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Background: The blood urea nitrogen (BUN) to albumin (ALB) ratio (BAR) is a 
novel biomarker that reflects both nutritional and inflammatory status and has 
been linked to the prognosis of various acute and chronic diseases. However, 
studies on its association with in-hospital prognosis in patients with non-ST-
segment elevation myocardial infarction (NSTEMI) remain limited. Therefore, 
this study aimed to evaluate the relationship between BAR and in-hospital 
mortality in patients with NSTEMI.

Methods: This study included 772 non-diabetic NSTEMI patients. The 
predictive performance was assessed using the area under the receiver 
operating characteristic (ROC) curve (AUC). Multivariable logistic regression 
was performed to identify the independent risk factors of in-hospital mortality. 
Subgroup analyses were conducted to evaluate the association between BAR 
and in-hospital mortality across different patient subgroups. Restricted cubic 
spline (RCS) function was applied to examine the nonlinear relationship between 
BAR and in-hospital mortality, and the two-piecewise logistic regression model 
was used for threshold effects analysis.

Results: A total of 40 patients died during hospitalization. BAR exhibited strong 
predictive performance for in-hospital mortality (AUC = 0.83; 95% CI: 0.77–
0.89). Multivariate analysis indicated that BAR was an independent risk factor for 
in-hospital mortality (OR = 1.06; 95% CI: 1.01–1.12), with a significant increase 
in mortality risk observed in most subgroups as BAR increased. A nonlinear 
relationship with a saturation effect was observed between BAR and in-hospital 
mortality (P for non-linearity = 0.002), with an inflection point of 8.51. Further 
two-piecewise logistic regression analysis revealed that when BAR was <8.51, 
the risk of in-hospital mortality increased significantly (OR = 1.69, 95% CI: 
1.16–2.53), whereas when BAR was ≥8.51, the association was not statistically 
significant (OR = 0.99, 95% CI: 0.92–1.06).

Conclusion: Baseline BAR serves as a simple, clinically useful prognostic 
biomarker of in-hospital mortality in non-diabetic NSTEMI patients. Additionally, 
we identified a nonlinear relationship with saturation effect between BAR and 
in-hospital mortality.
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1 Introduction

Acute coronary syndromes (ACS), including ST-segment 
elevation myocardial infarction (STEMI), non-ST-segment elevation 
myocardial infarction (NSTEMI) and unstable angina, represent a 
major cause of mortality worldwide. Each year, over 7 million people 
worldwide are diagnosed with ACS, with over 1 million 
hospitalizations occurring in the United States alone (1). Compared 
with STEMI and unstable angina, NSTEMI incidence and 
hospitalization rates have risen rapidly in recent years. Although 
in-hospital mortality has declined, it remains concerning (2). In 
China, NSTEMI admission rates increased from 0.3 per 100,000 in 
2001 to 3.3 per 100,000 in 2011 (3). Chinese study found that NSTEMI 
hospitalization rates nearly tripled from 2007 to 2012 (8.1 to 33.5%), 
while in-hospital mortality declined from 6.4 to 5.3% in men and from 
11.6 to 8.7% in women (4). Studies from various countries and regions 
report NSTEMI in-hospital mortality rates ranging from 5.1–6.3% 
(5–7). Limited and unevenly distributed healthcare resources pose 
greater challenges for China and other low-and middle-income 
countries in reducing NSTEMI in-hospital mortality and improving 
prognosis compared with developed countries. Therefore, identifying 
early prognostic biomarkers and establishing risk stratification for 
NSTEMI are crucial for improving patient outcomes.

Blood urea nitrogen (BUN) is an essential marker of renal 
function and protein metabolism, whereas serum albumin (ALB) is 
widely employed to evaluate nutritional status and chronic 
inflammation. Both biomarkers are extensively used in clinical 
practice and are easily accessible. Increasing evidence suggests that 
elevated BUN levels and decreased ALB levels are significantly linked 
to poorer prognosis in patients with acute myocardial infarction 
(AMI) (8–11). Moreover, the BUN to ALB ratio (BAR), a novel 
biomarker integrating the characteristics of BUN and ALB, reflects the 
nutritional and inflammatory status of the body and has been 
demonstrated to be a reliable independent prognostic predictor in 
various diseases, including sepsis, chronic heart failure, and 
pulmonary embolism (12–14). The BAR may serve as a more effective 
comprehensive assessment tool than BUN or serum ALB alone for 
evaluating malnutrition, inflammatory status, and hepatic and renal 
reserve function in disease severity assessment (14).

Multiple studies have identified a correlation between BAR and 
both the diagnosis and prognosis of cardiovascular injury. A 
prospective cohort study involving 1,123 patients demonstrated that 
BAR is an independent risk factor for the development of left 
ventricular aneurysm (LVA) following percutaneous coronary 
intervention (PCI) in acute STEMI patients and has predictive value 
for diagnosing post-PCI LVA (15). A retrospective cohort study by 
Zhao et al. investigating the predictive value of BAR for long-term 
mortality in AMI patients revealed that those in the high BAR group 
had longer intensive care unit (ICU) stays and significantly higher 1-, 
2-, 3-, and 4-year mortality rates than those in the low BAR group 
(p < 0.001). Furthermore, BAR was identified as a readily accessible 
biomarker independently predicting long-term mortality in AMI 
patients (16). A prospective study by Sevdımbas et al. involving 415 

NSTEMI patients at initial admission demonstrated that BAR is an 
independent risk factor for 30-day mortality in NSTEMI patients 
(17). However, the association between BAR and in-hospital 
mortality remains unexplored in Chinese NSTEMI patients. 
Furthermore, the linear and nonlinear associations between BAR and 
in-hospital mortality in non-diabetic NSTEMI patients have not been 
investigated. Therefore, this study aims to: (1) comprehensively assess 
the correlation between BAR and in-hospital mortality among 
Chinese patients with NSTEMI; and (2) investigate the linear or 
nonlinear relationship between BAR and in-hospital mortality.

2 Materials and methods

2.1 Study design and patients

This was a single-center retrospective study. The data for this study 
were retrieved from a publicly available dataset (accessible at https://
peerj.com/articles/14346/), provided by Zhao et al. (18). The original 
study was approved by the Ethics Committee of Zhongda Hospital 
affiliated to Southeast University (2020ZDSYLL164-P01). All authors 
have waived their copyright to the original research data. Since our 
study was a retrospective analysis of reused data aimed at improving 
clinical prognosis, no additional ethical approval was required.

The original study enrolled 774 NSTEMI patients without 
diabetes, who were hospitalized in the Cardiology Department of 
Zhongda Hospital from March 2012 to December 2018. Inclusion 
criteria: (1) Age > 18 years old; (2) First-time diagnosis of 
NSTEMI. Exclusion criteria: (1) Pregnant or lactating women; (2) 
Severe conditions such as advanced malignancies or an expected 
survival of <3 months; (3) Diabetes mellitus.

In the present study, we additionally excluded two participants 
due to missing BUN and ALB values (Figure  1). Ultimately, 772 
non-diabetic NSTEMI patients were included in this study, of whom 
732 survived to discharge and 40 died in hospital.

2.2 Data extraction

Patient data collected for this study, based on literature review and 
dataset availability, included demographics, vital signs, laboratory 
findings, and medications. These variables include age, sex, 
hypertension, chronic kidney disease (CKD), smoking, alcohol, 
systolic blood pressure (SBP), diastolic blood pressure (DBP), left 
ventricular ejected fraction (LVEF), white blood cells (WBC), 
neutrophils, lymphocytes, monocytes, platelet (PLT), hemoglobin 
(Hb), D-dimer, alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), low-density lipoprotein cholesterol (LDL-C), 
high-density lipoprotein cholesterol (HDL-C), triglyceride (TG), total 
cholesterol (TC), uric acid (UA), creatinine, cardiac troponin I (cTnI), 
blood urea nitrogen (BUN), albumin (ALB), antihypertensive drug, 
lipid-lowering drug, aspirin, clopidogrel, nitrate, diuretics and 
β-blockers.
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2.3 Definitions

The endpoint of this study was in-hospital mortality. BAR was 
calculated by dividing BUN (mg/L) at admission by the serum ALB 
(g/L). Hypertension was defined as a systolic blood 
pressure ≥ 140 mmHg or diastolic blood pressure ≥ 90 mmHg, 
measured on three separate occasions at rest without antihypertensive 
medication use (19). Chronic kidney disease (CKD) was defined as 
chronic renal structural and functional dysfunction (history of renal 
damage greater than 3 months) from a variety of causes, including 
pathological damage with normal and abnormal renal GFR, abnormal 
blood or urine composition, and abnormal imaging, or unexplained 
decline in GFR for more than 3 months (20).

2.4 Statistical analyses

Before analysis, data completeness was assessed. 
We performed multiple imputation (mice package) for variables 
with less than 30% missingness, generating a total of five sets of 
post-imputation data and selecting the optimal post-imputation 
dataset based on the Akaike Information Criterion (AIC) for the 
subsequent analyses. The distributions of all quantitative 
variables were analyzed using the Shapiro–Wilk test. According 
to the Shapiro–Wilk analysis, all quantitative data were 
non-normally distributed, presented as median (interquartile 
range), and compared using the Mann–Whitney test. Categorical 
variables were presented as counts and percentages, and 
differences between two groups were compared by the 
chi-squared test or the Fisher exact test.

ROC curve analyses were performed for BAR, BUN combined 
with ALB, BUN, and ALB to evaluate their predictive performance 

for in-hospital mortality, with the DeLong test used for AUC 
comparisons. The optimal cut-off value of BAR was determined 
using the maximum Youden index (sensitivity + specificity -1) and 
accordingly the patients were categorized into two subgroups (BAR 
<8.52 mg/g and BAR ≥8.52 mg/g). Least Absolute Shrinkage and 
Selection Operator (LASSO) regression was applied to select the 
potential predictors from 33 candidate variables. Variables screened 
by LASSO regression were then included in multivariate logistic 
regression analyses to assess the independent predictive role of BAR 
(as a continuous and categorical variable) for in-hospital death in 
non-diabetic NSTEMI patients. Subgroup analyses were used to 
explore whether the relationship between BAR and in-hospital 
mortality is consistent across subgroups of the population with 
different characteristics. Logistic regression model with restricted 
cubic spline (RCS) was used to evaluate the relationship between 
baseline BAR value (continuous variable) and the risk of in-hospital 
mortality. If non-linearity was detected, the “segmented” package 
was used to calculate the inflection point. Then a two-piecewise 
logistic regression model was fitted to calculate the threshold effect 
of the BAR on in-hospital mortality. All statistical analyses were 
conducted using R software (4.2.2). A p-value <0.05 (two-tailed) or 
a 95% confidence interval (CI) for the odds ratio excluding one was 
considered statistically significant.

3 Results

3.1 Baseline characteristics

The baseline characteristics of the study participants are 
summarized in Table 1. A total of 772 eligible patients were included 
in the study, with a median age of 76 years, of whom 31.2% were 

FIGURE 1

Research flow chart.
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female. Among them, 732 (94.8%) survived to discharge, while 40 
(5.2%) died during hospitalization.

A comparison of the clinical characteristics between the two 
groups revealed that patients who died in hospital were older, had a 
higher prevalence of CKD, and had lower SBP, DBP, and LVEF than 

those who survived to discharge (p < 0.05). Regarding laboratory 
parameters, patients in the death group had higher levels of WBC 
count, neutrophil count, D-dimer, creatinine, BUN, and BAR, and 
lower levels of lymphocyte count, Hb, LDL-C, HDL-C, TC, and ALB 
(p < 0.05). Regarding medication use, patients in the death group had 

TABLE 1 Baseline characteristics of patients with NSTEMI.

Variables All patients (n = 772) Survival group 
(n = 732)

Death group (n = 40) P-value

Age (y) 76 [64, 85] 75 [64, 84] 87 [83, 91] <0.001

Female, n (%) 241 (31.2) 223 (30.5) 18 (45.0) 0.079

Hypertension, n (%) 553 (71.6) 521 (71.2) 32 (80.0) 0.305

CKD, n (%) 65 (8.4) 57 (7.8) 8 (20.0) 0.016

Smoking, n (%) 289 (37.4) 280 (38.3) 9 (22.5) 0.066

Alcohol, n (%) 107 (13.9) 106 (14.5) 1 (2.5) 0.057

SBP (mmHg) 133 [120, 146] 134 [120, 147] 126 [106, 137] 0.003

DBP (mmHg) 80 [70, 86] 80 [70, 86] 75 [60, 82] 0.013

LVEF (%) 62 [52, 70] 63 [53, 70] 58 [46, 66] 0.025

Laboratory tests

WBC (109/L) 7.36 [6.07, 9.38] 7.31 [6.02, 9.27] 8.60 [6.60, 11.73] 0.010

Neutrophils (109/L) 5.24 [3.99, 7.21] 5.22 [3.93, 7.08] 6.64 [4.80, 10.53] 0.002

Lymphocytes (109/L) 1.34 [0.95, 1.77] 1.37 [0.98, 1.77] 0.82 [0.61, 1.46] 0.001

Monocytes (109/L) 0.43 [0.32, 0.56] 0.43 [0.32, 0.56] 0.48 [0.33, 0.56] 0.415

PLT (109/L) 187 [149, 227] 188 [150, 227] 184 [138, 235] 0.317

Hb (g/L) 132 [115, 146] 133 [117, 147] 112 [97, 125] <0.001

D-dimer (mg/L) 0.18 [0.08, 0.47] 0.17 [0.08, 0.44] 0.62 [0.30, 3.05] <0.001

ALT (U/L) 24.00 [16.00, 35.00] 24.00 [16.00, 35.00] 30.00 [13.00, 38.25] 0.219

AST (U/L) 33.00 [22.00, 63.00] 32.50 [22.00, 62.00] 47.50 [21.75, 128.75] 0.056

LDL-C (mmol/L) 2.64 [2.08, 3.17] 2.65 [2.12, 3.18] 2.24 [1.74, 2.90] 0.010

HDL-C (mmol/L) 1.05 [0.91, 1.22] 1.06 [0.92, 1.22] 0.92 [0.77, 1.17] 0.007

TG (mmol/L) 1.27 [0.91, 1.74] 1.27 [0.91, 1.74] 1.38 [0.95, 1.69] 0.396

TC (mmol/L) 4.31 [3.61, 5.01] 4.34 [3.64, 5.02] 3.83 [3.14, 4.68] 0.017

UA (μmol/L) 351.50 [282.00, 424.00] 350.00 [282.00, 421.00] 360.00 [263.75, 478.00] 0.449

Creatinine (μmol/L) 88.00 [70.00, 112.00] 87.00 [69.00, 109.00] 128.50 [104.50, 210.25] <0.001

cTnI (ng/ml) 0.70 [0.13, 3.17] 0.67 [0.13, 2.95] 1.55 [0.16, 4.84] 0.255

BUN (mmol/L) 6.10 [4.70, 8.20] 5.95 [4.70, 7.90] 10.35 [8.52, 14.23] <0.001

ALB (g/L) 37.25 [34.00, 40.20] 37.60 [34.30, 40.40] 33.90 [28.40, 37.00] <0.001

BAR 4.61 [3.40, 6.47] 4.48 [3.37, 5.96] 9.06 [6.99, 13.75] <0.001

Medications

Antihypertensive drug, n (%) 538 (69.7) 522 (71.3) 16 (40.0) <0.001

Lipid-lowering drug, n (%) 730 (94.6) 702 (95.9) 28 (70.0) <0.001

Aspirin, n (%) 736 (95.3) 708 (96.7) 28 (70.0) <0.001

Clopidogrel, n (%) 684 (88.6) 657 (89.8) 27 (67.5) <0.001

Diuretics, n (%) 288 (37.3) 280 (38.3) 8 (20.0) 0.031

β-blockers, n (%) 623 (80.7) 603 (82.4) 20 (50.0) <0.001

Nitrate, n (%) 611 (79.1) 589 (80.5) 22 (55.0) <0.001

Data are presented as the n (%) or median (25th Percentile, 75th Percentile).
NSTEMI, non-ST-segment elevation myocardial infarction; CKD, chronic kidney disease; SBP, systolic blood pressure; DBP, diastolic blood pressure; LVEF, left ventricular ejected fraction; 
WBC, white blood cells; PLT, platelet; Hb, hemoglobin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density 
lipoprotein cholesterol; TG, triglyceride; TC, total cholesterol; UA, uric acid; cTnI, cardiac troponin I; BUN, blood urea nitrogen; ALB, albumin; BAR, blood urea nitrogen to albumin ratio.
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significantly lower usage rates of antihypertensive drugs, lipid-
lowering drugs, aspirin, clopidogrel, diuretics, nitrate, and β-blockers 
compared to survivors (p < 0.05).

3.2 Comparing the predictive value of 
different predictors

ROC curve analyses were conducted to evaluate and compare the 
predictive performance of BAR, BUN, ALB, and BUN combined with 
ALB for in-hospital mortality (Figure 2). As presented in Table 2, the 
AUC of BAR was 0.83 (95% CI: 0.77–0.89), with an optimal cut-off 
value of 6.65, corresponding to a sensitivity of 80.0% and a specificity 
of 79.5%. The AUC of BUN was 0.81 (95% CI: 0.74–0.88), with an 
optimal cut-off value of 7.95, yielding a sensitivity of 80.0% and a 
specificity of 75.7%. The AUC of ALB was 0.71 (95% CI: 0.63–0.80), 
with an optimal cut-off value of 32.55, yielding a sensitivity of 47.5% 
and a specificity of 83.6%. The AUC of BUN combined with ALB was 
0.80 (95% CI: 0.73–0.87), with an optimal cut-off value of 0.045, 
yielding a sensitivity of 77.5% and a specificity of 71.6%. BAR 
exhibited superior predictive performance for in-hospital mortality 
compared with ALB (DeLong’s test p = 0.033). BAR, BUN, and BUN 
combined with ALB all exhibited good predictive performance for 
in-hospital mortality, with AUCs ≥0.8. The detailed results of the ROC 
analysis are given in Table 2.

3.3 Variable selection based on the LASSO 
regression

LASSO regression was applied to perform the initial selection of 
predictors. The LASSO regression incorporated 33 candidate variables 
(all variables except “BUN” and “ALB” in Table 1), and based on the 
LASSO regression analysis, six variables with non-zero coefficients 
were selected as predictors: age, TG, D-dimer, BAR, aspirin and lipid-
lowering drug (Figure 3).

3.4 Risk factors associated with in-hospital 
mortality in nondiabetic patients with 
NSTEMI

As shown in Table 3, six variables screened by LASSO regression 
were included in the univariate logistic regression analysis and those 
variables that were statistically significant (p < 0.05) in the univariate 
analysis were subsequently included in the multivariate logistic 
regression model. Multivariate analysis identified age, TG, D-dimer, 
aspirin and BAR as independent risk factors for in-hospital mortality 
in non-diabetic patients with NSTEMI. In the logistic regression 
model finally adjusted for age, TG, D-dimer, aspirin, and lipid-
lowering drug, BAR remained a significant predictor of in-hospital 
mortality (OR = 1.06, 95% CI: 1.01–1.12, p = 0.030).

Based on the optimal cut-off value of BAR, NSTEMI patients were 
stratified into a high BAR group (BAR ≥ 6.65 mg/g) and a low BAR 
group (BAR < 6.65 mg/g). Multivariate analysis was then conducted 
to further investigate the association between BAR and in-hospital 
mortality (Table  3). The results showed that after adjusting for 
confounders, the risk of in-hospital mortality in patients in the high 
BAR group was 5.9 times higher than that in patients in the low BAR 
group (OR = 5.90, 95%CI: 2.52–15.32, p < 0.001).

3.5 Subgroup analyses

Subgroup analyses were conducted to assess the association 
between BAR and in-hospital mortality across different population 
subgroups. We  performed subgroup analyses according to sex, 
hypertension, smoking, and alcohol consumption, which showed that 
the risk of in-hospital mortality increased significantly with increasing 
BAR in most subgroups (Figure 4). In the alcoholic drinking subgroup, 
BAR was not significantly associated with the risk of 
in-hospital mortality.

3.6 Exploring the nonlinear relationship 
between BAR and in-hospital mortality

To further explore the nonlinear relationship between BAR and 
in-hospital mortality, multivariable-adjusted (adjusted for age, TG, 
D-dimer and aspirin) RCS model based on logistic regression was 
performed (Figure 5). A nonlinear relationship with a saturation effect 
between BAR and in-hospital mortality was observed (P for 
non-linearity = 0.002), with the inflection point calculated as 8.51 
using the “segmented” package.

We then performed a two-piecewise logistic regression (Table 4), 
which showed that the risk of in-hospital mortality increased 
significantly with increasing BAR when the BAR value was <8.51 
(OR = 1.69, 95% CI: 1.16–2.53), but the correlation was not statistically 
significant when the BAR value was ≥8.51 (OR = 0.99, 95% CI: 0.92–
1.06) (Figure 5).

4 Discussion

The majority of cardiovascular-related deaths occur in low-and 
middle-income countries. Due to the rising global prevalence of 

FIGURE 2

Receiver operating characteristic (ROC) curve by in-hospital 
mortality.
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NSTEMI and its unfavorable in-hospital and out-of-hospital 
outcomes, there is a pressing need for an efficient and widely applicable 
biomarker to stratify NSTEMI patients by risk and to develop 
personalized treatment strategies aimed at improving both short-and 
long-term prognosis. This study identified BAR as a clinically valuable 
predictor of in-hospital mortality in patients with NSTEMI. The key 
findings of this study are summarized as follows: (1) An elevated 
baseline BAR at admission independently predicted in-hospital 
mortality in non-diabetic NSTEMI patients; (2) BAR demonstrated 
strong predictive value for in-hospital mortality, and its monitoring is 
beneficial for the early identification of high-risk patients; (3) Notably, 
for the first time, we identified a nonlinear relationship between BAR 
and in-hospital mortality, further determining an inflection point 
(8.51 mg/g). Specifically, to the left of the inflection point, in-hospital 
mortality risk increased significantly with rising BAR; however, to the 
right, a saturation effect was observed.

BUN is a protein metabolite primarily produced in the liver and 
excreted by the kidney, serving as a crucial biomarker for assessing 
renal function and metabolic status. The primary causes of elevated 
BUN levels include: (1) Enhanced proteolytic metabolism and 
increased BUN synthesis; (2) Activation of the renin–angiotensin–
aldosterone and sympathetic nervous systems due to hypoperfusion, 
subsequently increasing BUN reabsorption; and (3) Renal impairment. 
Elevated BUN levels have been reported to reflect the severity of the 
disease as well as poor prognosis (21, 22). A Japanese study of 2,995 
AMI patients demonstrated that elevated BUN levels independently 
predicted in-hospital mortality (9). Other studies have highlighted the 
predictive value of elevated BUN for long-term mortality in AMI 
patients (8, 23). Consistent with these findings, our study demonstrated 
an association between elevated BUN levels and increased in-hospital 
mortality in non-diabetic NSTEMI patients. Furthermore, ROC curve 
analysis indicated that BUN was comparable to BAR in predicting 

TABLE 2 Analysis of the ROC curve for predictive power of in-hospital mortality.

Cut-off AUC (95% CI) Sensitivity (%) Specificity (%) P for DeLong’s test

BUN (mmol/L) 7.95 0.81 (0.74–0.88) 80.0 75.7

ALB (g/L) 32.55 0.71 (0.63–0.80) 47.5 83.6

BUN+ALB 0.045 0.80 (0.73–0.87) 77.5 71.6

BAR (mg/g) 6.65 0.83 (0.77–0.89) 80.0 79.5

BAR vs. BUN 0.651

BAR vs. ALB 0.033

BAR vs. BUN+ALB 0.555

BUN+ALB vs. BUN 0.868

BUN+ALB vs. ALB <0.001

BUN vs. ALB 0.087

AUC, area under the receiver operating characteristic curve; CI, confidence interval; BUN, blood urea nitrogen; ALB, albumin; BAR, blood urea nitrogen to albumin ratio.

FIGURE 3

Feature selection using the least absolute shrinkage and selection operator (LASSO) binary logistic regression model. (A) LASSO coefficient profiles of 
the 33 baseline features; (B) The tuning parameter (λ) selection in the LASSO model using 10-fold cross-validation via minimum criteria. Vertical lines 
were drawn at the value selected using 10-fold cross-validation, where optimal λ resulted in 6 non-zero coefficients.
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in-hospital mortality, suggesting its potential as a valuable serum 
biomarker for risk assessment in NSTEMI patients. ALB is a liver-
synthesized protein and the most abundant protein in plasma. Beyond 
its well-established role in nutrition and colloid osmotic pressure 
homeostasis, ALB possesses several physiological properties, including 
antioxidant function, immunomodulation, antiplatelet aggregation, 
and anti-inflammatory activity (24, 25). Increasing evidence suggests 
that low ALB levels indicate a state of heightened inflammation, which 
is closely linked to the development and prognosis of various 
cardiovascular diseases. A cross-sectional study involving 1,552 cases 
and 6,680 controls demonstrated that low serum ALB concentrations 
were strongly associated with the development of AMI (26). An Israeli 
prospective study demonstrated that a decrease in ALB on admission 
was significantly associated with long-term all-cause mortality in AMI 
patients, exhibiting a “dose–response” relationship (27). Our study 

builds upon previous findings, demonstrating that ALB has a 
reasonable predictive value for in-hospital mortality risk in 
non-diabetic NSTEMI patients (AUC = 0.71, 95%CI: 0.63–0.80). The 
increased risk of in-hospital mortality in NSTEMI due to decreased 
serum ALB levels may be  attributed to the diminished anti-
inflammatory, antioxidant, and antithrombotic properties of ALB.

BAR is recognized as a novel biomarker of inflammation and 
nutritional status, integrating the characteristics of BUN and ALB. In 
recent years, BAR has emerged as a prognostic biomarker for various 
diseases, including heart failure, chronic obstructive pulmonary 
disease and gastrointestinal bleeding (13, 21, 28). Previous studies 
have reported the effect of BAR levels on AMI prognosis (15, 29, 30), 
and the incidence of left ventricular aneurysm (LVA) after PCI (15). 
Furthermore, in a retrospective cohort study of patients with acute 
ischemic stroke (AIS), Li et al. evaluated the predictive value of BAR 

TABLE 3 Univariate and multivariate logistic regression analyses.

Variables Univariate analysis Multivariate analysis

OR (95% CI) P-value OR (95% CI) P-value

Age (y) 1.11 (1.07–1.16) <0.001 1.11 (1.06–1.16) <0.001

TG (mmol/L) 1.37 (1.16–1.63) <0.001 1.39 (1.07–1.98) 0.046

D-dimer (mg/L) 1.62 (1.35–1.94) <0.001 1.36 (1.03–1.76) 0.021

Aspirin 0.08 (0.04–0.17) <0.001 0.17 (0.06–0.47) <0.001

Lipid-lowering drug 0.10 (0.05–0.22) <0.001 0.40 (0.15–1.16) 0.076

BARa (mg/g) 1.13 (1.08–1.18) <0.001 1.06 (1.01–1.12) 0.030

BARb (mg/g)

  <6.65 Reference Reference

  ≥6.65 13.36 (6.48–30.38) <0.001 5.90 (2.52–15.32) <0.001

OR, odds ratio; CI, confidence interval; BUN, blood urea nitrogen; ALB, albumin; TG, triglyceride; BAR, blood urea nitrogen to albumin ratio.
aBAR as a continuous variable.
bBAR as a categorizing variable.

FIGURE 4

Subgroup analyses for the association of BAR with in-hospital mortality.
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FIGURE 5

The RCS regression between the BAR with in-hospital mortality. OR, odds ratio; CI, confidence interval; RCS, restricted cubic spline; BAR, blood urea 
nitrogen to albumin ratio.

for the risk of in-hospital death in patients with AIS and showed that 
serum BAR was an important biomarker for identifying patients with 
AIS who are at high risk of death (31). Yet only one specifically 
examined the detrimental effect of elevated BAR on in-hospital 
mortality in NSTEMI (17). In this study, BAR levels were significantly 
higher in deceased patients compared to survivors. Multivariate 
analysis identified BAR as an independent predictor of in-hospital 
mortality, while ROC analysis confirmed its good predictive value. 
Additionally, using RCS and a two-piecewise logistic regression 
model, we identified a nonlinear relationship and a saturation effect 
between BAR and in-hospital mortality. Specifically, when BAR <8.51, 
each 1-unit increase corresponded to a 69% rise in in-hospital 
mortality risk (OR = 1.69, 95% CI: 1.16–2.53). However, when BAR 
≥8.51, further increases in BAR did not significantly alter the risk of 
in-hospital mortality (OR = 0.99, 95% CI: 0.92–1.06). The precise 
causes and underlying pathophysiological mechanisms linking 
elevated BAR levels to poorer prognosis remain uncertain. Therefore, 
we can only hypothesize potential mechanisms by focusing on the key 

components of the BAR, namely BUN and ALB (29). As previously 
discussed, elevated BUN levels and reduced ALB levels often indicate 
metabolic dysregulation, nutritional deficiencies, and systemic 
inflammation, which may explain the association between high BAR 
and poor prognosis across various diseases. STEMI patients frequently 
experience inadequate protein intake due to appetite loss or impaired 
digestive function, which disrupts albumin synthesis (32). And, post-
myocardial infarction metabolic disturbances accelerate protein 
catabolism, further depleting albumin levels (33). Additionally, acute 
post-infarction events elicit a robust systemic inflammatory response, 
leading to the release of numerous inflammatory mediators (e.g., 
TNF-α, IL-6) (34). Concurrently, oxidative stress levels rise markedly, 
inducing cellular and tissue damage and impairing hepatic albumin 
synthesis (35). These interrelated mechanisms contribute to increased 
BUN and decreased ALB, ultimately influencing STEMI prognosis.

Limited studies have investigated the effects of BUN and ALB 
levels at various time points during hospitalization on disease 
prognosis. A study by Khoury et  al. involving 4,768 heart failure 
patients, found a significantly lower 90-day mortality rate in those 
with higher BUN at admission that normalized upon discharge 
compared to those with elevated BUN at both admission and 
discharge (16.4% vs. 28.8%, p < 0.001) (36). In addition, early serum 
ALB supplementation may reduce the in-hospital mortality associated 
with sepsis (37). Studies are lacking on whether lowering abnormally 
elevated BAR levels to the normal range during hospitalization 
improves in-hospital mortality risk and post-discharge prognosis in 

TABLE 4 Two-piecewise logistic regression.

BAR (mg/g) Events/total OR (95% 
CI)

P-value

<8.51 16/650 1.69 (1.16–2.53) 0.007

≥8.51 24/122 0.99 (0.92–1.06) 0.720

BAR, blood urea nitrogen to albumin ratio; OR, Odds Ratio; CI, confidence interval.
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NSTEMI patients. Therefore, we propose two key directions for future 
research: first, investigating whether lowering abnormally high BAR 
levels improves NSTEMI prognosis; and second, exploring strategies 
to normalize BAR during hospitalization, particularly by reducing 
elevated BUN levels, as this may enhance NSTEMI outcomes.

Our study highlights two key points. First, this is the first study 
investigating the relationship between BAR and in-hospital mortality 
in Chinese NSTEMI patients, providing novel evidence supporting 
the global use of BAR as an independent risk factor for in-hospital 
mortality in NSTEMI. Second, this study is the first to identify a 
nonlinear relationship between BAR and in-hospital mortality risk in 
non-diabetic NSTEMI patients, offering a foundation for 
individualized risk prediction and treatment strategy development.

This study also has several limitations. Firstly, as a secondary 
analysis of a retrospective study, this research may be affected by various 
biases and unmeasured confounders. Secondly, certain parameters of 
the GRACE score, including ST-segment changes on ECG and a history 
of cardiac arrest, were unavailable. Third, BAR levels may fluctuate 
during hospitalization. Our study only examined the predictive value 
of BAR levels at admission for in-hospital mortality in non-diabetic 
NSTEMI patients, whereas BAR values at different time points or peak 
BAR values may offer greater prognostic insight. Finally, given that our 
study is a single-center retrospective study, future large-scale, 
multicenter prospective cohort studies are required to validate 
our findings.

5 Conclusion

In this study, we found that baseline BAR at admission is a simple 
and clinically valuable prognostic biomarker for in-hospital mortality 
in non-diabetic NSTEMI patients. Additionally, we  observed a 
nonlinear relationship with saturation effect between BAR and 
in-hospital mortality in non-diabetic NSTEMI patients, which may 
facilitate rapid risk stratification and inform individualized treatment. 
Further studies are needed to determine whether normalizing 
abnormally elevated BAR will improve in-hospital outcomes in 
patients with NSTEMI.

Data availability statement

Publicly available datasets were analyzed in this study. This data 
can be found here: https://peerj.com/articles/14346.

Ethics statement

The requirement of ethical approval was waived by Ethics 
Committee of Zhongda Hospital affiliated to Southeast University for 

the studies involving humans because the database is publicly available 
from the PeerJ journal. The studies were conducted in accordance 
with the local legislation and institutional requirements. The ethics 
committee/institutional review board waived the requirement of 
written informed consent for participation from the participants or 
the participants’ legal guardians/next of kin because the study was 
retrospective, data were obtained from an electronic medical record 
system and participants in the data were anonymized.

Author contributions

LY: Writing – original draft, Writing – review & editing. WY: 
Methodology, Supervision, Writing – review & editing.

Funding

The author(s) declare that financial support was received for the 
research and/or publication of this article. The project was funded by 
Henan Provincial Medical Science and Technology Research Project 
(LHGJ20220833).

Acknowledgments

The authors thank Dr. Yao from Zhongda Hospital affiliated to 
Southeast University for sharing the data.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Generative AI statement

The authors declare that no Gen AI was used in the creation of 
this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

References
 1. Bhatt DL, Lopes RD, Harrington RA. Diagnosis and treatment of acute 

coronary syndromes: a review. JAMA. (2022) 327:662–75. doi: 
10.1001/jama.2022.0358

 2. Neumann JT, Goßling A, Sörensen NA, Blankenberg S, Magnussen C, Westermann 
D. Temporal trends in incidence and outcome of acute coronary syndrome. Clin Res 
Cardiol. (2020) 109:1186–92. doi: 10.1007/s00392-020-01612-1

 3. Murugiah K, Wang Y, Nuti SV, Li X, Li J, Zheng X, et al. Are non-ST-segment 
elevation myocardial infarctions missing in China? Eur Heart J Qual Care Clin 
Outcomes. (2017) 3:319–27. doi: 10.1093/ehjqcco/qcx025

 4. Zhang Q, Zhao D, Xie W, Xie X, Guo M, Wang M, et al. Recent trends in 
hospitalization for acute myocardial infarction in Beijing: increasing overall burden and 
a transition from ST-segment elevation to non-ST-segment elevation myocardial 

https://doi.org/10.3389/fnut.2025.1499093
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://peerj.com/articles/14346
https://doi.org/10.1001/jama.2022.0358
https://doi.org/10.1007/s00392-020-01612-1
https://doi.org/10.1093/ehjqcco/qcx025


Yuan and Yao 10.3389/fnut.2025.1499093

Frontiers in Nutrition 10 frontiersin.org

infarction in a population-based study. Medicine. (2016) 95:e2677. doi: 
10.1097/MD.0000000000002677

 5. Alves L, Ziegelmann PK, Ribeiro V, Polanczyk C. Hospital mortality from 
myocardial infarction in Latin America and the Caribbean: systematic review and Meta-
analysis. Arq Bras Cardiol. (2022) 119:970–8. doi: 10.36660/abc.20220194

 6. Sawayama Y, Takashima N, Harada A, Yano Y, Yamamoto T, Higo Y, et al. Incidence 
and in-hospital mortality of acute myocardial infarction: a report from a population-
based registry in Japan. J Atheroscler Thromb. (2023) 30:1407–19. doi: 10.5551/jat.63888

 7. Miyachi H, Takagi A, Miyauchi K, Yamasaki M, Tanaka H, Yoshikawa M, et al. 
Current characteristics and management of ST elevation and non-ST elevation 
myocardial infarction in the Tokyo metropolitan area: from the Tokyo CCU 
network registered cohort. Heart Vessel. (2016) 31:1740–51. doi: 
10.1007/s00380-015-0791-9

 8. Richter B, Sulzgruber P, Koller L, Steininger M, El-Hamid F, Rothgerber DJ, et al. 
Blood urea nitrogen has additive value beyond estimated glomerular filtration rate for 
prediction of long-term mortality in patients with acute myocardial infarction. Eur J 
Intern Med. (2019) 59:84–90. doi: 10.1016/j.ejim.2018.07.019

 9. Horiuchi Y, Aoki J, Tanabe K, Nakao K, Ozaki Y, Kimura K, et al. A high level 
of blood urea nitrogen is a significant predictor for in-hospital mortality in patients 
with acute myocardial infarction. Int Heart J. (2018) 59:263–71. doi: 
10.1536/ihj.17-009

 10. Yoshioka G, Tanaka A, Nishihira K, Natsuaki M, Kawaguchi A, Watanabe N, et al. 
Prognostic impact of follow-up serum albumin after acute myocardial infarction. ESC 
Heart Fail. (2021) 8:5456–65. doi: 10.1002/ehf2.13640

 11. Islam MS, Islam MN, Kundu SK, Islam MZ, Bhuiyan AS, Haque MM, et al. Serum 
albumin level and in-hospital outcome of patients with first attack acute myocardial 
infarction. Mymensingh Med J. (2019) 28:744–51.

 12. Min J, Lu J, Zhong L, Yuan M, Xu Y. The correlation study between blood urea 
nitrogen to serum albumin ratio and prognosis of patients with sepsis during 
hospitalization. BMC Anesthesiol. (2022) 22:404. doi: 10.1186/s12871-022-01947-4

 13. Lin Z, Zhao Y, Xiao L, Qi C, Chen Q, Li Y. Blood urea nitrogen to serum albumin 
ratio as a new prognostic indicator in critical patients with chronic heart failure. ESC 
Heart Fail. (2022) 9:1360–9. doi: 10.1002/ehf2.13825

 14. Fang J, Xu B. Blood urea nitrogen to serum albumin ratio independently predicts 
mortality in critically ill patients with acute pulmonary embolism. Clin Appl Thromb 
Hemost. (2021) 27:10760296211010241. doi: 10.1177/10760296211010241

 15. Zhang K, Yang L, Wu X, Zheng X, Zhao Y. Urea nitrogen-to-albumin ratio predicts 
ventricular aneurysm formation in ST-segment elevation myocardial infarction. ESC 
Heart Fail. (2024) 11:974–85. doi: 10.1002/ehf2.14620

 16. Zhao D, Liu Y, Chen S, Xu Z, Yang X, Shen H, et al. Predictive value of blood urea 
nitrogen to albumin ratio in long-term mortality in intensive care unit patients with 
acute myocardial infarction: a propensity score matching analysis. Int J Gen Med. (2022) 
15:2247–59. doi: 10.2147/IJGM.S349722

 17. Sevdımbas S, Satar S, Gulen M, Acehan S, Acele A, Koksaldı Sahin G, et al. Blood 
urea nitrogen/albumin ratio on admission predicts mortality in patients with non ST 
segment elevation myocardial infarction. Scand J Clin Lab Invest. (2022) 82:454–60. doi: 
10.1080/00365513.2022.2122075

 18. Guo J, Ji Z, Carvalho A, Qian L, Ji J, Jiang Y, et al. The triglycerides-glucose index 
and the triglycerides to high-density lipoprotein cholesterol ratio are both effective 
predictors of in-hospital death in non-diabetic patients with AMI. Peer J. (2022) 
10:e14346. doi: 10.7717/peerj.14346

 19. Picone DS, Schultz MG, Otahal P, Aakhus S, Al-Jumaily AM, Black JA, et al. 
Accuracy of cuff-measured blood pressure: systematic reviews and Meta-analyses. J 
Am Coll Cardiol. (2017) 70:572–86. doi: 10.1016/j.jacc.2017.05.064

 20. House AA. Management of Heart Failure in advancing CKD: Core curriculum 
2018. Am J Kidney Dis. (2018) 72:284–95. doi: 10.1053/j.ajkd.2017.12.006

 21. Zeng Z, Ke X, Gong S, Huang X, Liu Q, Huang X, et al. Blood urea nitrogen to 
serum albumin ratio: a good predictor of in-hospital and 90-day all-cause mortality in 
patients with acute exacerbations of chronic obstructive pulmonary disease. BMC Pulm 
Med. (2022) 22:476. doi: 10.1186/s12890-022-02258-7

 22. Sullivan DH, Sullivan SC, Bopp MM, Roberson PK, Lensing SY. BUN as an 
independent predictor of post-hospital-discharge mortality among older veterans. J Nutr 
Health Aging. (2018) 22:759–65. doi: 10.1007/s12603-018-1065-x

 23. Aronson D, Hammerman H, Beyar R, Yalonetsky S, Kapeliovich M, Markiewicz 
W, et al. Serum blood urea nitrogen and long-term mortality in acute ST-elevation 
myocardial infarction. Int J Cardiol. (2008) 127:380–5. doi: 10.1016/j.ijcard.2007.05.013

 24. Caraceni P, Domenicali M, Tovoli A, Napoli L, Ricci CS, Tufoni M, et al. Clinical 
indications for the albumin use: still a controversial issue. Eur J Intern Med. (2013) 
24:721–8. doi: 10.1016/j.ejim.2013.05.015

 25. Arques S. Human serum albumin in cardiovascular diseases. Eur J Intern Med. 
(2018) 52:8–12. doi: 10.1016/j.ejim.2018.04.014

 26. He YM, Yang Q, Yang XJ, Zhao X, Xu HF, Qian YX. Serum albumin concentrations, 
effect modifiers and first incident acute myocardial infarction: a cross-sectional study of 
1552 cases and 6680 controls. Cli Chim Acta. (2016) 454:49–56. doi: 
10.1016/j.cca.2015.12.037

 27. Plakht Y, Gilutz H, Shiyovich A. Decreased admission serum albumin level is an 
independent predictor of long-term mortality in hospital survivors of acute myocardial 
infarction. Soroka acute myocardial infarction II (SAMI-II) project. Int J Cardiol. (2016) 
219:20–4. doi: 10.1016/j.ijcard.2016.05.067

 28. Bae SJ, Kim K, Yun SJ, Lee SH. Predictive performance of blood urea nitrogen to 
serum albumin ratio in elderly patients with gastrointestinal bleeding. Am J Emerg Med. 
(2021) 41:152–7. doi: 10.1016/j.ajem.2020.12.022

 29. Zhang L, Xing M, Yu Q, Li Z, Tong Y, Li W. Blood urea nitrogen to serum albumin 
ratio: a novel mortality indicator in intensive care unit patients with coronary heart 
disease. Sci Rep. (2024) 14:7466. doi: 10.1038/s41598-024-58090-y

 30. Balcik M, Satar S, Gulen M, Acehan S, Sevdimbas S, Acele A, et al. BUN/albumin 
ratio predicts short-term mortality better than SYNTAX score in ST-elevation 
myocardial infarction patients. J Cardiovasc Med (Hagerstown). (2023) 24:326–33. doi: 
10.2459/JCM.0000000000001473

 31. Li W, Huang Q, Zhan K. Association of Serum Blood Urea Nitrogen to albumin 
ratio with in-hospital mortality in patients with acute ischemic stroke: a retrospective 
cohort study of the eICU database. Balkan Med J. (2024) 41:458–68. doi: 
10.4274/balkanmedj.galenos.2024.2024-8-77

 32. Cyon L, Kadesjö E, Edgren G, Roos A. Acute kidney injury and high-sensitivity 
cardiac troponin T levels in the emergency department. JAMA Netw Open. (2024) 
7:e2419602. doi: 10.1001/jamanetworkopen.2024.19602

 33. Kirtane AJ, Leder DM, Waikar SS, Chertow GM, Ray KK, Pinto DS, et al. Serum 
blood urea nitrogen as an independent marker of subsequent mortality among patients 
with acute coronary syndromes and normal to mildly reduced glomerular filtration 
rates. J Am Coll Cardiol. (2005) 45:1781–6. doi: 10.1016/j.jacc.2005.02.068

 34. Nakao T, Libby P. IL-6 helps weave the inflammatory web during acute coronary 
syndromes. J Clin Invest. (2023) 133:e167670. doi: 10.1172/JCI167670

 35. Loffredo L, Carnevale R. Oxidative stress: The hidden catalyst fueling 
atherosclerosis and cardiovascular disease. Antioxidants (Basel, Switzerland). (2024) 
13:1089. doi: 10.3390/antiox13091089

 36. Khoury J, Bahouth F, Stabholz Y, Elias A, Mashiach T, Aronson D, et al. Blood urea 
nitrogen variation upon admission and at discharge in patients with heart failure. ESC 
Heart Fail. (2019) 6:809–16. doi: 10.1002/ehf2.12471

 37. Philips CA, Maiwall R, Sharma MK, Jindal A, Choudhury AK, Kumar G, et al. 
Comparison of 5% human albumin and normal saline for fluid resuscitation in sepsis 
induced hypotension among patients with cirrhosis (FRISC study): a randomized 
controlled trial. Hepatol Int. (2021) 15:983–94. doi: 10.1007/s12072-021-10164-z

https://doi.org/10.3389/fnut.2025.1499093
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1097/MD.0000000000002677
https://doi.org/10.36660/abc.20220194
https://doi.org/10.5551/jat.63888
https://doi.org/10.1007/s00380-015-0791-9
https://doi.org/10.1016/j.ejim.2018.07.019
https://doi.org/10.1536/ihj.17-009
https://doi.org/10.1002/ehf2.13640
https://doi.org/10.1186/s12871-022-01947-4
https://doi.org/10.1002/ehf2.13825
https://doi.org/10.1177/10760296211010241
https://doi.org/10.1002/ehf2.14620
https://doi.org/10.2147/IJGM.S349722
https://doi.org/10.1080/00365513.2022.2122075
https://doi.org/10.7717/peerj.14346
https://doi.org/10.1016/j.jacc.2017.05.064
https://doi.org/10.1053/j.ajkd.2017.12.006
https://doi.org/10.1186/s12890-022-02258-7
https://doi.org/10.1007/s12603-018-1065-x
https://doi.org/10.1016/j.ijcard.2007.05.013
https://doi.org/10.1016/j.ejim.2013.05.015
https://doi.org/10.1016/j.ejim.2018.04.014
https://doi.org/10.1016/j.cca.2015.12.037
https://doi.org/10.1016/j.ijcard.2016.05.067
https://doi.org/10.1016/j.ajem.2020.12.022
https://doi.org/10.1038/s41598-024-58090-y
https://doi.org/10.2459/JCM.0000000000001473
https://doi.org/10.4274/balkanmedj.galenos.2024.2024-8-77
https://doi.org/10.1001/jamanetworkopen.2024.19602
https://doi.org/10.1016/j.jacc.2005.02.068
https://doi.org/10.1172/JCI167670
https://doi.org/10.3390/antiox13091089
https://doi.org/10.1002/ehf2.12471
https://doi.org/10.1007/s12072-021-10164-z

	Nonlinear relationship between blood urea nitrogen to albumin ratio and in-hospital mortality in non-diabetic patients with non-ST-segment elevation myocardial infarction
	1 Introduction
	2 Materials and methods
	2.1 Study design and patients
	2.2 Data extraction
	2.3 Definitions
	2.4 Statistical analyses

	3 Results
	3.1 Baseline characteristics
	3.2 Comparing the predictive value of different predictors
	3.3 Variable selection based on the LASSO regression
	3.4 Risk factors associated with in-hospital mortality in nondiabetic patients with NSTEMI
	3.5 Subgroup analyses
	3.6 Exploring the nonlinear relationship between BAR and in-hospital mortality

	4 Discussion
	5 Conclusion

	References

