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Background. Although serum calcium has been proven to be a predictor of mortality in a wide range of diseases, its prognostic value
in critically ill patients with cardiogenic shock (CS) remains unknown. This retrospective observational study is aimed at
investigating the association of admission calcium with mortality among CS patients. Methods. Critically ill patients diagnosed
with CS in the Medical Information Mart for Intensive Care-III (MIMIC-IIT) database were included in our study. The study
endpoints included 30-day, 90-day, and 365-day all-cause mortalities. First, admission serum ionized calcium (iCa) and total
calcium (tCa) levels were analyzed as continuous variables using restricted cubic spline Cox regression models to evaluate the
possible nonlinear relationship between serum calcium and mortality. Second, patients with CS were assigned to four groups
according to the quartiles (Q1-Q4) of serum iCa and tCa levels, respectively. In addition, multivariable Cox regression analyses
were used to assess the independent association of the quartiles of iCa and tCa with clinical outcomes. Results. A total of 921
patients hospitalized with CS were enrolled in this study. A nonlinear relationship between serum calcium levels and 30-day
mortality was observed (all P values for nonlinear trend <0.001). Furthermore, multivariable Cox analysis showed that
compared with the reference quartile (Q3: 1.11 <iCa < 1.17 mmol/L), the lowest serum iCa level quartile (Q1: iCa < 1.04 mmol/
L) was independently associated with an increased risk of 30-day mortality (Q1 vs. Q3: HR 1.35, 95% CI 1.00-1.83, P = 0.049),
90-day mortality (Q1 vs. Q3: HR 1.36, 95% CI 1.03-1.80, P = 0.030), and 365-day mortality (Q1 vs. Q3: HR 1.28, 95% CI 1.01-
1.67, P =0.046) in patients with CS. Conclusions. Lower serum iCa levels on admission were potential predictors of an increased
risk of mortality in critically ill patients with CS.

1. Introduction

Cardiogenic shock (CS) is a severely diminished-cardiac-
output state resulting in life-threatening end-organ hypoper-
fusion and hypoxia [1, 2]. There are numerous causes of CS,
including acute myocardial infarction (AMI), severe myocar-
ditis, and end-stage dilated cardiomyopathy [3]. In addition,
CS is the most common cause of death for patients hospital-
ized with AMI [4]. Despite advances in treatment, the in-
hospital mortality remains unacceptably high (27%-51%)
[5-7]. As mortality peaks within the first 48 hours after CS
onset, it is necessary to find an accurate yet user-friendly pre-

dictor for early risk stratification to provide more accurate
prognostic information and help implement appropriate
treatment [8].

Serum calcium plays an essential role in a range of biolog-
ical processes related to cardiovascular diseases, including
myocardial contraction and relaxation, nerve transmission,
vascular smooth muscle contractile activity, platelet adhe-
sion, and blood coagulation [9-11]. Thus, alterations in
serum calcium concentrations might interfere with myocar-
dial function and cause severe cardiovascular complications
and organ dysfunctions [12]. Derangement in serum calcium
is known to be extremely common in the intensive care unit
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(ICU) setting, and several previous studies have shown that
increased or/and decreased levels of serum calcium were
independent risk predictors for mortality in patients with
AMI [13-18], heart failure [19], acute kidney injury (AKI)
[20], and acute stroke [21] or individuals in the general pop-
ulation [22-24]; they were also tightly related to cardiovascu-
lar risk factors such as hyperlipidemia, hyperglycemia, and
hypertension [10, 16].

To the best of our knowledge, there have been no epide-
miological studies exploring the prognostic value of serum
calcium among critically ill patients with CS. As a common
urgent critical illness, patients with CS are at greater risks of
kidney injury, impaired gastrointestinal function, or height-
ened neurohormonal activation, which could affect serum
calcium homeostasis [25-28]; it remains unclear whether
abnormalities in calcium levels could affect the prognosis of
CS. Additionally, most previous studies only focused on the
serum tCa [13-15, 21-23, 29-31]. Considering the limita-
tions of tCa measurements in the identification of true cal-
cium derangements (i.e., its dependency on serum albumin
levels) [31-33], the prognostic ability of serum iCa was also
explored in this study.

In the present study, we aimed to investigate the possible
association of admission serum iCa and tCa levels with the
risks of all-cause mortality in patients with CS.

2. Methods

2.1. Study Design. This is a single-center retrospective cohort
study, and all the relevant data were collected from the
Medical Information Mart for Intensive Care-III (MIMIC-
III) database. MIMIC-III is a freely accessible and conve-
niently sized critical care database covering over 50,000
hospital admissions comprised of 38,645 adults as well as
7,875 neonates admitted to surgical, trauma surgery, coro-
nary, and cardiac surgery recovery ICUs of Beth Israel
Deaconess Medical Center (BIDMC) in Boston from 2001
to 2012 [34, 35]. The MIMIC-III database documents con-
tained high-resolution information from hospital monitoring
systems (including laboratory data, medication, and hospital
administrative data) and bedside monitoring systems (vital
signs, caregivers notes, and radiology reports). We passed
the “Protecting Human Research Participants” exam and
obtained permission to access the dataset (authorization code:
33281932). Furthermore, we conducted this study in accor-
dance with the STrengthening the Reporting of OBservational
studies in Epidemiology (STROBE) statement [36].

2.2. Ethical Approval. The establishment of the MIMIC-III
database was approved by the Institutional Review Boards
(IRB) of the Massachusetts Institute of Technology (No.
0403000206) and BIDMC (2001-P-001699/14). Our study
utilized the anonymous data available from this database,
and hence, the requirement for informed consent was
waived. In summary, the study complied with the ethical
standards laid down in the 1964 Declaration of Helsinki
and its later amendments.

2.3. Study Population. We included all ICU patients
(aged > 18 years) with the primary diagnosis of CS using
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International Classification of Diseases, ninth version-
(ICD-) 9 diagnosis codes (ICD-9 codes: 785.51) in the
MIMIC-III database. Only the data of each patient’s first
ICU admission were used in this study. Patients were
excluded if they had (1) a secondary diagnosis of hepatic
dysfunction, renal failure, acute or chronic pancreatitis, para-
thyroid diseases, or malignancy on admission; (2) a length of
stay in the ICU less than 24 hours; (3) incomplete or unob-
tainable data of serum iCa and tCa measured during the first
24 hours admission; (4) incomplete follow-up information;
or (5) more than 10% of individual data missing.

2.4. Data Extraction, Preparation, and Definitions. Demo-
graphics, vital signs, laboratory tests, medications, and others
were extracted from the MIMIC-III database using struc-
tured query language (SQL) with PostgreSQL (version 9.4.6,
http://www.postgresql.org). The code that supports the
MIMIC-III documentation and website is publicly available,
and contributions from the community of users are encour-
aged (https://github.com/MIT-LCP/mimic-website).

Baseline demographic variables included age, sex, ethnic-
ity (white or others), and current smoking status (by Natural
Language Processing searches in provider notes, categorized
as “yes,” or “no/unknown”). We extracted data on the follow-
ing comorbidities: coronary artery disease (CAD), chronic
heart failure (CHF), atrial fibrillation (AF), hypertension,
peripheral artery disease (PAD), stroke, diabetes mellitus
(DM), and chronic kidney disease (CKD). Vital signs on
admission included systolic blood pressure (SBP), diastolic
blood pressure (DBP), mean blood pressure (MBP), and heart
rate (HR). Laboratory-based data included iCa, tCa, phospho-
rus, potassium, sodium, chloride, bicarbonate, lactate, anion
gap (AG), pH, creatinine, estimated glomerular filtration rate
(eGFR), hemoglobin, platelet, and white blood cell count
(WBC). The eGFR was calculated using the Chronic Kidney
Disease Epidemiology Collaboration (CKD-Epi) formula
[37]. If patients received a laboratory test more than once
during their hospitalization, only the initial test results were
included for analysis. Three scoring systems (the Sequential
Organ Failure Assessment (SOFA), the Simplified Acute
Physiology Score II (SAPS II), and the Glasgow Coma Scale
(GCS)) were calculated within the first 24 hours after admis-
sion using the values associated with the greatest severity of
illness. In addition, treatment information data were also col-
lected, including mechanical ventilation, renal replacement
treatment (RRT), and in-hospital medication (inotrope and
vasoconstrictor) administration.

2.5. Identification of Cut-Off Values for Serum iCa and tCa
Levels. Serum calcium levels were categorized into four groups
according to the quartiles (Q1-Q4) of their concentrations.

2.6. Study Outcomes. The primary outcome of our study
was 30-day all-cause mortality. Secondary outcomes
included 90-day and 365-day all-cause mortality. Patients
with missing survival outcome information were excluded
from the final cohort.

2.7. Statistical Analysis. The data distribution was examined
using the Kolmogorov-Smirnov test. Continuous variables
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Patients within the MIMIC-III database

Inclusion criteria:
(i) Diagnosed with CS using ICD-9 diagnosis codes (785.51)

Patients with the primary diagnosis of CS

Inclusion criteria:

N = 1441

A

Patients who met the inclusion/exclusion criteria
N =929

Exclusion criteria (Total N = 512):

(i) Aged <18 years old (N = 0)

(ii) Had multiple admissions other than the first ICU admission
(N =134)

(iii) Had a secondary diagnosis of hepatic dysfunction (N = 47), renal
failure (N = 88), acute or chronic pancreatitis (N = 15), parathyroid
diseases (N = 3) or and malignance (N = 65) on admission

(iv) Stayed in the ICU less than 24 hours (N =7)

(v) Had incomplete or unobtainable documented data of serum iCa
(N =17)and tCa (N =2)

(vi) Had more than 10% of individual data missing (N = 134)

A

Patients available for analysis
N =921

Lost to follow-up:
(i) Had incomplete or unobtainable information about clinical
outcomes (N = 8)

F1GURE 1: Flow chart of cohort selection. Abbreviation: MIMIC-III: Medical Information Mart for Intensive Care-III; CS: cardiogenic shock;
ICD: International Classification of Diseases; ICU: intensive care unit.

are presented as mean (standardized differences (SD)) or
median (interquartile range (IQR)) and categorical variables
as total number and percentage. Baseline characteristics of
enrolled participants were presented by using either Student
t-test, Kruskal Wallis rank test, Pearson’s x? test, or Fisher’s
exact test as appropriate.

Restricted cubic spline Cox regression models were used
to evaluate the possible nonlinear relationship between
serum calcium levels and 30-day all-cause mortality [38]. If
the test for nonlinearity was not significant, the test result
for overall association and linearity was checked, with signif-
icant results indicating linear associations.

The Kaplan-Meier method was used to plot unadjusted
survival curves, and the log-rank test was used to compare
differences between the quartiles of serum calcium. More-
over, Cox proportional hazards regression analysis was per-
formed to examine the relationship between baseline
covariates and each endpoint. We separately included the
serum iCa and tCa quartiles in multivariable Cox regression
models, adjusting for the potential confounders selected
based on P < 0.05 in the univariable analysis. The third quar-
tile (Q3: 1.11<iCa< 1.17mmol/L; 8.3 <tCa < 8.9 mg/dL)
was used as a reference group, and the results are presented
as hazard ratios (HRs) with 95% confidence intervals (CIs).
Furthermore, subgroup analyses were performed to investi-
gate the association between serum calcium levels and mor-
tality. Moreover, most commonly, CS is an emergency
disease characterized by unacceptably high in-hospital
mortality; therefore, we mainly focused on the short-term
mortality of CS and performed subgroup analyses only for
the 30-day mortality.

As extensive missing data might lead to bias, variables
with over 20% missing values were not included in the subse-
quent analyses. Correspondingly, multivariate imputation
(MI) was used for variables with less than 20% missing values
[39, 40]. Variables for which MI was adopted included SBP,
DBP, MBP, HR, lactate, AG, pH, and GCS.

A two-tailed P value of less than 0.050 was considered to
be statistically significant. All statistical analyses were
performed using SPSS software (version 22.0; IBM Corpora-
tion, St. Louis, Missouri, USA) and R software (version.3.6.1;
The R Project for Statistical Computing, TX, USA; http://
WWW.I-project.org).

3. Results

3.1. Subject and Variable Characteristics. After application of
the inclusion and exclusion criteria, the final study cohort
consisted of 921 CS patients (Figure 1). The median age of
the study cohort was 72 (62-81) years, and 60.3%
(555/921) subjects were male. The median admission serum
iCa and tCa were 1.11 (1.04-1.17) mmol/L and 8.3 (7.8-
8.9) mg/dL, respectively.

In the current study, serum tCa levels were divided into
the Q1 group (tCa<7.8mg/dL), Q2  group
(7.8 <tCa<8.3mg/dL), Q3 group (8.3 <tCa<8.9mg/dL),
and Q4 group (8.9mg/dL <tCa). Similarly, serum iCa
levels were divided into the Q1 group (iCa < 1.04 mmol/L),
Q2 group (1.04<iCa<l.llmmol/L), Q3  group
(1.11 <iCa < 1.17 mmol/L), and Q4 group
(1.17mmol/L <iCa). A total of 223 patients were in the Q1
group (iCa < 1.04 mmol/L), 224 patients were in the Q2 group
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FIGURE 2: Association of admission serum calcium levels with 30-day mortality in restricted cubic spline models. (a) Serum iCa levels and
mortality (b) Serum tCa levels and mortality. The red and blue lines represent the estimated Log HR and the 95% CI, respectively.
Abbreviation: HR: hazard ratio; CI: confidence interval; iCa: ionized calcium; tCa: total calcium.

(1.04 <iCa < 1.11 mmol/L), 231 patients were in the Q3 group
(1.11 <iCa < 1.17 mmol/L), and 243 patients were in the Q4
group (1.17 mmol/L <iCa). The comparison of baseline
characteristics stratified by serum iCa quartiles is summarized
in Table 1. Compared to those in the Q2-4 groups, patients
in the QI group (iCa<1.04mmol/L) had lower SBP
(P =0.021), lower tCa concentration (P < 0.001), lower bicar-
bonate concentration (P = 0.003), and higher lactate concen-
tration (P <0.001) (Table 1); they also were more likely to
receive RRT (P < 0.001) (Table 1). Characteristics including
age, sex, comorbidities, and scoring systems were relatively flat
across each group (Table 1).

3.2. Relationship between Serum Calcium Levels and
Mortality. Restricted cubic spline analyses showed the non-
linear relationships between serum calcium levels (iCa and
tCa) and the risk of 30-day mortality. (all P values for nonlin-
ear trend < 0.001; Figure 2). In addition, we also observed
that the lowest risk of mortality was associated with approx-
imately 1.10 mmol/L for iCa and 9.0 mg/dL for tCa.

3.3. Survival Analysis. Among the 921 CS patients included,
39.1% (360/921) died during the first 30 days, 47.9%
(441/921) died during the first 90 days, and 56.0%
(516/921) died during the one-year follow-up period. The
30-day mortality was 48.8% in serum iCa of <1.04 mmol/L,
35.3% in 1.04-1.11 mmol/L, 33.3% in 1.11-1.17 mmol/L, and
39.9% in >1.17 mmol/L.

Kaplan-Meier curves for all-cause death according to the
quartiles of serum calcium are shown in Figure 3. The curves
of the quartiles of calcium differed significantly (log-rank
test: P <0.050 for 30-day, 90-day, and 365-day all-cause
mortalities), and patients in the lowest serum calcium quar-
tile had the highest cumulative incidence of mortality.

In the Cox regression analysis, we analyzed serum iCa
and tCa concentrations stratified by quartiles to determine
whether serum calcium was associated with all-cause mortal-
ity (Table 2). The univariable Cox regression models showed
that the lowest serum iCa level quartile (iCa < 1.04 mmol/L)

and the lowest serum tCa level quartile (tCa <7.8 mg/dL)
were significant predictors of 30-day, 90-day, and 365-day
mortalities compared with the reference group (iCa: 1.06-
1.14mmol/L; tCa: 7.9-8.7mg/dL) (Table 2; Table S1-6).
Furthermore, after adjusting for more confounding factors
including age, SBP, DBP, MBP, phosphorus, potassium,
chloride, bicarbonate, lactate, AG, creatinine, eGFR,
WBC, SOFA, SAPS II, and vasopressor use, only the
lowest serum iCa level (iCa < 1.04 mmol/L) remained an
independent predictor of 30-day mortality (HR 1.35, 95%
CI 1.00-1.83, P =0.049), 90-day mortality (HR 1.36, 95%
CI 1.03-1.80, P=0.030), and 365-day mortality (HR 1.28,
95% CI 1.01-1.67, P=0.046) (Table 2; Table S1-6).
Furthermore, the highest serum iCa level quartile
(1.17mmol/L <iCa) was only associated with 90-day
mortality in both the univariable and multivariable Cox
regression analyses (Table 2; Table S1-6).

3.4. Sensitivity and Subgroup Analysis. We performed sub-
group analyses to assess the association between the serum
iCa and tCa concentrations and 30-day all-cause mortality
(Table 3). Subgroup analyses showed the lowest serum iCa
quartile (iCa < 1.04 mmol/L) was also associated with deteri-
orative mortality in most strata except in patients with a
medical history of CHF (P =0.128). In addition, the results
of subgroup analyses of serum tCa were shown in Table S7.
Moreover, we used original data for analysis without using
the MI method, and 807 patients remained in the final
cohort. After adjustment for more confounding factors
including age, SBP, DBP, MBP, phosphorus, potassium,
chloride, bicarbonate, lactate, creatinine, eGFR, SOFA, and
SAPS 1II, the lowest serum iCa level (iCa < 1.04 mmol/L)
still remained an independent predictor of 30-day mortality
(HR 1.36, 95% CI 1.01-1.85, P =0.047) (Table S8 and S9).

4. Discussion

In the present study, we evaluated 921 patients to measure
the association of admission serum iCa and tCa levels with



BioMed Research International

Survival probability

iCa

Survival probability

iCa

1.00
0.75
0.50
0.25
P =0.00099
0.00
T T T T
0 10 20 30
Time (days)
Number at risk
—| 223 148 122 116
— | 224 180 160 145
231 191 168 156
—| 243 181 161 147
T T T T
0 10 20 30
Time (days)
—+— iCa < 1.04 mmol/L 1.11 <iCa < 1.17 mmol/L
—— 1.04 <iCa < 1.11 mmol/L —+— 1.17 < iCa mmol/L
(a)
1.00
0.75
0.50
0.25
P =0.0014
0.00
T T T T
0 25 50 75
Time (days)
Number at risk
— 223 119 111 106
—| 224 151 134 128
231 158 145 142
—| 243 152 131 119
T T T T
0 25 50 75
Time (days)

—— iCa < 1.04 mmol/L
—— 1.04 <iCa< 1.11 mmol/L

1.11 <iCa < 1.17 mmol/L

—+— 1.17 < iCa mmol/L

()

FiGure 3: Continued.



Survival probability

iCa

Survival probability

tCa

BioMed Research International

1.00
0.75
0.50 —— —
0.25
P =0.0029
0.00
T T T T
0 100 200 300
Time (days)
Number at risk
— | 223 29 91 89
—| 224 125 115 110
231 135 123 117
— | 243 113 95 93
T T T T
0 100 200 300
Time (days)
—+— iCa < 1.04 mmol/L 1.11 <iCa < 1.17 mmol/L
—+— 1.04 <iCa< 1.11 mmol/L —+— 1.17 <iCa mmol/L
(0)
1.00
0.75
0.50
0.25
P =0.0030
0.00
T T T T
0 10 20 30
Time (days)
Number at risk
— 195 134 109 100
— | 239 184 169 158
219 172 144 131
—| 268 210 189 175
T T T T
0 10 20 30
Time (days)

—— tCa<7.8mg/dL
—— 7.8 <tCa<8.3mg/dL

8.3 <tCa < 8.9 mg/dL
—+— 8.9 < tCa mmol/L

(d)

FiGure 3: Continued.



BioMed Research International 9

1.00
£ 075
=
<
a)
©
8. 0.50
=
2z
5 0.25
5 0.25
« P =0.0033
0.00
T T T T
0 25 50 75
Time (days)
Number at risk
195 103 90 84
Q‘S 239 162 141 135
219 135 121 117
268 180 169 159
T T T T
0 25 50 75
Time (days)
—— tCa< 7.8 mg/dL 8.3 < tCa < 8.9 mg/dL
—+— 7.8 <tCa<8.3mg/dL 8.9 < tCa mmol/L
(e)
1.00
£ 075 -
=
<
2
©
& 0.50 o -
= ——
2z —
Z
5 0.25 4
@ P=0.019
0.00
T T T T
0 100 200 300
Time (days)
Number at risk
— 195 82 75 74
Q 239 130 115 110
219 112 101 96
268 148 133 129
T T T T
0 100 200 300
Time (days)
—— tCa < 7.8 mg/dL 8.3 <tCa < 8.9 mg/dL
—— 7.8 <tCa<8.3mg/dL 8.9 < tCa mmol/L
()

F1GURE 3: Kaplan-Meier curves of serum calcium level quartiles. (a) Serum iCa and 30-day mortality, (b) serum iCa and 90-day mortality, (c)
serum iCa and 365-day mortality, (d) serum tCa and 30-day mortality, (e) serum tCa and 90-day mortality, and (f) serum tCa and 365-day
mortality. iCa: ionized calcium; tCa: total calcium. (a—c) The red line represents iCa < 1.04 mmol/L; the green line represents 1.04 <iCa <
1.11 mmol/L; the blue line represents 1.11 <iCa < 1.17 mmol/L; the purple line represents 1.11 <iCa < 1.17 mmol/L. (d-f) The red line
represents tCa < 7.8 mg/dL; the green line represents 7.8 < tCa < 8.3 mg/dL; the blue line represents 8.3 < tCa < 8.9 mg/dL; the purple line
represents 8.9 < tCa mg/dL.
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TABLE 2: Association between serum iCa and tCa levels and mortality in patients with CS.

Clinical outcomes

Univariable analysis

HR (95% CI)

Multivariable analysis

30-day mortality

iCa (mmol/L)
Q1 (iCa < 1.04)
Q2 (1.04<iCa< 1.11)
Q3 (1.11<iCa<1.17)
Q4 (1.17 < iCa)

tCa (mg/dL)
QI (tCa<7.8)
Q2 (7.8<tCa<8.3)
Q3 (8.3<tCa<8.9)
Q4 (8.9 < tCa)

90-day mortality

iCa (mmol/L)
Ql (iCa < 1.04)
Q2 (1.04<iCa< 1.11)
Q3 (1.11<iCa< 1.17)
Q4 (1.17 <iCa)

tCa (mg/dL)
Q1 (tCa<7.8)
Q2 (7.8 <tCa<8.3)
Q3 (8.3<tCa<8.9)
Q4 (8.9<tCa)

365-day mortality

iCa (mmol/L)
Q1 (iCa < 1.04)
Q2 (1.04<iCa<1.11)
Q3 (1.11<iCa<1.17)
Q4 (1.17 <iCa)

tCa (mg/dL)
Ql (tCa<7.8)
Q2 (7.8<tCa<8.3)
Q3 (8.3<tCa<8.9)
Q4 (8.9 < tCa)

1.70 (1.27, 2.28)
1.07 (0.78, 1.47)
1
1.29 (0.96, 1.74)

1.34 (1.00, 1.79)
0.84 (0.62, 1.13)
1
0.84 (0.63, 1.13)

1.60 (1.22, 2.10)
1.12 (0.84, 1.49)
1
1.44 (1.11, 1.88)

1.34 (1.03, 1.75)
0.91 (0.69, 1.19)
1
0.86 (0.66, 1.12)

1.45 (1.13, 1.86)
1.05 (0.81, 1.36)
1
1.39 (1.09, 1.77)

1.28 (1.00, 1.65)
0.94 (0.73, 1.20)
1
0.89 (0.70, 1.14)

P value HR (95% CI) P value
<0.001 1.35 (1.00, 1.83) 0.049
0.657 0.94 (0.68, 1.30) 0.704
1
0.096 1.17 (0.86, 1.59) 0.315
0.048 1.29 (0.95, 1.74) 0.097
0.250 0.77 (0.56, 1.04) 0.091
1
0.252 0.76 (0.56, 1.02) 0.072
0.001 1.36 (1.03, 1.80) 0.030
0.428 1.04 (0.78, 1.39) 0.785
1
0.007 1.33 (1.01, 1.74) 0.041
0.030 1.31 (0.99, 1.72) 0.056
0.477 0.83 (0.63, 1.09) 0.179
1
0.262 0.79 (0.60, 1.03) 0.086
0.003 1.28 (1.01, 1.67) 0.046
0.716 0.96 (0.74, 1.26) 0.779
1
0.008 1.27 (0.99, 1.63) 0.057
0.050 1.24 (0.95, 1.60) 0.109
0.623 0.80 (0.62, 1.03) 0.086
1
0.369 0.79 (0.61, 1.02) 0.067

*The confounders from the multivariable Cox regression analyses included age, SBP, DBP, MBP, phosphorus, potassium, chloride, bicarbonate, lactate, AG,
creatinine, eGFR, WBC, SOFA, SAPS II, and vasopressor use. CS: cardiogenic shock; iCa: ionized calcium; tCa: total calcium; HR: hazard ratio; CI:
confidence interval; SBP: systolic blood pressure; DBP: diastolic blood pressure; MBP: mean blood pressure; AG: anion gap; eGFR: estimated glomerular
filtration rate; WBC: white blood cell; SOFA: Sequential Organ Failure Assessment; SAPS: Simplified Acute Physiology Score.

all-cause mortality in critically ill patients with CS. Our main
findings can be summarized as follows. First, a nonlinear
relationship between admission serum calcium (iCa and
tCa) and 30-day all-cause mortality could be observed.
Second, lower iCa levels (iCa < 1.04 mmol/L) and tCa levels
(tCa < 7.8 mg/dL) were associated with an increased risk of
30-day, 90-day, and 365-day mortalities. Third, after adjust-
ments for potential confounding factors, the quartile of the
lowest iCa level (iCa < 1.04 mmol/L) remained an indepen-
dent predictor and was associated with an increase in all-
cause mortality. To our knowledge, this study is the first to

investigate the prognostic value of serum iCa and tCa levels
among critically ill patients with CS.

A considerable number of clinical studies have suggested
that the reduced serum calcium level was a common electro-
lyte disturbance among critically ill patients, which was also
associated with increased mortality [41]. Our findings were
consistent with the results of studies that evaluated the prog-
nostic value of low serum calcium level in other clinical set-
tings including CAD [14, 15, 18, 42], heart failure [43], AKI
[20], CKD [44], trauma [45, 46], coronavirus disease 2019
(COVID-19) [47], or unselected emergency department
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TaBLE 3: The association between serum iCa levels and 30-day mortality in the subgroup analysis.

Ql (iCa < 1.04)

Q2 (1.04<iCa<1.11)
HR (95% CI), P value

Q3 (1.11<iCa<1.17)
Ref.

Q4 (1.17 < iCa)
HR (95% CI), P value

Characteristics N HR (95% CI), P value
Age

<72 446 1.87 (1.12, 3.11), 0.016

>72 475 1.67 (1.16, 2.39), 0.005
Sex

Male 555 1.92 (1.29, 2.86), 0.001

Female 366 1.38 (1.07, 2.14), 0.043
Current smoking

No 449 1.57 (1.02, 2.43), 0.041

Yes 472 1.86 (1.25, 2.77), 0.002
Etiology

ACS 620 1.71 (1.19, 2.46), 0.004

Others 301 1.64 (1.03, 2.71), 0.043
CAD

No 629 1.18 (0.69, 2.04), 0.545

Yes 292 1.99 (1.40, 2.82), <0.001
CHF

No 716 1.73 (1.24, 2.41), 0.001

Yes 205 1.61 (0.87, 2.99), 0.128
AF

No 476 2.02 (1.31, 3.11), 0.001

Yes 445 1.44 (1.06, 2.15), 0.045
Hypertension

No 606 1.44 (1.01, 2.05), 0.042

Yes 315 2.40 (1.40, 4.12), 0.002
PAD

No 775 1.65 (1.19, 2.28), 0.003

Yes 146 2.02 (1.01, 4.04), 0.046
DM

No 588 1.72 (1.19, 2.47), 0.004

Yes 333 1.67 (1.02, 2.74), 0.041
CKD

No 691 1.82 (1.31, 2.54), <0.001

Yes 230 1.76 (1.03, 2.42), 0.033
eGFR

<60 565 1.58 (1.12, 2.24), 0.009

>60 356 1.75 (1.01, 3.04), 0.047

1.06 (0.61, 1.83), 0.833
1.17 (0.80, 1.72), 0.421

1.54 (1.03, 2.29), 0.035
0.60 (0.35, 1.01), 0.054

1.06 (0.67, 1.69), 0.800
1.10 (0.72, 1.69), 0.656

1.05 (0.71, 1.55), 0.803
1.10 (0.64, 1.88), 0.726

0.78 (0.44, 1.39), 0.400
1.24 (0.85, 1.80), 0.262

1.09 (0.76, 1.56), 0.6276
1.02 (0.53, 1.96), 0.9580

1.45 (0.93, 2.27), 0.105
0.79 (0.51, 1.23), 0.299

0.95 (0.65, 1.38), 0.791
1.40 (0.79, 2.50), 0.253

1.04 (0.73, 1.47), 0.843
1.23 (0.61, 2.50), 0.565

1.15 (0.78, 1.70), 0.481
0.95 (0.56, 1.61), 0.853

1.06 (0.74, 1.52), 0.753
1.12 (0.59, 2.11), 0.731

1.05 (0.73, 1.51), 0.808
0.94 (0.50, 1.75), 0.839

1
1

1.23 (0.73, 2.08), 0.445
1.43 (0.99, 2.06), 0.055

1.44 (0.97, 2.13), 0.071
1.10 (0.69, 1.75), 0.691

1.50 (0.97, 2.33), 0.070
1.13 (0.75, 1.70), 0.555

1.31 (0.90, 1.89), 0.154
1.24 (0.74, 2.08), 0.413

1.28 (0.75, 2.18), 0.36
1.28 (0.89, 1.84), 0.182

1.36 (0.97, 1.90), 0.0701
0.99 (0.50, 1.99), 0.9858

1.55 (1.01, 2.39), 0.047
1.08 (0.71, 1.63), 0.731

1.32 (0.93, 1.86), 0.120
1.22 (0.67, 2.21), 0.510

1.32 (0.95, 1.83), 0.100
1.14 (0.55, 2.40), 0.721

1.25 (0.85, 1.83), 0.249
1.34 (0.83, 2.18), 0.235

1.31 (0.93, 1.85), 0.128
1.24 (0.68, 2.27), 0.477

1.36 (0.96, 1.92), 0.088
1.04 (0.58, 1.86), 0.905

CS: cardiogenic shock; N: number; iCa: ionized calcium; HR: hazard ratio; CI: confidence interval; ACS: acute coronary symptom; CAD: coronary artery
disease; CHF: chronic heart failure; AF: atrial fibrillation; PAD: peripheral artery disease; DM: diabetes mellitus; CKD: chronic kidney disease; eGFR:

estimated glomerular filtration rate.

admissions [48]. Lu et al. [15] reported that lower calcium
levels were independent predictors for in-hospital mortality
in patients with ST-elevation myocardial infarction (STEMI).
Similarly, Yan et al. [14] showed that the baseline serum cal-
cium added an incremental predictive value when combined
with the Global Registry of Acute Coronary Events (GRACE)
score in acute coronary symptom (ACS) patients. This study
was the first to demonstrate that the low serum calcium was
also associated with mortality in CS patients. In addition,

although the most common cardiac cause of CS is ACS, CS
can also result from nonischemic cardiac conditions, and
few studies have attempted to explore predictors, which
could be applicable to non-ACS presentations [8, 49]. In
the subgroup analysis, we found that a lower level of iCa con-
centration (iCa < 1.04 mmol/L) was a significant predictor of
poor prognosis in CS caused by nonischemic cardiac condi-
tions. Consequently, we hope the results of this study will
supplement the findings of previous studies. Furthermore,



12

decreased serum calcium levels might imply impaired kidney
function [50]. In the present study, the adjustment for eGFR,
or stratifying for CS patients according to the medical history
of CKD, did not change the significant relationship between
decreased serum calcium levels and increased risks of mortal-
ity. Thus, our findings showed that a lower serum calcium
level might be an independent risk factor for the prognosis
of CS rather than a surrogate marker of lower eGFR.

Although the exact mechanisms through which serum cal-
cium leads to an elevated mortality rate remain unclear, there
might be several possible explanations for this association.
First, severe extracellular hypocalcemia could impact cardiac
contractility because the sarcoplasmic reticulum is unable to
maintain a sufficient amount of calcium content to initiate
myocardial contraction [51]. Second, it has been assumed that
the low calcium level might indicate an increased calcium con-
sumption, partially reflecting more plaques or thrombi formed
and worsening coronary conditions, resulting in poor out-
comes through platelet activation [52]. Third, the appearance
of low serum iCa was associated with secondary hyperpara-
thyroidism and increased secretion of parathyroid hormone
(PTH), which could promote calcium entry via L-type Ca**
channels with consequent intracellular calcium overloading.
Excessive cytosolic Ca** would affect the cardiac excitation-
contraction coupling function, alter autophagic flux, and
induce premature activation of intracellular enzymes, all of
which contribute to the pathogenesis of CS [53].

Even in the era of reperfusion therapy, CS remains one of
the leading causes of death with in-hospital mortality rates
still approaching 50% [6, 54]. Individualized and timely risk
assessment for each critically ill patient allows a more precise
decision-making for therapeutic strategy and medical
resource allocation. The prognostic value of several relatively
convenient predictors including neutrophil percentage-to-
albumin ratio [55], neutrophil-lymphocyte ratio [56], red
blood cell distribution width [57], and low diastolic blood
pressure [58] was explored. Similarly, even under conditions
without imaging or additional laboratory tests, serum cal-
cium could still serve as an effective marker for quick risk
assessments. Our findings might provide additional conve-
nience in some special situations, for example, underdevel-
oped areas. Moreover, further investigations are needed to
explore the therapeutic value of serum calcium and find out
whether calcium-supplementation therapy in CS patients
with low serum calcium could improve their prognosis.

Several limitations of our study should be noted. First, we
used data from a single academic medical center in the USA,
with the earliest cases from almost 20 years ago, when care
may have been inconsistent with currently accepted stan-
dards. The single-center nature of the study may also limit
the applicability of our findings to other sites. Therefore, mul-
ticenter registry and prospective studies are needed to confirm
these findings. Second, we measured serum iCa and tCa levels
in patients only upon admission to the ICU and did not assess
changes during their ICU stay, which might influence the
summary results. Third, accurate calcium state determination
depends on blood pH levels, because the binding of calcium to
protein is particularly pH-sensitive. As pH decreases, H"
displaces Ca®" from binding sites, and the amount of iCa

BioMed Research International

increases. Conversely, as the blood pH increases, albumin
and the globulins become more negatively charged and bind
more calcium, causing the amount of iCa to decrease. There-
fore, some sample collection practices (such as prolonged use
of a tourniquet or the practice of having the patient clench or
pump their fist) can artificially change the pH and cause an
inaccurate iCa result, which might influence the results of
our study. In addition, although every effort had been made
to adjust for confounding factors using multivariate analysis,
there remained other unknown factors that confused the
prognostic value of serum iCa and tCa.

5. Conclusion

Lower serum iCa concentration was an independent predictor
of all-cause mortality in critically ill patients with CS. Further
studies, especially large prospective studies, are needed to con-
firm this relationship and validate its clinical significance.
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