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Abstract

In the ongoing challenge to reduce burn-associated mortality rates, this study

explores the predictive capacity of clinical factors in burn patients, focusing on

vitamin D, calcium, and serum albumin levels during hospitalisation in cases

with Pseudomonas aeruginosa infection. Our research involves a comprehen-

sive analysis of 100 burn patients, encompassing crucial clinical parameters

such as the burn severity index, serum albumin, vitamin D, and calcium levels

at admission. Data were meticulously entered into IBM Statistics SPSS software

version 28 and subjected to statistical analysis. The study reveals an average

patient age of 39.75 years and a notable 34% mortality rate. Additionally, the

average lengths of hospital and intensive care unit (ICU) stays are determined

to be 11.33 and 7.79 days, respectively. Significantly, a correlation between cal-

cium and albumin variables and treatment outcomes is established, showcas-

ing their potential to predict variable changes in patient mortality rates.

Furthermore, a noteworthy association is observed between serum calcium

levels and the duration of ICU hospitalisation. In conclusion, albumin and cal-

cium variables emerge as sensitive and specific indicators for predicting out-

comes in burn patients. Importantly, the independence of these factors from

the physician's experience and diagnosis reduces human error and thus

increases the accuracy of mortality prediction in this patient population.
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Key Messages
• There was a significant relationship between serum albumin and calcium

levels and treatment results in burn patients with Pseudomonas aeruginosa
infection.

• Hypoalbuminemia is identified as a critical factor impacting adverse out-
comes, particularly leading to prolonged stays in the intensive care
unit (ICU).

• The vitamin D level in deceased patients was not significantly different from
that of survivors.

• The study highlights the clinical relevance of serum albumin levels as inde-
pendent predictors, reducing human error and enhancing accuracy in mor-
tality prediction.

1 | INTRODUCTION

Burns are a devastating and prevalent public health con-
cern, with over 90% of burn-related fatalities occurring in
low-income countries.1–3 Despite the high mortality rate,
advances in burn treatment have significantly increased
the chance of survival. However, the probability of death
can be predicted by clinical factors.4–6 Accurate assess-
ment of the mortality risk in burn patients is crucial for
predicting disease progression, reducing morbidity, opti-
mising treatment strategies, and expediting clinical inter-
vention.1,4 Prognostic factors such as the Abbreviated
Burn Severity Index (ABSI) include gender, age, Total
Body Surface Area (TBSA), full-thickness injuries, and
inhalation burns but do not include biochemical vari-
ables.4 Severe burn injuries disturb immune and physio-
logical responses, including inflammation,
immunosuppression, reduced plasma levels of vitamin D
and its carrier proteins (hypoalbuminemia), and calcium
homeostasis derangements.4,7,8 Clinical studies have
established an association between low circulating vita-
min D levels and adverse outcomes in burn patients,
including increased susceptibility to infections, sepsis,
pneumonia, prolonged hospital stays, recurrent ICU
admissions, delayed wound healing, organ failure, esca-
lated treatment costs, and higher mortality rates.7,9,10 On
the other hand, vitamin D is a hormone known for its
role in calcium homeostasis.11 Calcium derangement is
associated with complications of severe trauma (includ-
ing hypothermia, coagulopathy, and acidosis) and poorer
outcomes in trauma patients. Studies have revealed a
high prevalence of calcium disorders, particularly hypo-
calcaemia, in critically ill trauma patients, often present-
ing in an asymptomatic manner, hindering timely
intervention.12,13 Hypoalbuminemia, a common clinical

deficiency in burn patients, is independently associated
with elevated risks of infectious complications, increased
TBSA, greater burn severity, prolonged hospital stays,
and increased mortality rates.1,14 It also contributes to
renal failure, edema, delayed recovery, pulmonary
lesions, and enhanced susceptibility to sepsis. Therefore,
vitamin D, calcium, and albumin levels are potential
prognostic markers of burn severity and outcomes. Iden-
tifying these biochemical indicators is clinically essential
for predicting disease progression, guiding management
strategies, optimising treatment interventions, and reduc-
ing the risk of complications and mortality.1 A limited
number of studies have evaluated the role of these bio-
chemical factors in the metabolism and outcome of
patients with severe burns.10,15 Given that Pseudomonas
species are prevalent bacteria in hospital infections, par-
ticularly in the ICU,16 this study aims to determine the
relationship between the concentrations of vitamin D,
calcium, and serum albumin upon admission and the
complications and mortality outcomes in burn patients
with Pseudomonas aeruginosa infection.

2 | METHODS

2.1 | Research design and methodology

We conducted a retrospective cross-sectional study on
burn patients in an educational and treatment center in
the North of Iran from March 2019 to March 2022. Our
study included all hospitalised burn patients aged
18 years or older with P. aeruginosa infection. Data were
extracted and recorded from the patient's medical records
using a data collection form. The inclusion criteria were
second/third-degree burns and TBSA>20%. All subjects
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were those whose vitamin D, calcium, and albumin levels
were measured upon admission. Normal values of
25(OH)D serum are >20 ng/mL (50 nmol/L). Serum
25(OH)D values >200 ng/mL (500 nmol/L) are defined
as toxic. Normal serum calcium and albumin levels are
also considered 8.1–10.4 mg/dL and 3.5–4.5 mg/dL,
respectively.17–19 Any patient with an infection before the
burn injury, patients who had received vitamin D supple-
mentation before entry, or patients whose records did not
have sufficient information to analyse the variables were
excluded from the study. There was no missing data. The
investigated variables were age, sex, length of stay (LOS),
length of stay in ICU, burn site, infection site, inhalation
burn, TBSA, burn grade, and outcome. The results of lab-
oratory tests such as vitamin D, calcium, and albumin
during admission to the burn department were also
examined.

2.2 | Statistical analysis

The results were presented as mean values and standard
deviation (SD). The normality of the data was checked
using the Kolmogorov–Smirnov test. Also, the Manne
Whitney U-test was performed to compare quantitative
variables. The chi-square or Fisher's exact test was used
to compare categorical variables. Logistic regression anal-
ysis assessed the association between mean laboratory
markers and outcomes, including mortality and hospital
days, reporting odds ratios (ORs), and 95% confidence
intervals (CIs). Data analysis and statistical analysis were
done using SPSS 28.0. A value of p ≤ 0.05 was considered
statistically significant for all tests.

2.3 | Ethics statement

Ethical approval for this study (IR.GUMS.REC.1401.062)
was provided by the Regional Ethics Committee of Gui-
lan University of Medical Sciences, Rasht, Iran on May
18, 2022.

3 | RESULTS

During the study period, 100 hospitalised burn patients
met the criteria for entering this study. Most
patients (80 cases, 80%) were male, and 20 (20%) were
female. The age range of the patients was from 20 to
86 years (mean age: 39.97 ± 15.37 years). The average
burn percentage (TBSA) of all patients was 48.20 ± 24.87.
The average length of stay in the hospital (LOS) and
the intensive care unit (ICU-LOS) were 11.33 ± 5.96 days

and 7.79 ± 4.95 days, respectively. 88% of patients were
in the ICU for 1–20 days. 68% of patients had inhalation
injuries, and death was observed in 34% of all patients.
Wound infection (66%), lung infection (9%), and urinary
tract infection (8%) were the most common hospital
infections observed, respectively. Seventeen percent of
patients had other infections. The results of the analysis
of quantitative variables based on treatment outcomes
are presented in Table 1. There was no significant differ-
ence between the average age of the patients in the sur-
viving and deceased groups (p-value = 0.095). In
comparison, there was a significant relationship between
the average percentage of burns (TBSA), the LOS, the
ICU-LOS, and the number of surgeries (the ratio of
the graft to the percentage of burns) with the mortality of
patients. The patients of the deceased group had an aver-
age percentage of burns and a more extended hospitalisa-
tion period (p-value = 0.000). Table 2 shows the
comparison results of the average length of hospitalisa-
tion based on the level of the examined markers. Among
the three laboratory markers measured, there was only a
significant difference between the average ICU hospitali-
sation duration in the two groups of patients with low
and normal albumin (p-value = 0.043). The results of
multivariable logistic regression for mortality status in
patients showed a significant relationship between cal-
cium and albumin variables and the outcome. These vari-
ables were able to predict the variable changes in the
mortality rate in patients (Table 3). The vitamin D level
in deceased patients was not significantly different from
that of survivors. The sensitivity and specificity were
obtained as 90.9 and 58.8, respectively.

4 | DISCUSSION

Our study delves into the predictive value of serum albu-
min and calcium levels in burn patients with
P. aeruginosa infection. The analysis of 100 patients
revealed a significant correlation between these variables
and treatment outcomes, emphasising their potential as
sensitive indicators for predicting variable changes in
patient mortality rates. Notably, serum calcium levels
were also associated with the duration of ICU hospitali-
sation. These findings underscore the clinical relevance
of albumin and calcium as independent predictors, miti-
gating human error and enhancing mortality prediction
accuracy. The observed male predominance among burn
patients aligns with existing literature, emphasising the
recognised risk factor of the male gender for burn
incidents.20–22 Compared to some reports, the higher
mortality rate in our study may be attributed to the ele-
vated average TBSA among participants.4,23 Importantly,
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our findings highlight hypoalbuminemia's significant
impact, particularly on prolonged ICU stays, emphasis-
ing its role as a prognostic indicator for adverse out-
comes. While conflicting reports exist in the literature
regarding the effect of serum albumin levels on patient
outcomes, our study contributes to the growing body of
evidence supporting its relevance.1,4,14,24–27 The inverse
relationship between calcium concentration and mortal-
ity in critically ill patients, especially those with infec-
tious complications, reflects the findings of several
studies.12,13,15,28–31 However, inconsistencies between
studies may result from methodological variations and
patient characteristics.32,33 Despite the widely reported
association between low vitamin D levels and adverse
outcomes in critically ill patients, our study did not iden-
tify a significant relationship with burn patient
outcomes.34–37 This finding aligns with other studies
reporting conflicting results and underscores the need
for further investigation through rigorous research and
more extensive clinical trials.38–40 Our study proposes

the incorporation of albumin and calcium concentra-
tions as objective biochemical markers to predict out-
comes in burn patients, complementing the ABSI. Using
such markers could enhance reliability and simplicity in
predicting results, bypassing the limitations of subjective
data and observer error. However, caution is advised due
to study limitations, including its single-center design,
retrospective nature, and relatively small sample size.
Future research should prioritise multi-center, prospec-
tive studies with more extensive, diverse populations.
Additionally, conflicting literature on vitamin D in burn
outcomes requires further exploration through more
extensive clinical trials. While serum albumin and cal-
cium exhibit promise as prognostic markers, their clini-
cal implementation warrants validation through well-
designed trials focusing on standardisation and general-
izability. Continuous research efforts are crucial for
refining the predictive value of these biomarkers,
advancing clinical care, and improving outcomes for
burn patients.

TABLE 1 Characteristics of the burn injuries in 100 patients (Analysis of quantitative variables).

Survived (Total No = 66) Died (Total No = 34) p-value

Age (mean) 13.06 ± 37.08 19.12 ± 44.94 0.095

Body surface burned (%) 11.41 ± 35.33 25.00 ± 73.18 0.000

ICU-LOS* 3.71 ± 4.27 4.87 ± 7.71 0.000

LOS 6.93 ± 10.12 5.35 ± 11.95 0.026

Graft ratio to TBSA 0.25 ± 0.41 0.20 ± 0.18 0.000

*88% of patients were in the ICU for 1–20 days.

TABLE 2 Results related to

comparison of the mean for LOS and

ICU-LOS based on Lab markers status.Lab marker Variable

Lab marker status

Test statisticsa Sig.Normal Abnormal

Vitamin D LOS 13.75 ± 5.39 11.12 ± 5.99 842 0.145

ICU-LOS 6.88 ± 5.38 5.32 ± 4.35 437 0.378

Calcium LOS 13.31 ± 7.29 10.95 ± 5.65 798 0.233

ICU-LOS 4.50 ± 5.30 5.62 ± 4.25 502 0.108

Albumin LOS 9.30 ± 3.46 11.56 ± 6.15 389 0.486

ICU-LOS 2.90 ± 2.88 5.72 ± 4.49 274 0.043

aIndependent-samples Mann–Whitney U-test.

TABLE 3 Multivariate logistic

regression results for mortality status in

patients.Variable Beta coefficient Exp(B)

95% CI

p-valueLower Upper

Vitamin D �0.048 0.953 0.872 1.042 0.292

Calcium �1.086 0.338 0.138 0.826 0.017

Albumin �2.861 0.058 0.013 0.243 0.001

Constant 15.585 – – – 0.001
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5 | LIMITATIONS

This single-center study in North Iran, reliant on retro-
spective data, may lack universal applicability due to
population-specific characteristics, introducing potential
selection bias and incomplete records. The inclusion of
only 100 burn patients limits generalizability, emphasis-
ing the need for larger sample sizes to enhance statistical
power and result reliability. Additionally, the focus on
P. aeruginosa infection in burn patients may limit direct
applicability to other infection types, necessitating further
research for broader insights into different infectious
contexts.

6 | RECOMMENDATION FOR
FUTURE STUDIES

Future studies could investigate the underlying mecha-
nisms through which serum albumin and calcium levels
affect outcomes in burn patients. Understanding the
molecular and physiological pathways involved will con-
tribute to a more comprehensive understanding of their
prognostic significance. It is also recommended to inves-
tigate the effect of different types of infections on the out-
comes of burn patients by considering a wider range of
microbial factors. To increase the generalizability of the
findings, it will be beneficial to conduct multicentre stud-
ies including different populations and environments.
This approach can help to validate observed correlations
and identify potential changes in different groups of
patients.

7 | CONCLUSION

Our study highlights the predictive value of serum albu-
min and calcium in burn patients with P. aeruginosa
infection. The observed link to adverse outcomes, includ-
ing mortality, suggests their potential utility in predicting
patient outcomes. Study limitations such as single-center
design, retrospective nature, and a small sample size
underscore the need for caution. Future research should
pursue multi-center, prospective studies with more exten-
sive, diverse populations. Conflicting literature on vita-
min D in burn outcomes requires further investigation
through more extensive clinical trials. While serum albu-
min and calcium show promise as prognostic markers,
their clinical implementation requires validation through
well-designed trials emphasising standardisation and
generalizability. In essence, ongoing research is crucial
for refining the predictive value of these biomarkers,

advancing clinical care, and improving outcomes for
burn patients.
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