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Purpose: Previous studies have shown that ionized calcium (iCa) is strongly correlated with critical illnesses, including sepsis. However,
there are few studies on the association of iCa levels and sepsis in very low birth weight infants (VLBWI). Therefore, the aim of this study
was to investigate the role of iCa in assessing the severity of sepsis and in predicting the prognosis of sepsis in VLBWI.
Patients and Methods: 249 eligible VLBWI with sepsis were included in the present study and were divided into good and poor
prognosis groups according to prognosis. We collected complete laboratory and clinical data. The lowest iCa measured during the first
24h from sepsis onset was recorded, and the Pediatric Risk of Mortality (PRISM III) score was calculated for each newborn.
Results: Neonatal mortality was higher in the hypocalcemia group (32.80% vs 12.80%, P < 0.001), and iCa levels were negatively
correlated with PRISM III scores (r= −0.819, P < 0.001). The result of multiple logistic regression analysis showed that iCa was an
independent predictor of poor prognosis (odds ratio [OR]= 0.558, 95% confidence interval [CI], 0.406–0.768, P < 0.001). Furthermore,
our data demonstrated that iCa was also an independent predictor for the occurrence of death in VLBWI with sepsis who have a poor
prognosis (OR= 0.659, 95% CI, 0.445–0.977, P =0.038). ROC curve analysis showed that iCa had good discriminatory power in
predicting the poor prognosis (AUC=0.739, 95% CI, 0.664–0.813, P <0.001) in VLBWI with sepsis.
Conclusion: iCa levels correlate with the severity of sepsis and can be an independent predictor of poor prognosis in VLBWI with sepsis.
Keywords: ionized calcium, sepsis, very low birth weight infants, poor prognosis

Introduction
Neonatal sepsis is a common deadly problem with a global impact including significant morbidity and mortality,
especially in developing countries. Fleischmann-Struzek et al1 showed that neonatal sepsis has a mortality rate of up
to 19% and is one of the leading causes of neonatal death. The morbidity of sepsis is closely related to birth weight, with
the lower birth weight, the higher incidence.2 In addition to that, for very low birth weight infants (VLBWI), even if
survival rates are gradually improving, the high rate of disability among survivors remains a concern.3–5 Therefore, for
VLBWI with sepsis, death is not the only serious adverse outcome, and the risk of other severe complications such as
cerebral injury should also be quantified.

Since better outcomes are closely related to timely treatment, it is important to find an indicator that can assess the severity
of the disease and predict its prognosis of the disease. For this purpose, clinical risk index for babies (CRIB), the Score for
Acute Neonatal Physiology—Perinatal Extension (SNAPPE), the Pediatric Risk of Mortality score (PRISM III) have been
established to evaluate the severity of neonatal diseases in the NICU population.6 However, the CRIB score is calculated based
on data within the first 12 hours of life and is more appropriate for assessing neonatal admission.7 The SNAPPE score requires
the use of factors that are less sensitive for VLBWI, such as urine output.8 In addition this, since the PRISM III score was
formulated, it has been confirmed by many studies to be related to the severity of the disease.9–13 The intuitive performance is
that the higher the score, the more serious the condition is.9–13 Therefore, the PRISM III score is more appropriate for
assessing disease severity at the onset of sepsis than the CRIB, SNAPPEII score. However, it requires the collection of a large
amount of data to finally obtain a score, which is both clinically cumbersome and difficult.

Journal of Inflammation Research 2022:15 3749–3760 3749
© 2022 Zheng et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Journal of Inflammation Research Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 7 April 2022
Accepted: 23 June 2022
Published: 1 July 2022

Jo
ur

na
l o

f I
nf

la
m

m
at

io
n 

R
es

ea
rc

h 
do

w
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://orcid.org/0000-0003-3843-1431
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
http://www.dovepress.com/permissions.php
https://www.dovepress.com


Calcium is one of the most important elements of the human body and is an indispensable ion for various physiological
activities in the body, participating in all vital activities and maintaining the normal physiological functions of cells. Calcium
exists in the body in two forms: the bound state and the ionic state. However, only ionized calcium (iCa) is physiologically
active.14,15 iCa is involved in blood coagulation, muscle contraction, synthesis, and release of neurotransmitters, and also
plays an important role in cell adhesion and maintenance of cell membrane function. Carlstedt et al16 pointed out that the iCa
correlated with the severity of the disease in critically ill patients, as many studies presented the same results.17–19 Some
studies have confirmed that hypocalcemia was correlated with increased mortality, prolonged hospitalization in sepsis.14,17,18

Liu et al20 also pointed out that iCa was correlated with neonatal sepsis mortality. However, to date, no study has pointed out
that iCa can be used as a predictor of poor prognosis in VLBWI with sepsis.

Therefore, we hypothesized that iCa could reflect the disease severity and prognosis of neonatal sepsis in VLBWI. To
test this hypothesis, we investigated the correlation between iCa levels and Prism III in septic neonates, whether there
was a difference in prognosis between the hypocalcemia and normal iCa groups, and whether iCa could be used as an
independent predictor of poor prognosis.

Materials and Methods
Study Design and Definition
The study was a case-based cross-sectional study. We used the prognosis of VLBWI with sepsis at a corrected gestational
age of 40 weeks as an outcome variable and collected laboratory indicators at the onset of the sepsis and basic
characteristics of the VLBWI. In this study, iCa levels were obtained from arterial blood gases measured by the blood
gas analyzer. We selected the lowest iCa value and the highest PRISM III score within the first 24 hours after the onset of
the disease and before the complications had occurred yet. The severity of neonatal sepsis was assessed by calculating the
Prism III score. To determine whether iCa levels correlated with the severity of sepsis, we compared neonatal outcomes
and PRISM III scores in the normal iCa and hypocalcemia groups. In addition to this, the correlation between iCa levels
and PRISM III scores were investigated. We also compared iCa levels in different prognostic groups to determine
whether iCa could be used as a predictor of poor prognosis in VLBWI with sepsis.

iCa concentration< 4mg/dl(1mmol/L) was defined as hypocalcemia.21 Based on the published International Pediatric
Sepsis Consensus, newborn sepsis is defined as suspected or confirmed infection with ≥2 systemic inflammatory response
syndromes (SIRS).22

Study Population
In this study, we collected clinical data of 602 septic neonates treated in the Neonatal Intensive Care Unit (NICU), the
First Affiliated Hospital of Anhui Medical University from January 2015 to December 2021. It is a comprehensive
hospital. The neonatology department is set up with 95 beds (including 35 NICU beds) and has a professional team with
excellent professional skills. There are 103 doctors and nurses. We are equipped with various types of monitoring and
emergency equipment, including laminar flow wards, multiple types of ventilators, far-infrared radiation resuscitation
tables, blue light therapy cabinets, multi-functional warming cabinets, multi-functional monitors, bedside blood gas
analyzers, bedside X-ray, bedside ultrasound, bedside brain function monitoring, sub-cryogenic equipment, etc. We can
complete peripherally inserted central catheter, umbilical venous catheter, neonatal respiratory support, peripheral
arterial-venous exchange, and perioperative care for neonates in pediatric surgery, cardiac surgery, and brain surgery.
Every year, we receive about 3500 cases of critically ill newborns from all over the province and neighboring provinces,
with a success rate of over 95% in critical care. The lowest GA of premature infants survived was 24+4 weeks, and the
lowest BW was 610 g. The level of neonatal care is leading in the province.

Study Grouping
These newborns were divided into normal iCa group (iCa≥4mg/dl) and hypocalcemia group (iCa< 4mg/dl) according to
calcium levels.21 According to the prognosis, neonates were divided into a death group and a survival group, and the
surviving neonates were further divided into a group with severe complications, and a group with mild complications or
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no complications. We defined newborns with severe complications and death as poor prognosis, and newborns with mild
complications and no complications as good prognosis. We defined the occurrence of one or more of the following
diseases after sepsis as a combined severe complication: grade 3 or 4 intraventricular hemorrhage (IVH),23 periven-
tricular leukomalacia (PVL),24 grade 3 or higher retinopathy of prematurity (ROP),25 grade 3 necrotizing enterocolitis
(NEC)26 or severe bronchopulmonary dysplasia (BPD).27 These diseases are related to long-term acute and chronic
outcomes and neurodevelopmental disorders, which usually require rehospitalization and continuous medical
treatment.28,29 We defined the occurrence of grade 1 or 2 IVH, stage 1 or 2 ROP, stage 2 NEC, and mild BPD as
mild complications. Generally, newborns with these diseases only need follow-up after discharge and will not leave long-
term sequelae.28 These complications were evaluated at 40 weeks of corrected gestational age. The procedure was shown
in Figure 1.

Figure 1 Flow chart of this study.
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Inclusion Criteria and Exclusion Criteria
The inclusion criteria were: (1) birth weight<1500g; (2) newborns within 0–28 days; (3) diagnosis of neonatal sepsis; and
(4) completion of iCa measurement within the first 24 hours at the onset; (5) absence of calcium metabolism disorders
before the onset of the disease; (6) without BPD, ROP, NEC, or cerebral injury before sepsis occurred.

The exclusion criteria were: (1) with other diseases, such as congenital heart disease, hematological system diseases,
and major congenital malformation; (2) hypoparathyroidism; and (5) incomplete information.

Data Collection
The data collected for VLBWI with sepsis were as follows: (1) basic clinical data, including gender, gestational age(GA),
birth weight(BW), mode of delivery, length of hospital stay, and so on; (2) Blood glucose, blood pressure(BP), heart
rate(HR), body temperature and other data at the time of onset; (3) Laboratory indexes within the first 24 hours of onset,
including white blood cell(WBC) count, neutrophil percentage, platelet(PLT) count, hemoglobin(Hb), hematocrit(Hct),
high sensitivity C-reactive protein (hsCRP), procalcitonin(PCT), total protein(TP), albumin(ALB), total bilirubin(TBIL),
alanine aminotransferase(ALT), aspartate aminotransferase(AST), iCa, total calcium(TCa), PH, blood sodium, blood
potassium, blood phosphorus, and blood magnesium, etc; (4) Combined complications, and calculate PRISM III value.

PRISM III scores were calculated according to the following four parts:6,30 including four parts: cardiovascular/
neurological vital signs, acid-base balance/blood gas, biochemical indexes, and hematological tests. Specific variables to
be collected include systolic blood pressure (SBP), HR, body temperature, pupillary reflex, mental state, pH or
bicarbonate ion concentration, oxygen partial pressure, carbon dioxide partial pressure, blood glucose, blood potassium,
blood creatinine, blood urea nitrogen, leukocyte count, platelet count, prothrombin or partial thromboplastin time.

Statistical Analysis
The SPSS 25.0 software package (SPSS Inc, Chicago, IL, USA) and GraphPad Prism 9 (GraphPad Software Inc, San
Diego, CA, USA) were used for data processing, and measures that conformed to a normal distribution were expressed as
mean ± standard deviation (x ± s), and comparisons between two independent sample groups were made using the paired
t-test. Non-normally distributed measures were expressed as median and interquartile spacing [P50 (P25, P75)], and
group comparisons between two independent samples were performed using the Mann–Whitney U-test. Count data were
expressed as the number of cases and percentages (%), and group comparisons were performed using the χ2 test or
Fisher’s exact probability test. Univariate and multivariate binary logistic regression analyses were conducted to
determine potential predictors of neonatal sepsis prognosis. The ROC curve was plotted and the area under the curve
was calculated to determine the critical value. The correlation between quantitative data was analyzed by Spearman
correlation test. P<0.05 was considered a statistically significant difference.

Results
Characteristics of Participants in Different Prognostic Groups
From January 2015 to December 2021, we collected clinical data on 602 septic neonates. Of the 602 septic neonates, 289
neonates were excluded due to birth weight ≥1500g, 41 were excluded with congenital anomalies or combined thyroid
function abnormalities, and 23 were excluded for incomplete information. The remaining 249 eligible VLBWI with
sepsis were included in this study. We divided these VLBWI with sepsis into three groups according to their outcome:
death (n = 55), severe complications (n = 88), and mild or no complications (n = 106). The death and severe complication
groups were collectively referred to as the poor prognosis group (n = 143), and the mild complication or no complication
group was referred to as the good prognosis group (n = 106). Table 1 summarized the participant characteristics in
different prognostic groups. As shown in Table 1, there was no statistical difference between the good prognosis group
and the poor prognosis group in terms of gender, mode of delivery, temperature and heart rate, WBC, N, Hct, Hb, hsCRP,
PCT, TP, TBIL, PH, Na, Mg at presentation, and maternal gestational factors. The BW, GA, PLT, ALB, TCa, iCa were
lower in the poor prognosis group than in the good prognosis group (1.05 vs 1.27, P<0.05; 28.5 vs 30.2, P<0.05; 189.0 vs
192.5, P<0.05; 26.1 vs 28.6, P<0.05;2.28 vs 2.31, P<0.05; 3.76 vs 5.20, P<0.05, respectively), blood potassium and blood
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phosphorus were higher than in the good prognosis group (4.55 vs 4.20, P<0.05; 2.02±0.71 vs 1.82±0.46, P < 0.05,
respectively). Further analysis showed that iCa, PLT, and ALB levels were lower in the death group compared to the
severe complications group (3.40 vs 3.84, P<0.05; 69.0 vs 212.0, P<0.05; 25.8 vs 26.8, P<0.05, respectively). We found
that iCa showed a significant progressive decrease among the three groups (5.20 vs 3.84 vs 3.40, P < 0.05). The
indicators of the three groups of newborns could be shown more clearly in Figure 2.

Relationship Between iCa Levels and Prognosis of Neonatal Sepsis
According to iCa levels, subjects were divided into a hypocalcemia group (n=116, iCa<4mg/dl) and a normal iCa group
(n= 133, iCa≥4mg/dl). As shown in Table 2, CRP and PCT were not statistically significant between the two groups.
Further analysis showed that the incidence of severe BPD (55.20% vs 12.80%; P < 0.001), grade 3 or higher ROP
(31.90% vs 19.70%, P = 0.028), and cerebral injury (20.9% vs 8.3%, P < 0. 001) were significantly higher in the

Table 1 Comparison of Clinical Data of Neonates in Different Prognostic Groups

Variables Poor Prognosis Group (n=143) Poor Prognosis
Group (n=143)

Good Prognosis Group (Mild
Complications or No Morbidity)
(n=106)

Death (n=55) Severe Morbidity
(n=88)

GA (weeks) 29.0(26.4, 30.2) 28.4(27.5, 30.0) 28.5(27.5, 30.0) 30.2(29.1, 30.2)b

BW (kg) 1.05(0.83, 1.20) 1.09(0.98, 1.24) 1.05(0.95, 1.20) 1.27(1.14, 1.37)b

Male, n (%) 25(45.5) 54(61.4) 89(62.2) 64(60.4)

Cesarean section, n (%) 27(49.1) 49(55.7) 76(53.1) 77 (72.6)

Temperature (°C) 37.37±0.78 37.49±0.61 37.45±0.68 37.17±0.58

Heart rate (bpm) 160.51±20.54 156.51±20.82 158.97±20.67 159.83±14.80

Laboratory indicators

WBC 4.80(2.85, 10.44) 4.63(3.41, 8.65) 4.70(3.41, 10.57) 5.93(3.83, 11.86)

N (%) 56.8(47.3, 74.6) 52.9(39.3, 64.9) 50.7(32.4, 64.1) 61.24(32.74, 72.30)
PLT(×109/L) 69.0 (49.0, 239.0)a 212.0(132.3, 293.0) 189.0(64.0, 264.0) 192.5 (125.5, 265.5)b

Hb(g/L) 117.0(101.5, 156.0) 116.5(92.0, 133.0) 118.5(97.0, 134.3) 118.0 (106.0, 139.0)
hsCRP(mg/L) 7.15(4.25, 23.90) 16.00(1.13, 38.50) 14.86(1.57, 34.44) 8.68 (2.08, 25.00)

PCT (ng/mL) 8.06 (0.87, 39.84) 4.10 (1.25, 20.27) 4.10 (1.20, 28.74) 4.58 (0.47, 13.35)

TP(g/L) 44.80(39.85, 48.80) 44.00(39.47, 47.50) 44.00(39.70, 47.80) 44.60(41.20, 48.00)
ALB(g/L) 25.8 (25.0, 31.3)a 26.8 (24.6, 30.6) 26.1 (24.6, 30.7) 28.6 (26.5, 32.0)b

TBIL (umol/L) 93.4 (44.6, 153.9) 85.7 (42.8, 107.9) 86.6 (44.2, 128.1) 78.0 (38.6, 116.7)

Na(mmol/L) 137(135, 143) 137(134, 141) 137(135, 141) 137(136, 139)
K(mmol/L) 4.80(4.65, 5.95) 4.38(3.90, 5.10) 4.55(4.20, 5.13) 4.20(3.80, 4.83)b

iCa(mg/dL) 3.40(2.92, 4.56)a 3.84(3.36, 5.24) 3.76(3.32, 5.24) 5.20(3.92, 5.68)b

TCa(mmol/L) 2.33(2.09, 2.43) 2.20 (1.98, 2.32) 2.28 (2.00, 2.34) 2.31(2.24, 2.41)b

PH 7.26(7.20, 7.37) 7.33(7.27, 7.41) 7.32(7.25, 7.40) 7.33(7.26, 7.39)

P(mmol/L) 2.05±0.78 1.99±0.63 2.02±0.71 1.82±0.46b

Mg(mmol/L) 0.98±0.29 0.88±0.20 0.92±0.25 1.00±0.94

Maternal gestational factors

GDM 12(21.8) 19(21.6) 31(21.7) 24(22.6)

PROM, n (%) 13(23.6) 21(23.9) 34(23.8) 31(29.2)

Notes: All values are presented as the mean± SD or n (%) or as the median (interquartile range). aP < 0.05 for death vs severe morbidity. bP < 0.05 poor prognosis group vs
good prognosis group.
Abbreviations: GA, gestational age; BW, birth weight; WBC, white blood cell; N, neutrophils; PLT, platelet; Hct, hematocrit; Hb, hemoglobin; hsCRP, high sensitivity
C-reactive protein; PCT, procalcitonin; TP, total protein; ALB, albumin; TBIL, total bilirubin; Na, sodium; K, potassium; iCa, ionized calcium; TCa, total calcium; P, Phosphate;
Mg, magnesium; PROM, premature rupture of membranes.
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hypocalcemia group than in the normal iCa group. The incidence of grade 3 NEC was not statistically different
between the two groups of neonates. In addition, mortality and PRISM III scores were significantly higher in the
neonates of the hypocalcemia group than in the normal iCa group (12.8% vs 32.8%, P < 0. 001;6.00 vs 14.00, P <
0.001, respectively).

Figure 2 The levels of BW, GA, ALB, PLT, Total Ca, iCa, and K in the mild complications or no complications group, the severe complications group, and the death group.
(A) Mild complications or no complications group; (B) severe complications group; (C) the death group.
Abbreviations: BW, birth weight; GA, gestational age; ALB, albumin; PLT, platelet; TCa, total calcium; iCa, ionized calcium; K, potassium.

Table 2 Clinical and Demographic Characteristics in the Hypocalcemia and Normal iCa Groups

iCa≥4mg/dl (n=133) iCa<4mg/dl (n=116) P value

Male, n (%) 77(57.9) 66(56.9) 0.874

Laboratory indicators

HsCRP (mg/L) 14.87(0.90, 43.13) 5.27(0.61, 23.09) 0.051

PCT (ng/mL) 1.52(0.17, 17.92) 1.62(0.01, 17.11) 0.351

Comorbidities

Pulmonary hemorrhage, n (%) 9(6.8) 15(12.9) 0.100

BPD, n (%) 17(12.8) 64(55.2) <0.001

NEC, n (%) 19(14.3) 20(17.2) 0.503
ROP, n (%) 26(19.7) 37(31.9) 0.028

Cerebral injury, n (%) 11(8.3) 24(20.9) <0.001

Treatment outcomes

Death, n (%) 17(12.8) 38(32.8) <0.001
Severe morbidity, n (%) 36(27.1) 52(44.8) <0.001

Mild complications or no morbidity, n (%) 80(60.2) 26(22.4) <0.001

Prism III 6.00(4.00, 9.00) 14.00(11.00, 18.00) <0.001
Length of hospitalization(days) 50.00(38.75, 63.00) 56.00(37.25, 75.00) 0.220

Notes: All Values are presented as n (%) or as the median (interquartile range). Cerebral injury refers to grade 3 or 4 intraventricular
hemorrhage and periventricular leukomalacia; ROP refers to grade 3 or higher retinopathy of prematurity; NEC refers to grade 3
necrotizing enterocolitis; BPD refers to severe bronchopulmonary dysplasia.
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Ionized Calcium as an Independent Predictor in Determining the Prognosis of Sepsis in
the VLBWI
Variables with P values < 0.05 in the univariate analysis, including GA, BW, PLT, ALB, blood potassium, blood
phosphorus, iCa, and total calcium at presentation (Table 1), were selected for multivariate analysis. The results of the
multivariable binary logistic regression analysis were revealed in Tables 3 and 4, GA, BW, ALB, and iCa were
independent predictors of poor prognosis in VLBWI with sepsis. After excluding the PLT, blood potassium, blood
phosphorus, and TCa (P≥0.05) indicators in Table 3, stepwise logistic analysis was again analyzed for GA, BW, ALB,
iCa, and according to the results of stepwise logistic analysis (Table 5), it was assumed that iCa=X1, GA=X2, BW=X3,
ALB=X4, the regression equation model was established: P ¼ 1

�
1þ e� ð17:786� 0:599X1� 0:317X2� 0:003X3� 0:069X4Þ
� �

.
Furthermore, as shown in Table 5, our data showed that iCa was an independent predictor for the occurrence of death

in VLBWI with a poor prognosis for sepsis.
ROC curve analysis was used to assess the predictive value of iCa on the prognosis of sepsis. As shown in Figure 3A, the area

under the ROC curve showed that iCa (AUC=0.727, 95% CI, 0.664–0.791, P <0.001) had a rather good predictive value for the
poor prognosis of neonatal sepsis and was superior to GA(AUC=0.726, 95%CI, 0.663–0.788, P<0.001), BW(AUC=0.723, 95%
CI, 0.656–0.790, P<0.001), ALB(AUC=0.591, 95%CI, 0.521–0.662, P=0.001), but inferior to PRISM III(AUC=0.743, 95%CI,
0.681–0.806, P<0.001). The optimal diagnostic threshold for predicting poor prognosis of iCa in VLBWI with sepsis was
5.02mg/dl, with a sensitivity of 79.7% and specificity of 57.5%. Moreover, we tested the value of iCa in predicting death in the
poor prognosis group. As shown in Figure 3B, according to the AUCs and 95% CIs assessed, the rank order of variables
predicting death in the poor prognosis group was PRISM III(AUC = 0.733, 95%CI, 0.647–0.820, P < 0.001), iCa(AUC = 0.666,

Table 3 Logistic Analysis Results of Predictors for Poor Outcomes in VLBWI with Sepsis

Variables Univariate Multivariate

OR (95% CI) p OR (95% CI) p

GA 0.641 (0.548–0.749) <0.001 0.743 (0.005–0.208) 0.002

BW 0.012 (0.003–0.058) <0.001 0.031 (0.614–0.899) <0.001

PLT 0.999 (0.997–1.001) 0.049 1.000 (0.997–1.003) 0.917

ALB 0.946(0.897–0.997) 0.038 0.929 (0.869–0.994) 0.032

Blood potassium 1.546 (1.191–2.007) 0.001 1.235 (0.878–1.738) 0.226

Blood phosphorus 1.754(1.138–2.703) 0.011 1.422 (0.772–2.617) 0.258

TCa 0.283 (0.126–0.638) 0.002 2.008 (0.627–6.432) 0.240

iCa 0.461(0.355–0.600) <0.001 0.558(0.406–0.768) <0.001

Abbreviations: GA, gestational age; BW, birth weight; PLT, platelet; ALB, albumin; iCa, ionized calcium; TCa, total calcium.

Table 4 Results of Stepwise Logistic Regression Analysis of Predictors for Poor Outcomes in VLBWI with
Sepsis

Variables B SE Wald value OR (95% CI) P value

GA −0.317 0.091 12.120 0.728(0.609–0.871) <0.001

BW −0.003 0.001 11.696 0.997(0.995–0.999) 0.001

ALB −0.069 0.032 4.625 0.933(0.877–0.994) 0.032

iCa −0.599 0.144 17.279 0.550(0.414–0.729) <0.001

Abbreviations: GA, gestational age; BW, birth weight; ALB, albumin; iCa, ionized calcium; SE, standard error.
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95%CI, 0.573–0.759, P = 0.001), PLT(AUC = 0.662, 95%CI, 0.569–0.759, P = 0.001), K(AUC = 0.650, 95% CI, 0.552–0.748,
P = 0.002). Of these, the best cut-off value for iCa was 3.18 mg/dl, with a sensitivity of 40.0% and specificity of 88.6%.

Correlation Study of iCa Levels with PRISM III Scores
We divided sepsis patients into two groups according to PRISM III scores (the cut-off for grouping is the median). The
level of iCa tended to decrease as the PRISM III score increased. iCa levels were lower in the PRISM III ≥ 9 group than
in the PRISM III < 9 group (P < 0.05, Figure 4A). Meanwhile, Pearson correlation analysis revealed that iCa levels were
negatively correlated with PRISM III scores (r= −0.819, P <0.001), as shown in Figure 4B.

Table 5 Logistic Analysis Results of Predictors for Death in the Poor Prognosis Group

Variables Univariate Multivariate

OR (95% CI) p OR (95% CI) p

PLT 0.995 (0.992–0.998) 0.003 0.994(0.991–0.998) 0.001

ALB 0.912(0.849–0.981) 0.013 0.939(0.869–1.015) 0.114

Blood potassium 1.607 (1.182–2.183) 0.002 1.741(1.194–2.538) 0.004

iCa 0.569(0.395–0.818) 0.002 0.659(0.445–0.977) 0.038

Abbreviations: PLT, platelet; ALB, albumin; iCa, ionized calcium.

Figure 3 (A) ROC curve for iCa, ALB, BW, GA, PRISM III in predicting poor prognosis in VLBWI with sepsis; (B) ROC curve for iCa, K, PLT, PRISM III predicting death in
the poor prognosis group.
Abbreviations: BW, birth weight; GA, gestational age; ALB, albumin; PLT, platelet; iCa, ionized calcium; K, potassium.

Figure 4 Correlation of iCa levels with PRISM III. (A) iCa levels in different PRISM III score groups; (B) scatter plot of correlation between iCa and PRISM III score.
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Discussion
Neonatal sepsis is an important cause of neonatal death,31 especially in VLBWI. Many studies as well have confirmed
that BPD,32 cerebral injury,33–36 ROP,37 and NEC are serious complications closely related to sepsis. Mercier et al23 also
showed that these complications were associated with later disability rates, this conclusion was also confirmed by many
studies.23–27 In addition, in our hospital, the mortality rate of VLBWI with sepsis in our hospital was still as high as
17.5% in the past seven years, with a poor prognosis of 48.5%. Therefore, it is crucial to find an indicator that can
determine the severity and prognosis of sepsis.

CRP, PCT, and other inflammatory markers are commonly used to diagnose and assess the severity of disease in
patients with sepsis,38 but each has its advantages and disadvantages. CRP is synthesized in the liver, is an acute phase
reactant protein, and takes longer to peak in neonatal sepsis.39,40 PCT is a glycoprotein produced by extra-thyroidal
organs and is released into the blood in large quantities when a serious infection occurs.41 It can be detected after 3 hours
and reaches a peak at 6–12 hours, which can be used as an early assessment indicator,39,41,42 but the basal secretion level
of PCT varies with age, suggesting variable PCT criteria for sepsis.43,44 Some studies have shown that nonspecific
inflammatory conditions, such as respiratory distress syndrome and inhalation injury, can also cause neonatal with
elevated serum PCT concentrations.45,46 In the present study, CRP and PCT values did not differ statistically significantly
among different groups of iCa levels and different prognostic groups, so both are more difficult to use as uniform
indicators for early prognostic assessment.

Numerous adult studies have identified that iCa is correlated with a variety of diseases such as acute pancreatitis,
hypoparathyroidism, and sepsis.14,47,48 The incidence of hypocalcemia in patients with disease varies considerably across
studies.48 Of concern is that pediatric patients with sepsis may have a particularly high frequency of decreased iCa
concentrations,49 which is consistent with the present study. In addition, a study conducted on neonates indicated that iCa
was correlated with sepsis mortality.20 However, that study showed a 13.61% mortality rate, different from our study. The
difference in the study population may explain this situation, as the study by Liu et al included a population with BW ≥
1500 g compared to the VLBWI of our study. In addition, different from the outcome variables by Liu et al, we included
VLBWI with severe complications in the poor prognosis group.

However, in patients with sepsis, the etiology or pathophysiology of hypocalcemia is not clear. Zaloga et al50 reported
for the first time the mechanism of the inability to mobilize calcium in patients with sepsis. This study pointed out that
hypocalcemia in patients with sepsis resulted from the efflux of calcium from the vascular space not met by the
concomitant influx. The cause for defective calcium influx was multifactorial and resulted from acquired parathyroid
gland insufficiency, renal la-hydroxylase insufficiency, dietary vitamin D deficiency, and acquired tissue resistance to
calcitriol.50 In addition to this, many studies have shown that sepsis induces increased levels of various cytokines that can
induce hypocalcemia.51–53 An animal study by Canaff et al51 showed that interleukin 1b induced hypocalcemia through
upregulation of calcium-sensitive receptor (CASR) mRNA levels in the physical parathyroid, kidney, and parathyroid
glands. It is consistent with the mechanism of interleukin 6-induced hypocalcemia in the study of Canaff et al.52 Patients
with toxic shock syndrome or gram-negative bacterial sepsis have elevated levels of tumor necrosis factor-a (TNF-a),
which is also associated with hypocalcemia.53 Therefore, the hypocalcemic effect caused by the combined upregulation
of CASR by TNF-α, IL-1, and IL-6 in patients with sepsis is one of the possible mechanisms of hypocalcemia. In
conclusion, multiple pathophysiological changes can lead to the development of hypocalcemia in sepsis.

In the present study, we first explored the correlation between iCa and the severity of neonatal sepsis. Because PRISM
III scores were used clinically to assess the severity of disease,11–13,54 we investigated the correlation between iCa and
PRISM III scores in the present study. The results of the present study showed that PRISM III scores were higher in the
hypocalcemia group than in the normal iCa group. In the hypocalcemia group, there were a significantly higher number
of neonates with poor prognosis than in the normal iCa group. Consistent with the results of previously reported studies
in adults,16–19,55 the results of the adult study showed that iCa was correlated with disease severity. Meanwhile, the
results of our study showed a negative correlation between iCa values and PRISM III scores, which further suggested that
iCa could be used to assess disease severity in septic neonates. Given the negative correlation between iCa levels and
disease severity, it was not surprising that hypocalcemia was correlated with a poor prognosis.
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Our study showed that iCa levels were lower in the poor prognosis group compared to the good prognosis group. The
iCa levels progressively decreased in the mild complication or no complication group, the severe complication group,
and the death group. Multivariate analysis also showed that not only iCa, but also ALB levels, GA, and BW were
independent predictors of poor prognosis in VLBWI with sepsis.BW and GAwere correlated with poor prognosis, which
was consistent with the results of many previous studies.56,57 Still, it is clear that BW and GA were constant indicators
and did not vary with disease severity. Yang et al58 also noted that lower ALB levels might be associated with a poorer
prognosis, but as our findings show, the AUC of ALB was lower than iCa. In addition, AUC curves showed the rather
good discriminatory ability of iCa in predicting the death and combined severe complication groups. We also compared
the iCa with the PRISM III score. Although the AUC of the PRISM III score was slightly higher than the iCa in
predicting poor prognosis, the difference between both was not significant. The PRISM III score requires multiple
indicators to calculate, which is cumbersome. Sometimes, the PRISM III could not be calculated due to the lack of
individual indicators. Therefore, we considered the iCa superior to the PRISM III score in terms of clinical applicability.

Thus, iCa can be used as a predective indicator measured early in the onset of sepsis. It was fast, inexpensive, and
required little skill. By predicting neonatal outcomes in sepsis, we may be able to take more aggressive measures early on
to reduce the occurrence of this poor prognostic outcome. However, it is worth noting that iCa was only part of the
multivariate regression analysis, and clinicians should still combine the other three variables (BW, GA, ALB) to provide
a more comprehensive, meaningful guidance for clinical treatment.

There are several limitations of our study. First, this was a cross-sectional study conducted in a single center. Second,
the iCa value we selected was the lowest value within the first 24 hours at onset, and the PRISM III score obtained was
the highest score within the first 24 hours at onset, and we did not dynamically follow changes in either. Third, we only
followed the infant at 40 weeks of corrected gestational age and did not follow the development of the infant at three
months of age, one year, three years, or even beyond. Therefore, iCa can only be used as a short-term poor prognostic
predictor for VLBWI with sepsis. Afterward, we will attempt to validate our findings in a multicenter and conduct a long-
term follow-up of these children.

Conclusion
The iCa level was negatively correlated with the severity of neonatal sepsis and had a rather good predictive value for the
prognosis of sepsis in VLBWI. Pediatricians should be aware that hypocalcemia alerts them to the risk of poor prognosis
in VLBWI with sepsis.
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