definitions for sepsis and septic shock (Sepsis-3). JAMA. 2016;315(8):801–810.

32. Jaddoe VW, de Jonge LL, Hofman A, et al. First trimester fetal growth restriction
and cardiovascular risk factors in school age children: population based cohort
study. BMJ. 2014;348:g14.

33. Sadiq NM, Naganathan S, Badireddy M. Hypercalcemia. StatPearls. Treasure Island
(Florida): StatPearls Publishing LLC; 2022.

34. Wang B, Gong Y, Ying B, et al. Association of initial serum total calcium concen-
tration with mortality in critical illness. Biomed Res Int. 2018;2018:7648506.

35. Nguyen HB, Eshete B, Lau KHW, et al. Serum 1,25-dihydroxyvitamin D: an out-
come prognosticator in human sepsis. PloS One. 2013;8(5):e64348.

36. Fei M, Li P, Tao X, et al. Influence of hypocalcemia on the prognosis of septic pa-
tients. Zhonghua Wei Zhong Bing Ji Jiu Yi Xue. 2019;31(4):418–421.

37. Zaloga GP, Chernow B. The multifactorial basis for hypocalcemia during sepsis.
Studies of the parathyroid hormone-vitamin D axis. Ann Intern Med. 1987;107(1):
36–41.

38. Yang Y, Yang KS, Hsann YM, et al. The effect of comorbidity and age on hospital
mortality and length of stay in patients with sepsis. J Crit Care. 2010;25(3):
398–405.

39. Arnold RC, Shapiro NI, Jones AE, et al. Multicenter study of early lactate clearance
as a determinant of survival in patients with presumed sepsis. Shock. 2009;32(1):
35–39.

40. Qu Z, Zhu Y,WangM, et al. Prognosis and risk factors of sepsis patients in Chinese
ICUs: a retrospective analysis of a cohort database. Shock. 2021;56(6):921–926.

41. Xu F, Zhang L, Huang T, et al. Influence of ambulatory blood pressure-related indi-
cators within 24 h on in-hospital death in sepsis patients. Int J Med Sci. 2022;19(3):
460–471.

42. Shimazui T, Nakada TA, Walley KR, et al. Significance of body temperature in el-
derly patients with sepsis. Crit Care. 2020;24(1):387.

43. Thiery-Antier N, Binquet C, Vinault S, et al. Is thrombocytopenia an early prognos-
tic marker in septic shock? Crit Care Med. 2016;44(4):764–772.

44. Lyons PG, Micek ST, Hampton N, et al. Sepsis-associated coagulopathy severity
predicts hospital mortality. Crit Care Med. 2018;46(5):736–742.

45. Schuetz P, Birkhahn R, Sherwin R, et al. Serial procalcitonin predicts mortality in
severe sepsis patients: results from the multicenter procalcitoninMOnitoring SEpsis
(MOSES) Study. Crit Care Med. 2017;45(5):781–789.

46. Moe SM. Calcium homeostasis in health and in kidney disease. Compr Physiol.
2016;6(4):1781–1800.

47. Zhang H,Wang Y, QuM, et al. Neutrophil, neutrophil extracellular traps and endo-
thelial cell dysfunction in sepsis. Clin Transl Med. 2023;13(1):e1170.

48. Morotti A, Charidimou A, Phuah CL, et al. Association between serum calcium
level and extent of bleeding in patients with intracerebral hemorrhage. JAMA
Neurol. 2016;73(11):1285–1290.

http://www.editage.cn/


SHOCK OCTOBER 2023 SERUM CALCIUM LEVELS AND MORTALITY IN SEPSIS PATIENTS 533
49. Thongprayoon C, Cheungpasitporn W, Mao MA, et al. Admission calcium levels
and risk of acute kidney injury in hospitalised patients. Int J Clin Pract. 2018;
72(4):e13057.

50. Desai TK, Carlson RW, Thill-Baharozian M, et al. A direct relationship between
ionized calcium and arterial pressure among patients in an intensive care unit. Crit
Care Med. 1988;16(6):578–582.
51. Zhu X, Bernecker OY, Manohar NS, et al. Increased leakage of sarcoplasmic retic-
ulum Ca2+ contributes to abnormal myocyte Ca2+ handling and shortening in sep-
sis. Crit Care Med. 2005;33(3):598–604.

52. Collage RD, Howell GM, Zhang X, et al. Calcium supplementation during sepsis
exacerbates organ failure and mortality via calcium/calmodulin-dependent protein
kinase kinase signaling. Crit Care Med. 2013;41(11):e352–e360.


