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Background: This study aimed to investigate the relationship between the blood urea nitrogen to serum albumin ratio (BAR) and in-hospital mortality in patients with sepsis.

Materials and methods: This is a retrospective cohort study. All septic patient data for the study were obtained from the intensive care unit of Beth Israel Deaconess Medical Center. Adjusted hazard ratios (HRs) and 95% confidence intervals (CIs) were calculated using multivariable Cox regression analyses. Survival curves were plotted and subgroup analyses were stratified by relevant covariates.

Results: Among 23,901 patients, 13,464 with sepsis were included. The overall in-hospital mortality rate was 18.9% (2550/13464). After adjustment for confounding factors, patients in the highest BAR quartile had an increased risk of sepsis death than those in the lowest BAR quartile (HR: 1.42, 95% CI: 1.3–1.55), using BAR as a categorical variable. When BAR was presented as a continuous variable, the prevalence of in-hospital sepsis-related death increased by 8% (adjusted HR: 1.08, 95% CI: 1.07–1.1, P < 0.001) for each 5-unit increase in BAR, irrespective of confounders. Stratified analyses indicated age interactions (P < 0.001), and the correlation between BAR and the probability of dying due to sepsis was stable.

Conclusion: BAR was significantly associated with in-hospital mortality in intensive care patients with sepsis. A higher BAR in patients with sepsis is associated with a worse prognosis in the ICU in the USA. However, further research is required to confirm this finding.
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Introduction

Sepsis is a serious global public health issue and is often defined as life-threatening organ dysfunction caused by a dysregulated host response to infection (1, 2). Despite advances in the diagnosis and treatment of sepsis (3), sepsis-related deaths account for 19.7% of all deaths worldwide (4–6).

Therefore, clinical physicians should identify patients with potentially high-risk sepsis (7). Using risk profiles or clinical indicators that predict disease severity and prognosis, clinicians can make better management decisions to reduce the incidence of multiple organ failure and relative mortality (8). Hematological and biochemical biomarkers facilitate diagnostic and treatment processes (9). Traditional biomarkers such as procalcitonin (PCT), C-reactive protein (CRP), interleukin (IL)-6, lactate, or white blood cell count, which reflect disease severity, may lack specificity to distinguish the condition (7, 10). Other biomarkers of sepsis, such as lipopolysaccharide-binding protein (LBP), soluble trigger receptor-1 (sTREM-1), and soluble urokinase plasminogen activator receptor (suPAR) expressed on myeloid cells have low sensitivity and specificity (9, 11). The diagnostic and prognostic value of presepsin, a soluble cluster of 14 subtypes (sCD14), in sepsis is controversial (12, 13). Hence, the most credible and reliable biomarker to predict the prognosis of patients with sepsis has not been established yet.

Blood urea nitrogen (BUN) and serum albumin are low-cost biomarkers that are widely used in clinical practice (14, 15). Several studies have identified hypoalbuminemia as an independent risk factor for mortality and poor prognosis after infection (15, 16). BUN is an important parameter that reflects the relationship between renal condition, protein metabolism, and nutritional status (17, 18). A strong association has been reported between BUN levels and mortality due to sepsis (19). The blood urea nitrogen to serum albumin ratio (BAR), which combines nutritional status and renal status, has recently been found to be a valuable tool for predicting mortality in critically ill patients (20). The BAR is thought to be related to the nutritional status of the organism, dehydration status, and liver and kidney functional reserves (21). It is considered a significant predictor of prognosis for different kinds of diseases, including community-acquired pneumonia (22), gastrointestinal bleeding (23), pulmonary embolism (24), and novel coronavirus pneumonia (25). Nevertheless, there are currently few published studies on the relationship between BAR and the prognosis of patients with sepsis, and the former studies had a limited sample size. Consequently, we hypothesized that BAR is a potential independent risk factor for sepsis prognosis. To validate our hypothesis, we used data from the fourth-generation Medical Information Mart for Intensive Care (MIMIC-IV, version 1.0) database to preliminarily investigate the association between BAR and the prognosis of patients with sepsis in the ICU.



Materials and methods


Data source

This retrospective cohort study was conducted according to the Strengthening the Reporting of Observational Studies in Epidemiology guidelines (26). We enrolled patients with sepsis from the MIMIC-IV database of the Massachusetts Institute of Technology (MIT). More than 70,000 adult patients were admitted to the ICU of Beth Israel Deaconess Medical Center in Boston between 2008 and 2019. The requirement for informed consent or ethical approval was waived because the data were obtained from publicly available sources (27) with de-identified information. The first author, Shaoyan Cai, completed the training on “Human Subject Protection” and gained full access to the database (certification number 46658933). Raw data were extracted using Structured Query Language with PostgreSQL 13.0 and Navicat Premium 15.



Participants

According to the MIMIC-IV database, the total number of patients admitted was 76,540 from 2008 to 2019, with 53,150 of them first admitted to the ICU. The inclusion criteria of this study included patients aged >18 years who fulfilled the Sepsis-3 criteria (1). Sepsis-3 is defined as a increase of ≥2 points in the sequential organ failure assessment (SOFA) score plus documented or suspected infection (1, 28). Septic shock was defined by the International Classification of Diseases (ICD) code 78552 (ninth revision) and ICD code R6521 (10th revision) (29, 30). Exclusion criteria included patients aged <18 years, patients whose BUN and albumin levels were not available during the first day of ICU admission, and patients without the length of hospital time. Acute kidney injury (AKI) was defined by Kidney Disease: Improving Global Outcomes (KDIGO) criteria, using both SCr and urine output criteria (31). The lowest SCr values available within 7 days before admission were used as the baseline SCr (32). When SCr data prior to admission were not available, the first SCr measured on ICU admission was used as the baseline SCr (33). For patients admitted multiple times to the ICU, we only considered the data from the first ICU admission (34, 35).



Variates

Based on previous literature (36–38) and our clinical practice, we chose the following variables considered to be confounding factors for the prognosis of sepsis.

Demographic and admission conditions: age, sex, ethnicity, weight, AKI, malignant cancer, severe liver disease, renal disease, urine output, and severity at admission as measured by the SOFA score, acute physiology score (APS) III, and Charlson comorbidity index (CCI).

Vital signs: first measurements of mean arterial pressure (MAP), heart rate (HR), and oxygen saturation level (SpO2) at ICU admission.

Interventions: use of mechanical ventilation, renal replacement treatment (RRT), and vasopressin usage during the first 24 h of ICU admission.

Laboratory results: hemoglobin, SCr, glucose, white blood cell (WBC) count, hemoglobin, platelet count, chloride, lactate, and pH levels.

The BAR was calculated as the quotient of initial blood urea nitrogen (mg/dl) and serum albumin (g/dL) based on laboratory results at ICU admission. If the above parameters had more than one result within 24 h, the first set of data was chosen.



Outcome

The study outcome was in-hospital mortality, defined as the survival status at hospital discharge. The follow-up time was surveyed from the time of admission to the event of discharge or death. Patients without any recorded outcome or follow-up time were excluded from the final cohort.



Statistical analysis

Descriptive analysis was performed for categorical variables according to BAR quartiles (<4.85; 4.85–7.86; 7.86–13.9; ≥13.9) using the Kruskal–Wallis test or one-way analysis. For categorical variables, baseline characteristic data were presented as proportions (%) and compared using chi-square tests. Normally distributed continuous data were presented as mean ± standard deviation (SD) and compared using Student’s t-test between groups, while skewed distribution median data are presented as the interquartile range (IQR) and compared using the Wilcoxon rank-sum test.

We constructed three multivariate Cox proportional hazards models to assess the independent association between BAR and in-hospital mortality: Model 1 was adjusted only for age and sex; Model 2 was additionally adjusted for ethnicity, MAP, HR, SpO2, hemoglobin, SCr, PLT, WBC, chloride, glucose, lactate, and pH levels; and Model 3 was additionally adjusted for weight, malignant cancer, urine output, severe liver disease, renal disease, SOFA score, APS III, urine output, ventilator use, CCI, RRT use, and vasopressin usage. A test for linear trends was conducted using quartiles of the exposure variable as a continuous variable by assigning the median values of the quartiles to the variable.

Stratified and interaction analyses were applied according to sex (male or female), age (<65 or ≥65 years), SOFA score (<5 or ≥5), ventilator use (yes or no), RRT use (yes or no), vasopressin usage (yes or no), septic shock (yes or no), and AKI (yes or no). Each stratification was adjusted for all factors (including age, sex, ethnicity, HR, MAP, SpO2, hemoglobin, SCr, platelets, WBC, chloride, glucose, lactate, pH, weight, malignant cancer, severe liver disease, renal disease, CCI, APSIII, SOFA score, urine output, ventilator use, RRT use, and vasopressin usage) except for the stratification factor itself.

Hospital survival was assessed using Kaplan–Meier survival curves according to the BAR quartiles and evaluated using the log-rank test (only patients with a hospital length of stay ≤ 30 days were displayed).

The percentage of covariates with missing data was <30% for all analyses. Missing values of covariates were imputed via multiple imputations. We created and analyzed three datasets. To assess the robustness of the findings, we applied sensitivity analysis to patients after excluding participants with missing data (Supplementary Table 1). We excluded patients with ICU stays <24 h and <48 h as a sensitivity analysis (Supplementary Tables 2, 3). Additionally, we applied sensitivity analysis to assess the association between BAR and in-hospital mortality in the population of AKI (Supplementary Table 4).

The data analysis process was performed using packages R3.6.3 (The R Foundation1) software and Free Statistics software version 1.5. P-values < 0.05 were considered significant.




Results


Population

A total of 23,901 patients with sepsis were identified. After excluding 10,437 patients without a BAR value or in-hospital time, 13,464 patients with sepsis were included in the final data analysis as shown in the flow chart (Figure 1).


[image: image]

FIGURE 1
Flowchart of study patients.




Baseline characteristics

The basic demographic characteristics of all selected patients stratified by the BAR quartile are shown in Table 1. Overall, the age of all participants was 65.3 ± 16.6 years, and 42.8% of them were female participants. The in-hospital mortality rate was 18.9% (2250/13464). Patients in the highest BAR group (Q4) had higher values for age, weight, WBC, BUN, SCr, BAR, lactate, glucose, APS III, CCI, and SOFA score, as well as a higher representation of medical aid, renal disease, severe liver disease, RRT, vasopressin usage, septic shock, AKI, and death than those in the other groups. Patients in the Q4 had lower values or incidence for covariates of the female sex, urine output, MAP, SpO2, hemoglobin, albumin, chloride, pH, and ventilator use.


TABLE 1    Baseline characteristics of participants and outcome parameters.
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Multivariable Cox regression analysis

We constructed three multivariate Cox regression models to evaluate the independent impact of BAR on in-hospital mortality (multivariate Cox regression model). Hazard ratios (HRs) and 95% confidence intervals (CIs) are shown in Table 2. The HRs were robust between the unadjusted and adjusted models in all three models (P < 0.05). In the unadjusted model, the effect size of BAR for in-hospital mortality means that a difference of 5 units of BAR is associated with an in-hospital mortality difference of 15% (HR: 1.15, 95% CI: 1.14–1.15). In the minimum-adjusted model (Model 1), the effect size of BAR for in-hospital mortality was increased by 5 units and increased by 13% (HR: 1.13, 95% CI: 1.12–1.14). For each additional 5 units of BAR in the fully adjusted model (Model 3) (adjusted covariates of age, sex, ethnicity, weight, MAP, HR, SpO2, hemoglobin, PLT, WBC, lactate, pH, SOFA score, APS III, ventilator use, diabetes, CCI, and Vasopressin usage), the effect size increased by 8% (HR: 1.08, 95% CI: 1.07–1.1). For further sensitivity analysis, the continuous variable BAR was converted into a categorical variable (quartile of BAR), of which the first category of BAR was used as a baseline reference. Patients in the highest BAR quartile had increased in-hospital mortality compared to patients in the lowest BAR quartile (HR: 1.42, 95% CI: 1.3–1.55). The P-value for trends in the fully adjusted model for BAR as a categorical variable was calculated with the results when BAR was a continuous variable.


TABLE 2    Multivariable Cox regression analysis to assess the association between BAR and in-hospital mortality.
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Kaplan–Meier curves

The Kaplan–Meier curve demonstrated that the in-hospital survival of the highest BAR quantile (Q4) patients was the lowest of all groups, which declined with declining baseline BAR (log-rank test: P < 0.0001, Figure 2).
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FIGURE 2
Kaplan–Meier curves indicates the association between the BAR and in-hospital mortality of patients with sepsis. Q1, BAR < 4.85; Q2, 4.85 ≤ BAR < 7.86; Q3, 7.86 ≤ BAR < 13.9; Q4, BAR ≥ 13.9. The curved line and shaded areas depict the estimated values and their corresponding 95% confidence intervals. Only patients with a hospital length of stay ≤ 30 days are displayed.




Subgroup analysis

The interaction analysis indicated that BAR was associated with a high risk of ICU mortality in patients aged ≥ 65 years and those using RRT. There were age interactions (P = 0.002 for the interaction likelihood ratio test) between BAR and the risk of in-hospital mortality events. As the BAR increased, the in-hospital mortality in the elderly subgroup (age ≥ 65 years) significantly increased (HR: 1.025; 95% CI: 1.019–1.032). The interaction of RRT use on the association of BAR with in-hospital mortality was also significant (P = 0.006) (Figure 3).
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FIGURE 3
Association between BAR and in-hospital mortality according to baseline characteristics. Each stratification was adjusted for all factors of Model 3 in Table 2 except for the stratification factor itself.




Sensitivity analysis

After excluding missing data from the full cohort (n = 13,464) (Supplementary Table 1), 9,081 patients were left and the relationship between BAR and in-hospital mortality remained reliable (HR: 1.09, 95% CI: 1.07–1.12, P < 0.001). After excluding patients of ICU stay < 24 h and < 48 h, this relationship remained stable, as shown in Supplementary Table 2 (HR: 1.09, 95% CI: 1.06–1.12, P < 0.001) and Supplementary Table 3 (HR: 1.08, 95% CI: 1.05–1.11, P < 0.001). In addition, the same results were observed in the population of AKI (HR: 1.09, 95% CI: 1.06–1.11, P < 0.001) (Supplementary Table 4).





Discussion

The present study demonstrated that BAR was independently associated with poor outcomes in ICU patients with sepsis. Elevated BAR levels were significantly associated with lower survival rates in patients with sepsis.

Previous literature has demonstrated that BUN is a reliable prognostic biomarker of sepsis (17–19, 38), and albumin is negatively correlated with sepsis (39). BUN is one of the redundant outcomes of protein metabolism in the liver, while blood urea is filtered out through the glomerulus and undergoes renal tubular reabsorption (14). The protein catabolism rate in patients with sepsis is significantly increased, and it is often complicated by acute kidney injury (40). Therefore, patients with sepsis have elevated foundational BUN levels (17, 18), and sepsis can significantly reduce blood flow and renal function, which further increases BUN levels (41). In septic AKI, evidence suggests that inflammatory mediators, immune cell infiltration, and nitric oxide synthase dysregulation lead to reduced renal blood flow in the renal parenchyma, resulting in independent microcirculatory dysfunction (42). BUN is influenced by some factors related to patient conditions (39). In contrast, malnutrition status may reduce plasma albumin levels, while systemic inflammatory responses have the same effect (15, 16). Hypoalbuminemia indicates the severity of inflammation and can be an additional risk stratification biomarker for mortality and prognosis, with an acute drop in serum albumin levels immediately after infection predicting a poor prognosis (37). In addition, hepatic dysfunction, kidney damage, and other conditions can reduce serum albumin levels (43, 44). Therefore, previous scholars introduced some albumin-based ratios for the diagnosis and prognosis of sepsis (7, 45).

The causes and pathophysiological mechanisms underlying the relationship between BAR and adverse prognosis remain unclear. BAR can be evaluated as a comprehensive body reserve by considering the four conditions of malnutrition, dehydration, liver reserve, and kidney reserve and may be more useful than BUN or serum albumin in assessing disease severity (21). Furthermore, BAR is simpler and easier to calculate, is not affected by individual subjectivity, and is more convenient for clinical use. Many studies have illustrated that a higher BAR level is related to the relative deficiency of effective circulating blood volume, suggesting that BAR can be a useful tool to guide volume management in patients with sepsis (46). Some researchers have studied the relationship between BAR and the prognosis of patients with respiratory diseases. Ryu et al. showed that BAR is a useful prognostic factor for aspiration pneumonia (47). Similar results were reported by Fang et al. in a prognostic study of patients with critical acute pulmonary embolism (24). In addition, a retrospective analysis of 602 patients with coronavirus-19 concluded that elevated BAR at admission was an independent predictor of mortality during hospitalization in patients with COVID-19 (25). Prognostic studies of BAR and other diseases, such as chronic heart failure (46) and Escherichia coli bacteremia (48), have also been reported. The possible mechanisms of the high BAR and poor prognosis of sepsis can be explained in terms of BUN and albumin levels. A high BAR represents a high BUN concentration and a low albumin level. Renal hypoperfusion and hypoalbuminemia often occur in critically ill patients, leading to increased BUN and BAR levels. This will help therapists understand the implications of elevated BAR levels and evaluate the prognosis of patients.

However, previous studies had limited sample sizes. This study, using the MIMIC-IV database, which by far included the largest population, proved that BAR could be a biomarker correlated with mortality. In our study, we retrospectively enrolled 13,464 patients with sepsis using the large public MIMIC-IV database and proved that the initial BAR was associated with in-hospital mortality in patients with sepsis. This association remained stable even after multivariate analysis and subgroup analysis that were used to eliminate the imbalance and confounding factors of covariates across the BAR groups. An interactive effect between age and BAR on sepsis outcome was found; that is, BAR was significantly and positively associated with the risk of in-hospital mortality in older participants (≥65 years). A possible reason for this is that the BAR of older people is sensitive to variations. This result suggests that BAR may be a more helpful predictor that strengthens clinicians’ capacity to access prognosis for elderly patients with sepsis, consequently improving management strategies. Additionally, there were potential interactions between RRT use on the association between BAR and in-hospital mortality. However, we are cautious about this result because of unequal sample sizes. Therefore, the exact mechanism underlying this finding needs to be explored in future studies.

Our study has several advantages. First, the study used real-world data from a large and diverse population. Second, this was a retrospective observational study, which was susceptible to potential confounding factors. Strict statistical adjustments were used to minimize residual confounders. We considered the target independent variables as both continuous and categorical variables. With this approach, the contingency in the data analysis was reduced, and the robustness of the results was enhanced. Moreover, the effect modifier factor analysis improved the usage of the data and yielded more robust results in different subgroups. Finally, to our knowledge, this is the first study to observe an independent association between in-hospital mortality and sepsis in intensive care patients. The findings of this study will be helpful for future research in establishing diagnostic and predictive models for in-hospital mortality.

However, this retrospective study had some limitations. First, the values of serum albumin or BUN may change over time, and this study only included the initial BAR value without monitoring its dynamic change, although these values may be more accurate in predicting the prognosis of sepsis. Second, we discarded many variables extracted from the database due to missing data. These variables included serum C-reactive protein, PCT levels, and some other inflammation-related biomarkers, which may be helpful for researchers to elucidate the mechanism of sepsis mortality. Third, for patients with multiple ICU admissions, only the first ICU admission was included in the analysis, which may have generated a selection bias. In addition, BUN levels may be influenced by diet. However, we did not obtain dietary information about the participants because of the limitations of the MIMIC-IV database. Finally, this retrospective study was based on the MIMIC-IV database. Although efforts have been made to minimize confusion caused by confounding factors, there are still some potential confounding factors that have not been determined. Further high-quality prospective multicenter studies are necessary to validate the prognostic value of BAR for sepsis and investigate the underlying mechanisms.

In this study, we identified the relationship between the initial BAR value and in-hospital mortality in ICU patients with sepsis. Elevated BAR was significantly associated with lower survival in patients with sepsis in the ICU in the USA.
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