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Objective: We aimed to explore the correlation between the inflammatory burden index (IBI) and the development of sepsis in 
critically ill patients with extensive burns.
Methods: This retrospective cohort study included extensively burned patients who were admitted to the First Affiliated Hospital of Army 
Medical University from January 1, 2014, to December 31, 2023. These patients were divided into two groups based on the presence or 
absence of sepsis within 28 days after burns (the sepsis group and the nonsepsis group). Furthermore, the patients’ basic information, burn 
severity, blood parameters in the early post-burn period (within 48h after burns), mechanical ventilation, ICU length of stay and the outcome 
were collected. Independent samples Mann–Whitney U-tests and chi-square tests were performed with respect to the indicators between the 
groups. Univariate and multivariate logistic regression analyses were conducted on the basis of indicators that exhibited statistically 
significant differences to identify independent risk factors pertaining to sepsis occurrence. Receiver operating characteristic (ROC) curves 
were plotted to evaluate the predictive efficacy of indicators such as the IBI and determine optimal cutoff values.
Results: A total of 178 critically ill patients with extensive burns were enrolled in this study. Significant differences were observed in 
the total body surface area (TBSA), burn index (BI), C-reactive protein (CRP) level and neutrophil-to-lymphocyte ratio (NLR), IBI, 
revised Baux score (rBaux), mechanical ventilation and ICU length of stay between the sepsis group and the nonsepsis group (P 
<0.05). Logistic regression analysis identified the IBI in the early post-burn period as an independent risk factor for sepsis (P <0.05), 
and its predictive performance surpassed that of the CRP level. The optimal cut-off value of the IBI was 695.01, and combination of 
the IBI with the BI led to further improvements in predictive performance.
Conclusion: The IBI in the early post-burn period offers good predictive value for the development of sepsis in critically ill patients 
with extensive burns, which is helpful for formulating treatment strategies, including early surgical intervention, antibiotic application, 
and early enteral nutrition, etc. to reduce the incidence of sepsis.
Keywords: inflammatory burden index, sepsis, extensive burns, C-reactive protein, burn index

Introduction
The critically ill patients with extensive burns often face a significantly increased risk of infection because of skin barrier 
destruction, homeostatic imbalance, immunosuppression, and systemic inflammation. Sepsis is a common complication of 
severe burns and is the leading cause of death in patients.1,2 Studies have shown that the incidence of sepsis in patients with 
total body surface area (TBSA) burns greater than 20% is 3%-30%,3,4 while the mortality of burned patients with sepsis 
complications is 20.3%.5 Therefore, early prediction of sepsis by biomarkers and timely treatments for reducing the incidence 
of sepsis are critical for improving prognoses in this context. Immune and metabolic disorders caused by severe burns can lead 
to changes in the levels of some biomarkers, which are helpful for assessing infection risk, identifying physiological 
dysfunction and monitoring treatment efficacy. Common biomarkers include C-reactive protein (CRP), procalcitonin 
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(PCT), inflammatory cytokines, etc.6 CRP is an acute phase protein that is closely related to systemic inflammation. 
Neutrophils and lymphocytes are major components of white blood cells (WBC), participating in the body’s immune and 
inflammatory responses. Studies have revealed that the neutrophil to lymphocyte ratio (NLR) is increased during bacterial or 
fungal infection and is correlated with death in septic patients.7 The inflammatory burden index (IBI) is a novel inflammation 
indicator that combines the CRP and NLR (IBI=CRP × NLR), which reflect body inflammation and immune status more 
comprehensively. IBI is generally used for the first assessment of the inflammatory load and death risk of tumour patients, and 
multiple studies have shown that IBI exhibits superior predictive performance for mortality compared to a single inflammatory 
marker.8–10 Nevertheless, the correlation between IBI in the early post-burn period and the development of sepsis in critically 
ill patients with extensive burns remains unclear and has not been reported.

Methods
This retrospective cohort study was conducted in accordance with the basic principles of the Declaration of Helsinki. The 
data are anonymous, and the requirement for informed consent was therefore waived, which was approved by the Ethics 
Committee of the First Affiliated Hospital of Army Medical University (KY2025168). The study was conducted and 
reported in accordance with the RECORD guidelines.

Inclusion Criteria and Exclusion Criteria
Inclusion criteria: age ≥18 years, admission to the hospital within 24 hours after burn injury, and burn size ≥50% TBSA. 
Exclusion criteria: special types of burns (electrical burns, radiation burns, chemical burns, etc).; patients with ser
ious heart, brain, liver, kidney comorbidities, immunodeficiency diseases, and malignant tumours before burns; patients 
who were self-discharged from the hospital within 4 weeks after injury or who did not cooperate with treatment, and 
patients whose data were incomplete or missing.

Clinical Data
Severely burned patients admittied between January 1, 2014, and December 31, 2023, were identified from the database 
of the First Affiliated Hospital of Army Medical University and divided into a sepsis group and a nonsepsis group 
according to whether sepsis occurred within 28 days after burn injury. The demographic and clinical data of the patients 
in the two groups were collected, including age, sex, time of admission, cause of burn, TBSA, burn index (BI), revised 
Baux score (rBaux), WBC count, NLR, CRP level, PCT level, IBI, haemoglobin (Hb) level, albumin (Alb) level, 
globulin (Glb) level, serum creatinine (SCr) level, blood urea nitrogen (BUN) level, inhalation injury, mechanical 
ventilation and mortality. All of the blood parameters were collected at admission within 24 hours after burn injury in 
both two groups. If some parameters were collected more than twice, the average was used.

Diagnosis of Sepsis
In this retrospective study, the diagnostic criteria of sepsis was as follows: positive microbiological tissue or blood culture, 
antibiotic therapy was effective, and met 3 out of 6 of the following items: (1) temperature>39.0 °C or <36.5 °C; (2) progressive 
tachycardia>110 beats/minute; (3) respiratory rate>25 breaths/min when not ventilated (12 L/minute when ventilated); (4) 
thrombocytopenia (only applicable after 3 days during the recovery period)<100×109/L; (5) blood glucose (without pre-existing 
diabetes mellitus)>20 mg/dL or insulin resistance; and (6) inability to continue enteral nutrition>24 hours.11

Treatments
After admission, the patients were given intensive care, fluid resuscitation, analgesia, maintenance of internal environ
mental stability, maintenance of organ function, nutritional support, and early rehabilitation. The burn wounds were 
treated with dressing changes and skin grafting.

Data Analysis
SPSS 26.0 software was used to facilitate the data analysis conducted for this research. The measurement data were tested for 
normality using the Shapiro–Wilk test, and the normally distributed measurement data were expressed as �x� s, and two 
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independent samples t tests were used for pairwise comparisons; measurement data that did not fit a normal distribution were 
expressed as the median and quartile M(P25, P75), and intergroup comparisons were performed using the Mann–Whitney 
U-test. The count data were expressed as percentages, and comparisons of the two sample rates were performed using the χ2 
test. Owing to the large difference in the order of magnitude of the original variable IBI, some continuous variables were 
standardized to prevent variables with large numerical values from dominating the model results. Variance-influencing 
factors and collinearity tests were performed on all the variables. Moreover, variables for which P <0.05 were screened on the 
basis of a univariate regression analysis and input to multivariate logistic regression analysis to identify independent risk 
factors associated with adverse outcomes. The receiver operating characteristic (ROC) curves used to predict sepsis in 
severely burned patients were plotted using independent risk factors. All statistical significance levels were set at 0.05.

Results
A total of 178 critically ill patients with extensive burns who met the inclusion and exclusion criteria were included in 
this research; the sample featured 143 males and 35 females. The mean age of the participants was 43 years, the median 
TBSA was 70%, and the median BI was 56.00. There were 82 patients in the sepsis group and 96 patients in the 
nonsepsis group (Table 1).

Comparison of the Basic Information of Patients with Sepsis and Without Sepsis
Significant differences were observed in the TBSA, BI, CRP, NLR, IBI, rBaux, the proportion of mechanical ventilation 
and ICU length of stay between sepsis group and nonsepsis group (P < 0.05); while sex, age, cause of burn, time of 
admission after injury, WBC, PCT, ALB, Glb, Hb, SCr, BUN, the proportion of inhalation injury and mortality were not 

Table 1 Baseline Characteristics of Subjects Between the Sepsis and Non-Survival Groups

Parameters Sepsis Total (n=178) Test 
value

P value

Yes (n=82) No (n=96)

Sex [n (%)]

Female 12.00 (14.63) 23.00 (23.96) 35.00 (19.66) 2.434 0.119a

Male 70.00 (85.37) 73.00 (76.04) 143.00 (80.34)

Age [years,(means ± SEs)] 42.29±12.01 44.24±13.56 43.34±12.87 1.006 0.316c

Burn etiology [n (%)]

Flame 77.00 (90.79) 85.00 (85.71) 162.00 (89.84) 1.554 0.213a

Scald 5.00 (9.21) 11.00 (14.29) 16.0 (10.16)

Burn size [%TBSA,(median, IQR)] 80.00 (IQR67.50–89.25) 60.00 (IQR55.00–75.00) 70.00 (IQR55.00–85.00) −4.754 0.000b

BI of total body (median, IQR) 65.17 (IQR55.67–74.25) 45.17 (IQR38.33–61.25) 56.00 (IQR42.67–71.42) −5.770 0.000b

Hours from burns to admission [hours, (median, IQR)] 5.59 (IQR4.02–9.12) 5.95 (IQR 4.01–11.47) 5.92 (IQR4.02–10.12) −0.403 0.687b

WBC[10^9/L,(median, IQR)] 21.38 (IQR15.60–28.48) 20.72 (IQR16.04–26.00) 21.09 (IQR15.67–26.69) −0.829 0.407b

NLR (median, IQR) 15.85 (IQR11.70–20.28) 13.19 (IQR10.06–19.13) 14.25 (IQR10.69–19.34) −2.215 0.027b

CRP[mg/L,(median, IQR)] 62.66 (IQR31.82–106.31) 34.51 (IQR18.06–55.26) 43.61 (IQR23.15–76.95) −4.608 0.000b

PCT[ng/mL,(median, IQR)] 2.55 (IOR1.19–6.11) 1.86 (IOR0.66–6.43) 2.18 (IOR0.73–6.42) −1.715 0.086b

IBI (median, IQR) 1040.43 (IOR609.69–1519.26) 413.32 (IOR257.57–765.76) 687.97 (IOR300.05–1125.99) −5.653 0.000b

Alb[g/L,(means ± SEs)] 26.99±4.04 27.95±4.83 27.51±4.50 1.428 0.155c

Glb[g/L,(median, IQR)] 20.97 (IQR17.87–23.33) 21.77 (IQR18.91–25.06) 21.27 (IQR18.67–23.92) −1.923 0.054b

Hb[g/l,(median, IQR)] 163.50 (IQR143.92–176.67) 163.17 (IQR143.17–178.67) 163.50 (IQR143.67–177.67) −0.206 0.837

SCr[μmol/L,(median, IQR)] 73.84 (IQR60.04–103.13) 80.69 (IQR63.92–110.29) 78.97 (IQR62.42–105.69) −1.534 0.125b

BUN [mmol/L,(median, IQR)] 7.13 (IQR5.50–8.47) 7.51 (IQR 5.08–9.22) 6.99 (IQR5.35–8.70) −0.919 0.358b

rBaux 132.00 (IQR110.75–147.25) 113.50 (IQR98.25–138.75) 125.50 (IQR103.75–144.25) −2.672 0.008b

Mortality 14 (17.07) 21 (21.88) 35 (19.66) 0.646 0.422a

Mechanical ventilation 61 (74.39) 39 (40.63) 100 (56.18) 20.481 <0.001a

ICU length of stay 47.00 (IQR24.00–67.00) 31.00 (IQR9.00–46.75) 35.00 (IQR19.00–60.00) −4.118 <0.001b

Inhalation injury 50 (60.98) 45 (46.88) 95 (53.37) 3.533 0.060a

Notes: aChi-square test, bMann–Whitney U-test, c Student’s t-test. 
Abbreviations: TBSA, Total Body Surface Area; BI, Burn Index; WBC, White Blood Cell Count; NLR, Neutrophil-to-Lymphocyte Ratio; IBI, Inflammatory burden index; 
CRP, C-Reactive Protein; PCT, Procalcitonin; Alb, Albumin; Glb, Globulin; Hb, haemoglobin; SCr, Serum Creatinine; BUN, Blood Urea Nitrogen; rBaux, Revised Baux Score.
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significantly different (P>0.05) (Table 1). Meanwhile, the IBI showed no correlation with the rBaux, ICU length of stay, 
mechanical ventilation or mortality in this study (P>0.05).

Factors Predicting the Development of Sepsis in Burned Patients
Univariate logistic regression analysis revealed TBSA, BI, CRP, and IBI in the early post-burn period as risk factors for 
the development of sepsis in severely burned patients (P <0.01), and there was no significant collinearity in these 
indicators (Figure 1). Multivariate logistic regression analysis revealed that TBSA (odds ratio (OR): 1.552; 95% 
confidence interval (CI): 1.004–2.398; P=0.048), BI (OR: 1.871; 95% CI: 1.198–2.923; P=0.006), CRP (OR: 1.950; 

Figure 1 Forest plot of risk factors for sepsis determined by the univariate logistic regression analysis and multicollinearity test. TBSA: Total body surface area. 
Abbreviations: BI, Burn index; WBC, White blood cell count; NLR, Neutrophil-to-lymphocyte ratio; IBI, Inflammatory burden index; CRP, C-reactive protein; PCT, 
Procalcitonin; Alb, Albumin; Glb, Globulin; Hb, Haemoglobin; SCr, Serum creatinine; BUN, Blood urea nitrogen; rBaux, Revised Baux score.
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95% CI: 1.243–3.061; P=0.004), and IBI (OR: 2.250; 95% CI: 1.367–3.704; P=0.001) were independent risk factors with 
regard to the development of sepsis in severely burned patients (P<0.05) (Table 2).

Prediction of Sepsis Risk in Severely Burned Patients
ROC curves were used to evaluate the predictive performance of the predictors for the development of sepsis in severely 
burned patients, and the optimal cut-off values were determined (Figure 2). The results revealed that BI exhibited the 

Table 2 Risk Factors for Sepsis of Severe Burn Patients 
Analyzed by Logistic Regression

Variables β Walds Odds Ratio (95% CI) P value

TBSA 0.439 3.918 1.552 (1.004–2.398) 0.048

BI 0.627 7.575 1.871 (1.198–2.923) 0.006

IBI 0.811 10.166 2.250 (1.367–3.704) 0.001
CRP 0.668 8.433 1.950 (1.243–3.061) 0.004

Abbreviations: TBSA, Total Body Surface Area; BI, Burn Index; IBI, Inflammatory 
burden index; CRP, C-Reactive Protein.

Figure 2 Evaluation of the predictive value of predictors for sepsis development in severe burn patients via the ROC curve. The ROC curves illustrate the predictive 
performance of TBSA (AUC = 0.709), BI (AUC = 0.751), IBI (AUC = 0.746), and CRP (AUC = 0.701) for sepsis in severe burn patients. 
Abbreviations: BI, Burn Index; IBI, Inflammatory burden index; CRP, C-reactive protein.
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largest area under the curve (AUC: 0.751; 95% CI: 0.678–0.825; P=0.000) value, followed by IBI (AUC: 0.746; 95% CI: 
0.671–0.821; P=0.000), TBSA (AUC: 0.709; 95% CI: 0.630–0.787; P = 0.000) and CRP (AUC: 0.701; 95% CI: 
0.621–0.780; P = 0.000). The optimal cutoff value for the IBI to distinguish whether patients would develop sepsis 
was 695.01. ROC curves were constructed using the BI combined with the IBI, and the analysis results revealed that the 
AUC for BI combined with IBI was significantly greater than that for BI alone and IBI alone (AUC: 0.831; 95% CI: 
0.770–0.892; P = 0.000) (Figure 3).

Comparison of Clinical Data Between the High IBI and Low IBI Group
In accordance with the IBI cut-off value, the patients were divided into a high IBI group and a low IBI group, with 88 
patients in the high IBI group and 90 patients in the low IBI group. The results revealed that the incidence of sepsis was 
significantly different between the two groups of patients (P <0.05), and the serum ALB level in the low-IBI group was 
greater than that in the high-IBI group (P <0.05). No significant differences were observed between the two groups of 
patients in terms of sex, age, cause of burn, time of admission after injury, or WBC, PCT, Glb, Hb, SCr, and BUN levels 
(P>0.05) (Table 3).

Figure 3 ROC curve analysis of the combined burn index and IBI. The ROC curves illustrate the predictive performance for sepsis in severe burn patients using BI (AUC = 0.751), 
IBI (AUC = 0.746), and their combination (BI + IBI, AUC = 0.831). 
Abbreviations: BI, Burn index; IBI, Inflammatory burden index.
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Discussion
Sepsis is the leading cause of death in severely burned patients. Previous studies have reported that the mortality of 
critically ill patients with extensive burns suffering from complications with sepsis can reach 58.9%.12,13 In patients with 
extensive burns, the body’s homeostasis is disrupted, leading to severe complications and physiological conditions. 
Sepsis is typically correlated with burn severity and subsequent cascade of immune and inflammatory responses. Early 
determination of burn severity and treatment is vital for prognosis. Recent studies have shown that some biomarkers 
during the early post-burn phase can predict the onset of sepsis. Xu et al found that increased serum PCT concentrations 
in the early post-burn period could predict the onset of sepsis within 60 days of the burn, which may serve as an early 
indicator of burn severity.14 Pileri et al showed that as early as hospital admission, serum IL-6 and IL-10 levels have been 
found to be higher in septic burn patients than their non-septic counterparts. Meanwhile, levels of these cytokines were 
found to correlate with the severity of sepsis.15 Moreover, these predictive indicators can assist in formulating treatment 
strategies, including early surgical intervention, antibiotic application, and enteral nutritionet al, to reduce the incidence 
of sepsis. However, the clinical significance of IBI levels during the early phase of extensive burns have rarely been 
reported. This study indicated that the IBI in the early post-burn period was an independent risk factor for sepsis, which 
can be used to predict burn sepsis in clinical practice.

CRP is a classic clinical nonspecific inflammatory marker, and its abundance is usually significantly increased when 
the body is infected, especially in sepsis.16,17 PCT is also widely used as a biomarker in clinical practice and plays 
a certain role in the early diagnosis of sepsis. When the body suffers from sepsis, PCT increases obviously, even 
thousands of times higher than the baseline level.17–19 The NLR is an inflammatory indicator reflecting the comprehen
sive influence of innate immunity mediated by neutrophils and adaptive immunity mediated by lymphocytes, which is 
associated with disease-specific mortality, including heart disease, chronic lower respiratory disease, pneumonia, and 
kidney disease.20,21 The IBI is a new inflammation indicator that combines the levels of CRP, neutrophils, and 
lymphocytes to assess inflammation more comprehensively, stably and accurately, which not only distinguishes the 
prognosis of patients with different inflammation levels but also provides significant prognostic stratification for cancer, 

Table 3 Clinical Characteristics of Subjects Grouped by IBI

Parameters IBI Total (n=178) Test value P value

LOW (n=90) HIGH (n=88)

Sepsis[n (%)]

Yes 23 (25.56) 59 (67.05) 82 (46.07) 30.828 0.000a

No 67 (74.44) 29 (32.95) 96 (53.93)

Sex [n (%)]

Female 20.00 (22.22) 15.00 (17.05) 35.00 (19.66) 0.755 0.385a

Male 70.00 (77.78) 73.00 (82.95) 143.00 (80.34)

Age [years,(means ± SEs)] 42.68±13.45 44.02±12.29 43.34±12.87 −0.696 0.487c

Burn etiology [n (%)]

Flame 80.00 (88.89) 82.00 (93.18) 162.00 (89.84) 1.002 0.317a

Scald 10.00 (11.11) 6.00 (7.32) 16.0 (10.16)

Burn size [%TBSA,(median, IQR)] 80.00 (IOR67.50–89.25) 60.00 (IOR55.00–75.00) 70.00 (IOR55.00–85.00) −1.464 0.143b

BI of total body (median, IQR) 50.00 (IOR38.92–69.34) 59.83 (IOR45.75–71.92) 56.00 (IOR42.67–71.42) −1.938 0.053b

Hours from burns to admission [hours, (median, IQR)] 5.75 (IOR3.79–9.12) 6.30 (IOR 4.17–11.13) 5.92 (IOR4.02–10.12) −1.479 0.139b

WBC[10^9/L,(median, IQR)] 20.85 (IOR15.70–27.61) 21.21 (IOR15.64–26.59) 21.09 (IOR15.67–26.69) −0.032 0.974b

PCT[ng/mL,(median, IQR)] 1.92 (IOR0.63–6.43) 2.54 (IOR1.06–6.07) 2.18 (IOR0.73–6.42) −1.482 0.138b

Alb[g/L,(means ± SEs)] 28.16±4.49 26.84±4.43 27.51±4.50 1.985 0.049c

Glb[g/L,(median, IQR)] 21.13 (IOR18.90–24.45) 21.42 (IOR18.03–23.88) 21.27 (IOR18.67–23.92) −0.553 0.580b

Hb[g/l,(median, IQR)] 164.17 (IOR144.67–179.42) 162.17 (IOR143.67–175.83) 163.50 (IOR143.67–177.67) −0.630 0.529b

SCr[μmol/L,(median, IQR)] 79.13 (IOR62.75–112.28) 78.17 (IOR59.93–104.04) 78.97 (IOR62.42–105.69) −0.742 0.342b

BUN [mmol/L,(median, IQR)] 6.48 (IOR5.30–8.53) 7.09 (IOR 5.43–8.84) 6.99 (IOR5.35–8.70) −0.950 0.342b

Notes: aChi-square test, bMann–Whitney U-test, cStudent’s t-test. 
Abbreviations: TBSA, Total Body Surface Area; BI, Burn Index; WBC, White Blood Cell Count; IBI, Inflammatory burden index; PCT, Procalcitonin; Alb, Albumin; Glb, 
Globulin; Hb, haemoglobin; SCr, Serum Creatinine; BUN, Blood Urea Nitrogen.
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respiratory diseases, heart failure and sepsis.22–24 In this study, the results identified IBI and CRP as independent risk 
factors for sepsis in severely burned patients. The ROC curves revealed that the predictive value of the IBI for sepsis was 
better than that of the CRP, and the combination of the IBI and BI could further increase the predictive value. The IBI 
outperformed CRP, likely due to its integration of multiple inflammatory and immune response markers to provide 
a more complete picture of the patient’s status, which is closely related with subsequent systemic inflammation and organ 
dysfunction caused by sepsis.25,26 This study further used the best cut-off value for the IBI (695.01) to divide the patients 
into a high IBI group and a low IBI group for comparison. The incidence of sepsis in the high IBI group was significantly 
greater than that in the low IBI group. Differences in Alb levels between the two groups may be related to the reduced 
Alb production and increased leakage from blood vessels, which are due to more intense inflammatory responses in the 
high IBI group. In this study, no significant difference in PCT levels was observed between the sepsis group and the 
nonsepsis group, which may be attributed to the significant influence of noninfectious factors, such as traumatic stress 
and inadequate tissue perfusion, during the early post-burn period.

This study also has limitations. First, due to the single-centre design and its retrospective nature, inherent biases were 
inescapable. Second, the mean age of the patients is low compared to other studies. The influence of age and concomitant 
pathologies on the prognosis should be taken into account. Third, the sequential organ failure assessment (SOFA) score 
was not utilized in the study. Since this study is a retrospective analysis conducted from 2014 to 2023, some early 
patients did not undergo Glasgow Coma Scale assessments, and the mean arterial pressure (MAP) or vasoactive agents 
were not provided in some medical records. Therefore, accurate SOFA scores cannot be determined. Nevertheless, the 
SOFA score and Sepsis 3.0 will be applied in our further prospective study. Moreover, dynamics of the biomarkers can 
provide more reliable information to clinicians, and the combination of repeated measurements together with other 
laboratory biomarkers can strengthen sepsis diagnosis.

Conclusions
The IBI in the early post-burn period offers good predictive value for the development of sepsis in critically ill patients 
with extensive burns. High level of the IBI, especially more than 695.01, indicates the increased risk of sepsis, which 
means that the early intervention treatments should be initiated to reduce the incidence of sepsis. Moreover, combination 
of IBI with BI can improve the predictive performance.
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