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Purpose: This study aims to evaluate the predictive efficacy of the C-reactive protein/albumin ratio (CAR), a cost-effective, easily
accessible, and reproducible biomarker obtained from standard blood tests, in forecasting acute kidney injury (AKI) among patients
undergoing acute pancreatitis (AP). Considering that changes in the CAR are associated with AKI incidence in AP cases, this work
aims to explore whether CAR can be used as the innovative, inflammation-based diagnostic marker for AKI in AP patients.
Methods: The current retrospective cohort study consecutively enrolled AP patients admitted to First College of Clinical Medical
Science of China Three Gorges University during the period from January 2019 to October 2023. Data were extracted systematically
in electronic medical records from these hospitalized individuals, including baseline demographic and clinical characteristics. To
ascertain the association of the CAR level with the development of AKI, we carried out multivariate logistic regression, adjusting for
potential confounders. These confounders were initially identified through univariate regression. Furthermore, the potential effect
modifiers in the relationship between CAR and AKI occurrence were explored by stratified logistic regression.

Results: Totally, 1514 AP were recruited, including 257 (16.9%) with AKI. CAR was positively correlated with AKI. When adjusting
for potential confounders, the AKI risk in patients in the upper CAR tertile (2.628-22.994) increased by 83% relative to those in lower
tertile (0.05-0.289) (OR 1.83, 95% CI 1.13-2.96, P = 0.013). The AKI risk tended to increase according to the increasing CAR tertile
(P for trend = 0.013). No significant interactions were observed among subgroups based on age, sex, BMI, admission to ICU,
hypertension, DM, chronic obstructive pulmonary disease, severity of AP, etiology of AP, demand for CRRT, mechanical ventilation,
and blood transfusion (all P > 0.05).

Conclusion: A higher CAR is significantly related to the higher AKI incidence in AP patients in the Chinese population.
Keywords: acute pancreatitis, acute kidney injury, CRP/albumin ratio, cohort study

Introduction
Acute pancreatitis (AP), the inflammatory exocrine pancreatic disorder, has been shown to be related to significant
morbidity and mortality, particularly when systemic complications and local complications occur."* The global incidence
of AP is reported between 20 and 40 cases per 100,000 individuals, with an increasing trend over recent decades.’* Even
though the general mortality rate of AP is below 5%, it can escalate to 30—50% in severe cases.””

Acute kidney injury (AKI), as a notable systemic complication, affects approximately 15% of AP patients,® with this
figure increasing to 69% in severe AP cases.” AKI not only worsens the clinical status of AP patients but also
significantly increases mortality risk and the likelihood of progressing to chronic kidney disease (CKD).* The challenge
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of early AKI identification and therapeutic strategy adjustment in individuals undergoing AP is vital for outcome
improvement.

Evidence suggests C-reactive protein (CRP) and albumin (ALB) are vital for diagnosing, predicting, and assessing
prognosis in AKL’'? The C-reactive protein/albumin ratio (CAR), which is an emerging prognostic biomarker for
inflammation, has been adopted for predicting adverse outcomes in various conditions.'*> !¢ Nevertheless, the correlation
between this ratio and AKI in AP patients has been minimally investigated, with only one small-scale study presenting
limited predictive accuracy.!” Moreover, studies focusing on Chinese populations are lacking. Therefore, we have
initiated a cohort study to investigate the correlation between the CAR and AKI in AP patients within the Chinese
demographic.

Materials and Methods

Study Design

This is an observational, investigator-initiated, retrospective cohort study, which involved human participants were
reviewed with the approval of the Hospital of Medicine Ethics Committee (ethical approval number: 2023-130-01). In
addition, all the involved information was acquired from a retrospective chart of electronic medical records of patients
undergoing AP at our institution between January 2019 and October 2023.

Inclusion and Exclusion Criteria

For the current retrospective study, the inclusion criteria included patients enrolled in the First College of Clinical
Medical Science of China Three Gorges University, and those who suffered from AP. The exclusion criteria included
patients whose age were less than 18, or older than 85 years; pregnant or breastfeeding women; the length of hospital stay
<2 days; those undergoing CKD; patients undergoing malignant tumor; those undergoing chronic pancreatitis; patients
receiving renal transplantation; and incomplete medical data. Figure 1 presented the patient who collected and reviewed
the process.

Clinical Definitions and Laboratory Data

The Diagnosis of AP

AP was diagnosed based on symptoms, medical history, laboratory tests, physical examinations, as well as imaging
examinations (including abdominal ultrasound, contrast-enhanced computed tomography, and magnetic resonance
imaging). Finally, a restricted number of diagnosed AP patients were verified through exploratory laparotomy.'®

3552 Participants extracted from
database between 2019 and 2023

1308 Excluded
163 Age < 18 or >85 years
19  Pregnancy
1126 Length of hospital stays < 2days

2244 Participants were included

730 Excluded
275 With Chronic pancreatitis
384 With malignant tumor
8 History of renal transplantation
or nephrectomy
42 With Chronic kidney disease
| 21 With unavailable laboratory data

| 1514 Available for analysis

I
! !

| 1257 withoutAKI | | 257 with AKI |

Figure | Flow diagram of the screening and enrollment of study participants.
Abbreviation: AKI, acute kidney injury.
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The Severity of AP

The severity of AP was divided in line with the revised Atlanta classification. Mild AP was set as AP without any organ
failure or local/systemic complications. Moderate AP was set as AP with transient organ failure (resolving within 2 days)
and/or local or systemic complications without persistent organ failure. SAP was set as AP with persistent organ failure
lasting over 48 hours (single or multiorgan failure)."’

Diagnosis and Classification of AKI

In line with the criteria shown by the KIDGO guidelines (2012), diagnosis and classification of AKI were performed®’,
where serum creatinine criteria was set as an elevated absolute value in serum creatinine level of >0.3 mg/dL (>26.4
umol/L) or a percentage elevation in serum creatinine level of >50% within 48 h. In addition, baseline serum creatinine
level was set as the lowest serum creatinine level measured within 48 hours before admission to hospital. The serum
creatinine level in the first measurement within 48 hours following admission to hospital could be regarded to be baseline
serum creatinine level with no serum creatinine level being measured.

Data Collection

In this study, general information was gathered, which included sex, age, body mass index (BMI), the length of hospital
stays, systolic blood pressure (SBP), demand for continuous renal replacement treatment (CRRT), blood transfusion, and
mechanical ventilation (MV), sequential organ failure assessment (SOFA) score, and BISAP score within a day of
admission. Blood routine parameters which contained white blood cell count, platelet count (PLT), hemoglobin (HGB)
content, lymphocyte count, neutrophil count, and monocyte count were also gathered. Biochemical parameters included
ALB, blood urea nitrogen (BUN), serum creatinine (CRE), total bilirubin (TB), direct bilirubin (DB), fasting plasma
glucose (FPG), calcium ion concentration (Ca®"), alanine aminotransferase (ALT), aspartate aminotransferase (AST),
lactate dehydrogenase (LDH), triglyceride (TG), CRP, and procalcitonin (PCT). The bedside Index of severity in acute
pancreatitis (BISAP) score,”’ SOFA score,”” and harmless acute pancreatitis score (HAPS)*® were used to assess AP
severity. The CRP/Alb ratio (CAR) was defined by dividing the CRP level by the ALB level. The defined endpoint event
was AKI resulted from AP.

Statistical Analysis

Continuous variables can be indicated to be means with standard deviations, whereas categorical variables are suggested
to be frequencies or percentages. In terms of continuous variables, statistical differences were identified with one-way
ANOVA (for normally distributed data) or Kruskal-Wallis H-test (for skewed data), whereas the Chi-square or Fisher’s
exact test was adopted for categorical variables. Then, the subjects were grouped into tertiles by CRP/Alb ratio level. In
order to investigate the association between CAR and AKI, multiple logistic regression analysis was carried out.
Following the instructions in the Strengthening the Reporting of Observational Studies statement,”* this study also
explored both non-adjusted and multivariable-adjusted models. For variables satisfying P < 0.1 from univariate regres-
sion or when covariate addition or removal from the model changed >10% of odds ratio, adjustment for covariates was
conducted. Three models were utilized: model 1 was adjusted for age, sex and BMI; model 2 was adjusted for age, sex,
BMI, hypertension, diabetes mellitus (DM), coronary heart disease (CHD), chronic obstructive pulmonary disease
(COPD), diastolic blood pressure (DBP), systolic blood pressure (SBP), heart rate (HR), body temperature, respiratory
rate (RR), pulse oxygen saturation (SpQ,), severity, and etiology; model 3 was adjusted for age, sex, BMI, hypertension,
DM, CHD, COPD, SBP, DBP, HR, body temperature, RR, SpO,, severity, etiology, blood transfusion, CRRT, HGB,
SOFA score, BISAP score, PCT, glycosylated hemoglobin Alc (HBAIc), prealbumin (PA), platelet (PLT), triglyceride
(TG), calcium (Ca*"), and amylase (AMY). Baseline variables that were regarded to be clinically associated or showed
an alteration in effect estimate of >10% were selected to be confounders. Restricted cubic spline analysis was established
and then adjusted in line with the covariables contained in model 3. Using logical regression, the linear relationship
between CAR level and AKI was found. Additionally, subgroup analysis stratified by sex, age (= 65, < 65), BMI, ICU
admission, hypertension, diabetes, CHD, COPD, Ventilation, transfusion, CRRT, SOFA (>6 and <6), and severity and
etiology of AP were performed, as previous description. In terms of the missing data, the predicted mean matching
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method was used for filling in the missing values.”> Table S1 presents the details of the missing value. Descriptive
analyses report found data only, whereas regression models contain all the patients having multiple imputed data.
All the analyses were performed with the statistical software packages R (http://www.R-project.org, The

R Foundation) and Free Statistics software versions 1.9. A two-tailed test was performed and p < 0.05 was considered
statistically significant.

Results

Patients’ Baseline and Clinical Data

In accordance with occurrence of AKI, the involved AP patients were categorized as AKI group (n = 257) and non-AKI
group (n = 1257). There existed no obvious difference in patients’ BMI and SBP between the two groups (P > 0.05),
while there exhibited obvious differences in sex, age, SOFA score, the length of hospital stays, demand for MV, blood

transfusion and CRRT, ALB, CRE, WBC, PLT, PCT, CRP, TG, FPG, as well as CAR (P < 0.001) (Table 1).
Totally, 1514 patients were recruited and 257 (16.9%) developed AKI. Table 2 presents the baseline demographic

characteristics of the study population, stratified by CAR level tertiles. Relative to patients in the lowest serum CAR

Table | Baseline Characteristics of Included Patients Grouped by the

Occurrence of AKI

Characteristics No-AKI (n = 1257) | AKI (n = 257) P value
Male 642 (51.1) 170 (66.1) < 0.001
Age(years) 53.0 (41.0, 64.0) 56.0 (44.0, 69.0) 0.002
Death 5(0.4) 18 (7) < 0.001
LOS (days) 13.0 (10.0, 18.0) 16.0 (10.0, 26.0) < 0.001
ICU 115 (9.1) 132 (51.4) < 0.001
Hypertension 304 (24.2) 88 (34.2) < 0.001
DM 177 (14.1) 48 (18.7) 0.059
CHD 77 (6.1) 26 (10.1) 0.021
COPD 48 (3.8) 16 (6.2) 0.081
Weight (kg) 64.0 (56.0, 75.0) 65.0 (55.0, 75.0) 0.704
Height(cm) 163.0 (158.0, 170.0) 167.0 (158.0, 172.0) | 0.001
BMI (kg/m2) 24.1 (21.8, 26.7) 242 (20.8, 26.9) 0.437
SBP (mmHg) 130.0 (119.0, 143.0) 123.0 (110.0, 140.0) | < 0.001
DBP (mmHg) 80.0 (74.0, 90.0) 80.0 (66.0, 89.0) < 0.001
HR (bpm) 78.0 (72.0, 90.0) 90.0 (76.0, 110.0) < 0.001
Temperature (degree C) | 36.5 (36.4, 36.6) 36.5 (36.4, 36.8) 0.013
RR (bpm) 20.0 (19.0, 20.0) 20.0 (19.0, 21.0) 0.009
SpO2(%) 99.0 (98.0, 100.0) 98.0 (96.0, 100.0) < 0.001
Ventilation 73 (5.8) 85 (33.1) < 0.001
Transfusion 70 (5.6) 98 (38.1) < 0.001
CRRT 21 (1.7) 71 (27.6) < 0.001
PLT(x109/L) 181.0 (139.0, 234.0) 172.0 (110.0, 227.0) | 0.004
PCT(x109/L) 0.1 (0.0, 0.6) 1.1 (0.2, 6.5) < 0.001
CRP (mg/L) 31.4 (5.9, 119.0) 88.7 (16.9, 200.2) < 0.001
ALB (g/L) 39.1 (34.9, 42.7) 34.8 (28.6, 39.7) < 0.001
AMY (U/L) 163.0 (64.5, 716.0) 202.0 (92.0, 607.0) | 0.065
PA (mg/L) 162.3 (111.0, 210.0) 144.8 (92.0, 230.0) | 0.625
HBAlc (%) 5.9 (54,7.0) 5.9 (54,75) 0.381
TG (mmol/L) 1.5 (1.0, 3.4) 1.8 (1.2, 6.4) < 0.001
Ca®* (mmol/L) 22 (2.1, 24) 2.1 (1.9, 2.3) < 0.001
SOFA (score) 2.0 (1.0, 3.0) 5.0 (2.0, 7.0) < 0.001
(Continued)
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Table | (Continued).
Characteristics No-AKI (n = 1257) | AKI (n = 257) P value
BISAP (score) 12+ 1.1 20+ 1.3 < 0.001
HAPS (score) 0.0 (0.0, 1.0) 1.0 (0.0, 1.0) < 0.001
Severity of AP < 0.001
Mild and moderate 1181 (94) 162 (63)
Severe 76 (6) 95 (37)
Etiology of AP < 0.001
Biliary 887 (70.6) 132 (51.4)
Hyperlipidemic 289 (23) 65 (25.3)
Alcoholic 42 (3.3) 9 (3.5)
Others 39 3.1 51 (19.8)
CAR 0.8 (0.1, 3.3) 2.5 (0.4, 6.6) < 0.001
Notes: Values are expressed as mean * SD or median (IQR) for continuous variables and percentage
for categorical variables.
Abbreviations: LOS, Length of hospital stay; y, years; DM, diabetes mellitus; CHD, coronary heart disease;
COPD, chronic obstructive pulmonary disease; BMI, body mass index; SBP, systolic blood pressure; DBP,
diastolic blood pressure; HR, heart rate; RR, respiratory rate; SpO,, pulse oxygen saturation; Ventilation,
noninvasive or invasive mechanical ventilation; Transfusion, blood transfusion; CRRT, continuous renal
replacement treatment; HGB, hemoglobin; PLT, platelet count; PCT, procalcitonin; CRP, C-reactive protein;
ALB, albumin; AMY, amylase; PA, prealbumin; HBA I ¢, glycosylated hemoglobin Alc; TG, triglyceride; Ca2*,
Calcium; CRE, creatinine; SOFA, sequential organ failure assessment score; BISAP, Bedside Index of Severity
in Acute Pancreatitis score; HAPS, harmless acute pancreatitis score; AKI, Acute kidney injury; CAR, CRP
to ALB ratio; IQR, interquartile range; p < 0.05 was considered statistically significant.
Table 2 Basic Characteristics in Enrolled Patients Classified According to the CAR Tertile
Characteristics TI1 (n = 505) T2 (n = 504) T3 (n = 505) P value
CAR:0.05-0.289 CAR:0.292-2.624 CAR:2.628-22.994
Male 239 (47.3) 280 (55.6) 293 (58) 0.002
Age(years) 54.0 (43.0, 64.0) 54.0 (42.8, 66.0) 52.0 (40.0, 65.0) 0.488
Death 7 (1.4) 7 (1.4) 9 (1.8) 0.839
LOS (days) 12.0 (10.0, 17.0) 13.0 (10.0, 18.0) 14.0 (10.0, 22.0) < 0.001
ICU 56 (11.1) 65 (12.9) 126 (25) < 0.001
Hypertension 115 (22.8) 125 (24.8) 152 (30.1) 0.023
DM 6l (12.1) 80 (15.9) 84 (16.6) 0.093
CHD 32 (6.3) 35 (6.9) 36 (7.1) 0.872
COPD 15 (3) 19 (3.8) 30 (5.9) 0.053
Weight (kg) 61.5 (55.0, 72.0) 64.0 (55.0, 74.0) 65.0 (56.0, 78.0) < 0.001
Height(cm) 163.0(158.0, 170.0) 164.0(158.0, 170.0) 165.0(158.0, 170.0) 0.122
BMI (kg/mz) 23.4 (21.5, 26.1) 242 (21.7, 26.7) 24.6 (22.0, 27.6) < 0.001
SBP (mmHg) 127.0 (117.0, 142.0) 128.0 (117.0, 143.0) 130.0(116.0, 144.0) 0.537
DBP (mmHg) 80.0 (72.0, 89.0) 80.0 (72.8, 90.2) 80.0 (72.0, 90.0) 0.182
HR (bpm) 76.0 (70.0, 85.0) 80.0 (72.0, 90.0) 88.0 (76.0, 104.0) < 0.001
Temperature (degree C) 36.5 (36.3, 36.6) 36.5 (36.4, 36.7) 36.6 (36.4, 36.7) < 0.001
RR (bpm) 20.0 (18.0, 20.0) 20.0 (19.0, 20.0) 20.0 (19.0, 21.0) < 0.001
SpO, (%) 99.0 (98.0, 100.0) 99.0 (97.0, 100.0) 98.0 (96.0, 100.0) < 0.001
Ventilation 33 (6.5) 38 (7.5) 87 (17.2) < 0.001
Transfusion 40 (7.9) 46 (9.1) 82 (16.2) < 0.001
CRRT 16 (3.2) 24 (4.8) 52 (10.3) < 0.001
WBC (x |09/L) 8.0 (53, 11.9) 9.3 (6.6, 13.1) 11.7 (8.9, 15.8) < 0.001
HGB (g/L) 130.0 (118.0, 145.0) 130.5 (112.8, 148.0) 126.0 (110.0, 142.0) 0.006
PLT(x |O9/L) 183.0 (143.0, 225.0) 185.0 (143.8, 245.0) 166.0 (124.0, 224.0) 0.001
(Continued)
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Table 2 (Continued).

Characteristics T1 (n = 505) T2 (n = 504) T3 (n = 505) P value
CAR:0.05-0.289 CAR:0.292-2.624 CAR:2.628-22.994

PCT (ng/m/L) 0.1 (0.0, 0.2) 0.2 (0.1, 0.5) 0.6 (0.2, 2.8) < 0.001
CRP (mg/L) 3.7 (1.9, 6.6) 37.1 (20.9, 63.5) 185.4 (134.7, 249.1) < 0.001
ALB (g/L) 41.2 (38.0, 44.3) 39.0 (35.1, 42.2) 33.5(29.2, 38.6) < 0.001
FPG (mmol/L) 6.2 (5.0, 84) 6.6 (5.3,9.0) 7.3 (5.8, 10.0) < 0.001
AMY (U/L) 225.0 (76.0, 976.0) 175.0 (72.0, 769.5) 130.0 (56.0, 411.0) < 0.001
PA (mg/L) 194.9 (155.5, 239.0) 159.1 (115.0, 210.0) 117.0 (81.0, 171.0) < 0.001
HBAIlc (%) 5.9 (5.3, 6.6) 59 (54,7.0) 6.1 (54,7.7) < 0.001
TG (mmol/L) 1.4 (1.0, 2.5) 1.4 (0.9, 3.6) 1.8 (1.1, 4.4) < 0.001
Ca®* (mmol/L) 23 (2.1,24) 22 (2.1, 24) 2.1 (1.9,22) < 0.001
CRE (umol/L) 65.0 (53.5, 78.1) 69.9 (57.0, 84.0) 70.6 (55.0, 98.0) < 0.001
SOFA (score) 2.0 (1.0, 3.0) 2.0 (1.0, 3.0) 3.0 (1.0, 4.0 < 0.001
BISAP (score) 1.0 (0.0, 2.0) 1.0 (0.0, 2.0) 2.0 (0.0, 2.0) < 0.001
HAPS (score) 0.0 (0.0, 1.0) 0.0 (0.0, 1.0) 0.0 (0.0, 1.0) < 0.001
Severity of AP < 0.001

Mild and moderate 469 (92.9) 466 (92.5) 408 (80.8)

Severe 36 (7.1) 38 (7.5) 97 (19.2)
Etiology of AP < 0.001

Biliary 380 (75.2) 342 (67.9) 297 (58.8)

Hyperlipidemic 85 (16.8) 121 (24) 148 (29.3)

Alcoholic 13 (2.6) 14 (2.8) 24 (4.8)

Others 27 (5.3) 27 (5.4) 36 (7.1)
CAR 0.1 (0.0, 0.2) 1.0 (0.5, 1.7) 5.5 (3.9, 7.6) < 0.001
AKI 53 (10.5) 76 (15.1) 128 (25.3) < 0.001

Notes: Values are expressed as mean + SD or median (IQR) for continuous variables and percentage for categorical variables.

Abbreviations: LOS, Length of hospital stay; y, years; DM, diabetes mellitus; CHD, coronary heart disease; COPD, chronic obstructive pulmonary
disease; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate; RR, respiratory rate; SpO,, pulse oxygen
saturation; Ventilation, noninvasive or invasive mechanical ventilation; Transfusion, blood transfusion; CRRT, continuous renal replacement treat-
ment; WBC, white blood cell count; HGB, hemoglobin; PLT, platelet count; PCT, procalcitonin; CRP, C-reactive protein; ALB, albumin; FPG, fasting
plasma glucose; AMY, amylase; PA, prealbumin; HBAIc, glycosylated hemoglobin Alc; TG, triglyceride; Ca*, Calcium; CRE, creatinine; SOFA,
sequential organ failure assessment score; BISAP, Bedside Index of Severity in Acute Pancreatitis score; HAPS, harmless acute pancreatitis score;
AKI, Acute kidney injury; CAR, CRP to ALB ratio; IQR, interquartile range; p < 0.05 was considered statistically significant.

tertile (T1), patients with intermediate (T2) and high (T3) CAR ratio level were higher on demand for mechanical
ventilation, blood transfusion and RRT, higher SOFA score and BISAP score on admission, higher BMI, higher TG level,
higher FPG level, and longer hospitalization. AKI incidence was also shown to be higher in patients with high CAR
levels (P < 0.001).

Univariate and Multivariate Analyses of CAR and AKI

According to univariate analysis, age, sex, hypertension, DM, coronary heart disease, systolic blood pressure, diastolic
blood pressure, heart rate, respiratory rate, SpO,, severity, etiology, blood transfusion, MV, CRRT, SOFA score, BISAP
score, PCT, HBA1C, PA, TG, Ca2+, and AMY were shown to be significant confounding factors which influenced AKI
incidence (P < 0.001) (Table S2). Based on multiple logistic regression analysis, CAR showed a positive correlation with
AKI when it was considered to be a continuous variable (OR 1.16, 95% CI 1.12-1.21, P < 0.001, Table 3). The positive
correlation was of significance following adjusting confounding variables (OR 1.07, 95% CI 1.01-1.13, P = 0.024). With
CAR levels being divided into tertiles, the OR of AKI was 1.51 for T2 and 2.90 for T3 relative to T1 without adjustment
(Table 3). Following multivariate adjustment, T3 still showed a notably higher risk of AKI than T1 in both the minimally
adjusted model (model 1, OR 2.84, 95% CI 2.00—4.05, P < 0.001) and fully adjusted model (model 3, OR 1.83, 95% CI
1.13-2.96, P = 0.013), whereas T2 was no longer notably different from T1. In addition, the risk of AKI obviously
increased stepwise across CAR-level tertiles (P for trend = 0.013).
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Table 3 Multiple Logistic Regression Analysis Between CAR and AKI

Non-Adjusted Model | Adjusted Model | Adjusted Model 2 Adjusted Model 3
OR (95%Cl), P value | OR (95% CI), P value | OR (95% CI), P value | OR (95% CI), P value
CAR I.16(1.12~1.21), <0.001 | I.16(1.12~1.21), <0.001 | 1.08 (1.03~1.13), 0.003 1.07(1.01~1.13), 0.024
CAR, tertiles
Tl Reference Reference Reference Reference
T2 I.51 (1.04~2.2), 0.03 1.45 (0.99~2.12), 0.054 1.37 (0.9~2.08), 0.139 1.37(0.87~2.17), 0.173
T3 2.9(2.04~4.1), <0.001 2.84 (2~4.05), <0.001 1.8 (1.19~2.71), 0.005 1.83(1.13~2.96), 0.013
P for trend <0.001 <0.001 0.005 0.013

Notes: Results for each model are presented as OR (95% ClI), P value. Model I: adjusted for age, sex and BMI. Model 2: adjusted for age, sex,
BMI, Hypertension, DM, CHD, COPD, SBP, DBP, HR, Temperature, RR, SpO,, severity and etiology. Model 3: adjusted for age, sex, BMI,
Hypertension, DM, CHD, COPD, SBP, DBP, HR, Temperature, RR, SpO,, severity, etiology, transfusion, CRRT, BISAP, SOFA, PCT, HGB, PLT,
HBAlc, PA, TG, Ca®" and AMY.

Abbreviations: AKI, acute kidney injury; CAR, CRP to ALB ratio; T, tertile; OR, odds ratio; 95% Cl, 95% confidence interval.

Dose—Response Relationship Between CAR Level and AKI

From Figure 2, with increasing CAR level, adjusted ORs for AKI also dose-responsively elevated. This correlation
persists across varying severities (mild and moderate vs severe) of AP, revealing a consistent trend between CAR and
AKI, as presented in Figure S1.

ROC Curves for Comparison of Biomarkers to Predict AKI

From Figure 3, we compared the predictive value of various inflammation-related indicators for acute kidney injury
(AKI) in patients with acute pancreatitis. Among these, the area under the ROC curve (AUC) for the C-reactive protein-
to-albumin ratio (CAR) was 59.48% (95% CI: 54.63—-64.32%), which was higher than the neutrophil-to-lymphocyte ratio
(NLR), monocyte-to-lymphocyte ratio (MLR), and platelet-to-lymphocyte ratio (PLR), but lower than the SOFA score,
BISAP score, and HAPS score. The details were seen in Table S3.

Subgroup Analysis
Subgroup analyses were carried out to investigate potential correlations between CAR (considered as a continuous
variable) and AKI (Figure 4).

The association between CAR and AKI could be coordinated in following subgroups: age (<65 vs >65 years;
P-interaction = 0.597), sex (female vs male; P-interaction = 0.523), BMI (<28 kg/m? vs >28 kg/m?; P-interaction =
0.423), admission to ICU (yes vs no; P-interaction = 0.565), hypertension (yes vs no; P-interaction = 0.804), DM
(yes vs no; P-interaction = 0.083), chronic obstructive pulmonary disease (yes vs no; P-interaction = 0.346), severity
of AP (mild and moderate vs severe; P-interaction = 0.682), etiology of AP (Biliary vs Hyperlipidemic vs Alcoholic
vs Others; P-interaction = 0.181), demand for RRT (yes vs no; P-interaction = 0.241), mechanical ventilation (yes vs
no; P-interaction = 0.325), and blood transfusion (yes vs no; P-interaction = 0.406).

Discussion
This study examined the association of CAR with AKI among AP patients. This study found that CAR was positively
related to AKI, and that risk of AKI elevated with stepwise across CAR-level tertiles through a dose-dependent way
following adjustment for confounders. Stratified logistic regression analysis also indicated stable relationship between
CAR and AKI in subgroups.

Among the different markers of inflammation, serum CRP refers to a positive acute phase reactant synthesized by the
liver and its level in the blood elevates within hours as a response to inflammation and infection.”® Usually, it can be
applied in infection and inflammation follow-up owing to the short half-life, easy measurement, as well as the close
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Figure 2 Adjusted dose-response association between CAR values and AKI. Solid lines represent the odds ratio of AKI and dotted lines represent the corresponding 95%
Cl. ORs were adjusted for variates with model 2. OR = | was set as the reference line.
Abbreviations: AKI, acute kidney injury; CAR, CRP-to-ALB ratio; OR, odds ratio; 95% Cl, 95% confidence interval.

association with prognosis of the disease.”’® It is adopted for diagnosing, treating, and predicting mortality in
inflammatory patients.''*® ALB represents the negative acute phase reactant generated in the liver, with its blood
level declining in inflammation. It is previously suggested to be the mechanism of amino acid sparing during systemic
inflammation; however, it is increasingly synthesized at an acute phase.’®?! In several studies, ALB is related to
inflammation severity, patient outcome, and mortality.”** The reason refers to the close association between inflamma-
tion and malnutrition. Under pathological circumstances, there are intimate and complicated interactions between
inflammation and malnutrition. For instance, inflammation may lead to malnutrition, while malnutrition can thus play
a role of the detrimental factor for managing inflammation. Therefore, a single marker (inflammation or malnutrition) can
hardly offer a robust risk prediction for diseases, including AKI.

The CRP/Alb, as a novel inflammation-based prognostic indicator, is related to the severity of inflammation’ and
mortality.®> Elevated CAR is primarily adopted for predicting the patient poor outcomes in many diseases, such as
colorectal cancer,'® brain metastases in solid cancers,'® and sepsis.'*'® The elevated levels of CAR have been primarily
found to be associated with dismal prognostic outcome of patients with sepsis.’® Moreover, Chen et al found CAR to be
the risk factor for mortality of sepsis-induced AKI cases,'* and that the values of CAR were significantly higher in the
non-survival group compared to the survival group. However, there are limited studies on its effectiveness in predicting
the AP-induced AKI risk, especially in the Chinese population.

AKI is the major complication secondary to AP. It is associated with a dismal prognostic outcome, particularly when
renal replacement is needed. Although its underlying pathophysiology is still unknown, it may be related to hypovolemia
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Figure 3 ROC curves for comparison of biomarkers to predict AKI.
Abbreviations: CAR, C-reactive protein-to-albumin ratio; NLR, neutrophil-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio;
HAPS, harmless acute pancreatitis score; BISAP, Bedside Index of Severity in Acute Pancreatitis score; SOFA, sequential organ failure assessment score.

and the complicated interactions among vascular, inflammatory and humoral factors.** Studies indicate that inflammatory
markers like NLR, PLR, and MLR predict poor outcomes in acute pancreatitis.®>>® Nevertheless, the sample size is
small in these studies, and the accuracy of the predictive models is lacking®>*°. Our research reveals that CAR has
a higher AUC, underscoring its greater value in predicting AKI in these patients. Currently, many scores have been
utilized for assessing AP prognoses, including APACHE II score, Ranson, modified computed tomography severity index
(MCTSI), SOFA score, and BISAP score. However, numerous parameters and complicated algorithms are needed to
calculate these scores, which can therefore limit their clinical application. CAR level is only calculated by two laboratory
parameters. Meanwhile, thus, it is the easy, efficient, cost-effective, and routinely determined biomarker for AP patients,
among the traditional inflammation markers. The findings that CAR is the highly potential biological marker used to
predict AKI caused by AP.

This study has the following strengths. Firstly, this study is currently the largest sample study on AP-related AKI in
the Chinese population, and adjusted for as many confounding variables as possible. Secondly, subgroup analysis is used
to reinforce our conclusion that there is a positive correlation of CAR with AKI of AP patients. Thirdly, stratified analysis
of etiology indicates that CAR has a high predictive value for cholelithiasis and hyperlipidemic pancreatitis, CAR
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Subgroup Total, n Event,n(%) OR (95% Cl) P for interaction

Sex 0.523
Male 812 170 (20.9) 147 (1.11~1.22) —&

Female 702 87 (12.4) 1.13 (1.06~1.21) ——

Age 0.597
<65 986 150 (15.2) 1.16 (1.1~1.21) =
265 528 107 (20.3) 1.18 (1.11~1.26) ——

BMI 0.423
<28 1247 210 (16.8) 115 (1.11~1.2) E
228 267 47 (17.6) 1.2 (1.1~1.31) —i—

ICU admission 0.565
No 1267 125 (9.9) 1.11 (1.04~1.18) e
Yes 247 132 (53.4) 1.08 (1.02~1.15) ——

Hypertension 0.804
No 1122 169 (15.1) 1.16 (1.11~1.21) -

Yes 392 88 (22.4) 1.17 (1.09~1.25) —i—

Diabetes 0.083
No 1289 209 (16.2) 1.18 (1.13~1.23) -

Yes 225 48 (21.3) 1.08 (1~1.18) —i—

CHD 0.052
No 1411 231 (16.4) 1.18 (1.13~1.22) -

Yes 103 26 (25.2) 1.01(0.87~1.17) —a—

COPD 0.346
No 1450 241 (16.6) 147 (1.12~1.21) -

Yes 64 16 (25) 1.08 (0.93~1.26) ——

Ventilation 0.325
No 1356 172 (12.7) 1.13 (1.08~1.19) .

Yes 158 85 (53.8) 1.08 (1.01~1.16) e

Transfusion 0.406
No 1346 159 (11.8) 1.14 (1.09~1.2) -

Yes 168 98 (58.3) 1.1 (1.01~1.19) — B

CRRT 0.241
No 1422 186 (13.1) 1.14 (1.09~1.19) -

Yes 92 71(77.2) 1.06 (0.95~1.18) - m

SOFA 0.316
<6 1357 163 (12) 1.14 (1.09~1.2) -
=6 157 94 (59.9) 1.09 (1.01~1.17) ——

Severity of AP 0.682
Mild and Moderate 1343 162 (12.1) 1.12 (1.06~1.18) —-

Severe 171 95 (55.6) 1.1 (1.02~1.18) —

Etiology of AP 0.181
Biliary 1019 132 (13) 1.19 (1.13~1.26) ——
Hyperlipidemic 354 65 (18.4) 1.15 (1.07~1.23) .

Alcoholic 51 9(17.6) 1.05 (0.88~1.26) —a—
Others 90 51 (56.7) 1.06 (0.95~1.17) ——
T T 1
0.71 1.0 1.41

Effect (95% CI)

Figure 4 Stratified logistic regression analysis to identify variables that modify the correlation between CAR values and AKI. Adjusted factors included sex, age, BMI, ICU
admission, hypertension, diabetes, CHD, COPD, ventilation, transfusion, CRRT, SOFA, and severity and etiology of AP.

Abbreviations: AKI, acute kidney injury; CAR, CRP-to-ALB ratio; CHD, coronary heart disease; COPD, chronic obstructive pulmonary disease; BMI, body mass index;
CRRT, continuous renal replacement treatment; SOFA, sequential organ failure assessment score; AP, CRP-to-ALB ratio; OR, odds ratio; 95% CI, 95% confidence interval.
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exhibits a predictive trend although there was no statistical difference for alcoholic pancreatitis and other causes, which
may be associated with the low number of cases of alcoholic pancreatitis and other causes.

However, our study also presents the following limitations. At first, the retrospective data collection at a single
academic center could have caused selection bias. Secondly, we did not include CT imaging features, which we intend to
incorporate in our future study. Thirdly, regardless of the potential association of CAR with AKI, this study did not
provide the causality due to its observational design. In future studies, more prospective studies need to be performed to
verify the association.

Conclusion

To conclude, CAR is consistently and strongly linked to the increased AKI incidence among Chinese AP patients.
Monitoring CAR levels could contribute to identifying high AKI risk patients. More research should be conducted to
demonstrate our results and understand the CAR-AKI association mechanism.

Data Sharing Statement

Data is available from the corresponding author on reasonable request.

Ethical Statement

The current retrospective study was approved by the Ethics Committee of the First College of Clinical Medical Science
of China Three Gorges University (ethical approval number: 2023-130-01), which waived consent from study partici-
pants as it was not required due to the retrospective nature of the study. All patient data was anonymized during
processing. This study was performed following the Declaration of Helsinki.

Acknowledgments

Wen Wu and Yu-Pei Zhang are co-first authors for this study. We extend our gratitude to Ming-Zi Tao and Tao Wu for
contribution to the structured data extraction. We thank Dr. Liu Jie (People’s Liberation Army of China General Hospital,
Beijing, China) for helping in this revision.

Author Contributions
All authors made a significant contribution to the work reported, whether that is in the conception, study design,

execution, acquisition of data, analysis and interpretation, or in all these areas; took part in drafting, revising or critically
reviewing the article; gave final approval of the version to be published; have agreed on the journal to which the article
has been submitted; and agree to be accountable for all aspects of the work.

Funding

This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors.

Disclosure
All authors have declared that they have no conflicts of interest in this work.

References

1.Lu JD, Cao F, Ding YX, et al. Timing, distribution, and microbiology of infectious complications after necrotizing pancreatitis. World
J Gastroenterol. 2019;25(34):5162-5173. doi:10.3748/wjg.v25.i34.5162
2. Kaplan M, Ates I, Akpinar MY, et al. Predictive value of C-reactive protein/albumin ratio in acute pancreatitis. Hepatobiliary Pancreat Dis Int.
2017;16(4):424-430. doi:10.1016/S1499-3872(17)60007-9
3. lannuzzi JP, King JA, Leong JH, et al. Global incidence of acute pancreatitis is increasing over time: a systematic review and meta-analysis.
Gastroenterology. 2022;162(1):122-134. doi:10.1053/j.gastro.2021.09.043
4. Roberts SE, Morrison-Rees S, John A, et al. The incidence and aetiology of acute pancreatitis across Europe. Pancreatology. 2017;17(2):155-165.
doi:10.1016/j.pan.2017.01.005
. Silva-Vaz P, Abrantes AM, Castelo-Branco M, et al. Murine models of acute pancreatitis: a critical appraisal of clinical relevance. Int J Mol Sci.
2019;20(11):2794. doi:10.3390/ijms20112794

W

Journal of Inflammation Research 2024:17 hetps: 5505

Dove:


https://doi.org/10.3748/wjg.v25.i34.5162
https://doi.org/10.1016/S1499-3872(17)60007-9
https://doi.org/10.1053/j.gastro.2021.09.043
https://doi.org/10.1016/j.pan.2017.01.005
https://doi.org/10.3390/ijms20112794
https://www.dovepress.com
https://www.dovepress.com

Wu et al Dove

6. Almeida N, Fernandes A, Casela A. Predictors of severity and in-hospital mortality for acute pancreatitis: is there any role for C-reactive protein
determination in the first 24 hours? GE Port J Gastroenterol. 2015;22(5):187-189. doi:10.1016/j.jpge.2015.05.004
7.Zhou J, Li Y, Tang Y, et al. Effect of acute kidney injury on mortality and hospital stay in patient with severe acute pancreatitis. Nephrology.
2015;20(7):485-491. doi:10.1111/nep.12439
. Shi N, Sun GD, Ji YY, et al. Effects of acute kidney injury on acute pancreatitis patients’ survival rate in intensive care unit: a retrospective study.
World J Gastroenterol. 2021;27(38):6453—-6464. doi:10.3748/wjg.v27.i138.6453
9. Goh L, De Silva RP, Dhital K, et al. Is low serum albumin associated with postoperative complications in patients undergoing oesophagectomy for
oesophageal malignancies? Interact Cardiovasc Thorac Surg. 2015;20(1):107-113. doi:10.1093/icvts/ivu324
10. Staubli SM, Oertli D, Nebiker CA. Laboratory markers predicting severity of acute pancreatitis. Crit Rev Clin Lab Sci. 2015;52(6):273-283.
doi:10.3109/10408363.2015.1051659
11. Lelubre C, Anselin S, Zouaoui BK, et al. Interpretation of C-reactive protein concentrations in critically ill patients. Biomed Res Int.
2013;2013:124021. doi:10.1155/2013/124021
12. Wang X, Cui Z, Li H, et al. Nosocomial mortality and early prediction of patients with severe acute pancreatitis. J Gastroenterol Hepatol. 2010;25
(8):1386-1393. doi:10.1111/j.1440-1746.2010.06376.x
13. Starzer AM, Steindl A, Mair MJ, et al. Systemic inflammation scores correlate with survival prognosis in patients with newly diagnosed brain
metastases. Br J Cancer. 2021;124(7):1294-1300. doi:10.1038/s41416-020-01254-0
14. Chen L, Wu X, Qin H, et al. The PCT to albumin ratio predicts mortality in patients with acute kidney injury caused by abdominal infection-evoked
sepsis. Front Nutr. 2021;8:584461. doi:10.3389/fhut.2021.584461
15. Ishizuka M, Nagata H, Takagi K, et al. Clinical significance of the C-reactive protein to albumin ratio for survival after surgery for colorectal
cancer. Ann Surg Oncol. 2016;23(3):900-907. doi:10.1245/s10434-015-4948-7
16. Kim MH, Ahn JY, Song JE, et al. The C-reactive protein/albumin ratio as an independent predictor of mortality in patients with severe sepsis or
septic shock treated with early goal-directed therapy. PLoS One. 2015;10(7):¢0132109. doi:10.1371/journal.pone.0132109
17. Ugurlu ET, Tercan M. The role of biomarkers in the early diagnosis of acute kidney injury associated with acute pancreatitis: evidence from 582
cases. Ulus Travma Acil Cerrahi Derg. 2022;29(1):81-93. doi:10.14744/tjtes.2022.60879
18. Mederos MA, Reber HA, Girgis MD. Acute pancreatitis: a review. JAMA. 2021;325(4):382-390. doi:10.1001/jama.2020.20317
19. Banks A, Bollen TL, Dervenis C, et al. Classification of acute pancreatitis--2012: revision of the Atlanta classification and definitions by
international consensus. Gut. 2013;62(1):102-111. doi:10.1136/gutjnl-2012-302779
20. Khwaja A. KDIGO clinical practice guidelines for acute kidney injury. Nephron Clin Pract. 2012;120(4):c179—c184. doi:10.1159/000339789
21. Hagjer S, Kumar N. Evaluation of the BISAP scoring system in prognostication of acute pancreatitis - A prospective observational study. /nt J Surg.
2018;54(Pt A):76-81. doi:10.1016/j.ijsu.2018.04.026
22. Ferreira FL, Bota DP, Bross A, et al. Serial evaluation of the SOFA score to predict outcome in critically ill patients. JAMA. 2001;286
(14):1754-1758. doi:10.1001/jama.286.14.1754
23. Maisonneuve P, Lowenfels AB, Lankisch PG. The harmless acute pancreatitis score (HAPS) identifies non-severe patients: a systematic review and
meta-analysis. Pancreatology. 2021;21(8):1419-1427. doi:10.1016/j.pan.2021.09.017
24. von Elm E, Altman DG, Egger M, et al. Strengthening the reporting of observational studies in epidemiology (STROBE) statement: guidelines for
reporting observational studies. BMJ. 2007;335(7624):806—808. doi:10.1136/bm;j.39335.541782.AD
25. Zhang Z. Multiple imputation with multivariate imputation by chained equation (MICE) package. Ann Transl Med. 2016;4(2):30. doi:10.3978/].
issn.2305-5839.2015.12.63
26. Matowicka-Karna J. Markers of inflammation, activation of blood platelets and coagulation disorders in inflammatory bowel diseases. Postepy Hig
Med Dosw. 2016;70:305-312. doi:10.5604/17322693.1199305
27. Vos AG, Idris NS, Barth RE, et al. Pro-inflammatory markers in relation to cardiovascular disease in HIV infection. 4 Systematic Review PLoS One.
2016;11(1):e0147484. doi:10.1371/journal.pone.0147484
28. Ates H, Ates I, Bozkurt B, et al. What is the most reliable marker in the differential diagnosis of pulmonary embolism and community-acquired
pneumonia? Blood Coagul Fibrinolysis. 2016;27(3):252-258. doi:10.1097/MBC.0000000000000391
29. Lee KJ, Kim HM, Choi JS, et al. Comparison of predictive systems in severe acute pancreatitis according to the revised Atlanta classification.
Pancreas. 2016;45(1):46-50. doi:10.1097/MPA.0000000000000433
30. Barber MD, Ross JA, Fearon KC. Changes in nutritional, functional, and inflammatory markers in advanced pancreatic cancer. Nutr Cancer.
1999;35(2):106—110. doi:10.1207/S15327914NC352_2
31. Ohsugi Y. Recent advances in immunopathophysiology of interleukin-6: an innovative therapeutic drug, tocilizumab (recombinant humanized
anti-human interleukin-6 receptor antibody), unveils the mysterious etiology of immune-mediated inflammatory diseases. Bio/ Pharm Bull. 2007;30
(11):2001-2006. doi:10.1248/bpb.30.2001
32. Kim HJ, Lee HW. Important predictor of mortality in patients with end-stage liver disease. Clin Mol Hepatol. 2013;19(2):105—-115. doi:10.3350/
c¢mh.2013.19.2.105
33. Ranzani OT, Zampieri FG, Forte DN, et al. C-reactive protein/albumin ratio predicts 90-day mortality of septic patients. PLoS One. 2013;8(3):
€59321. doi:10.1371/journal.pone.0059321
34, Nassar TI, Qunibi WY. AKI associated with acute pancreatitis. Clin J Am Soc Nephrol. 2019;14(7):1106—1115. doi:10.2215/CIN.13191118
35. Karabuga B, Gemcioglu E, Konca KE, et al. Comparison of the predictive values of CRP, CRP/albumin, RDW, neutrophil/lymphocyte, and platelet/
lymphocyte levels in determining the severity of acute pancreatitis in patients with acute pancreatitis according to the BISAP score. Bratisl Lek
Listy. 2022;123(2):129-135. doi:10.4149/BLL_2022_020
36. Kong W, He Y, Bao H, et al. Diagnostic value of neutrophil-lymphocyte ratio for predicting the severity of acute pancreatitis: a meta-analysis. Dis
Markers. 2020;2020:9731854. doi:10.1155/2020/9731854
37. Silva-Vaz P, Abrantes AM, Morgado-Nunes S, et al. Evaluation of prognostic factors of severity in acute biliary pancreatitis. /nt J Mol Sci. 2020;21
(12):4300. doi:10.3390/ijms21124300
38. Kaplan M, Ates I, Oztas E, et al. A new marker to determine prognosis of acute pancreatitis: PLR and NLR combination. J Med Biochem. 2018;37
(1):21-30. doi:10.1515/jomb-2017-0039

o0

5506 "o Journal of Inflammation Research 2024:17

Dove!


https://doi.org/10.1016/j.jpge.2015.05.004
https://doi.org/10.1111/nep.12439
https://doi.org/10.3748/wjg.v27.i38.6453
https://doi.org/10.1093/icvts/ivu324
https://doi.org/10.3109/10408363.2015.1051659
https://doi.org/10.1155/2013/124021
https://doi.org/10.1111/j.1440-1746.2010.06376.x
https://doi.org/10.1038/s41416-020-01254-0
https://doi.org/10.3389/fnut.2021.584461
https://doi.org/10.1245/s10434-015-4948-7
https://doi.org/10.1371/journal.pone.0132109
https://doi.org/10.14744/tjtes.2022.60879
https://doi.org/10.1001/jama.2020.20317
https://doi.org/10.1136/gutjnl-2012-302779
https://doi.org/10.1159/000339789
https://doi.org/10.1016/j.ijsu.2018.04.026
https://doi.org/10.1001/jama.286.14.1754
https://doi.org/10.1016/j.pan.2021.09.017
https://doi.org/10.1136/bmj.39335.541782.AD
https://doi.org/10.3978/j.issn.2305-5839.2015.12.63
https://doi.org/10.3978/j.issn.2305-5839.2015.12.63
https://doi.org/10.5604/17322693.1199305
https://doi.org/10.1371/journal.pone.0147484
https://doi.org/10.1097/MBC.0000000000000391
https://doi.org/10.1097/MPA.0000000000000433
https://doi.org/10.1207/S15327914NC352_2
https://doi.org/10.1248/bpb.30.2001
https://doi.org/10.3350/cmh.2013.19.2.105
https://doi.org/10.3350/cmh.2013.19.2.105
https://doi.org/10.1371/journal.pone.0059321
https://doi.org/10.2215/CJN.13191118
https://doi.org/10.4149/BLL_2022_020
https://doi.org/10.1155/2020/9731854
https://doi.org/10.3390/ijms21124300
https://doi.org/10.1515/jomb-2017-0039
https://www.dovepress.com
https://www.dovepress.com

Dove Wu et al

39. Yang D, Zhao L, Kang J, et al. Development and validation of a predictive model for acute kidney injury in patients with moderately severe and
severe acute pancreatitis. Clin Exp Nephrol. 2022;26(8):770-787. doi:10.1007/s10157-022-02219-8

40. Lu L, Feng Y, Liu YH, et al. The systemic immune-inflammation index may be a novel and strong marker for the accurate early prediction of acute
kidney injury in severe acute pancreatitis patients. J Invest Surg. 2022;35(5):962-966. doi:10.1080/08941939.2021.1970864

Journal of Inflammation Research

Dove
Publish your work in this journal

The Journal of Inflammation Research is an international, peer-reviewed open-access journal that welcomes laboratory and clinical findings on
the molecular basis, cell biology and pharmacology of inflammation including original research, reviews, symposium reports, hypothesis
formation and commentaries on: acute/chronic inflammation; mediators of inflammation; cellular processes; molecular mechanisms; pharmacology
and novel anti-inflammatory drugs; clinical conditions involving inflammation. The manuscript management system is completely online and
includes a very quick and fair peer-review system. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/journal-of-inflammation-research-journal

Journal of Inflammation Research 2024:17

El Y in @ Do 5507


https://doi.org/10.1007/s10157-022-02219-8
https://doi.org/10.1080/08941939.2021.1970864
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Materials and Methods
	Study Design
	Inclusion and Exclusion Criteria
	Clinical Definitions and Laboratory Data
	The Diagnosis of AP
	The Severity of AP
	Diagnosis and Classification of AKI

	Data Collection
	Statistical Analysis

	Results
	Patients’ Baseline and Clinical Data
	Univariate and Multivariate Analyses of CAR and AKI
	Dose–Response Relationship Between CAR Level and AKI
	ROC Curves for Comparison of Biomarkers to Predict AKI
	Subgroup Analysis

	Discussion
	Conclusion
	Data Sharing Statement
	Ethical Statement
	Acknowledgments
	Author Contributions
	Funding
	Disclosure

