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Abstract
This study investigates the impact of serum calcium levels on the 28-day hospital mortality rate in children with
pneumonia, a topic not extensively explored previously. Analyzing data from 414 patients at Zhejiang University
Medical College's Children's Hospital (2010–2019), the study categorized patients by serum calcium levels for
28-day mortality monitoring. Results show that each 1mmol/dL increase in serum calcium reduced 28-day
mortality risk by 26% (HR: 0.74, 95% CI: 0.65–0.85). Patients with higher serum calcium levels had a 63% lower
mortality rate compared to those with lower levels (HR: 0.37, 95% CI: 0.16–0.85). These �ndings, consistent
across various subgroups, highlight serum calcium as a signi�cant prognostic marker for pediatric pneumonia,
in�uencing clinical decisions and pointing to the need for further research in this area.

Introduction
Pneumonia, an acute lower respiratory tract in�ammation, continues to be a leading cause of child mortality
worldwide. Annually, it claims the lives of over 2 million individuals, with nearly 30% of these cases occurring in
children under the age of 5[1–3]. While the period from 2000 to 2015 witnessed a decline in pneumonia-related
child fatalities, attributed to advancements in vaccination and public health measures, it continues to pose a
signi�cant health threat, especially to children with underlying conditions such as immunode�ciency, airway
hyperreactivity, or cardiovascular issues.[3–5]

Calcium, a multifaceted intracellular messenger, plays a vital role in various biological processes including gene
expression, cell proliferation, and cell death.[6] It is crucial in both healthy cellular functions and in the
pathology of diseases like pneumonia. The role of calcium in the mechanisms of pneumonia is particularly
complex. During cellular infection, calcium facilitates the apoptotic elimination of pathogens as part of the host
defense mechanism.[7] Concurrently, it can be exploited by viruses to enhance their replication and invasion
capabilities, notably in coronavirus infections, where alterations in calcium homeostasis are closely linked to
viral spread and activation of in�ammatory responses in the host.[7–9]

Calcium's regulation of the immune system's response to infection is crucial, and its dysregulation can
exacerbate illness. Recent studies indicate that calcium disturbances are prevalent in various clinical contexts,
including pediatric sepsis[10], traumatic injury[11], childhood diarrhea[12], adult cardiovascular disease[13, 14],
acute kidney injury[15], and all-cause mortality among inpatients[16], particularly with hypocalcemia,as
observed in COVID-19 pneumonia patients[17]. However, the speci�c role and mechanisms of calcium in
pediatric pneumonia, especially its association with the in-hospital mortality rate of pediatric pneumonia
patients, remain under-explored.

Thus, this study aims to delve into whether there is an association between serum calcium levels at admission
and the 28-day mortality of pediatric pneumonia patients. By comprehensively understanding this relationship,
we aspire to offer new perspectives on the disease progression and prognosis of pneumonia patients. We
anticipate that this research will not only enrich our understanding of the relationship between calcium and
pneumonia but also provide substantial support for future clinical practices and treatment decisions, thereby
contributing to the improvement of treatment outcomes and survival rates for pneumonia patients.

Results
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Baseline characteristics of study subjects
We enrolled a total of 414 patients, with an average age of 22.9 ± 33.6 months. Male patients constituted 42.0%
of the total study cohort. The overall prevalence of 28-day hospital mortality in this group was 11.1%. Table 1
presents the baseline characteristics of patients grouped according to serum calcium levels. The group with
higher serum calcium exhibited higher levels of hemoglobin, albumin, cholesterol, serum sodium, serum
potassium, and monocytes, and these differences were statistically signi�cant (P < 0.05). Conversely, this group
showed lower levels of lactate dehydrogenase (LDH) and aspartate aminotransferase (AST), as well as a lower
28-day mortality rate. However, there were no statistically signi�cant differences in terms of gender, oxygen
saturation, blood urea nitrogen (BUN), gamma-glutamyl transferase (GGT), and length of stay in the ICU
(Table 1).

Association between serum Calcium and 28-day hospital Mortality

Smooth curve �tting revealed a signi�cant linear relationship between serum calcium levels and the risk of 28-
day mortality (non-linearity P = 0.75, Supplementary Figure S1). This analysis employed a restricted cubic
spline model adjusted for multiple variables. The curve demonstrates that as the level of serum calcium
increases, the risk of 28-day mortality shows a downward trend, indicating that higher serum calcium levels are
associated with a reduced risk of mortality within 28 days.

Univariate analysis indicated a signi�cant correlation between serum calcium and 28-day hospital mortality
(HR 0.79, 95% CI: 0.72–0.88, P < 0.001, Supplementary Table 1). In the multivariate model, higher serum
calcium levels were associated with a decreased risk of adverse outcomes in pneumonia patients. For every 1
mmol/dL increase in serum calcium, the risk of adverse outcomes signi�cantly decreased by 26% (HR: 0.74,
95% CI: 0.65–0.85). Analysis of serum calcium as a categorical variable showed a consistent trend across four
adjusted models, indicating that higher serum calcium is associated with a lower hazard ratio for mortality. In
the fully adjusted model, compared to the lowest quartile group (Q1), the middle quartile group (Q2) had a 49%
reduced risk of 28-day mortality (HR: 0.51, 95% CI: 0.25–1.08), while the highest quartile group (Q3) had a
hazard ratio of 0.37 (95% CI: 0.16–0.85) (Table 2). Furthermore, cumulative mortality risks for both Q2 and Q3
groups were higher, as con�rmed by the log-rank test (Fig. 2).

The results of sensitivity analyses
The correlation between serum calcium and 28-day hospital mortality remained consistent across different
subgroups and was not in�uenced by factors such as age, gender, length of ICU stay, participants' serum
albumin levels, oxygen saturation, or the occurrence of bacteremia (p > 0.05, Fig. 3). This robust association
underscores the independence of serum calcium as a predictive factor for 28-day hospital mortality. These
�ndings a�rm the robustness and reliability of our research results, highlighting serum calcium as a potential
biomarker for monitoring the prognosis of pediatric pneumonia patients. This translation into American English
is crafted to ensure academic rigor, logical structure, and accuracy, �tting for a scholarly medical research
paper.

After excluding records with incomplete variables, our study focused on 278 patients. Cox regression analysis
con�rmed our initial �ndings: higher serum calcium levels signi�cantly reduce the risk of 28-day in-hospital
mortality in pediatric pneumonia patients. Speci�cally, each 1 mmol/mL increase in serum calcium was
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associated with a 30% decrease in mortality risk (HR: 0.7, 95% CI: 0.6–0.81). The risk reduction was more
pronounced in the higher quartiles of serum calcium levels, with the middle and highest quartiles showing a
41%(HR: 0.59, 95% CI: 0.24–1.45) and 72%(HR: 0.28, 95% CI: 0.09–0.9) decreased mortality risk, respectively,
compared to the lowest quartile ( Supplementary Table 2). These results emphasize the predictive value of
serum calcium in short-term outcomes for pediatric pneumonia.

Discussion
In two pediatric intensive care unit studies, 84% of patients exhibited electrolyte imbalances, with hypocalcemia
being the most common at 57.6%. The mortality rate for hypocalcemic patients was signi�cantly higher at
28.3%, compared to 7.5% for those with normal calcium levels, indicating that hypocalcemia is common in
critically ill pediatric patients and is associated with a higher mortality rate.[18, 19] The research conducted
explored the signi�cant relationship between serum calcium levels and 28-day mortality in pediatric pneumonia
patients. Findings indicated that patients with higher serum calcium levels (22.0 to 23.5 mmol/dL) had a
signi�cantly reduced 28-day mortality risk by 49% compared to those with lower levels (below 21.9 mmol/dL),
and this risk reduction was even greater, at 63%, for levels above 23.6 mmol/dL. Subgroup analysis con�rmed
the consistency of this association across different clinical subgroups, emphasizing the importance of
monitoring and managing serum calcium levels in pediatric pneumonia.

In our study involving pediatric pneumonia patients in the PICU, serum calcium levels emerged as an
independent prognostic factor for in-hospital mortality, aligning with �ndings from other studies.[10, 20–24]
Notably, research by Yan et al. on sepsis and multiple myeloma, along with Yang et al.'s comprehensive cohort
analysis, identi�ed non-linear relationships.[21, 22] Speci�cally, in sepsis patients, a decline in serum calcium
below 9.0 mg/dL signi�cantly increased mortality risk.[20] In contrast, for multiple myeloma patients, optimal
survival correlated with serum calcium levels around 8.40 mg/dL, with both higher and lower levels indicating
increased mortality[22]. Yang's extensive cohort studies in UK Biobank and NHANES also discovered a U-
shaped correlation between albumin-adjusted calcium levels and all-cause or cardiovascular mortality, with
linear association observed in cancer mortality.[21] Our �ndings, consistent with these studies, establish a
direct relationship between serum calcium and mortality, underscoring the clinical importance of monitoring
and managing serum calcium levels.

Under physiological conditions, unbound calcium inversely correlates with serum pH as calcium ions compete
with hydrogen ions for binding sites on proteins such as albumin.[25] In trauma patients, lower blood calcium
levels are associated with worsened acidosis, a condition prevalent in trauma and critically ill patients needing
extensive blood transfusions.[26, 27] Studies indicate a signi�cant direct relationship between ionized calcium
levels and arterial pH in trauma patients.[27, 28] Our research underscores the independent association
between serum calcium levels and 28-day mortality in pediatric pneumonia, even after adjusting for pH.
Furthermore, research shows hypocalcemia is common in neonatal sepsis and signi�cantly linked to higher
mortality.[10] While our study did not speci�cally identify sepsis patients, we adjusted for blood culture results
in our model. These �ndings emphasize the importance of serum calcium in assessing the prognosis of severe
pediatric diseases, con�rming its stable relationship with mortality across different clinical contexts in pediatric
pneumonia. In a study conducted within an intensive care unit, the relationship between serum calcium levels
and arterial blood pressure was analyzed. It was found that ionized calcium levels were directly associated with
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arterial blood pressure, and patients with hypocalcemia were more likely to require vasopressor support
compared to those with normal calcium levels.[29] In our study, due to a signi�cant number of missing blood
pressure values, we could not analyze the impact of blood pressure on the relationship between serum calcium
levels and 28-day mortality in pediatric pneumonia patients. This limitation highlights an area for improvement
in future research, where we aim to incorporate blood pressure data to provide a more comprehensive
understanding of the factors in�uencing mortality in pediatric pneumonia cases.

In critical care settings, serum calcium is an essential screening tool, and ionized calcium levels more
sensitively re�ect the severity of illness.[30] Hypocalcemia in critically ill patients is an independent risk factor
for mortality, particularly in those requiring extensive blood transfusions. While the need to treat hypocalcemia
is recognized, speci�c thresholds and parameters for its supplementation are still under research.[31]
Overcorrection and the risks of hypercalcemia must also be considered. Moreover, studies indicate that
intravenous calcium salts can signi�cantly impact blood pressure and cardiac function in critically ill patients,
especially in septic shock.[32] These �ndings emphasize the importance of monitoring and adjusting serum
calcium levels in critical care management.

Based on data from a large teaching hospital, this retrospective cohort study delves into the relationship
between serum calcium levels and 28-day mortality rates among pediatric pneumonia patients. With strict
inclusion and exclusion criteria and adjustments for key confounding factors like age, gender, ICU stay length,
bacteremia presence, arterial blood gas pH, blood lactate, oxygen saturation, serum creatinine, and potassium,
the study's reliability and practicality are enhanced. Despite the study's authenticity and innovative therapeutic
value, its small sample size and single-center nature require cautious interpretation. Unmeasured confounders
may also in�uence the results. Nonetheless, this research lays the groundwork for future extensive, multicenter,
prospective studies to validate and extend these �ndings.

Conclusion
This research emphasizes the crucial role of serum calcium as a predictor of 28-day mortality in pediatric
pneumonia cases. The study con�rms that higher serum calcium correlates with reduced mortality risk,
underscoring its potential as a key biomarker for severity assessment and prognosis in pediatric pneumonia.
This insight is pivotal for clinical decision-making. Ongoing investigations are essential to understand the
mechanisms better and validate these �ndings in diverse clinical settings.

Materials and Methods

PIC database:
The PIC (Paediatric Intensive Care) database is a large, freely accessible resource containing de-identi�ed
health-related data of 12881 pediatric patients hospitalized in the intensive care unit (ICU) of the Children's
Hospital a�liated with Zhejiang University School of Medicine from 2010 to 2019. [33]This project was
authorized by the Institutional Review Board/Ethics Committee of the Children's Hospital, Zhejiang University
School of Medicine (2019_IRB_052).
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Clinical Data Collection:
After completing registration with the Collaborative Institutional Training Initiative (CITI), access was granted to
use the PIC database. All laboratory variables were obtained from the �rst blood sample drawn post-admission
to the PICU. The clinical data collected included patient characteristics, vital signs, laboratory �ndings, and
mortality outcomes.

Patient Selection:
For this study, individuals aged between 28 days and 18 years, who were de�nitively diagnosed with
pneumonia, were included. The inclusion criteria were as follows: patients diagnosed with pneumonia during
their ICU stay, de�ned by ICD-9 codes JB.900 and JB.901. Of the 828 patients initially identi�ed from the PIC
database (considering only their �rst ICU admission), 31 neonates under 28 days old, 105 patients who died
within 2 days of admission to the ICU, and 278 patients with missing serum calcium data were excluded,
leaving a total of 414 patients for this study (Fig. 1).

Survival information was extracted from the 'Patients' table within the PIC database. Data related to
hospitalization duration and time of death were obtained from the 'Admissions' table. Laboratory tests and
microbiological cultures were gathered from the 'LabEvents' and 'MicrobiologyEvents' tables, respectively.

Outcome Measurement:
In the PIC database, within the 'Patients' section, 28-day mortality was identi�ed as the primary outcome
measure. To ensure accurate inclusion of pneumonia patients, the study team con�rmed pneumonia as the
main diagnosis based on detailed symptoms and diagnoses recorded at admission and discharge.
Consequently, pneumonia was established as the cause of death in the discharge diagnoses. The key outcome
variable assessed in this research was the rate of 28-day mortality, calculated from the date of admission to the
date of death. This approach enabled a precise measurement of short-term mortality in pediatric pneumonia
patients, offering valuable insights for clinical practice and future research.

Covariates:
The selection of confounders inclusion were based on a combination of the results from univariate Cox
regression analysis, previous literature reports,[12, 34] and covariate impact on the exposure-outcome
association greater than 10%. The �nal model included the following covariates: age, gender, length of stay in
the ICU, presence of bacteremia, arterial blood gas pH, blood lactate, blood oxygen saturation, serum creatinine,
and serum potassium.

Statistical Analysis
Serum calcium levels, due to their minimal numerical variation, were ampli�ed tenfold from their original values
for analysis, with measurements presented in mmol/dL. Patients were strati�ed into three categories based on
serum calcium levels (21.9 mmol/dL, 22.0-23.5 mmol/dL, and > 23.6 mmol/dL).

Categorical data were expressed as percentages. Continuous data following a normal distribution were
presented as mean ± standard deviation (SD), whereas non-normally distributed variables were described using
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the median and interquartile range (IQR). To evaluate baseline characteristics, we employed one-way analysis
of variance (ANOVA) to determine statistical differences among the serum calcium tertiles for continuous
variables. The chi-square test was used to examine differences in categorical variables. The relationship
between serum calcium levels and the risk of 28-day mortality was analyzed using restricted cubic splines. We
applied a Cox proportional hazards model to calculate the hazard ratio (HR). Kaplan-Meier curves were plotted
to illustrate outcomes across different groups, and the log-rank test was utilized for comparing cumulative
mortality rates. The presence of potential multicollinearity was evaluated using the variance in�ation factor
(VIF), with a threshold of VIF ≥ 5 indicating signi�cant multicollinearity. Five models were constructed for the
analysis: Model 1 adjusted for age and sex; Model 2 further adjusted for length of stay in the ICU and blood
culture outcomes; Model 3 additionally included adjustments for arterial blood gas (ABG) pH, lactate levels,
oxygen saturation; Model 4 additionally adjusted for serum potassium and serum creatinine.

A series of sensitivity analyses were conducted to ascertain the robustness of our research �ndings. Initially,
baseline serum calcium was categorized into three groups (low to high), and the stability of the hazard ratio
(HR) estimates was evaluated by calculating the trend p-value. Further, our dataset presented missing values as
follows: serum creatinine had a 6.5% missing rate (27 cases), lactate (LAC) 10.6% (44 cases), pH 9.7% (40
cases), potassium 10.1% (42 cases), and oxygen saturation 9.9% (41 cases), all other variables involved in the
analysis were complete without any missing data. To address these missing values, we implemented a robust
statistical method, employing multiple imputation with 5 replications and the chained equations method within
the R mice procedure. This approach was selected to bolster the statistical strength of our analysis and reduce
potential biases stemming from the missing data. Thirdly, due to a high rate of missing data for albumin, which
made it unsuitable for inclusion as a confounder in the modelyet acknowledging albumin's importance as a
prognostic indicator, we conducted sensitivity analyses to explore the potential impact of albumin alterations.
This included an interaction analysis, despite its absence from the main model adjustments.

Subgroup analyses were carried out using a strati�ed Cox proportional hazards model, stratifying by age (≤ 2
months, 3–11 months, ≥ 12 months), gender, length of stay in the ICU (≤ 5 days, 6–11 days, > 12 days),
albumin levels (≤ 36.2g/L, 36.3-40.7g/L, ≥ 40.8g/L), oxygen saturation (< 95%, ≥ 95%), and the blood culture
outcomes. The likelihood ratio test was utilized to evaluate interactions between subgroups.

In addressing the challenge posed by missing data in our analysis, we implemented a strict data inclusion
criterion, whereby only those patient records with complete datasets, including all covariates, were retained.
This approach ultimately resulted in a �nal sample size of 278 patients for our analysis. On this re�ned dataset,
we conducted a Cox regression analysis. The �ndings and detailed results of this analysis are presented in the
supplementary tables of our study. This approach was taken to mitigate any potential biases that could arise
from incomplete data, ensuring the robustness and reliability of our �ndings (Supplementary Table S2 ).

Our study adhered to the STROBE (Strengthening the Reporting of Observational Studies in Epidemiology)
guidelines to ensure the rigor and comprehensiveness of our observational research.

Statistical analyses were conducted using R version 3.3.2 (http://www.R-project.org, R Foundation) and Free
Statistics software version 1.7. A two-tailed p-value < 0.05 was considered statistically signi�cant.

Abbreviations
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ALT
glutamic pyruvic transaminase
AST
glutamic oxaloacetic transaminase
LDH
lactate dehydrogenase
RDW
red cell distribution width. CRP,C-reactive protein,PH,arterial blood gas pH,γ-GT,Gamma-glutamyl transpeptidase
BUN
blood urine nitrogen,Glu,Blood glucose
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Variables Total Q1≤21.9 22.0≤Q2≤23.5 Q3≥23.6 P-
value

(n = 414) (n = 137) (n = 136) (n = 141)

Serum Calcium(mmol/dL) 22.6 ± 2.1 20.3 ± 1.7 22.7 ± 0.5 24.7 ± 0.8 <
0.001

Gender, n (%)         0.081

Male 174 (42.0) 47 (34.3) 63 (46.3) 64 (45.4)  

Female 240 (58.0) 90 (65.7) 73 (53.7) 77 (54.6)  

Age(month) 7.0 (2.0, 22.0) 16.0 (4.0,
48.0)

6.0 (3.0, 21.2) 4.0 (2.0, 10.0) <
0.001

Hemoglobin(g/L) 107.1 ± 19.7 101.9 ± 21.7 107.6 ± 18.7 112.0 ± 17.1 <
0.001

RDW(CV%) 14.7 ± 2.3 14.8 ± 2.4 14.4 ± 1.8 14.7 ± 2.6 0.422

White blood cell(10^9/L) 10.1 (6.8,
14.5)

10.0 (6.0,
16.4)

8.4 (6.4, 12.4) 11.0 (8.7,
14.9)

0.004

Lymphocyte (10^9/L) 2.7 (1.6, 5.3) 2.1 (1.3, 3.9) 2.6 (1.5, 4.2) 4.4 (2.3, 6.8) <
0.001

Neutrophil(10^9/L) 5.1 (2.9, 9.0) 6.8 (4.0, 10.7) 4.6 (2.4, 7.2) 4.6 (2.8, 7.8) 0.003

Monocyte (10^9/L) 0.6 (0.3, 1.0) 0.5 (0.2, 0.9) 0.5 (0.3, 0.8) 0.7 (0.4, 1.1) 0.008

Platelet(10^9/L) 316.0 (218.5,
404.5)

261.5 (166.8,
340.8)

297.0 (223.0,
378.0)

372.5 (291.2,
490.2)

<
0.001

CRP(g/L) 21.5 ± 30.7 32.1 ± 40.8 19.0 ± 26.2 12.2 ± 14.1 <
0.001

PH 7.3 ± 0.1 7.4 ± 0.1 7.3 ± 0.1 7.3 ± 0.1 0.868

Oxygen saturation(%) 89.4 ± 15.3 88.5 ± 14.0 90.2 ± 16.6 89.5 ± 15.3 0.674

Lactic acid(mmol/L) 1.9 (1.3, 2.9) 1.6 (1.2, 2.6) 1.9 (1.3, 2.6) 2.3 (1.6, 3.2) <
0.001

ALT(U/L) 23.0 (16.0,
41.0)

27.0 (16.0,
54.0)

22.0 (16.0,
37.0)

22.0 (16.0,
35.5)

0.183

AST(U/L) 45.0 (33.0,
73.0)

56.5 (34.0,
99.5)

45.0 (32.0,
70.0)

41.0 (33.0,
53.0)

0.006

Albumin (g/L) 38.2 ± 6.0 33.1 ± 5.4 39.2 ± 4.3 42.1 ± 4.5 <
0.001

Cholesterol(mmol/l) 3.3 ± 1.1 2.9 ± 1.3 3.2 ± 0.9 3.7 ± 1.0 <
0.001

Sodium(mmol/l) 137.4 ± 4.9 136.3 ± 5.9 137.6 ± 4.9 138.4 ± 3.5 0.003

Potassium(mmol/l) 4.1 ± 0.7 3.8 ± 0.8 4.1 ± 0.6 4.3 ± 0.6 <
0.001

Chloride(mmol/l) 105.2 ± 5.6 105.8 ± 5.9 104.5 ± 5.0 105.3 ± 5.7 0.2
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Triglycerides(mmol/l) 1.0 (0.7, 1.3) 1.1 (0.8, 1.4) 1.0 (0.7, 1.2) 1.0 (0.7, 1.3) 0.069

γ-GT(U/L) 26.0 (14.0,
53.0)

23.0 (13.0,
47.5)

27.0 (13.0,
62.2)

28.0 (14.0,
56.0)

0.511

LDH(U/L) 386.0 (302.5,
574.5)

527.5 (371.0,
898.2)

373.0 (288.0,
517.0)

335.5 (286.2,
397.8)

<
0.001

BUN(mmol/l) 3.3 (2.4, 4.9) 3.4 (2.2, 5.6) 3.3 (2.7, 4.3) 3.1 (2.3, 4.6) 0.465

Creatinine(umol/l) 42.1 ± 17.3 47.1 ± 25.8 40.0 ± 10.1 39.1 ± 9.6 <
0.001

Glu(mmol/L) 7.0 ± 3.2 7.3 ± 3.4 7.3 ± 3.8 6.3 ± 2.4 0.038

Length of stay in the
ICU(days)

12.4 ± 16.2 15.0 ± 19.8 11.2 ± 14.7 11.1 ± 13.3 0.072

Positive blood cultures (%) 0.069

NO 233 (56.3) 88 (64.2) 70 (51.5) 75 (53.2)  

YES 181 (43.7) 49 (35.8) 66 (48.5) 66 (46.8)  

28 days mortality,n (%) 0.029

NO 368 (88.9) 114 (83.2) 123 (90.4) 131 (92.9)  

YES 46 (11.1) 23 (16.8) 13 (9.6) 10 (7.1)  

Abbreviations: ALT, glutamic pyruvic transaminase; AST, glutamic oxaloacetic transaminase; LDH, lactate
dehydrogenase; RDW, red cell distribution width. CRP, C-reactive protein, PH, arterial blood gas pH,γ-GT,Gamma-
glutamyl transpeptidase;BUN, blood urine nitrogen,Glu, Blood glucose

P-values were obtained through one-way ANOVA analysis for continuous variables and chi-square test for
categorical variables.

Table 2. The relationship between serum calciumand and 28 days Mortality in Pediatric Pneumonia Patients.
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Exposure n.event% Crude Adjusted  HR(95% CI)

HR(95% CI) Model 1  Model 2 Model 3 Model 4

Serum
calcium(mmol/dL)

46
(11.1)

0.79
(0.72~0.88)

0.78
(0.71~0.87)

0.78
(0.71~0.87)

0.78
(0.7~0.87)

0.74
(0.65~0.85)

Serum calcium quartiles

Q1

(≤21.9mmol/dL)

23
(16.8)

1(Ref) 1(Ref) 1(Ref) 1(Ref) 1(Ref)

Q2

(22.0-
23.5mmol/dL)

13 (9.6) 0.55
(0.28~1.09)

0.5
(0.25~1.01)

0.52
(0.26~1.05)

0.48
(0.23~0.99)

0.51
(0.25~1.08)

Q3

(≥23.6mmol/dL)

10 (7.1) 0.4
(0.19~0.84)

0.35
(0.16~0.76)

0.37
(0.17~0.8)

0.48
(0.23~0.99)

0.37
(0.16~0.85)

HR, Hazard Ratio.

Model 1 adjusted for age and sex; 

Model 2 further adjusted for length of stay in the ICU and blood culture outcomes;

Model 3 additionally included adjustments for arterial blood gas (ABG) pH, lactate levels, oxygen saturation; 

Model 4 additionally adjusted for serum potassium and serum creatinine.

Figures
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Figure 1

Patient Selection Flowchart for the Pediatric Pneumonia Study.
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Figure 2

Cumulative Mortality Hazard Over 28 Days by Serum Calcium Levels in Pediatric Pneumonia Patients
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Figure 3

The correlation between serum calcium and 28-day hospital mortality remained consistent across different
subgroups and was not in�uenced by factors such as age, gender, length of ICU stay, participants' serum
albumin levels, oxygen saturation, or the occurrence of bacteremia (P> 0.05)
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