
Zhang et al. BMC Anesthesiology          (2023) 23:416  
https://doi.org/10.1186/s12871-023-02384-7

RESEARCH Open Access

© The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

BMC Anesthesiology

Relationship between blood urea nitrogen 
to serum albumin ratio and short-term mortality 
among patients from the surgical intensive care 
unit: a population-based real-world study
Jinyu Zhang1,3, Lei Zhong2,3  , Jie Min2,3  , Yunhai Wei1,3 and Lan Ding2,3* 

Abstract 

Background Patients admitted to the surgical intensive care unit (SICU) often suffer from multi-organ dysfunc-
tion and have a high mortality rate. Therefore, finding a simple but effective clinical indicator to predict the prog-
nosis of patients is essential to improve their survival. The aim of this study was to investigate the relationship 
between blood urea nitrogen to serum albumin ratio (B/A) and short-term mortality among patients from the SICU.

Methods All eligible adult patients admitted to the SICU from the Medical Information Mart for Intensive Care IV 
(MIMIC-IV) database were recruited for this study. Participants were divided into a death group (n = 638) and a sur-
vival group (n = 2,048) based on the 90-day prognosis, and then grouped by B/A quartiles. We used restricted cubic 
splines (RCS) to visually analyze the correlation of B/A with 30- and 90-day risk of death. Cumulative survival rates were 
estimated using Kaplan–Meier survival curves according to B/A quartiles and evaluated using the log-rank test. Cox 
proportional risk models were developed and sensitivity analyses were performed to explore whether B/A was inde-
pendently associated with short-term outcomes in SICU patients. Receiver operating characteristic (ROC) curves were 
analyzed to ascertain the value of B/A for prognosticating 90-day outcome.

Results A total of 2686 participants were included in the final study, and their 30-day and 90-day all-cause mortal-
ity rates were 17.61% and 23.75%, respectively. The differences in 30-day and 90-day mortality rates were statistically 
significant among the four groups of patients (all p < 0.001). RCS curves showed that B/A was linearly associated 
with the risk of 30-day and 90-day all-cause mortality in SICU patients (χ2 = 0.960, p = 0.811; χ2 = 1.940, p = 0.584). 
Kaplan–Meier analysis showed that the 90-day cumulative survival rate gradually decreased as B/A increased, 
with patients in the highest quartile of B/A having the lowest survival rate (p < 0.001). Cox regression indicated 
that elevated B/A (> 9.69) was an independent risk factor for 30-day and 90-day all-cause mortality in SICU patients. 
The analysis of ROC curves demonstrated that B/A exhibited a significant predictive ability for 90-day mortality, 
with an optimal threshold of 6.587, a sensitivity of 56.9%, and a specificity of 64.8%.

Conclusions Elevated B/A (> 9.69) on admission was an independent risk factor for short-term mortality in SICU 
patients, and clinicians should pay more attention to this group of patients and intervene clinically at an early stage 
to reduce mortality.
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Introduction
With the continuous progress of medicine and the con-
struction of subspecialization, the surgical intensive care 
unit (SICU) has provided better protection for the treat-
ment and care of surgical perioperative patients, especially 
for critically ill surgical patients, and thus has significantly 
reduced the mortality rate of patients [1–3]. Nevertheless, 
the number of patients admitted to SICU continues to 
increase, accounting for nearly one-third of ICU patients, 
and the mortality rate of SICU patients remains high, 
even up to 50% in some less developed countries [4–6]. 
Therefore, identifying high-risk factors for death in SICU 
patients are essential to reduce mortality.

Blood urea nitrogen (BUN) is a byproduct of protein 
breakdown within the human body and is primarily 
eliminated through renal excretion. Consequently, its 
concentration serves as a significant determinant of renal 
function, metabolic condition, and nutritional status 
[7]. A case–control investigation revealed that elevated 
BUN levels were associated with a heightened likeli-
hood of postoperative stroke subsequent to cardiac sur-
gery [8]. Additionally, serum albumin, a negative acute 
phase reactant, has demonstrated prognostic value in 
various critical ailments, indicating an unfavorable out-
come [9, 10]. The blood urea nitrogen to serum albumin 
ratio (B/A) is a novel inflammation prognostic marker 
that  is calculated from two simple  indicators,  including 
urea nitrogen and albumin. It has been reported that the 
B/A was an independent risk factor for the prognosis 
of patients with a variety of critical illnesses, including 
chronic heart failure [11], aspiration pneumonia [12], 
myocardial infarction [13], acute pulmonary embolism 
[14], sepsis [15], and gastrointestinal bleeding [16].

However, the aforementioned studies primarily con-
centrate on prognostic prediction in a singular critical 
illness, and there is a dearth of research investigating 
whether B/A also severs as a superior prognostic indi-
cator for patients in the SICU. Consequently, this ret-
rospective population-based study aims to examine the 
relationship between B/A and short-term outcomes (30-
day and 90-day mortality) in patients admitted to SICU 
by gathering pertinent data from the Medical Informa-
tion Mart for Intensive Care IV (MIMIC-IV) database.

Methods
Data source
Our study used data from the MIMIC-IV database (ver-
sion 2.0), which contains data on 315,460 hospitalized 

patients between 2008 and 2019. An institutional 
review board from Massachusetts Institute of Tech-
nology and Beth Israel Deaconess Medical Center 
approved the creation of the database. Two of the 
authors completed the online training course of the 
National Institutes of Health to obtain approval for use 
of this database (Record ID: 51774135; 36142713). The 
data was anonymized to protect patient privacy.

Study participants
Participants were selected for this study based on the 
following inclusion criteria: (1) Adult patients (age ≥ 18 
years); (2) Patients admitted to the SICU for the first 
time. Subjects were excluded according to the following 
criteria: (1) Length of ICU stay < 24 h; (2) Died within 24 
h of ICU admission; (3) Lack of key data such as BUN or 
albumin.

Variable extraction
We extracted the following variables from the MIMIC-
IV version 2.0 database: sex, age, laboratory parameters, 
comorbidities, Sequential Organ Failure Assessment 
(SOFA) score, Simplified Acute Physiology Score (SAPS) 
II, use of mechanical ventilation (MV), length of ICU stay 
and hospital stay. Laboratory parameters included BUN, 
albumin, white blood cell (WBC), hemoglobin, hemato-
crit, platelet, creatinine, bicarbonate, glucose, total cal-
cium, phosphorus, magnesium, chlorine, potassium, and 
sodium. Comorbidities included hypertension, diabetes, 
acute respiratory failure (ARF), atrial fibrillation, cir-
rhosis, chronic kidney disease (CKD), malignancy, acute 
myocardial infarction (AMI), subarachnoid hemorrhage 
(SAH), acute pancreatitis, sepsis, peripheral vascular 
disease, severe liver disease, acute kidney injury (AKI), 
peptic ulcer disease, and paraplegia. The B/A ratio was 
calculated from the ratio of BUN (mg/dL) to albumin (g/
dL). The SOFA score, SAPS II score, and all laboratory 
parameters were based on data collected within 24 h of 
admission to the SICU.

Groups and outcomes
Participants were divided into a death group (n = 638) 
and a survival group (n = 2,048) based on the 90-day 
prognosis. The enrolled patients were grouped by B/A 
quartiles as follows: Q1, < 3.67 (n = 676); Q2, 3.67–5.52 
(n = 667); Q3, 5.52–9.69 (n = 672); Q4, > 9.69 (n = 671). 
The primary outcome indicator for the study was 90-day 
(with SICU admission as the starting point) all-cause 
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mortality, and the secondary outcome indicator was 
30-day all-cause mortality.

Statistical analysis
The basic clinical characteristics of patients were ana-
lyzed according to the death and survival groups. Data 
were expressed as mean and standard deviation or 
median (interquartile range) for continuous variables 
and number (percentage) for categorical variables. We 
compared categorical, normally and non-normally dis-
tributed continuous variables using chi-square test, t-test 
and Wilcoxon rank-sum test, respectively.

We used restricted cubic splines (RCS) to visually ana-
lyze the correlation of B/A with 30- and 90-day risk of 
death in SICU patients. Cumulative survival rates were 
estimated using Kaplan–Meier survival curves accord-
ing to B/A quartiles and evaluated using the log-rank 
test.

We then used univariate and multivariate Cox regres-
sion models to estimate the relationship between B/A 
and short-term mortality in SICU patients. Variables 
with univariate P < 0.1 were included in the multivari-
ate Cox regression analysis, and three models were 
finally constructed. Model I adjusted for nothing. 
Model II adjusted for age, SOFA score, WBC, hemo-
globin, hematocrit, platelet, creatinine, bicarbonate, 
glucose, phosphorus, magnesium, chlorine, potassium. 
Model III, based on model I and model II, but further 
adjusted for MV, ARF, AMI, atrial fibrillation, SAH, cir-
rhosis, sepsis, CKD, malignancy, peripheral vascular 
disease, severe liver disease, AKI, paraplegia. Results 
were expressed as hazard ratio (HR) and 95% confi-
dence interval (CI).

Receiver operating characteristic (ROC) curves were 
analyzed to ascertain the value of B/A for prognosticating 
90-day outcome.

All analyzes were performed using Stata14.0 software 
and R language (version 4.2.0). A two-sided P value less 
than 0.05 was considered statistically significant.

Sensitivity analysis
To further assess the robustness of the results, we per-
formed several sensitivity analyses. First, considering that 
the ability of the liver to synthesize albumin would be 
affected, we excluded patients with cirrhosis and severe 
liver disease for sensitivity analyses, respectively. In addi-
tion, considering that human albumin infusion prior to 
ICU admission may have some effect on the B/A value, 
we excluded patients who had received human serum 
albumin infusion 48 h before ICU admission for sensitiv-
ity analysis.

Results
Study population and basic clinical characteristics
Overall, a total of 2686 participants were included in the 
final study according to the inclusion and exclusion crite-
ria (Fig. 1). The basic clinical characteristics of all partici-
pants were shown in Table 1. The age of included patients 
was 63.13 ± 16.60 years, of which 1,489 (55.44%) were 
males and 1,197 (44.56%) were females. The main comor-
bidities were AKI (62.62%), sepsis (61.73%) and hyper-
tension (43.86%). Patients in the death group were older 
and had higher SOFA scores, SAPS II scores, and higher 
proportions of mechanical ventilation. They had higher 
WBC, BUN, creatinine, phosphorus, magnesium, and 
potassium, and lower hemoglobin, hematocrit, platelet, 
and bicarbonate. These patients were also more likely to 

Fig. 1 The inclusion and exclusion criteria of study participants
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have ARF, atrial fibrillation, cirrhosis, CKD, malignancy, 
AMI, SAH, sepsis, peripheral vascular disease, severe 
liver disease, AKI, and paraplegia. The duration of hos-
pital and ICU stays were shorter for patients in the death 
group.

Furthermore, an examination was conducted on the 
admission characteristics of patients admitted to the 
SICU, as outlined in Table  2. Among the entire cohort 
of patients included in the study, those who were trans-
ferred from the emergency room to the SICU exhibited 

Table 1 Basic clinical characteristics of the study population

SOFA sequential organ failure assessment, SAPS II simplified acute physiology score II, WBC white blood cell, BUN blood urea nitrogen, B/A blood urea nitrogen 
to serum albumin ratio, MV mechanical ventilation, ARF acute respiratory failure, CKD chronic kidney disease, AMI acute myocardial infarction, SAH subarachnoid 
hemorrhage, AKI acute kidney injury, ICU intensive care unit

Characteristic Total
(n = 2,686)

Death group
(n = 638)

Survival group
(n = 2,048)

t/Z/χ2 value P value

Age (years) 63.13 ± 16.60 69.06 ± 15.61 61.29 ± 16.47 -10.528 < 0.001

Male, n (%) 1,489 (55.44) 343 (53.76) 1,146 (55.96) 0.949 0.330

SOFA (score) 5.93 ± 4.00 7.65 ± 4.41 5.39 ± 3.70 -12.834 < 0.001

SAPS II (score) 37.10 ± 14.44 45.42 ± 14.68 34.52 ± 13.35 -17.574 < 0.001

BUN (mg/dL) 18 (12,28) 23 (15,39) 17 (12,2) -10.746 < 0.001

Albumin (g/dL) 3.20 ± 0.67 3.09 ± 0.70 3.23 ± 0.66 4.593 < 0.001

B/A 5.52 (3.67,9.69) 7.47 (4.58,13.46) 5.15 (3.41,8.41) -10.798 < 0.001

WBC (× 109/L) 10.70 (7.50,14.80) 11.95 (8.80,16.70) 10.40 (7.30,14.20) -6.655 < 0.001

Hemoglobin (g/L) 111.45 ± 22.71 107.57 ± 23.75 112.65 ± 22.24 4.958 < 0.001

Hematocrit (%) 33.42 ± 6.55 32.60 ± 6.95 33.68 ± 6.40 3.628 < 0.001

Platelet (×  109/L) 192 (135,264) 185 (122,254) 194 (139,266) 2.204 0.028

Creatinine (umol/L) 79.56 (61.88,114.92) 97.24 (70.72,159.12) 79.56 (61.88,106.08) -7.929 < 0.001

Bicarbonate (mmol/L) 22.68 ± 4.60 21.90 ± 5.22 22.92 ± 4.36 4.897 < 0.001

Glucose (mmol/L) 8.22 ± 3.81 8.46 ± 4.10 8.14 ± 3.72 -1.861 0.063

Total calcium (mmol/L) 2.09 ± 0.25 2.09 ± 0.23 2.09 ± 0.26 -0.005 0.996

Phosphorus (mmol/L) 1.19 ± 0.46 1.25 ± 0.53 1.17 ± 0.43 -3.673 < 0.001

Magnesium (mmol/L) 0.79 ± 0.16 0.81 ± 0.17 0.78 ± 0.16 -4.840 < 0.001

Chlorine (mmol/L) 103.81 ± 6.31 103.43 ± 7.20 103.93 ± 6.00 1.751 0.080

Potassium (mmol/L) 4.12 ± 0.77 4.24 ± 0.87 4.08 ± 0.74 -4.540 < 0.001

Sodium (mmol/L) 137.98 ± 5.27 137.95 ± 6.21 137.99 ± 4.95 0.165 0.869

MV, n (%) 1,828 (68.06) 513 (80.41) 1,315 (64.21) 58.714 < 0.001

Comorbidities, n (%)

 Hypertension 1,178 (43.86) 295 (46.24) 883 (43.12) 1.927 0.165

 Diabetes 719 (26.77) 176 (27.59) 543 (26.51) 0.286 0.593

 ARF 675 (25.13) 266 (41.69) 409 (19.97) 121.996  < 0.001

 Atrial fibrillation 608 (22.64) 214 (33.54) 394 (19.24) 56.836  < 0.001

 Cirrhosis 459 (17.09) 128 (20.06) 331 (16.16) 5.224 0.022

 CKD 390 (14.52) 122 (19.12) 268 (13.09) 14.281 < 0.001

 Malignancy 526 (19.58) 153 (23.98) 373 (18.21) 10.278 0.001

 AMI 116 (4.32) 38 (5.96) 78 (3.81) 5.429 0.020

 SAH 224 (8.34) 69 (10.82) 155 (7.57) 6.708 0.010

 Acute pancreatitis 67 (2.49) 15 (2.35) 52 (2.54) 0.071 0.790

 Sepsis 1,658 (61.73) 454 (71.16) 1,204 (58.79) 31.512 < 0.001

 Peripheral vascular disease 236 (8.79) 76 (11.91) 160 (7.81) 10.202 < 0.001

 Severe liver disease 403 (15.00) 124 (19.44) 279 (13.62) 12.888 < 0.001

 AKI 1682 (62.62) 487 (76.33) 1195 (58.35) 67.206 < 0.001

 Peptic ulcer disease 74 (2.76) 21 (3.29) 53 (2.59) 0.899 0.343

 Paraplegia 328 (12.21) 106 (16.61) 222 (10.84) 15.131 < 0.001

Length of ICU stay (days) 3.62 (1.95,7.76) 5.04 (2.42,10.16) 3.17 (1.89,6.86) -7.520 < 0.001

Length of hospital stay (days) 10.31 (6.13,18.58) 10.75 (4.96,18.79) 10.19 (6.52,18.54) 2.023 0.043
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the highest mortality rate, amounting to 25.62%. Addi-
tionally, a distinction was observed between the groups 
of patients who experienced death and those who sur-
vived in relation to general surgery and transplantation 
(p < 0.05).

Relationship between B/A and all‑cause mortality
For the entire study population, the 30-day and 90-day 
all-cause mortality rates were 17.61% and 23.75%, 
respectively. As seen in Table  3, the differences in 30- 
and 90-day mortality rates were statistically significant 
among the four groups of patients (χ2 = 97.957, p < 0.001; 
χ2 = 116.310, p < 0.001).

After adjusting for confounding variables, a linear asso-
ciation between B/A values and 90-day all-cause mor-
tality risk in SICU patients was observed (χ2 = 1.940, 
p = 0.584), as indicated in Fig.  2b. In addition, a similar 
linear association was observed in the RCS curve of the 
relationship between B/A values and 30-day all-cause 
mortality risk (χ2 = 0.960, p = 0.811), as shown in Fig. 2a.

Kaplan–Meier analysis in Fig.  3 comparing patients 
with different B/A values showed that the 90-day 
cumulative survival rate gradually decreased as B/A 
increased, with patients in the highest quartile of 

B/A having the lowest survival rate (log-rank test, 
χ2 = 121.980, p < 0.001). In addition, similar results 
were observed in the 30-day cumulative survival curves 
(Supplementary Fig. 1).

When analyzed as a continuous variable, B/A was 
associated with 90-day all-cause mortality. The HRs 
(95% CI) in the three models were 1.039 (1.032, 1.046), 
1.019 (1.007, 1.030), and 1.021 (1.009, 1.033), respec-
tively (all p < 0.001). When analyzed as quartiles in 
model I unadjusted for variables, the HRs (95% CI) for 
quartile 2, quartile 3 and quartile 4 were 1.633 (1.252, 
2.129), 1.868 (1.442, 2.241) and 3.311 (2.602–4.211), 
respectively, compared with the reference group quar-
tile 1 (all p < 0.001). Even after adjusting for a range of 
confounders, model III suggested that elevated B/A 
(> 9.69) was an independent risk factor for 90-day 
all-cause mortality in SICU patients (HR = 1.499, 
95% CI = 1.100–2.041, p < 0.05). Similar results were 
observed in the analysis of 30-day mortality (Table 4).

Analysis of ROC curves
The analysis of ROC curves demonstrated that B/A 
exhibited a significant predictive ability for 90-day mor-
tality, with an optimal threshold of 6.587, a sensitivity 

Table 2 Admission characteristics of patients admitted to the SICU

SICU surgical intensive care unit

Variables Total
(n = 2,686)

Death group
(n = 638)

Survival group
(n = 2,048)

χ2 value P value

Source of admission, n (%)
 Emergency room 1,534 (57.11) 393 (61.60) 1,141 (55.71) 42.368 < 0.001

 Physician referral 468 (17.42) 61 (9.56) 407 (19.87)

 Transfer from hospital 551 (20.51) 159 (24.92) 392 (19.14)

 Others 133 (4.95) 25 (3.92) 108 (5.27)

Urgency cases, n (%)
 Emergency cases 2,223 (82.76) 556 (87.15) 1,667 (81.40) 11.277 0.001

 Elective cases 463 (17.24) 82 (12.85) 381 (18.60)

Type of surgery, n (%)
 General surgery 500 (18.62) 73 (11.44) 427 (20.85) 28.418 < 0.001

 Neurosurgery 427 (15.90) 88 (13.79) 339 (16.55) 2.771 0.096

 Orthopedic surgery 60 (2.23) 14 (2.19) 46 (2.25) 0.006 0.938

 Transplant surgery 230 (8.56) 4 (0.63) 226 (11.04) 67.306 < 0.001

Table 3 Comparison of all-cause mortality among different groups

B/A blood urea nitrogen to serum albumin ratio

Characteristics B/A χ2 P

 < 3.67 (n = 676) 3.67–5.52 (n = 667) 5.52–9.69 (n = 672)  > 9.69 (n = 671)

30‑day mortality, n(%) 60 (8.87) 106 (15.89) 112 (16.67) 195 (29.06) 97.957  < 0.001

90‑day mortality, n(%) 90 (13.31) 138 (20.69) 157 (23.36) 253 (37.70) 116.310  < 0.001
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of 56.9%, and a specificity of 64.8%. It is noteworthy that 
the predictive performance of B/A closely resembled that 
of the Acute Physiology and Chronic Health Assessment 
II (APACHE II) score and SOFA score (B/A area under 
the curve [AUC] = 0.641; APACHE II score AUC = 0.677; 
SOFA score AUC = 0.656). Moreover, the highest pre-
dictive performance was attained when B/A was com-
bined with the APACHE II score and SOFA score 

(AUC = 0.693), yielding a sensitivity of 62.1% and speci-
ficity of 66.4% (Fig. 4 and Supplementary Table 1).

Sensitivity analysis
After excluding 403 patients with severe liver disease, 
multivariate Cox regression analysis still suggested a sig-
nificant association between elevated B/A levels and all-
cause mortality among SICU patients (Supplementary 

Fig. 2 RCS curves of the relationship between B/A values and all-cause mortality risk in patients admitted to SICU

Fig. 3 Kaplan–Meier curves of 90-day cumulative survival rates at various B/A values
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Table  2). In addition, after excluding 112 patients who 
had received human serum albumin infusion 48 h before 
ICU admission, Cox regression analysis was again per-
formed and the results were consistent with our main 
findings (Supplementary Table  3). Then, we again per-
formed a sensitivity analysis after excluding 459 patients 
with cirrhosis and found that elevated B/A (> 9.69) 
remained an independent risk factor for 90-day all-cause 
mortality in SICU patients (Supplementary Table 4).

Discussion
It is well-established that protein catabolism is height-
ened in critically ill patients, leading to an elevation in 
BUN levels. Renal reabsorption of urea nitrogen likewise 
affects the BUN levels of patients. Urea nitrogen is pas-
sively reabsorbed with water and sodium in the proxi-
mal renal tubule. In the more distal renal units, urea 
nitrogen reabsorption is also closely related to water 
reabsorption under the influence of antidiuretic hor-
mone, which in turn is regulated by angiotensin II. When 
patients are dehydrated or have certain cardiovascular 
diseases occurring, sympathetic excitation and activa-
tion of the renin–angiotensin–aldosterone system can 
increase the reabsorption of urea nitrogen by the body. 
Therefore, high BUN level also reflects the state of renal 

hypoperfusion caused by hypovolemia or reduction of 
cardiac output [17]. One study has already reported that 
BUN levels at admission and at discharge were predictors 
of prognosis in patients with heart failure, and patients 
with high BUN levels had a poorer prognosis [18]. Addi-
tionally, serum albumin serves as a partial indicator of the 
organism’s nutritional status and fulfills crucial functions 
such as maintaining plasma colloid osmolality, acting as 
an antioxidant, eliminating oxygen free radicals, serving 
as a carrier for various compounds, and inhibiting plate-
let activation and aggregation [19, 20]. Hypoalbuminemia 
has linked to decreased overall survival and increased 
recurrence rates in diverse malignant tumors [21, 22].

Notably, in recent studies, B/A has been employed as 
a novel prognostic predictor for critically ill patients. A 
study that included 800 hypertensive COVID-19 patients 
showed that urea nitrogen, albumin, and B/A were all 
valid predictors of in-hospital mortality, while B/A was 
a more reliable predictor than urea nitrogen and albu-
min [23]. Another study on the long-term prognosis 
of patients with acute myocardial infarction in the ICU 
found that a higher B/A (> 7.83) was associated with 
four-year mortality and was an independent risk fac-
tor for long-term mortality in such patients. In the ROC 
curve, the AUC value of B/A was higher than that of 

Table 4 Multivariate Cox regression analysis of the association between different B/A levels and all-cause mortality

Model I adjusted for nothing

Model II adjusted for age, SOFA score, WBC, hemoglobin, hematocrit, platelet, creatinine, bicarbonate, glucose, phosphorus, magnesium, chlorine, potassium

Model III adjusted for model II plus MV, ARF, AMI, atrial fibrillation, SAH, cirrhosis, sepsis, CKD, malignancy, peripheral vascular disease, severe liver disease, AKI, 
paraplegia

HR hazard ratio, 95% CI 95% confidence interval, B/A blood urea nitrogen to serum albumin ratio, SOFA sequential organ failure assessment, WBC white blood cell, MV 
mechanical ventilation, ARF acute respiratory failure, AMI acute myocardial infarction, SAH subarachnoid hemorrhage, CKD chronic kidney disease, AKI acute kidney 
injury

Variable Model I Model II Model III

HR 95%CI P value HR 95%CI P value HR 95%CI P value

30‑day mortality
 B/A 1.041 1.033–1.049 < 0.001 1.018 1.005–1.031 0.008 1.021 1.008–1.035 0.002

Quintiles
 Q1 (< 3.67) Ref Ref Ref

 Q2 (3.67–5.52) 1.854 1.351–2.545 < 0.001 1.184 0.857–1.638 0.306 1.189 0.859–1.646 0.296

 Q3 (5.52–9.69) 1.963 1.435–2.687 < 0.001 1.038 0.744–1.449 0.826 1.133 0.807–1.590 0.470

 Q4 (> 9.69) 3.651 2.734–4.877 < 0.001 1.278 0.891–1.831 0.182 1.508 1.045–2.177 0.028

 p for trend < 0.001 0.322 0.032

90‑day mortality
 B/A 1.039 1.032–1.046 < 0.001 1.019 1.007–1.030 0.001 1.021 1.009–1.033 < 0.001

Quintiles
 Q1 (< 3.67) Ref Ref Ref

 Q2 (3.67–5.52) 1.633 1.252–2.129 < 0.001 1.102 0.840–1.447 0.483 1.086 0.827–1.427 0.553

 Q3 (5.52–9.69) 1.868 1.442–2.241 < 0.001 1.059 0.802–1.396 0.687 1.104 0.833–1.463 0.493

 Q4 (> 9.69) 3.311 2.602–4.211 < 0.001 1.329 0.982–1.799 0.066 1.499 1.100–2.041 0.010

 p for trend < 0.001 0.087 0.006
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systemic inflammatory response syndrome (SIRS) score 
and APACHE II score [24]. In addition, there have been 
several studies showing that B/A has equally good pre-
dictive value in determining the prognosis of critically ill 
patients with certain surgical-related conditions. Allameh 
F et al. in their study analyzing the relationship between 
B/A and prognosis of patients with Fournier’s Gangrene 
found that there was a significant difference between the 
B/A values of the death group and the survival group, 
and that elevated B/A was an independent predictor of 
death in patients with Fournier’s Gangrene [25]. Ye L 
et  al. collected data on 2527 cardiac surgery patients in 
the MIMIC database and analyzed factors associated 
with prognosis, and found a significant relationship 
between elevated B/A and hospital mortality. B/A might 
serve as an independent risk factor for adverse outcomes 
in patients undergoing cardiac surgery, and the investiga-
tors reached similar conclusions in an external validation 
cohort [26].

The present study, to the best of our knowledge, is 
the first to explore the association between B/A and the 
prognosis of patients admitted to the SICU. Our study 
found that patients in the death group were older and had 

higher SOFA scores, SAPS II scores, and higher propor-
tions of mechanical ventilation. In this study, the enrolled 
patients were grouped by B/A quartiles and the differ-
ences in 30- and 90-day mortality rates were statistically 
significant among the four groups of patients. Kaplan–
Meier analysis showed that the 30-day and 90-day cumu-
lative survival rate gradually decreased as B/A increased, 
with patients in the highest quartile of B/A having the 
lowest survival rate. Cox regression analysis suggested 
that elevated B/A (> 9.69) was an independent risk factor 
for 90-day all-cause mortality in SICU patients. It is well 
known that albumin is produced by the liver, so when 
patients suffer from severe liver disease or cirrhosis, it 
can affect albumin levels [27, 28]. Therefore, this study 
conducted sensitivity analyses after excluding patients 
with severe liver disease or cirrhosis and those who had 
been infused with albumin within 48 h of admission to 
the hospital, and still ended up with the same conclusion.

The present clinical risk assessment of critically ill 
patients primarily relies on the utilization of APACHE II 
score, SOFA score, SAPS II score, and SIRS score [29, 30]. 
The prognostic predictive efficacy of these conventional 
scoring systems in the clinical management of critically 

Fig. 4 ROC curves for predicting 90-day mortality in patients admitted to SICU
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ill patients is evident and has been validated in our 
study through the analysis of ROC curves. On this basis, 
researchers are actively engaged in the pursuit of novel 
and more straightforward prognostic markers. The analy-
sis of ROC curves demonstrate that the AUC of the B/A 
ratio closely approximates the AUC of both the APACHE 
II score and SOFA score. Furthermore, when these three 
indices are combined, the AUC of the comprehensive 
index surpasses that of any individual index. This find-
ing implies that B/A improves the prognostic predictive 
capacity of traditional scoring indicators, offering a novel 
viewpoint for clinicians and caregivers.

The current study has several advantages. First, the 
present study was innovative in exploring the correlation 
between B/A, a clinical indicator, and prognosis for SICU 
patients. Second, the study was more comprehensive in 
using 30-day and 90-day mortality to represent short-
term prognosis. Finally, the sample size of this study was 
relatively large, and it is a large population-based real-
world study.

However, this study still had some limitations. First, 
this study was a retrospective analysis with some bias. In 
addition, this study explored the correlation between B/A 
and short-term prognosis based on the initial value at the 
time of admission to the ICU, and did not further evalu-
ate the correlation between B/A and long-term progno-
sis, and the dynamic changes of B/A levels. Finally, our 
analysis was limited to all-cause mortality and did not 
explore specific causes of death. Therefore, rigorously 
designed prospective studies are still needed to validate 
the findings of this study.

Conclusion
To  summarize, elevated B/A level (> 9.69) on admission 
was an independent risk factor for increased short-term 
mortality in SICU patients, and had some potential appli-
cation as a clinically simple, inexpensive and easily acces-
sible biomarker.
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