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ABSTRACT

Background: The blood urea nitrogen-to-albumin ratio (BAR) serves as the new convenient and cheap biomark-
er that can predict the prognosis of sepsis patients, but there is still a lack of relevant research in older adults 
with sepsis.

Aim: To assess BAR as a prognostic factor for sepsis in older adults.

Methods: The data comes from older adults with sepsis (aged ≥ 65) in the eICU database. All-cause mortality in 
28 days after ICU admission was the outcome measure. Use Cox regression model, KM survival curves and the 
smooth fitting curve determined the relation of BAR with mortality, and conducted subgroup and interaction 
analysis. 

Results: In 3,387 patients whose median age was 76 years and mean BAR was 18.59, the overall mortality rate 
was 19.07%. Linear relationships could be detected between 28-day mortality and the increased BAR index (HR: 
1.013; 95% confidence interval: 1.006–1.019, P <0.0001). In comparison with BUN (AUC: 0.581) and ALB (AUC: 
0.609) alone, the area under the working characteristic curve of hospital 28-day mortality was 0.612 for BAR (P 
<0.001) and had a better predictive value for hospital 28-day patient outcomes.

Conclusion: BAR can predict the 28-day mortality of older septic adults.

Relevance for Patients: Based on the findings, the relation of BAR with older adults with sepsis is different from 
that of general patients with sepsis. The higher the BAR, the higher the risk of death, which also emphasizes the 
particularity of the older adults population and the individualized needs of treatment.
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Introduction
In 2016, the American Academy of Critical Care Medicine annu-

al meeting defined sepsis as a fatal organ dysfunction resulting from 
the impaired responses to an infection in the host [1]. Sepsis contin-
ues to be the public health issue globally, despite improvements in 
treatment, leading to increasing morbidity and mortality rates [2]. 
In 2017, there were 48.9 million septic cases worldwide, or 677.5 
cases per 100,000 age-standardized people. Furthermore, sepsis is 
the cause of 11 million death cases, occupying 19.8% of all deaths 
worldwide [3]. Early biomarkers are required to be simple, rapid and 
economical, which are applied in evaluating patient prognosis and 
determining the severity of the disease. They can also help to effec-
tively diagnose, treat and prioritize patients, thereby improving the 
provision of life-saving care. There have been some studies on early 
biomarkers for predicting prognosis in elderly patients with sepsis. 
For example, studies have found that Interleukin-16 (IL-16), pao2/
fio2, 7 hub genes (PPARG, ACSL1, IRS2, PLA2G4A, ALOX5, sptlc1, 
JAK2), D-dimer combination presepsin, Sequential Organ Failure 
Assessment (SOFA) score, Tumor Necrosis Factor-alpha (TNF - α), 
neutrophil lymphocyte ratio, macrophage inflammatory protein-3 α, 
IL-7, T cells (CD3+, CD3+CD4+, CD4+CD28+and CD4+CD25+CD127) 
can effectively predict the prognosis of elderly sepsis. However, genes, 
macrophage inflammatory protein-3 α, IL-7, IL-16, TNF - α, etc. are 
not routine clinical detection items, in areas with limited technical 
conditions, they may not be the preferred biomarkers. 

Secondly, the small sample size of some studies also further re-
stricts the promotion and application of these biomarkers in clinical 
practice [4-8]. Malnutrition significantly reduces the survival rate of 
elderly patients with sepsis, and increases ICU admission rate, venti-
lation demand, mortality and readmission rate, albumin (ALB), as one 
of the most commonly used nutritional indicators for patients with 
sepsis, can be used as a useful prognostic indicator for short-term and 
long-term sepsis [9-11]. Blood nitrogen urea (BUN) can be used to 
evaluate protein metabolism and renal filtration function, and is tight-
ly associated with disease severity, incidence and prognosis of vari-
ous diseases, such as stroke, breast cancer, pulmonary hypertension, 
nutrition and heart failure [12-16]. Bun and ALB are one of the most 
commonly used test indicators for patients with sepsis. They have 
the advantages of convenience, rapidity and economy. They can be 
tested in most medical institutions, and have relatively low require-
ments for technical level. The BUN-to-albumin ratio (BAR) represents 
the comprehensive index of liver function, renal function, nutritional 
status and inflammation, BAR is closely related to a variety of serious 
diseases and prognosis, a recent study found that elevated BAR lev-
els are linked to an increased mortality among patients developing 
community-acquired pneumonia [17]. Additionally, the higher 90-day 
mortality rate among type 2 diabetes mellitus patients at intensive 
care units (ICU) and chronic kidney disease is strongly associated 
with high BAR levels [18], and BAR can predict the mortality of septic 
cases in ICU [19,20].

Sepsis and multiple organ dysfunction frequently occur in older 
adults. The number and proportion of elderly patients with sepsis are 
on the rise, and sepsis has become a common factor inducing mortal-
ity among elderly patients [21,22]. Early detection of economic and 
effective biomarkers of sepsis in the elderly is expected to improve 
the prognosis of patients. The Medical Information Mart for Intensive 
Care-IV database was retrospectively analyzed, which revealed that 
55% of septic cases in ICU were older than 65 years [23]. The rela-
tion of BAR with patient prognostic outcome has been relatively well 
established; however, pertinent research regarding the role of BAR in 
prognostic outcomes of older septic adults is lacking. Therefore, the 
BAR may be used to predict the prognosis of sepsis in older adults 
and independently predict patient prognosis in this age group. To test 
our hypothesis, we used information based on electronic ICU Collab-
orative Research Database (eICU-CRD) to explore the relation of BAR 
with prognostic outcome in septic older adults in ICU. 

Material and Methods
Data Source

The eICU-CRD, which can be accessed through passing an exam 
and acquiring authentication following the PhysioNet Review Board’s 
Data Use Protocol, provided the data for this study. Xinglin Chen 
obtained access to the database and the necessary credentials (ID: 
40859994) and extracted all the data for this study. The Health Insur-
ance Portability and Accountability Act governs its use. As the mul-
ticenter publicly available database, the eICU-CRD contains de-iden-
tified medical information on more than 200,000 ICU admissions in 
United States during 2014–2015 [24]. The data is de-identified, thus 
exempting the need for informed consent. This retrospective analysis 
was conducted using an anonymized database, with ethical approval 
being waived.

Participants

Patients below were included: 

1.	 Those who met sepsis-3 criteria [1], referring to an elevation 
of SOFA score by ≥ 2 points in addition to a suspected or con-
firmed infection identified using an International Classifica-
tion of Diseases-9 code in the eICU-CRD; and 

2.	 Patients aged at least 65 years. The exclusion criteria were 
age <65 years, missing first-day ALB and BUN data, ICU stay 
<48 h, and missing priority events. Figure 1 presents the 
study flowchart.

Variables

Based on previous studies and clinical practice, we selected the 
following variables that were considered confounders of sepsis prog-
nosis [19,20]. Demographics and admission conditions were age, 
race, gender, body mass index (BMI), renal disease, chronic obstruc-
tive pulmonary disease (COPD), diabetes mellitus, cardiac disease, 
and disease severity upon admission, according to the Acute Physi-
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ology Score (APS) III. Vital signs including heart rate and mean arte-
rial pressure (MAP), were first measured upon ICU admission. The 
intervention included mechanical ventilation and pressors within 24 
h. Laboratory results included serum creatinine (SCr), glucose, hemo-
globin, platelet count, white blood cell count, and total bicarbonate 
contents. Based on laboratory values at ICU admission, BAR was de-
termined by the initial BUN (mg/dL)-to-serum ALB (g/dL) ratio. The 
first value was selected if multiple results for any of the aforemen-
tioned parameters were obtained within a day.

Outcomes

Our outcome included in-hospital 28-day all-cause mortality 
post-ICU admission. 

Statistical Analysis

Categorical variables were represented by numbers and percent-
ages and compared by Chi-square test. Normally-distributed contin-
uous variables were represented by mean ± standard deviation and 
compared by Student’s t-test, whereas abnormally-distributed ones 
were represented by median and interquartile range, with Wilcox-
on’s rank sum test being adopted for comparison. This study utilized 
generalized additive modeling (GAM) to examine the dose–response 
association of BAR with mortality. Kaplan–Meier curves (including 
a log-rank test) were used for evaluating how baseline BAR affected 
28-day in-hospital mortality. Moreover, we adopted Cox regression 
models for estimating the relation of BAR with 28-day all-cause mor-
tality. Use three models below to write covariate adjustments for COX 
results: 

Model 1: Age, gender, and ethnicity; 

Model 2: Model 1 + platelet count, serum creatinine, bicarbonate, 
hemoglobin, white blood cell count, glucose, mean arterial pressure, 
BMI, heart rate; 

Model 3: Model 2 + mechanical ventilation use, dialysis, vaso-
pressor use, diabetes mellitus, COPD, chronic heart failure, and acute 
physiology score. 

Data were represented by hazard ratios (HRs) and their 95% con-
fidence intervals (95% CIs). Receiver operating characteristic (ROC) 
curve was plotted for assessing the prediction performances of BUN, 
ALB, and BAR for in-hospital 28-day mortality. 

R software version 3.6.1 (http://www.r-project.org) and Empow-
erStats (www.empowerstats.com; X&Y Solutions, Inc., Boston, MA, 
USA) were employed for statistical analysis. P <0.05 stood for signif-
icant differences.

Results
Population

Altogether 23,136 septic cases were identified, of whom 9981 
were excluded because they were < 65 years, 6399 were excluded be-
cause of lack of BAR data, 2913 were excluded because they stayed in 
the ICU for <48 h, 456 were excluded because they had been in ICU for 
many times, and finally 3387 were enrolled into this work (Figure 1). 

Figure 1:  Flow chart of the study population.
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Baseline Features

Table 1 presents baseline data of participants based on BAR ter-
tile. We divided patients into three groups according to the BAR triad: 
Q1 (BAR ≤ 10), Q2 (10< BAR ≤ 19), Q3 (BAR>19). The average BAR 
was 18.59, male accounted for 49.50%, most of which were Caucasian 
(81.58%). In our study, we found that the patient mean age was 76.74 
years (Q1 group: 75.99 years, Q2 group: 76.95 years, and Q3 group: 

77.19; P <0.001). The higher the average age of patients, the greater 
the BAR value. Laboratory test results revealed significant differenc-
es in sex, hemoglobin, MAP, SCr, white blood cell count, bicarbonate 
ions, glucose levels, and heart rate among the groups. Variables such 
as BMI, platelet count, mechanical ventilation, and vasopressor use 
showed no significant difference among groups. However, APS III and 
some comorbidities (such as dialysis and diabetes mellitus) showed 
significant differences between the groups.

Table 1: Baseline patient characteristics.
BAR Tertile All Patients Q1 (BAR ≤ 10) Q2 (10 < BAR ≤ 19) Q3 (BAR >19) P-Value

N 3387 1047 1157 1183  

The General Information

Age (years) 76.74 ± 7.49 75.99 ± 7.50 76.95 ± 7.45 77.19 ± 7.48 <0.001

Male n (%) 1676 (49.50%) 566 (54.11%) 571 (49.35%) 539 (45.56%) <0.001

Ethnicity, Caucasian n (%) 2745 (81.58%) 856 (82.47%) 949 (82.59%) 940 (79.80%) 0.107

BMI 28.16 ± 7.61 27.85 ± 7.11 28.16 ± 8.00 28.43 ± 7.65 0.207

MAP (mmHg) 54.00 (46.00-110.50) 56.00 (47.00-119.00) 54.00 (46.00-115.00) 52.00 (45.00-67.75) 0.017

Heart rate (/min) 111.35 ± 29.93 112.75 ± 29.67 112.13 ± 30.10 109.36 ± 29.90 0.016

Laboratory Test Results

Hemoglobin (g/dL) 10.34 ± 2.09 10.69 ± 2.08 10.36 ± 2.04 10.01 ± 2.09 <0.001

Serum creatinine (mg/dL) 2.07 ± 1.66 1.12 ± 0.72 1.88 ± 1.32 3.09 ± 1.95 <0.001

White blood cell count (cells x 
109/L) 14.00 (9.30-20.10) 12.80 (8.90-18.10) 13.85 (9.03-19.80) 15.22 (9.79-22.00) <0.001

Platelets (cells x 109/L) 182.00 (125.00-254.00) 189.00 (133.75-249.25) 178.00 (123.00-250.00) 184.00 (118.00-264.00) 0.226

Bicarbonate (mmol/l) 22.26 ± 5.48 23.71 ± 5.24 22.57 ± 5.35 20.69 ± 5.42 <0.001

Glucose (mg/dL) 150.00 (95.00-216.50) 142.00 (96.00-203.00) 146.00 (95.00-215.25) 161.00 (93.00-229.00) <0.001

BAR 15.00 (9.00-24.00) 7.00 (6.00-9.00) 14.00 (12.00-17.00) 29.00 (23.00-37.00) <0.001

Interventions

Mechanical ventilation use (1st 
24 h) 1175 (34.69%) 335 (32.00%) 405 (35.00%) 435 (36.77%) 0.059

Vasopressor use (1st 24 h) 29 (0.86%) 6 (0.57%) 11 (0.95%) 12 (1.02%) 0.481

Comorbidity Disease 

Dialysis 168 (4.96%) 27 (2.58%) 66 (5.70%) 75 (6.34%) <0.001

Diabetes mellitus 917 (27.07%) 220 (21.01%) 311 (26.88%) 386 (32.63%) <0.001

COPD 319 (9.42%) 116 (11.08%) 113 (9.77%) 90 (7.61%) 0.017

Lymphoma 33 (0.97%) 11 (1.05%) 11 (0.95%) 11 (0.93%) 0.954

Metastatic cancer 113 (3.34%) 28 (2.67%) 45 (3.89%) 40 (3.38%) 0.283

Leukemia 48 (1.42%) 9 (0.86%) 18 (1.56%) 21 (1.78%) 0.167

Immunosuppression 173 (5.11%) 56 (5.35%) 71 (6.14%) 46 (3.89%) 0.043

Cirrhosis 61 (1.80%) 14 (1.34%) 17 (1.47%) 30 (2.54%) 0.061

CHF 395 (11.66%) 113 (10.79%) 140 (12.10%) 142 (12.00%) 0.572

Scoring System  

Acute Physiology Score III 64.67 ± 22.46 52.71 ± 18.83 64.72 ± 20.40 75.10 ± 22.08 <0.001

Hospital 28-Day Mortality 646 (19.07%) 128 (12.23%) 211 (18.24%) 307 (25.95%) <0.001
Note: BMI, body mass index; MAP, mean arterial pressure; BAR, blood urea nitrogen to serum albumin ratio; COPD, chronic obstructive pulmonary 

disease; CHF, chronic heart failure.
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Hospital 28-day Mortality

The overall hospital 28-day all-cause mortality was 19.07%, with 
rates of 12.23%, 18.24%, and 25.95% in the Q1, Q2 and Q3 groups, 
and differences were of statistical significance (P <0.001) (Table 1). 
According to Cox regression results, BAR showed positive relation to 
28-day all-cause mortality (Table 2). For the unadjusted model and 
three different adjusted models, the HRs for BAR showed statistical 

significance. Per 1-unit elevation of BAR, the in-hospital 28-day mor-
tality risk elevated by 1.3% among older septic adults (HR: 1.013; 
95% CI: 1.006–1.019, P <0.0001). When dividing BAR into three 
groups, it was found that in the third group (BAR >19), there was a 
stronger correlation with mortality (HR: 1.521, 95% CI: 1.152–2.009, 
P = 0.003). These results suggest that higher BAR levels are closely 
related to the increased 28-day all-cause mortality risk.

Table 2: Multivariable Cox regression analysis to assess the association between the BAR and in-hospital 28-day mortality.

  Unadjusted Model 1 Model 2 Model 3

Variable
HR (95% CI)       HR (95% CI) HR (95% CI) HR (95% CI)

P-value P-value P-value P-value

BAR
1.016 (1.011–1.02) 1.016 (1.012–1.021) 1.019 (1.014–1.024) 1.013 (1.006–1.019)

<0.0001 <0.0001 <0.0001 <0.0001

BAR Tertile

Q1 (BAR ≤10) Reference Reference Reference Reference

Q2 (10 <BAR ≤ 19)
1.328 (1.066–1.655) 1.299 (1.04–1.622) 1.325 (1.038–1.692) 1.048 (0.808–1.36)

0.011 0.021 0.024 0.721

Q3 (BAR >19)
1.862 (1.515–2.29) 1.85 (1.501–2.281) 2.081 (1.617–2.678) 1.521 (1.152–2.009)

<0.0001 <0.0001 <0.0001 0.003

Note: Model 1: age, sex, and ethnicity; Model 2: Model 1 + platelet count, serum creatinine, bicarbonate, hemoglobin, white blood cell count, glucose, mean 
arterial pressure, body mass index, and heart rate; Model 3: Model 2 + mechanical ventilation use, dialysis, vasopressor use, diabetes mellitus, chronic 
obstructive pulmonary disease, chronic heart failure, and acute physiology score.

Relation of BAR with Hospital 28-day Mortality

Based on Kaplan–Meier curve analysis, patients in highest BAR 
quantile (Q3) had the lowest 28-day hospital survival rate among di-
verse groups (log-rank test: P = 0.003, Figure 2). The linear relation 

of the BAR relationship with 28-day all-cause mortality was found in 
GAM (Figure 3). Figure 4 shows the prediction values of BAR, BUN, 
and ALB for 28-day all-cause mortality in older adults with sepsis. 
The area under curve regarding hospital 28-day mortality was 0.612 
for BAR (P <0.001), indicating that it had the best predictive value.

Figure 2: Kaplan–Meier curves indicate the association between the BAR and in hospital 28-day mortality of older adults with sepsis. Q1, BAR 
≤10; Q2, 10 <BAR≤ 19; Q3, BAR >19. Adjusted for age, sex, race, body mass index, mean arterial pressure, heart rate, dialysis, chronic heart failure, 
chronic obstructive pulmonary disease, diabetes mellitus, and Acute Physiological Score III.
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Figure 3: Associations between blood urea nitrogen to albumin ratio (BAR) and hospital 28-day mortality in older adults with sepsis. A linear 
association between BAR and hospital 28-day mortality was found in a generalized additive model (GAM). The solid red line represents the 
smooth curve fit between variables. Blue bands represent the 95% confidence interval from the fit. Adjusted for age, sex, race, body mass index, 
mean arterial pressure, heart rate, dialysis, chronic heart failure, chronic obstructive pulmonary disease, diabetes mellitus, and Acute Physiological 
Score III.

Figure 4: Receiver operating characteristic curve analysis for hospital 28-day mortality in older adults with sepsis. BUN, blood urea nitrogen; ALB, 
serum albumin; BAR, blood urea nitrogen/serum albumin ratio.
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Subgroup Analyses

We conducted exploratory subgroup analyses of age, sex, BMI, 
MAP, treatment, and comorbidities to further investigate whether the 
BAR remains an independent predictive factor in specific subgroups 

of older adults with sepsis. Except for patients who received renal re-
placement therapy before admission and those who used vasopres-
sors, the results showed that BAR remained an independent predic-
tive factor in the other subgroups (Supplementary Table S1).

Supplementary Table S1: Subgroup analysis for hospital 28-day mortality.
Subgroup n (%) HR (95% CI), P-Value P-Value for Interaction

Gender     0.602

Male 1676 (49.48%) 1.015 (1.007–1.022), <0.0001  

Female 1711 (50.52%) 1.017 (1.011–1.022), <0.0001  

Age (years)     0.999

≤75 1598 (47.18%) 1.016 (1.008–1.023), <0.0001  

>75 1789 (52.82%) 1.016 (1.010–1.021), <0.0001  

BMI     0.331

≤28 1898 (56.04%) 1.014 (1.009–1.020), <0.0001  

>28 1430 (42.22%) 1.019 (1.012–1.027), <0.0001  

MAP (mmHg)     0.729

≤53 1661 (49.84%) 1.017 (1.010–1.023), <0.0001  

>53 1722 (50.84%) 1.015 (1.008–1.021), <0.0001  

Mechanical ventilation use (1st 24 h)     0.382

No 2212 (65.31%) 1.017 (1.012–1.023), <0.0001  

Yes 1175 (34.69%) 1.013 (1.006–1.021), 0.0007  

Vasopressor use (1st 24 h)     0.323

No 3348 (98.85%) 1.016 (1.012–1.021), <0.0001  

Yes 29 (0.86%) 1.006 (0.969–1.044), 0.7486  

Dialysis     0.066

No 3219 (95.04%) 1.016 (1.012, 1.021) <0.0001  

Yes 168 (4.96%) 0.982 (0.948, 1.018) 0.3208  

Diabetes mellitus     0.75

No 2470 (72.93%) 1.017 (1.013, 1.022) <0.0001  

Yes 917 (27.07%) 1.011 (1.001–1.022), 0.0365  

COPD     0.853

No 3068 (90.58%) 1.015 (1.011–1.020), <0.0001  

Yes 319 (9.42%) 1.020 (1.008–1.032), 0.0012  

CHF     0.971

No 2992 (88.34%) 1.016 (1.011–1.021), <0.0001  

Yes 395 (11.66%) 1.016 (1.005–1.027), 0.0044  

Note: BMI, body mass index; MAP, mean arterial pressure; COPD, chronic obstructive pulmonary disease; CHF, chronic heart failure.

Discussion
As we know, this study has first analyzed the relation of the BAR 

with 28-day all-cause mortality for a cohort of older adults with 
sepsis in an eICU. Our findings suggest that the BAR was linearly as-
sociated with 28-day all-cause mortality among older septic adults 
after adjusting for confounders. Per 1-unit elevation of BAR, the 28-

day mortality rate elevated by 1.3% among older septic adults (HR: 
1.013; 95%: 1.006–1.019, P <0.0001). BUN, a nitrogenous byproduct 
during protein metabolism, is produced within the liver and elimi-
nated by the kidneys. Septic cases may show increased BUN contents 
owing to metabolic reprogramming, inflammation, and microvascular 
dysfunction [25], which can cause renal injury. Second, patients with 
sepsis frequently experience hyperproteolytic catabolism [26], which 
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can lead to elevated BUN levels. A non-linear connection has been ob-
served [27] in BUN with 30-day mortality among septic cases, and 
the morality risk increased among individuals whose BUN contents 
were >41.1 mg/dL (HR: 1.045; 95% CI: 1.016–1.075; P = 0.002). Since 
only hepatocytes can synthesize ALB, serum ALB levels serve as a re-
liable indicator of hepatocyte activity26. Furthermore, ALB performs 
numerous vital functions in the body including preserving osmotic 
equilibrium, assisting in the distribution of molecules, having anti-in-
flammatory and antioxidant properties, and stabilizing endothelial 
function [28-30]. Additionally, linked to acute inflammatory activity 
[31], ALB is related to a poor prognostic outcome of older adults de-
veloping chronic heart failure [32]. 

But BUN and ALB are affected by various factors, such as BUN lev-
el is affected by kidney function, age, high catabolism, diet and other 
factors, ALB is changed due to different liver function, catabolism, diet 
and other conditions. As a composite indicator, the BAR may com-
prehensively evaluate the pathophysiological status and prognostic 
risk of patients. BAR integrates the liver function, renal function, nu-
tritional status and other conditions of patients, and may better re-
flect the condition of patients with sepsis. Compared with separate 
indicators, BAR may have better predictive performance [33,34]. In 
our study, we compared the potential relationship between bun, ALB 
and bar parameters and elderly patients with sepsis. We were sur-
prised to find that the BAR had better predictive efficacy than BUN 
or ALB alone. The are under the curve for hospital 28-day mortality 
was 0.612 for BAR. This result is consistent with the findings of other 
studies [35,36]. Several studies have found that BAR is a biomarker of 
poor patient prognosis. In a retrospective analysis including 13,464 
septic cases 23, each 5-unit elevation of BAR was related to the in-
creased in-hospital sepsis-related death risk by 8% (HR: 1.08, 95% 
CI: 1.07–1.1, P <0.001). The stratified analysis revealed an age inter-
action (P <0.001), and similar findings have been reported in other 
studies [20,36]. Elevated BAR is also a predictor of mortality among 
ICU patients who have coronary artery disease [35]. As a special 
group with an elevated death risk relative to general population, older 
adults are underrepresented in most studies.

Mortality is also higher in older adults with sepsis than in those 
without sepsis [37,38]. These results are consistent with our observa-
tions. Our research found that the BAR in older adults with sepsis is 
higher than that in the general population (18.59 vs. 11), which may 
be related to the fact that the hemodynamics and organ function of 
older adults are more easily affected [38]. When confounders were 
adjusted, BAR independently predicted the 28-day all-cause mortal-
ity risk among elderly septic patients as the categorical and contin-
uous variable. This finding conforms to the results of other studies 
[20,36]. Second, a linear relation was detected in the BAR with 28-day 
all-cause mortality in older adults with sepsis, which contrasts with 
previous studies. For instance, Jie Min et al [39] observed a non-lin-
ear trend between the BAR levels upon ICU admission and all-cause 
mortality risk among septic cases in ICU (χ2 = 66.82, P <0.001). In the 

general population, when the BAR exceeded 25.31, the all-cause mor-
tality risk among septic patients in ICU remained consistently high. 
In general sepsis patients with other diseases, a nonlinear relation-
ship between BAR and sepsis patients has also been found [40]. Our 
study indicated that higher BAR levels were related to a higher 28-
day all-cause mortality risk among older septic adults (1.013; 95% CI: 
1.006–1.019, P <0.0001). This difference may be attributed to declin-
ing organ compensatory function [41] as well as reduced drug me-
tabolism in older patients [42]. Consequently, it may be necessary to 
differentiate sepsis diagnosis and treatment among older adults from 
those in the general population. 

Based on our research, the BAR may be a more practical and 
cost-effective predictor. The BAR values are readily accessible and 
calculable, making them valuable for early risk assessment in elder-
ly patients. These findings will facilitate the development of targeted 
and proactive management and treatment strategies. Our subgroup 
study found that the relation of BAR with 28day all-cause mortality 
was consistent in diverse stratification of age, sex, BMI, MAP, comor-
bidities. In patients who had received dialysis treatment before ad-
mission to the ICU, we saw different results, which may be attributed 
to the active renal replacement and other comprehensive treatment 
programs that the patients received at the time of admission. Addi-
tionally, we observed that vasopressor use was not linked to 28-day 
all-cause death; however, only 0.86% of the patients in the study used 
vasopressors. The small percentage of vasopressor users in the study 
sample may not be representative, warranting further studies to ex-
plore this potential relationship.

Limitations
Certain limitations should be noted in the present work. Firstly, 

dynamic changes in BAR values may provide greater prognostic value 
in assessing septic cases; however, the present work just incorporated 
initial BAR values but not observed their dynamic changes. Secondly, 
certain patients were eliminated out of this study because of missing 
data that may have helped in elucidating the mechanism of sepsis-re-
lated death. Additionally, diet may affect BUN contents; nonetheless, 
since the eICU database does not provide information about the par-
ticipants’ diets, this may have had some impact on the results. The 
current retrospective analysis was carried out on the basis of eICU 
database, regardless of the efforts for adjusting for confounders, some 
potential confounders have not yet been identified. Therefore, further 
prospective multicenter large-cohort studies should be performed for 
exploring the mechanisms of the BAR in the prognosis of older adults 
with sepsis.

Conclusion
We identified a linear relation of BAR with 28-day all-cause mor-

tality in older adults with sepsis. An increased BAR was related to the 
increased patient mortality. Our findings provide valuable insights 
for the development of more precise strategies for managing sepsis 
in older adults.
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