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ARTICLE INFO ABSTRACT

Background: There have been no epidemiological studies exploring the prognostic ability of serum total and
ionized calcium (tCa and iCa) in critically ill patients with acute kidney injury (AKI). We assessed the association
of admission tCa and iCa concentrations with all-cause mortality in these patients.

Methods: We extracted clinical data from the MIMIC-III V1.4 database. Only the data for the first intensive care
unit (ICU) admission of each patient were used and baseline data were extracted within 24 h after ICU admis-
sion. Cox proportional hazards models and subgroup analyses were used to determine the relationship between
tCa and iCa concentrations and 30, 90 and 365-day all-cause mortality in critically ill patients with AKI. A total
of 10,207 eligible patients were studied. In multivariate analysis, adjusted for age, ethnicity and gender, both
low-tCa (< 7.9 mg/dl) and low-iCa (< 1.06 mmol/l) concentrations were significant predictors of risk of all-
cause mortality. Furthermore, after adjusting for more confounding factors, low-iCa concentrations remained a
significant predictor of all-cause mortality at 30 days, 90 days, 365 days (HR, 95% CI: 1.19, 1.06-1.33; 1.15,
1.05-1.27; 1.10, 1.01-1.20).

Conclusions: Low-iCa concentrations were independent predictors of all-cause mortality in critically ill patients
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1. Introduction

Acute kidney injury (AKI) is a common dangerous syndrome, de-
fined as abrupt and often reversible decline in glomerular filtration [1],
with an especially high incidence in the intensive care unit (ICU) [2].
The mortality of critically ill patients with AKI increases to as much as
60-70% [3,4]. Evidence suggests that patients do not directly die from
AKI; however, because of its severe complications, common causes of
death include hyperkalemia, severe acidosis and sepsis [5,6]. Given the
high incidence of AKI and poor prognosis in ICU patients, researchers
have been looking for a simple and reliable clinical predictor of mor-
tality in AKI. Unfortunately, most of them are unsuccessful [7,8].

The stabilization of ionized calcium (iCa) in the blood is important
for many basic physiological regulatory mechanisms [9]. Abnormal
calcium metabolism causes severe cardiovascular complications and
organ dysfunctions, including heart failure and renal failure [10-12].
The possible mechanism of renal failure is that hpercalcemia causes
renal vasoconstriction and reduced renal blood flow, inducing renal
ischemia and tubular injury [12]. Most previous studies focused on the
iCa, and several studies found an independent, U-shaped association
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between iCa and mortality in critical illness [13,14]. Moreover, the
findings indicated that disorders in iCa were likely to represent the
degree of physiologic derangements, reflecting illness severity [13].
Currently, the role of total calcium (tCa) has been received substantial
attention. Dickerson et al. [15] reported that there was a close re-
lationship between iCa and tCa. Recently, several retrospective studies
demonstrated that the association between initial tCa concentration
and mortality in critical illness [16] and both hyper- and hypo-tCa were
associated with increased risk of hospital-acquired AKI [17].

2. Methods
2.1. Data source

The Multiparameter Intelligent Monitoring in Intensive Care III ver
1.4 (MIMIC-III v1.4) is a large, single-center, publicly available critical
care database. It includes > 40,000 ICU admissions hospitalized at the
Beth Israel Deaconess Medical Center (Boston, USA) from 2001 to 2012
[18]. To apply for access to the database, we passed the Protecting
Human Research Participants exam (No. 6182750). The project was
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Table 1

Characteristics of the study patients according to serum ionized calcium levels.

Clinica Chimica Acta 494 (2019) 94-99

Characteristics Total (n = 10,207) Tonized calcium levels (mmol/L)
< 1.06 (n = 3128) =1.06, < 1.14 (n = 3433) =1.14 (n = 3646) P value
Age, years 63.9 = 17.3 61.1 = 18.4 64.3 = 17.5 66.0 = 15.8 < 0.001
Gender, n (%) 0.006
Female 4211 (41.3) 1360 (43.5) 1363 (39.7) 1488 (40.8)
Male 5996 (58.7) 1768 (56.5) 2070 (60.3) 2158 (59.2)
Ethnicity, n (%) < 0.001
White 7203 (70.6) 2117 (67.7) 2453 (71.5) 2633 (72.2)
Black 2264 (22.2) 776 (24.8) 756 (22.0) 732 (20.1)
Other 740 (7.2) 235 (7.5) 224 (6.5) 281 (7.7)
ICU LOS, day 65 + 7.8 7.5 = 87 6.1 = 7.3 59 £ 7.5 < 0.001
iCa, mmol/1 1.1 £ 0.1 1.0 £ 0.1 1.1 = 0.0 1.2 £ 0.1 < 0.001
tCa, mg/dl 83 = 1.2 7.8 = 1.2 8.3 + 0.9 87 £ 1.2 < 0.001
SBP, mmHg 118.0 = 16.7 116.9 = 17.2 118.6 = 16.5 118.4 + 16.3 < 0.001
DBP, mmHg 60.0 = 10.3 60.8 = 10.8 60.0 = 10.3 59.2 = 9.8 < 0.001
MBP, mmHg 78.2 + 10.9 785 + 11.4 78.4 = 10.9 77.8 = 10.5 0.029
Heart rate, beats/min 88.3 + 16.4 91.5 £ 175 87.3 + 16.0 86.5 = 15.4 < 0.001
Respiratory rate, beats/min 19.0 = 4.3 19.4 £ 45 18.8 + 4.1 18.7 + 4.1 < 0.001
Temperature, °C 36.9 = 0.7 36.9 + 0.8 36.9 + 0.7 36.9 = 0.7 0.014
SPO,, % 97.4 + 2.8 97.3 = 3.7 97.5 + 2.3 97.4 + 2.4 0.137
Comorbidities, n (%)
Coronary artery disease 2643 (25.9) 520 (16.6) 896 (26.1) 1227 (33.7) < 0.001
Congestive heart failure 1438 (14.1) 326 (10.4) 518 (15.1) 594 (16.3) < 0.001
Atrial fibrillation 2910 (28.5) 718 (23.0) 1021 (29.7) 1171 (32.1) < 0.001
Stroke 1025 (10.0) 279 (8.9) 368 (10.7) 378 (10.4) 0.038
Renal disease 1254 (12.3) 331 (10.6) 440 (12.8) 483 (13.2) 0.002
Liver disease 753 (7.4) 342 (10.9) 222 (6.5) 189 (5.2) < 0.001
Diabetes uncomplicated 2373(23.2) 847 (27.1) 608 (17.7) 918 (25.2) < 0.001
Pneumonia 2762 (27.1) 885 (28.3) 923 (26.9) 954 (26.2) 0.140
COPD 196 (1.9) 43 (1.4) 68 (2.0) 85 (2.3) 0.016
Malignancy 1911 (18.7) 605 (19.3) 660 (19.2) 646 (17.7) 0.151
Respiratory failure 4286 (42.0) 1498 (47.9) 1388 (40.4) 1400 (38.4) < 0.001
ARDS 193 (1.9) 68 (2.2) 57 (1.7) 68 (1.9) 0.309
Laboratory parameters
Bicarbonate, mg/dl 20.8 = 5.0 19.3 = 5.1 21.3 = 4.7 21.6 = 5.0 < 0.001
Creatinine, mEq/1 14 = 15 1.6 = 1.8 1.3 = 1.3 14 = 1.4 < 0.001
Chloride, mmol/1 102.5 = 6.4 102.1 = 7.6 102.5 = 5. 1029 = 59 0.003
Glucose, mg/dl 146.1 = 44.7 149.3 = 489 145.7 = 42.0 143.7 = 43.2 < 0.001
Hematocrit, % 28.6 = 6.2 27.7 = 6.3 289 = 6.0 29.1 = 6.2 < 0.001
Platelet, 10 ° /1 185.7 + 106.9 170.6 = 110.3 190.8 = 102.2 193.7 + 106.8 < 0.001
Sodium, mmol/1 1359 = 5.1 1354 = 59 135.9 = 4.7 136.3 = 4.7 < 0.001
BUN, mg/dl 25.8 = 20.9 27.7 = 23.9 24.6 = 19.3 25.3 = 19.5 0.002
WBC, 10 ° /1 109 = 8.1 10.8 = 9.2 10.7 = 5.8 11.2 = 8.8 0.028
Anion gap, mmol/] 13.1 = 3.6 13.7 = 4.1 12.8 + 3.3 12.8 = 3.3 < 0.001
Scoring systems
SOFA 5.6 = 3.6 6.4 = 4.0 53 *= 3.4 53 + 3.2 < 0.001
SAPSII 40.7 = 15.3 43.1 = 16.2 39.5 = 149 39.8 = 147 < 0.001
AKI stage, n (%) < 0.001
Stage 1 2119 (20.8) 583 (18.6) 756 (22.0) 780 (21.4)
Stage 2 1834 (18.0) 626 (20.0) 612 (17.8) 596 (16.3)
Stage 3 6254 (61.3) 1919 (61.3) 2065 (60.2) 2270 (62.3)
30-day mortality, n (%) 1938 (19.0) 766 (24.5) 590 (17.2) 582 (16.0) < 0.001
90-day mortality, n (%) 2554 (25.0) 948 (30.3) 781 (22.7) 825 (22.6) < 0.001
365-day mortality, n (%) 3309 (32.4) 1167 (37.3) 1062 (30.9) 1080 (29.6) < 0.001

ICU: intensive care unit; LOS: length of stay; tCa: total calcium; iCa: ionized calcium; SBP: systolic blood pressure; DBP: diastolic blood pressure; MBP: mean blood
pressure; COPD: chronic obstructive pulmonary disease; ARDS: acute respiratory distress syndrome; WBC: white blood cell; BUN: blood urea nitrogen; SOFA:
sequential organ failure assessment; SAPSII: simplified acute physiology score II; AKI: acute kidney injury.

approved by the institutional review boards of the Massachusetts In-
stitute of Technology (MIT) and Beth Israel Deaconess Medical Center
(BIDMC) and was given a waiver of informed consent.

2.2. Population selection criteria

Adult patients (=18y) with AKI who had been hospitalized in the
ICU for more than two days were included. Patients were excluded with
the following criteria: 1) no serum tCa and iCa measured during the ICU
stay; and 2) missing > 5% individual data. AKI was defined according
to the Kidney Disease Improving Global Outcomes (KDIGO) classifica-
tion [19].
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2.3. Data extraction

Similar to our previous study [20], data extraction was performed
using Structured Query Language (SQL) with PostgreSQL tools (ver
9.6). Demographics, vital signs, laboratory tests, medications, and
others were extracted from MIMIC-III. The laboratory parameters in-
cluded iCa, tCa, bicarbonate, creatinine, chloride, glucose, hematocrit,
platelet, sodium, blood urea nitrogen (BUN), white blood cell (WBQC),
and anion gap. Comorbidities were also extracted, including coronary
artery disease (CAD), congestive heart failure (CHF), atrial fibrillation
(AFIB), stroke, renal disease, liver disease, pneumonia, chronic ob-
structive pulmonary disease (COPD), malignancy, respiratory failure
and acute respiratory distress syndrome (ARDS). Furthermore, the
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Table 2
HRs (95% CIs) for mortality across groups of serum calcium.
Calcium ion Non-adjusted Model I Model II
HR (95%CIs) P value HR (95%CIs) P value HR (95%CIs) P value
30-day all-cause mortality
tCa, tertiles, mg/dl
<79 1.27 (1.14, 1.42) < 0.0001 1.35 (1.22, 1.51) < 0.0001 1.00 (0.89, 1.12) NS
>7.9, <8.7 1.0(ref) 1.0(ref) 1.0(ref)
=8.7 1.06 (0.95, 1.18) NS 1.06 (0.94, 1.18) NS 1.01 (0.90, 1.13) NS
iCa, tertiles, mmol/1
< 1.06 1.51 (1.36, 1.69) < 0.0001 1.63 (1.46, 1.81) < 0.0001 1.19 (1.06, 1.33) 0.0023
>1.06, <1.14 1.0(ref) 1.0(ref) 1.0(ref)
=1.14 0.92 (0.82, 1.03) NS 0.91 (0.81, 1.02) NS 0.96 (0.85, 1.08) NS
90-day all-cause mortality
tCa, tertiles, mg/dl
<79 1.20 (1.09, 1.31) 0.0002 1.29 (1.18, 1.42) < 0.0001 0.97 (0.88, 1.08) NS
>7.9, <87 1.0(ref) 1.0(ref) 1.0(ref)
=8.7 1.02 (0.93, 1.12) NS 1.01 (0.92, 1.12) NS 0.97 (0.88, 1.07) NS
iCa, tertiles, mmol/1
< 1.06 1.43 (1.30, 1.57) < 0.0001 1.56 (1.42, 1.71) < 0.0001 1.15 (1.05, 1.27) 0.0042
>1.06, <1.14 1.0(ref) 1.0(ref) 1.0(ref)
=>1.14 0.99 (0.90, 1.09) NS 0.97 (0.88, 1.07) NS 1.03 (0.93, 1.14) NS
365-day all-cause mortality
tCa, tertiles, mg/dl
<79 1.19 (1.09, 1.29) < 0.0001 1.29 (1.19, 1.41) < 0.0001 1.02 (0.94, 1.12) NS
>7.9, <8.7 1.0(ref) 1.0(ref) 1.0(ref)
=8.7 1.06 (0.98, 1.15) NS 1.05 (0.96, 1.14) NS 1.00 (0.92, 1.09) NS
iCa, tertiles, mmol/1
< 1.06 1.30 (1.20, 1.41) < 0.0001 1.44 (1.32, 1.56) < 0.0001 1.10 (1.01, 1.20) 0.0284
>1.06, <1.14 1.0(ref) 1.0(ref) 1.0(ref)
=>1.14 0.95 (0.87, 1.03) NS 0.92 (0.85, 1.01) NS 0.98 (0.90, 1.07) NS

Models were derived from Cox proportional hazards regression models.
Non-adjusted model adjust for: none.
Adjust I model adjust for: age, ethnicity and gender.

Adjust 1T model adjust for: age, ethnicity, gender, renal disease, liver disease, coronary artery disease, stroke, failure of respiration, ARDS, pneumonia, heart rate,
systolic blood pressure, diastolic blood pressure, respiration rate, SPO2, SOFA, SAPSII, bicarbonate, creatinine, chloride, glucose, hemoglobin, platelet, potassium,

BUN, WBC.

sequential organ failure assessment (SOFA) score [21], and simplified
acute physiology score II (SAPSII) [22] were calculated for each patient.
The other data included age, gender, ethnicity, vital signs, ICU length of
stay, AKI stage. Only the data for the first ICU admission of each patient
were used and baseline data were extracted within 24 h after ICU ad-
mission. Death data were obtained from the US government's Social
Security Death Index records. The endpoints of our study were 30, 90
and 365-day all-cause mortality.

2.4. Statistical analysis

Baseline characteristics of all patients were stratified by ionized
calcium tertiles, and continuous variables were presented as
mean * SD or medians and interquartile range (IQR). Categorical data
were summarized as number or percentage and were compared using
the chi-squared test. Cox proportional hazards models were constructed
on the basis of tCa and iCa group inclusion according to tertiles to
examine the relationship between each endpoint and baseline covari-
ates. The second tertile was as a reference, and the results were pre-
sented as hazard ratios (HRs) with 95% confidence intervals (CIs).

We used 2 multivariate models for 30, 90 and 365-day all-cause
mortality to facilitate clinical interpretation of our results. In model I,
covariates were adjusted for age, ethnicity and gender. In model II, we
further adjusted for age, ethnicity, gender, renal disease, liver disease,
CAD, stroke, failure of respiration, ARDS, pneumonia, heart rate, sys-
tolic blood pressure (SBP), diastolic blood pressure (DBP), respiration
rate, SPO2, SOFA, SAPSII, bicarbonate, creatinine, chloride, glucose,
hemoglobin, platelet, potassium, BUN, WBC. Variables based on epi-
demiological and biological background were incorporated as potential
confounders, and these confounders basing on a change in effect
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estimate of > 10% were used to obtain an adjusted model.

Subgroup analyses were performed to access the association be-
tween the serum total and ionized calcium and 30-day all-cause mor-
tality, including CHF, AFIB, CAD, stroke, malignancy, liver disease,
renal disease, respiratory failure, pneumonia, COPD, ARDS, sodium,
potassium, chloride, WBC, platelet, hematocrit, creatinine, BUN, anion
gap, bicarbonate, glucose, SBP, DBP, mean blood pressure (MBP), heart
rate, respiratory rate, temperature, SPO2, SOFA score, and SAPSII
score. The data were analyzed using the EmpowerStats ver 2.17.8
(http://www.empowerstats.com/cn/, X&Y solutions, Inc., Boston, MA)
and R software vers 3.42. A P < .05 was considered statistically sig-
nificant and all probability values were 2-sided.

3. Results
3.1. Subject characteristics

A total of 10,207 eligible patients were enrolled in our study.
Characteristics of these patients stratified by iCa tertiles were displayed
in Table 1. A total of 3128 patients were in the low-iCa group
(< 1.06 mmol/1), 3433 patients were in the mid-iCa group
(1.06-1.14 mmol/1), and 3646 patients were in the high-iCa group
(=1.14 mmol/1). There were 5996 men and 4211 women with a mean
age of 63.9 = 17.3years. Patients with high-iCa concentrations were
more likely to be elderly with a history of CAD, CHF, AFIB, renal dis-
ease and COPD. Participants with low-iCa concentrations had faster
heart and respiratory rates, higher glucose, BUN, anion gap, SOFA
scores, SAPSII scores, mortality, as well as higher comorbidities of liver
disease and respiratory failure.
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Table 3
Subgroup analysis of the associations between ionized calcium and 30-day all-cause mortality.
No. of patients Ionized calcium levels (mmol/1) P for interaction
< 1.06 =1.06, <1.14 =>1.14

CHF 0.0184
No 8769 1.68 (1.50, 1.89) 1.0(ref) 0.91 (0.80, 1.03)
Yes 1438 1.15 (0.84, 1.56) 1.0(ref) 0.94 (0.71, 1.25)

AFIB NS
No 7297 1.59 (1.39, 1.81) 1.0(ref) 0.94 (0.81, 1.08)
Yes 2910 1.72 (1.43, 2.07) 1.0(ref) 0.86 (0.71, 1.04)

CAD < 0.0001
No 7564 1.45 (1.29, 1.64) 1.0(ref) 1.04 (0.91, 1.18)
Yes 2643 2.23 (1.75, 2.84) 1.0(ref) 0.72 (0.56, 0.93)

Stroke NS
No 9182 1.69 (1.50, 1.90) 1.0(ref) 0.91 (0.80, 1.03)
Yes 1025 1.38 (1.04, 1.82) 1.0(ref) 0.90 (0.68, 1.19)

Malignancy 0.0005
No 8296 1.70 (1.50, 1.92) 1.0(ref) 0.85 (0.74, 0.97)
Yes 1911 1.39 (1.10, 1.76) 1.0(ref) 1.16 (0.92, 1.47)

Liver disease NS
No 9454 1.56 (1.39, 1.75) 1.0(ref) 0.88 (0.78, 0.99)
Yes 753 1.87 (1.35, 2.60) 1.0(ref) 1.43 (0.98, 2.09)

Renal disease 0.0195
No 8953 1.70 (1.51, 1.91) 1.0(ref) 0.89 (0.79, 1.02)
Yes 1254 1.22 (0.91, 1.64) 1.0(ref) 0.98 (0.74, 1.29)

Respiratory failure 0.0001
No 5921 1.83 (1.54, 2.17) 1.0(ref) 0.84 (0.70, 1.02)
Yes 4286 1.38 (1.20, 1.58) 1.0(ref) 1.00 (0.87, 1.16)

Pneumonia < 0.0001
No 7445 2.02 (1.77, 2.31) 1.0(ref) 0.82 (0.71, 0.95)
Yes 2762 1.00 (0.83, 1.21) 1.0(ref) 1.08 (0.91, 1.29)

COPD NS
No 10,011 1.64 (1.47, 1.83) 1.0(ref) 0.90 (0.80, 1.01)
Yes 196 0.91 (0.40, 2.11) 1.0(ref) 1.15 (0.58, 2.26)

ARDS NS
No 10,014 1.62 (1.45, 1.80) 1.0(ref) 0.90 (0.80, 1.01)
Yes 193 2.11 (1.02, 4.38) 1.0(ref) 1.31 (0.60, 2.84)

Sodium, mmol/1 NS
<136 4417 1.59 (1.35, 1.88) 1.0(ref) 0.88 (0.74, 1.06)
=136 5788 1.66 (1.44, 1.91) 1.0(ref) 0.93 (0.80, 1.08)

Potassium, mmol/1 NS
<37 5065 1.68 (1.43, 1.96) 1.0(ref) 0.90 (0.75, 1.07)
=3.7 5140 1.63 (1.40, 1.89) 1.0(ref) 0.91 (0.78, 1.06)

Chloride, mmol/1 NS
<99 4743 1.53 (1.31, 1.77) 1.0(ref) 0.95 (0.81, 1.12)
=99 5461 1.73 (1.48, 2.02) 1.0(ref) 0.87 (0.74, 1.03)

WBC, 10° /1 NS
<9.8 5079 1.96 (1.66, 2.31) 1.0(ref) 0.99 (0.83, 1.19)
=9.8 5116 1.39 (1.20, 1.60) 1.0(ref) 0.84 (0.72, 0.97)

Platelet, 10°/1 0.0178
<171 5064 1.83 (1.58, 2.13) 1.0(ref) 0.85 (0.72, 1.01)
=171 5130 1.33 (1.13, 1.57) 1.0(ref) 0.97 (0.83, 1.13)

Hematocrit, % 0.0004
<282 5091 1.86 (1.59, 2.18) 1.0(ref) 0.80 (0.67, 0.96)
=>28.2 5111 1.45 (1.24, 1.69) 1.0(ref) 1.00 (0.86, 1.16)

Creatinine, mEq/1 NS
<1.0 5036 1.68 (1.40, 2.02) 1.0(ref) 0.91 (0.75, 1.11)
=1.0 5169 1.51 (1.32, 1.72) 1.0(ref) 0.90 (0.78, 1.04)

BUN, mg/dl NS
<19 4966 1.78 (1.46, 2.16) 1.0(ref) 0.94 (0.76, 1.16)
=19 5238 1.50 (1.31, 1.70) 1.0(ref) 0.89 (0.78, 1.02)

Anion gap, mmol/1 NS
<13 4876 1.59 (1.31, 1.93) 1.0(ref) 0.83 (0.68, 1.01)
=13 5208 1.50 (1.32, 1.71) 1.0(ref) 0.98 (0.85, 1.13)

Bicarbonate, mg/dl NS
<21 4391 1.41 (1.23,1.61) 1.0(ref) 0.90 (0.77, 1.06)
=21 5810 1.48 (1.24, 1.78) 1.0(ref) 1.00 (0.85, 1.18)

Glucose, mg/dl NS
< 136.8 5087 1.78 (1.50, 2.12) 1.0(ref) 0.88 (0.74, 1.05)
=>136.8 5088 1.48 (1.29, 1.71) 1.0(ref) 0.96 (0.83, 1.12)

SBP, mmHg 0.0123
<116 5078 1.83 (1.59, 2.10) 1.0(ref) 0.92 (0.79, 1.07)
=116 5079 1.30 (1.10, 1.55) 1.0(ref) 0.89 (0.75, 1.06)

DBP, mmHg NS
<59 5078 1.70 (1.47, 1.96) 1.0(ref) 0.87 (0.75, 1.02)
=59 5078 1.54 (1.31, 1.82) 1.0(ref) 0.94 (0.79, 1.12)

(continued on next page)
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No. of patients

Tonized calcium levels (mmol/1)

P for interaction

< 1.06 >1.06, <1.14 =>1.14

MBP, mmHg 0.0407
<77 5088 1.81 (1.58, 2.08) 1.0(ref) 0.84 (0.73, 0.98)
=77 5089 1.38 (1.16, 1.64) 1.0(ref) 0.99 (0.83, 1.18)

Heart rate, beats/min NS
<87 5088 1.58 (1.34, 1.87) 1.0(ref) 0.94 (0.80, 1.11)
=87 5089 1.58 (1.37, 1.82) 1.0(ref) 0.88 (0.75, 1.03)

Respiratory rate, beats/min NS
<18 5082 1.62 (1.34, 1.96) 1.0(ref) 0.86 (0.71, 1.05)
=18 5088 1.55 (1.36, 1.76) 1.0(ref) 0.94 (0.82, 1.09)

Temperature,” C NS
< 36.9 4974 1.65 (1.43, 1.90) 1.0(ref) 0.86 (0.74, 1.00)
=36.9 4978 1.50 (1.27, 1.78) 1.0(ref) 0.97 (0.81, 1.16)

SPO2, % NS
<97.9 5082 1.78 (1.54, 2.05) 1.0(ref) 0.97 (0.83, 1.13)
=97.9 5088 1.46 (1.23, 1.72) 1.0(ref) 0.81 (0.68, 0.97)

SOFA score NS
<5 4455 1.29 (1.03, 1.61) 1.0(ref) 0.92 (0.75, 1.14)
=5 5752 1.58 (1.39, 1.79) 1.0(ref) 0.90 (0.78, 1.03)

SAPSII score NS
<39 4990 1.41 (1.10, 1.81) 1.0(ref) 0.97 (0.76, 1.23)
=39 5217 1.43 (1.27, 1.61) 1.0(ref) 0.90 (0.79, 1.03)

CHF: congestive heart failure; AFIB: atrial fibrillation; CAD: coronary artery disease; COPD: chronic obstructive pulmonary disease; ARDS: acute respiratory distress
syndrome; SBP: systolic blood pressure; DBP: diastolic blood pressure; MBP: mean blood pressure; SOFA: sequential organ failure assessment; SAPSIIL: simplified acute

physiology score II.

3.2. Association between serum tCa and iCa concentrations and clinical
endpoints

In multivariate analysis, we analyzed tCa and iCa concentrations,
also stratified by tertiles, to determine whether tCa and iCa were in-
dependently-associated with all-cause mortality (Table 2). In model I,
adjusted for age, ethnicity and gender, compared with the referent
group (tCa: 7.9-8.7mg/dl, iCa: 1.06-1.14 mmol/l), both low-tCa
(< 7.9mg/dl) and low-iCa (< 1.06 mmol/1) concentrations were sig-
nificant predictors of risk of 30-day, 90-day and 365-day all-cause
mortality. The HRs (95% ClIs) for tCa were 1.35 (1.22, 1.51), 1.29 (1.18,
1.42), 1.29 (1.19, 1.41) and for iCa were 1.63 (1.46, 1.81), 1.56 (1.42,
1.71), 1.44 (1.32, 1.56). In model II, after adjusting for age, ethnicity,
gender, renal disease, liver disease, CAD, stroke, failure of respiration,
ARDS, pneumonia, heart rate, SBP, DBP, respiration rate, SPO2, SOFA,
SAPSII, bicarbonate, creatinine, chloride, glucose, hemoglobin, platelet,
potassium, BUN, and WBC, low-iCa concentrations remained a sig-
nificant predictor of all-cause mortality at 30 days, 90 days, 365 days
(HR, 95% CI: 1.19, 1.06-1.33; 1.15, 1.05-1.27; 1.10, 1.01-1.20).

3.3. Subgroup analyses

We performed subgroup analyses to assess the association between
the serum iCa concentrations and 30-day all-cause mortality (Table 3).
There was no interaction in most strata (P = .0532-0.6288). Only pa-
tients with CAD showed a decreased risk with a high-iCa (HR 0.72, 95%
CI 0.56-0.93).

4. Discussion

We evaluated 10,207 patients to measure the association of ad-
mission serum total and ionized calcium with all-cause mortality in
critically ill patients with AKIL In multivariate analysis, adjusted for age,
ethnicity and gender, low-tCa (< 7.9mg/dl) and low-iCa
(< 1.06 mmol/1) concentrations were significant predictors of risk of
30-day, 90-day and 365-day all-cause mortality. Furthermore, after
adjusting for more confounding factors, only low-iCa concentrations
were independent predictors of all-cause mortality.

AKI is a common, dangerous, costly and severe syndrome
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encompassing various etiologies [1] including specific kidney diseases,
non-specific conditions and extrarenal pathologies. The common spe-
cific etiologies include acute glomerular renal diseases, ischemia injury
and acute postrenal obstructive nephropathy [19]. Patients with AKI
often fail to restore renal function and require long-term dialysis. Long-
term mortality may be increased, especially in those with persistent
renal insufficiency [23,24]. In fact, as a syndrome, it includes patients
whose have no actual damage to the kidney but are functionally im-
paired with respect to physiological needs. This means that AKI in-
cludes reversible injury and these patients may benefit from early in-
tervention. Thus, finding an ideal biomarker for the prognosis of acute
kidney injury is significant.

Previous studies have reported that hypercalcemia leads to arter-
iosclerosis [25,26], and is associated with an increased risk of heart
failure in patients with type 2 diabetes [27]. Currently, calcium alone is
not only consistently associated with cardiovascular outcomes, and
much attention has been focused on the association between the in-
cidence of AKI and calcium metabolism disorders [17]. There are sev-
eral possible explanations for this association. Calcium plays a vital role
in almost all biological processes, including enzyme activity and con-
traction of vascular smooth muscle [10,28,29]. Several studies in-
dicated that hypocalcemia was associated with poor left ventricular
ejection fraction [30-32], liquid capacity overload [33]; hypercalci-
nemia led to calcium salt deposition in renal tubules and/or interstitial
tissue, resulting in renal dysfunction [12,34]. All these may be causes of
AKI. The findings of our study demonstrated that low-iCa concentra-
tions on admission were independently associated with an increase in
all-cause mortality. These may be related to the evolution of critical
illness. Due to the skeletal resistance to parathyroid hormone, hypo-
calcemia usually occurs in the early stages of the process, and later
release of calcium from necrotic muscle can cause hypercalcemia [35].
In subgroup analysis, there was no interaction in most strata. This
suggests that the heterogeneity of clinical factors among those effects
and the iCa was relatively small.

The major strength of our study was that it was, to the best of our
knowledge, the first to investigate the association between serum total
and ionized calcium and all-cause mortality of AKI. Moreover, we se-
lected 30, 90 and 365-day all-cause mortality as adverse outcomes.

This study had several limitations. First, we measured tCa and iCa in
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patients only upon admission to the ICU and did not assess changes
during the ICU stay. Single serum calcium measurements did not reflect
the time course of changes in calcium, and these may possibly influence
the summary results. Second, we did not know the calcium con-
centrations of patients before admitting to the ICU, and whether they
were treated with calcium, possibly affecting calcium values. Third,
several important clinical indicators, such as serum albumin, are ser-
iously missing, which may affect the result analysis. Fourth, although
every effort had been made to adjust for confounding factors using
multivariate analysis, there remained other unknown factors that con-
fused the prognostic value of tCa and iCa. Finally, as a single-center
retrospective study, selection bias was inevitable; therefore, multicenter
registry, prospective studies are needed to confirm these findings.

5. Conclusions

Low-iCa concentrations were independent predictors of all-cause
mortality in critically ill patients with AKI. Further studies, especially
large prospective studies, are needed to confirm this relationship and
validate its clinical significance.

Data availability

The clinical data used to support the findings of this study were
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(MIMIC-III v.1.4). Although the database is publicly and freely avail-
able, researchers must complete the National Institutes of Health's web-
based course known as Protecting Human Research Participants to
apply for permission to access the database.
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