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Abstract:

Sepsis is a major cause of death globally, with resource limited settings lacking tools for its diagnosis and prognosticating preventing
timely intervention and increasing mortality and morbidities. This prospective study of 150 adult sepsis patients in India assessed the
Blood Urea Nitrogen to Albumin Ratio (BAR) at admission as a prognostic marker. A BAR >9.5 was associated with significantly
higher mortality (80% versus 16.9%, p < 0.001), greater need for ventilator (77.6%) and inotropic support (84.7%) and longer hospital
stays. ROC analysis showed an AUC of 0.74, sensitivity 79.7% and specificity 66.7% with moderate correlation to SOFA (r = 0.301)
and APACHE II (r = 0.414) scores. Thus, BAR’s simplicity and predictive value support its use for early risk stratification in sepsis,
especially in resource-limited settings.

Keywords: Sepsis, blood urea nitrogen (BUN), serum albumin, blood urea nitrogen to albumin ratio (BAR), prognostic biomarker,
sequential organ failure assessment (SOFA), APACHE II, mortality, intensive care unit (ICU)
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Background:
Sepsis is defined by the World Health Organization as a “life-
threatening organ dysfunction caused by a dysregulated host
response to infection,” and was estimated to afflict 48.9 million
people and cause 11 million deaths globally in 2020, accounting
for approximately 20% of all deaths, with nearly 20 million of
those cases occurring in children under five years of age [1]. In
India, the Global Burden of Disease Study 2017 estimated
approximately 11.3 million sepsis cases and 2.9 million sepsis-
related deaths, translating to a mortality rate of 297.7 per 100,000
populations [2]. Point-prevalence data from 35 Indian ICUs
indicated sepsis occurred in 56.4% of admissions, with a 30-day
mortality of 27.6% compared to 5.3% in non-septic patients and
data from the Indian Sepsis Registry- covering 1,000 patients
across 19 tertiary centers—revealed mortality exceeding 36%,
significantly higher than in Western cohorts [2]. Wu ef al. (2025)
demonstrated a mnon-linear association between BAR and
mortality in sepsis, identifying a threshold of 20.9 mg/g beyond
which mortality risk plateaued, highlighting its role as a
threshold-dependent prognostic biomarker [11]. In a cohort of
7,656 septic ICU patients from the MIMIC-IV database, elevated
admission BAR was independently associated with increased 30-
day (HR 1.219) and 360-day (HR 1.263) mortality, with
predictive accuracy comparable to SOFA; Wu et al. & Wang et al.
further showed that mortality risk increased significantly below
a threshold of 20.9 mg/g (OR 1.06 per unit rise), with plateauing
at higher levels [3, 11]. In a separate MIMIC-IV study of 13,464
septic patients, individuals in the highest BAR quartile had a 42%
higher risk of in-hospital mortality compared to those in the
lowest quartile (adjusted HR 1.42, 95% CI 1.30-1.55) [4]. Further,
in patients with sepsis-associated acute kidney injury (S-AKI),
elevated BAR was positively correlated with increased 28-day
mortality; a tomogram incorporating BAR demonstrated
superior prognostic performance versus SOFA and SAPS II [5].
Therefore, it is of interest to describe BUN: Albumin ratio as one of
the promising and prognostic indicators of sepsis in Indian setting.

Materials and Methods:

Study design and setting:

This hospital-based prospective observational study was
conducted in the Department General medicine at a tertiary care
teaching hospital in India. Primary Objective was to study Blood

Urea Nitrogen: Albumin Ratio (BAR) as a prognostic indicator in
sepsis, measured within 24 hours of admission in predicting in-
hospital mortality among adult sepsis patients in a tertiary care
hospital in India. Secondary Objectives were to compare
predictive performance of BAR against SOFA score and
APACHE I, Correlation of BAR with hospital stay, Ventilatory
support, requirement of inotropes.

Study population:

Total of 150 consecutive adult patients (216 years) diagnosed
with sepsis, as per Sepsis-3 criteria were enrolled. Patients with
Chronic renal or liver disease, Pregnancy, Protein-energy
malnutrition, chronic pancreatic insufficiency or malabsorption,
surgical causes of sepsis were excluded. Relevant data was
collected at admission and BUN: Albumin ratio, APACHE II and
SOFA was calculated.

Statistical analysis:

Data were analyzed using SPSS (version X.X). Continuous
variables were expressed as mean + SD; categorical variables as
frequencies/percentages. ROC analysis determined BAR'’s
prognostic accuracy; the Youden Index identified optimal cut-
off. Between-group comparisons (survivors versus non-
survivors; BAR >9.5 versus <9.5) used independent t-test or
Mann-Whitney U test. Chi-square test assessed categorical
variables. Pearson correlation assessed relationships between
BAR and SOFA, APACHE II and organ support requirements. A
p-value <0.05 was significant; False Discovery Rate (FDR)
correction was applied for multiple comparisons.

Results and Discussion:

The mean age of the cohort was 55.87 years, with mean of
5252 £ 21.01 for BAR < 9.5 and 58.82 + 14.85 for BAR > 9.5,
reflecting an older, comorbidity-prone population (Table 1).
This demographic trend parallels findings from larger cohorts
such as Han et al. (2022), Min et al. (2022), Biyik et al. (2025),
Zhou et al. (2021) and Wang et al. (2023), whose sepsis
populations also predominantly comprised elderly patients
with multiple comorbidities [6-10]. Comorbidities in our study
diabetes mellitus (35.3%), hypertension (34.7%), COPD (22.7%)
and CAD (11.3%)-align closely with those reported by Min et al.
and an Indian study Chandrashekhar et al. [8, 12]. Out of 150
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patients 80 survived and 70 succumbed to disease (Figure 1). The
mean serum albumin level in our population was 3.23 %
0.79 g/dL, suggesting widespread hypoalbuminemia typical of
critically ill septic patients. Han et al. (2022) focused on BAR
rather than raw albumin values but also emphasized the
prognostic weight of hypoalbuminemia [10]. Our cohort’s
mean BAR was 14.52 + 11.68 with BAR cut-offs of 9.5, notably
higher than cut-offs established in earlier studies. Biyik ef al.
identified a threshold of 5.27 for 7-day mortality prediction,
while Min et al. and Wang ef al. proposed cut-offs of 7.93 and
8.0, respectively [6-8]. The elevated mean BAR and our optimal
cut-off of 9.5 may reflect earlier risk stratification in our cohort,
as Wu et al. (2025) have identified higher thresholds (~20.9
mg/g) associated with advanced critical illness and plateauing
mortality risk, suggesting stage-dependent prognostic utility of
BAR [11]. Higher baseline BUN levels or lower albumin values
suggest that while absolute cut-offs may vary by setting and
population, the prognostic gradient of BAR Remains consistent.
Our study found a strikingly higher mortality rate (80.0%)
in patients with BAR >9.5 compared to 16.9% in those with
BAR <95 (p < 0.001). These results resonate with Han et al.
(2022), where BAR >5.27 was associated with increased 7-day
mortality [10]. Similarly Wu et al. (2025) demonstrated
threshold-dependent increase in mortality risk with rising BAR
levels in septic ICU patients [11]. The higher threshold in our
setting may reflect demographic and clinical differences,
delay in seeking medical help, yet the directionality of BAR’s
impact is consistent across all studies. Moreover, Ventilator use
was seen in 77.6% of the high-BAR group versus 29.2% of the
low-BAR group. Total 107 (71.3%) required inotropic support,
with 84.7% of patients with high BAR and 52.3% of low BAR
groups, respectively (Table 1, Figure 3). The morbidity
relevance of BAR was illustrated in hospital stay patterns
(Figure 3). Among survivors, those discharged after >7 days
had a higher mean BAR (10.86 + 7.77) than those discharged
within a week (5.29 + 2.07). Min et al. (2022) showed similar
associations, BAR 27.93 predicted prolonged ICU stay and
poor outcomes, even after adjusting for SOFA score [8],
while Han et al. (2025) demonstrated that elevated BAR
independently predicted mortality in sepsis-associated acute
kidney injury, reinforcing its role as a composite marker of
multi-organ dysfunction [5]. Our results align with Wang et al.
(2023), who observed 30-day mortality of 38.2% and 360-day
mortality of 55.6% in the high-BAR group, alongside worse
survival curves [6]. These findings affirm that BAR is a reliable
predictor of both mortality and morbidity. Our study
demonstrated moderate correlations between BAR and the
SOFA (r = 0.301) and APACHE II (r = 0.414) scores (Figure 2
and 4). Similarly, Han et al. (2022) found the AUC for BAR
to be 0.741, nearly equivalent to SOFA (0.772) and APACHE II
(0.772) and Chandrashekhar et al reported AUC of 0.90 [10, 12].
Biyik et al. (2025), Min et al. (2022) and Wang et al. (2023)
similarly validated BAR’s predictive independence in models
adjusted for SOFA and comorbidities [6-8]. Visual patterns from
our heatmaps and scatterplots confirmed that all 3
severity scores reflected parallel trajectories of worsening

©Biomedical Informatics (2026)

illness (Figure 3-6). These visual correlations matched findings
by Wang et al. where AUCs for BAR nearly matched SOFA'’s
and held steady across patient subgroups [6].

Table 1: Analysis of baseline characters of study population according to cutoff

point

Variable BAR<95 BAR >9.5 p-value
(n = 65) (n = 85)

Age (years), Mean + SD 5252 +£21.01 58.82+14.85 0.043
SBP (mmHg), Mean * SD 97.94+27.94 8557+29.32 0.01
Respiratory Rate, Mean+SD  2522+419  26.39 +5.50 0.144
BUN (mg/dL), Mean + SD 2071+840  5933+27.22  <0.001
Albumin (g/dL), Mean+SD  3.60 + 0.72 2.95+0.73 <0.001
BAR, Mean # SD 5.81+2.11 21.41+11.59  <0.001
Female, n (%) 29 (44.6%) 36 (42.4%) 0.783
Death, n (%) 11 (16.9%) 68 (80.0%) <0.001
Diabetes Mellitus, n (%) 14 (21.5%) 39 (45.9%) 0.002
Hypertension, n (%) 21 (32.3%) 31 (36.5%) 0.636
COPD, n (%) 13 (20.0%) 21 (24.7%) 0.533
CAD, n (%) 7 (10.8%) 10 (11.8%) 0.862
Ventilator Support, n (%) 19 (29.2%) 66 (77.6%) <0.001
Inotropes Required, n (%) 34 (52.3%) 72 (84.7%) <0.001

20

78

76

74

Improved . - Death
m Frequency 70 m Frequency 20

Figure 1: primary outcome of total patients in study
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Figure 2: BAR and Mortality Risk (ROC curve analysis); Optimal
cutoff: 9.53 (AUC 0.74); Sensitivity 79.7%, specificity 66.7%;
Mortality: 80% in BAR>9.5 vs 16.9% in BAR<9.5
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Figure 3: Heatmap correlation between BAR with length of
hospital stay, inotropes support, ventilator support
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Figure 4: Heatmap correlation between BAR with SOFA and
APACHE 1I in study population

Scatterplot with Regression: BAR vs SOFA Score
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Figure 5: Scatterplot with regression: BAR vs SOFA
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Scatterplot with Regression: BAR vs APACHE Scor
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Figure 6: Scatterplot regression: BAR vs APACHE II

Limitations:

This study has several limitations. Being a single-centre
study with a modest sample size (150 patients), its
generalizability and statistical power are restricted. BAR was
measured only at admission, without serial trends and the
cutoff value (9.5) were not externally validated. Potential
confounders such as nutritional status, fluid balance and
albumin supplementation were not accounted for, while
heterogeneous treatment practices may have influenced
outcomes. Mortality was assessed only during hospitalization,
without long-term follow-up, and BAR was not compared
with emerging prognostic biomarkers like procalcitonin or
lactate clearance.

Conclusion:

We show the Blood Urea Nitrogen to Albumin Ratio (BAR) is a
simple, reliable prognostic marker in sepsis, strongly associated
with in-hospital mortality; organ support needs and prolonged
hospitalization. A BAR above 9.5 identifies patients at
significantly higher risk, facilitating early triage and resource
allocation, especially in resource-limited settings. Its moderate
correlation with established severity scores supports BAR as an
accessible surrogate for systemic dysfunction in early sepsis
management.
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