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Abstract
Background The serum albumin-to-serum creatinine ratio (sACR) is independently associated with the prognosis of 
multiple diseases. However, its relationship with in-hospital mortality of patients with severe acute pancreatitis (SAP) 
remains unclear.

Methods Patients diagnosed with SAP between April 2016 and December 2023 were collected. These patients 
were categorized into low and high sACR groups based on an optimal cut-off value calculated using Youden’s 
index. Multivariate logistic regression analysis was utilized to examine the relationship between sACR levels and 
the in-hospital mortality. Additionally, a limited restricted cubic spline (RCS) method was employed to evaluate 
the nonlinear relationship between sACR values and the risk of in-hospital mortality. The potential for unmeasured 
confounders between sACR levels and in-hospital mortality was also explored through the calculation of the E value.

Results A total of 114 eligible patients were included in this sutdy. The multivariate logistic regression analysis 
indicated an independent association between sACR levels and in-hospital mortality (p < 0.001). The RCS analysis 
demonstrated a linear correlation between sACR values and the risk of in-hospital mortality (P for non-linearity > 0.05), 
where the risk increased as the sACR value decreased.

Conclusions The research findings suggest that sACR levels are independently associated with in-hospital mortality 
of patients with SAP, providing a means for early identification of those at high risk of in-hospital mortality. This 
early identification may facilitate the optimizing and strengthening of treatments, ultimately leading to improved 
outcomes.
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Background
Acute pancreatitis (AP) is a condition characterized 
by inflammation of the pancreas, leading to significant 
morbidity and mortality [1]. Research indicates that the 
global incidence of AP has been steadily increasing at a 
rate of 3.07% per year over the past 56 years [2]. While 
most cases of AP are mild and self-limited, a subset of 
patients, approximately 15-20%, progress to severe acute 
pancreatitis (SAP) [3, 4]. SAP is marked by the develop-
ment of persistent organ failure, with a mortality rate as 
high as 36-50% [5, 6]. Identifying SAP patients at risk of 
death early on is crucial for providing intensive treatment 
and improving outcomes.

The excessive inflammatory response is a key factor in 
the pathogenesis of SAP, impacting serum albumin levels 
by disrupting liver protein metabolism and causing capil-
lary leakage [7, 8]. Clinical studies have linked inflamma-
tory factors to the development of acute kidney injury in 
AP patients [9, 10]. Some basic studies suggest that the 
infiltration of inflammatory cells and the release of pro-
inflammatory factors contribute to acute kidney injury, 
leading to elevated serum creatinine levels [11–13]. High 
serum creatinine levels in AP patients have been associ-
ated with poorer clinical outcomes in previous researches 
[14–16]. The serum albumin-to-serum creatinine ratio 
(sACR), a novel inflammation-based marker, has shown 
promise in predicting prognosis in various conditions 
such as liposarcoma, myocardial infarction, heart fail-
ure, and soft tissue sarcoma [17–20]. However, no studies 
have examined the relationship between sACR and in-
hospital mortality in SAP patients.

Methods
Data source and study population
Patients diagnosed with SAP were collected from Yijis-
han Hospital of Wannan Medical College between April 
2016 and December 2023. The diagnostic criteria for SAP 
were based on the 2012 revised Atlanta Classification [6]. 
Exclusion criteria were as follows: (1) a history of chronic 
or recurrent pancreatitis; (2) admission more than 48  h 
after symptom onset; (3) chronic kidney disease; (4) prior 
malignancy; (5) incomplete data.

Data collection
The sACR is defined as the serum albumin divided by the 
serum creatinine [17]. The outcome in this study was in-
hospital mortality. Clinical characteristics and laboratory 
measurements at admission were recorded, including sex, 
age, etiology, hypertension (no/yes), diabetes (no/yes), 
white blood cells count (WBC), platelets count (PLT), 
hemoglobin level (Hb), total bilirubin level (TBIL), albu-
min level (Alb), creatinine level (Cr), blood urea nitrogen 
level (BUN), prothrombin time (PT), calcium level (Ca), 
fasting blood glucose level (FBG), and Acute Pancreatitis 

Bedside Severity Index Score (BISAP score). Acute Physi-
ology and Chronic Health Evaluation (APACHE) II score 
and Sequential Organ Failure Assessment (SOFA) score 
were acquired during their hospital stay in the intensive 
care unit (ICU). Additionally, systemic and local compli-
cations and patients’ survival status during hospitaliza-
tion were documented.

Statistical analysis
Continuous variables with a normal distribution were 
presented as mean ± standard deviation, while non-nor-
mally distributed variables were shown as median with 
interquartile range. Categorical variables were repre-
sented as numbers and percentages. Statistical analysis 
of comparisons between variables included the Mann–
Whitney U test, independent sample t-test, chi-square 
test, and Fisher’s exact test [21]. The analysis of predic-
tion accuracy for sACR was conducted using the area 
under the receiver operating characteristic (ROC) curve 
(AUC) [22]. The optimal cutoff values of sACR and Cr 
were identified based on Youden’s index, and patients 
were then classified into low and high groups using this 
optimal cutoff values. The Delong test was utilized to 
assess the significance of differences in the AUC [23]. 
Univariate logistic analysis was employed to ascertain the 
associations between variables and in-hospital mortality. 
Variables with significant associations (p < 0.1) were sub-
sequently considered in the multivariate analysis. Mul-
tivariate logistic regression analysis was then conducted 
to determine the independent association between sACR 
levels and in-hospital mortality. Variance inflation factor 
values were used to evaluate multicollinearity, VIF > 10 
considered indicative of multicollinearity [24]. Restricted 
cubic spline (RCS) analysis was utilized to explore the 
nonlinear relationship between sACR values and the risk 
of in-hospital mortality [25]. Furthermore, an exploration 
into the potential presence of unmeasured confound-
ers between sACR levels and in-hospital mortality was 
conducted by determining E value [26]. Statistical signif-
icance was set at p < 0.05. Software packages SPSS (ver-
sion 25.0), R (version 4.0.2), and MedCalc (Version 15.2) 
were used for data analysis.

Results
Baseline characteristics
This study included a total of 114 patients with SAP who 
met the specified criteria (Fig. 1). Among these patients, 
the majority were female, with an average age close to 60 
years. Throughout the study, 38.5% patients died during 
the hospitalization. In comparison to the nonsurvivors 
group, the survivors group had a longer total length of 
hospital stay and duration of stay in the ICU. Notably, old 
age was more common among nonsurvivors compared 
to survivors. In addition, the BISAP score, APACHE II 
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score, and SOFA score were significantly higher in the 
nonsurvivors group compared to the survivors group. 
Furthermore, significant differences were observed in 
TBIL, BUN, PT, and Cr between survivors and nonsurvi-
vors (Table 1).

Baseline characteristics comparison between high and low 
sACR groups
A ROC curve analysis demonstrated an AUC of 0.769, 
with a sensitivity of 75.0% and specificity of 71.4% 
(Fig.  2). The optimal sACR and Cr cutoff values were 
0.206 and 180.3 respectively, leading to the division of the 
study cohort into two distinct groups based on the opti-
mal sACR or Cr cutoff values. Notably, patients in the 
low sACR group exhibited significantly elevated levels of 
age, TBIL, BUN, PT, Cr, BISAP score, APACHE II score, 
SOFA score and in-hospital mortality compared to those 
in the high sACR group, while PLT and Alb were nota-
bly lower in the low sACR group. There were no signifi-
cant differences in terms of sex, etiology, length of stay, 
hypertension status, diabetes status, WBC, Hb, FBG, 
and Ca between the two groups (Table 2). Further ROC 
analysis demonstrated that the predictive ability of sACR 
was significantly higher than that of Ca or BISAP score 
(both Delong test, P < 0.05), while comparable to that of 
Cr (Delong test, P > 0.05) (Supplementary Fig. 1).

Association between sACR and in-hospital mortality
The results of the univariate logistic analysis showed that 
Age, Platelet count, Blood urea nitrogen, prothrombin 
time, Creatinine (both as continuous and categorical 

variables), and sACR (both as continuous and categori-
cal variables) are significantly associated with in-hospital 
mortality (Table 3). Following adjustment for covariates, 
multivariate logistic analysis indicated that sACR (con-
tinuous variable) was independently associated with in-
hospital mortality, while Cr (continuous variable) was 
not independently associated with in-hospital mortality; 
meanwhile, elevated sACR (categorical variables) was 
associated with a favorable prognosis, whereas elevated 
Cr (categorical variables) was associated with an unfavor-
able prognosis (Table 4). As depicted in Fig. 3, there was 
a linear negative association between sACR levels and the 
risk of in-hospital mortality (P for non-linearity > 0.05), 
highlighting the escalating risk of in-hospital mortal-
ity with diminishing sACR values. Moreover, sensitivity 
analysis utilizing E value was conducted to evaluate the 
potential influence of unmeasured confounders. The cal-
culated E value of 3.53 surpassed the relative risk of sACR 
and unmeasured confounders (RR = 2.06), suggesting that 
the probable impact of unmeasured confounders on the 
correlation between sACR levels and in-hospital mortal-
ity was likely insignificant.

Discussion
In this study, we investigated the relationship between 
sACR and in-hospital mortality in patients with SAP. 
Our findings revealed that a lower sACR level was inde-
pendently associated with higher in-hospital mortality. 
Moreover, we observed a linear relationship between 
sACR values and the risk of in-hospital mortality, indicat-
ing that the risk of in-hospital mortality decreased with 

Fig. 1 Flowchart depicting the patient selection process
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increasing sACR values. To the best of our knowledge, 
this is the first study to explore the association between 
sACR and in-hospital mortality in patients with SAP.

Previous studies have demonstrated that sACR is a 
simple and cost-effective indicator that is associated with 
the prognosis of various diseases [27–29]. For instance, 
Zhao et al. reported a negative association between low 

sACR levels and mortality of AP patients who underwent 
debridement [27]. Chen et al. also found an inverse cor-
relation between low sACR levels and the 28-day mortal-
ity of burn patients [28]. Additionally, Turkyilmaz et al. 
noted a negative association between low sACR and in-
hospital mortality in patients with ST-segment elevation 
myocardial infarction following percutaneous coronary 

Table 1 Baseline characteristics
Characteristics All patients (n = 114) Survivors (n = 70) Nonsurvivors (n = 44) P value
Age, years 59.6 ± 16.1 55.5 ± 16.7 66.0 ± 12.9 0.001
Sex, n (%) 0.834
 Female 61 (53.5%) 38 (54.3%) 23 (52.3%)
 Male 53 (46.5%) 32 (45.7%) 21 (47.7%)
Etiology 0.050
 Biliary 74 (64.9%) 47 (67.1%) 27 (61.4%)
 Alcohol 11 (9.6%) 6 (8.6%) 5 (11.4%)
 Hyperlipemia 18 (15.8%) 14 (20.0%) 4 (9.1%)
 Other 11 (9.6%) 3 (4.3%) 8 (18.2%)
Total length of stay, days 19.0 (10.8, 30.0) 23.5 (16.8, 37.0) 8.0 (4.0, 22.3) < 0.001
Length of ICU stay, days 9.0 (5.0, 18.3) 10.5 (7.0, 17.5) 6.5 (1.3, 19.5) 0.014
Hypertension, n (%) 0.172
 Yes 53 (46.5%) 29 (41.4%) 24 (54.5%)
 No 61 (53.5%) 41 (58.6%) 20 (45.5%)
Diabetes (n,%) 0.712
 Yes 34 (29.8%) 20 (28.6%) 14 (31.8%)
 No 80 (70.2%) 50 (71.4%) 30 (68.2%)
Laboratory parameters
 White blood cell count, 109/L 13.8 (10.3, 18.0) 13.5 (10.2. 17.3) 14.7 (11.0, 19.3) 0.503
 Platelet count, 109/L 163.3 ± 60.3 171.4 ± 62.5 150.3 ± 54.8 0.069
 Hemoglobin, g/L 134.5 ± 30.1 131.1 ± 31.9 140.1 ± 26.4 0.120
 Total bilirubin, µmol/L 23.4 (14.7, 39.0) 21.0 (12.3, 37.9) 27.3 (18.4, 39.6) 0.042
 Blood urea nitrogen, mmol/L 12.1 (8.1, 17.3) 9.2 (6.2, 15.9) 15.6 (11.8, 21.8) < 0.001
 Prothrombin time, s 13.9 (12.6, 15.5) 13.6 (12.2, 14.4) 14.8 (13.6, 16.8) 0.001
 Fasting blood glucose, mmol/L 9.9 (7.5, 13.2) 10.5 (7.6, 13.6) 9.4 (7.4, 12.5) 0.430
 Calcium, mmol/L 1.8 ± 0.3 1.8 ± 0.3 1.8 ± 0.4 0.595
 Albumin, g/L 31.3 ± 6.2 31.4 ± 6.6 31.1 ± 5.7 0.821
 Creatinine, µmol/L 125.8 (70.6, 238.2) 83.8 (57.3, 170.0) 224.4 (123.3, 333.5) < 0.001
 sACR 0.2 (0.1, 0.5) 0.4 (0.2, 0.5) 0.1 (0.1, 0.2) < 0.001
BISAP score 3.0 (2.0, 4.0) 3.0 (2.0, 4.0) 4.0 (3.0, 4.0) < 0.001
APACHE II score 16.0 (11.0, 22.0) 12.0 (10.0, 17.0) 22.5 (19.0, 25.75) < 0.001
SOFA score 8.0 (6.0, 10.0) 7.0 (6.0, 9.25) 10.0 (8.0, 11.0) < 0.001
Systemic complications
 Gastrointestinal bleeding, n (%) 17 (14.9%) 3 (4.3%) 14 (31.8%)
 Persistent respiratory failure, n (%) 75 (65.8%) 35 (50%) 40 (90.9%)
 Persistent circulatory failure, n (%) 40 (35.1%) 9 (12.9%) 31 (70.5%)
 Persistent renal failure, n (%) 34 (29.8%) 13 (18.6%) 21 (47.7%)
Local complications
 APFC, n (%) 52 (45.6%) 31 (44.3%) 21 (47.7%)
 PPC, n (%) 4 (3.5%) 4 (5.7%) 0 (0.0%)
 ANC, n (%) 29 (25.4%) 19 (27.1%) 10 (22.7%)
 WON, n (%) 8 (7.0%) 7 (10.0%) 1 (2.3%)
Data are presented as numbers, mean ± standard deviation, median (25th–75th percentiles), or frequency [percentage (%)]

Abbreviations: sACR, serum albumin-to-serum creatinine ratio; ICU, intensive care unit; BISAP, bedside index for severity in acute pancreatitis; APACHE II, acute 
physiology and chronic health evaluation; SOFA, sequential organ failure assessment; APFC, acute peripancreatic fluid collection; PPC, pancreatic pseudocyst; ANC, 
acute necrotic collection; WON, walled-off necrosis
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interventions [29]. Similarly, our study demonstrated an 
inverse association between low sACR levels and in-hos-
pital mortality in SAP patients.

Inflammation plays a significant pathological role in 
SAP [30]. The decrease in albumin levels can be attrib-
uted to increased catabolism, reduced synthesis, and 
extravascular leakage due to edema. In the presence of an 
underlying inflammatory process, inflammatory media-
tors can accelerate the breakdown of albumin, cause cap-
illary leakage, and facilitate the transfer of albumin out of 
the blood vessels, consequently impacting serum albu-
min levels [31, 32]. Albumin serves as both a robust indi-
cator of inflammation and a predictor of poor prognosis. 
Li et al. found that low levels of albumin were linked to 
a higher risk of persistent organ failure in AP patients 
[33]. Furthermore, a large cohort study revealed that 
low serum albumin levels were associated with elevated 
inflammatory indicators and 30-day mortality [8]. Cre-
atinine, which is the most frequently utilized biomarker 

for measuring kidney function, is often found to be ele-
vated in cases of systemic inflammatory response syn-
drome [34, 35]. Studies by Erika et al. and Muddana et 
al. showed a positive correlation between higher serum 
creatinine levels and mortality and complications in AP, 
respectively [16, 36]. Additionally, Lipinski et al. sug-
gested that early measurement of elevated creatinine 
levels in AP can predict pancreatic necrosis and poor 
outcomes [37]. Therefore, the combined assessment of 
serum albumin and creatinine levels provides valuable 
insight into inflammatory status and has the potential to 
predict in-hospital mortality in SAP patients.

Our study has several limitations. Firstly, the retrospec-
tive design may introduce a selection bias, necessitating 
further validation through prospective multicenter stud-
ies with larger sample sizes. Secondly, the specific mech-
anism underlying in-hospital mortality in SAP patients 
related to sACR remains unclear and warrants further 
investigation.

Fig. 2 Receiver operating characteristic curve of sACR for predicting in-hospital mortality in patients with severe acute pancreatitis
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Table 2 Baseline characteristics of the study population with different levels of sACR group
Characteristics sACR groups (n = 114) P value

sACR ≦ 0.206 (n = 53) sACR > 0.206 (n = 61)
Age, years 65.6 ± 13.6 54.4 ± 16.4 < 0.001
Sex, n (%) 0.206
 Female 25 (47.2%) 36 (59.0%)
 Male 28 (52.8%) 25 (41.0%)
Etiology 0.230
 Biliary 34 (64.2%) 40 (65.6%)
 Alcohol 5 (9.4%) 6 (9.8%)
 Hyperlipemia 6 (11.3%) 12 (19.7%)
 Other 8 (15.1%) 3 (4.9%)
Total length of stay, days 16.0 (6.0, 32.5) 21.0 (15.0, 29.5) 0.060
Length of ICU stay, days 10.0 (4.0, 20.0) 8.0 (5.5, 17.0) 0.509
In-hospital mortality, n (%) 33 (62.3%) 11 (18.0%) < 0.001
Hypertension, n (%) 0.101
 Yes 29 (54.7%) 24 (39.3%)
 No 24 (45.3%) 37 (60.7%)
Diabetes (n,%) 0.190
 Yes 18 (35.8%) 15 (24.6%)
 No 34 (64.2%) 46 (75.4%)
Laboratory parameters
 White blood cell count, 109/L 13.8 (9.7, 20.0) 13.7 (10.4, 17.4) 0.455
 Platelet count, 109/L 144.6 ± 58.0 179.5 ± 58.0 0.002
 Hemoglobin, g/L 131.4 ± 25.0 137.3 ± 33.9 0.296
 Total bilirubin, µmol/L 27.6 (20.8, 42.0) 18.2 (12.0, 33.1) 0.002
 Blood urea nitrogen, mmol/L 17.2 (14.9, 23.0) 8.4 (5.4, 9.8) < 0.001
 Prothrombin time, s 14.5 (13.3, 16.5) 13.6 (12.2, 14.4) 0.012
 Fasting blood glucose, mmol/L 9.4 (7.3, 12.2) 10.7 (7.6, 13.8) 0.458
 Calcium, mmol/L 1.7 ± 0.3 1.8 ± 0.3 0.410
 Albumin, g/L 29.3 ± 5.2 33.0 ± 6.5 0.001
 Creatinine, µmol/L 259.6 (195.7, 249.8) 71.3 (55.6, 92.4) < 0.001
 sACR 0.1 (0.1, 0.2) 0.4 (0.4, 0.6) < 0.001
 BISAP score 4.0 (3.0, 4.0) 3.0 (2.0, 3.5) < 0.001
 APACHE II score 20.0 (15.0, 24.0) 13.0 (10.0, 18.0) < 0.001
 SOFA score 10.0 (8.0, 11.0) 7.0 (6.0, 9.0) < 0.001
Systemic complications
 Gastrointestinal bleeding, n (%) 12 (22.6%) 5 (8.2%)
 Persistent respiratory failure, n (%) 39 (73.6%) 36 (59.0%)
 Persistent circulatory failure, n (%) 26 (49.1%) 14 (23.0%)
 Persistent renal failure, n (%) 23 (43.4%) 11 (18.0%)
Local complications
 APFC, n (%) 28 (52.8%) 24 (39.3%)
 PPC, n (%) 0 (0.0%) 4 (6.6%)
 ANC, n (%) 9 (17.0%) 20 (32.8%)
 WON, n (%) 4 (7.5%) 4 (6.6%)
Data are presented as numbers, mean ± standard deviation, median (25th–75th percentiles), or frequency [percentage (%)]. Abbreviations: sACR, serum albumin-
to-serum creatinine ratio; ICU, intensive care unit; BISAP, bedside index for severity in acute pancreatitis; APACHE II, acute physiology and chronic health evaluation; 
SOFA, sequential organ failure assessment; APFC, acute peripancreatic fluid collection; PPC, pancreatic pseudocyst; ANC, acute necrotic collection; WON, walled-off 
necrosis
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Table 3 Association between variables and in-hospital mortality in patients with severe acute pancreatitis in univariate analyses
Variables Univariate analyses

OR 95% CI P value
Age, years 1.047 1.020–1.077 0.001
Sex, n (%) 0.922 0.432–1.970 0.834
Hypertension, n (%)
 No Ref
 Yes 1.697 0.795–3.660 0.173
Diabetes (n,%)
 No Ref
 Yes 1.167 0.508–2.640 0.712
White blood cell count, 109/L 1.001 0.945–1.058 0.974
Platelet count, 109/L 0.994 0.987-1.000 0.072
Hemoglobin, g/L 1.010 0.997–1.024 0.122
Total bilirubin, µmol/L 1.005 0.993–1.017 0.427
Blood urea nitrogen, mmol/L 1.104 1.048–1.172 < 0.001
Prothrombin time, s 1.310 1.104–1.594 0.004
Fasting blood glucose, mmol/L 0.965 0.878–1.057 0.450
Ca2+, mmol/L 1.376 0.428–4.529 0.592
Creatinine, µmol/L (continuous variable) 1.007 1.004–1.011 < 0.001
Creatinine
 Low Ref
 High 10.456 10.445–26.279 < 0.001
sACR (continuous variable) 0.004 0.0002–0.042 < 0.001
sACR
 Low Ref
 High 0.133 0.055–0.306 < 0.001

Table 4 sACR was independently associated in-hospital mortality in patients with severe acute pancreatitis in multivariate analyses
Variables Multivariate analyses

OR 95% CI P value
#Creatinine, µmol/L (continuous variable) 1.006 1.000-1.012 0.053
#Creatinine
 Low Ref
 High 7.254 2.375–24.166 < 0.001
*sACR (continuous variable) 0.009 0.0002–0.269 0.011
*sACR
 Low Ref
 High 0.236 0.075–0.744 0.014
#indicates: Age, Platelet count, Blood urea nitrogen, prothrombin time and Creatinine were included in the multivariate logistic analysis. *indicates: Age, Platelet 
count, Blood urea nitrogen, prothrombin time and sACR were included in the multivariate logistic analysis. Variables that did not have a significant effect on outcome 
(p > 0.1) in the univariate analysis were not included in the multivariate logistic analysis

Abbreviations: sACR, serum albumin-to-serum creatinine ratio; OR, odds ratio; CI, confidence interval
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Conclusion
In conclusion, sACR serves as a simple and practical 
clinical indicator with utility in assessing in-hospital 
mortality in SAP patients. This could aid clinicians in 
implementing more proactive treatment strategies to 
reduce in-hospital mortality.
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