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Abstract 

Background: Acute pancreatitis (AP) is an inflammatory disease that can cause potentially lethal 

complications. Identifying patients at risk for (moderately) severe AP is crucial for appropriate triaging and 

intervention decisions.  

Aim: This preliminary analysis aimed to determine the diagnostic value of the C-reactive protein (CRP)/albumin 

ratio in predicting (moderately) severe AP within 24 and 48 hours. 

Methods: We performed a preliminary analysis of a multicentre retrospective cohort study. Patients were 

selected from studies conducted in 2008 until 2023 by the Dutch Pancreatitis Study Group and were included 

if data regarding their initial episode of AP was available. CRP and albumin were collected from the first three 

days of hospitalization and the highest ratios within 24 and 48 hours were calculated. Univariate and 

multivariate regressions identified predictors, and ROC analyses evaluated predictive accuracy. 

Results: The study included 280 patients of whom 125 had (moderately) severe AP. Overall, CRP levels 

increased and albumin levels decreased during the disease course, leading to higher CRP/albumin ratios. The 

highest CRP/albumin ratios within 24 and 48 hours, leucocytes and creatinine were individual predictors of 

(moderately) severe AP. ROC analyses showed modest predictive values for the highest ratios within 24 and 

48 hours, with AUCs of 0.582 and 0.607, respectively. High sensitivity cut offs (±80) showed low specificity. 

Conclusion: The highest CRP/albumin ratios within 24 and 48 hours correlated significantly with (moderately) 

severe AP. However, overall predictive accuracy was modest. Small sample size, distribution of severity, and 

selection bias may have influenced the results. Future analysis with a larger and more representable 

population is needed to assess the clinical utility of the CRP/albumin ratio as a predictive marker for AP 

severity. 

  



Introduction 

Acute pancreatitis (AP) is an inflammatory disease of 

the pancreas characterized by sudden abdominal pain.  

Despite a decline in hospital admissions for overall 

abdominal pain, recent studies show a rising incidence 

and number of admissions for AP in Western countries. 

In 2018, a total of 288.220 admissions were reported in 

the United States, making it one of the most common 

gastrointestinal diseases requiring hospital admission. 
1,2 Although AP has a mild and self-limiting course in 

most cases, approximately 15-25% of all patients 

develop (moderately) severe AP with local 

complications, such as (infected) necrosis, and/or 

organ failure.3 Clinically, these complications can lead 

to long-term hospitalization, admission to intensive 

care units (ICU), invasive interventions and death. In 

essence, organ failure is the most common cause of 

death in patients with AP, transient organ failure (<48 

hours) gives a mortality risk of 1.4-10% and overall 

persistent organ failure >40%.4 It is essential to note 

that AP is a dynamic condition in which severity may 

rapidly progress. In an early stage of the disease, the 

systematic inflammatory response syndrome is the 

main cause of organ failure.5 In a later stage, organ 

failure can be caused by infections such as infected 

necrosis. Although an early intervention does not exist, 

studies indicate that monitoring and support of 

pulmonary, renal, circulatory and hepatobiliary 

function on ICU can reduce systemic consequences in 

patients with severe AP.6 To help improve the 

prognosis, an adequate and accessible prediction 

model to classify the (moderately) severe AP subgroup 

in an early stage of disease, is a necessity to assist 

clinicians in triaging patients to the appropriate level of 

care and making decisions regarding interventions. 

Furthermore, it can be useful in selecting predicted 

severe patients for interventional studies. 

Currently, various scoring systems are being used to 

predict the severity of AP, for example, the Ranson’s 

criteria7, the Acute Physiology and Chronic Health 

Evaluation II (APACHE II)8, the Bedside index of severity 

in acute pancreatitis (BISAP) score9 and the Glasgow-

Imrie criteria10. Research has shown that these scores 

have a relatively high sensitivity (±80%) and a 

reasonable specificity (±70%).11 However, a 

disadvantage of these scores is that they consist of 

numerous physical parameters and blood test values, 

making them inconvenient to apply in clinical practice. 

Additionally, some scores may be completed up to 48 

hours after admission, potentially causing a delay in 

appropriate care. 

A more easy-to-use and reasonably valuable predictive 

value is serum C-reactive protein (CRP).11 This acute 

phase protein is synthesized by the liver in response to 

inflammation and infection, resulting in elevated 

levels. On the contrary, albumin is a negative acute 

phase protein, which decreases during inflammation, 

resulting in lower values. Both reactions happen 

simultaneously in the acute moment. A recent meta-

analysis of Wang et al.11 showed that, in comparison to 

the APACHE II score, these individual values had a 

relative sensitivity of 0.95 (CRP) and 0.88 (albumin), 

and a relative specificity of respectively 1.18 and 1.22. 

Consequently, we presume that the ratio between CRP 

and albumin can be a sensitive and specific predictor 

for the severity of AP within 24 hours, which can help 

us improve disease outcomes and survival. In a 

systematic review, Tarar et al.12 found few studies 

examining this hypothesis, of which none specifically 

evaluated the value of this ratio for moderately severe 

and severe AP. For that reason, this study determines 

to define the diagnostic value of the CRP/albumin ratio 

within 24-48 hours in predicting (moderately) severe 

AP within a multicentre retrospective cohort. 



Methods 

Study design & Data collection 

This is a preliminary analysis of a multicentre 

retrospective cohort study that we are conducting in 

the Netherlands. Patients were collected from the 

following studies carried out by the Dutch Pancreatitis 

Study Group: PWN-Core (a registration cohort for 

prospective follow-up of the disease course and the 

use of medical data for scientific research), PYTHON9, 

POEMA, APEC10, POINTER11 and the 639-cohort 

(PANTER12 and PROPATRIA13). Patients were included if 

informed consent for registration of their medical files 

for research was given, and if data from their initial 

episode of AP was available. The diagnosis of AP was 

made based on the Atlanta criteria6, requiring at least 

two of the following: 1) abdominal pain suggestive for 

AP; 2) serum amylase or lipase level greater than three 

times the upper normal value, or 3) characteristic 

findings on radiological imaging.  

We used (electronic) health records to obtain data 

regarding patient and hospitalization characteristics, 

aetiology, laboratory and radiologic findings, APACHE II 

score and Glasgow-Imrie score (both highest <24 

hours), severity, and the occurrence of organ failure or 

death. Laboratory results were collected from the day 

of admission and the following two days (referred to as 

day 0, day 1 and day 2). CRP and albumin are measured 

in g/dL, leucocytes in 109/L and creatinine in μmol/L. 

We calculated the highest CRP/albumin ratios within 

24 and 48 hours to define the predictive value for the 

severity within the acute phase of the disease. The 

classification of severity was also made using the 

Atlanta criteria6, defining patients without local 

complications or organ failure as mild, patients with 

local complications and/or transient organ failure as 

moderately severe and patients with persistent organ 

failure >48 hours as severe. Considering patients with 

moderately severe and severe AP both have a higher 

risk mortality and complications as mentioned before, 

these two groups were combined when comparing 

characteristics to the mild subgroup. 

Statistical analysis 

The statistical analyses were computed using SPSS for 

Windows, version 26. Categorical variables are 

presented as numbers and percentages, and were 

compared using the Chi-square test. The Shapiro-Wilk 

test was used to evaluate the normal distribution of 

continuous variables. Normally distributed variables 

are presented as a mean ± standard deviation and non-

normally distributed are presented as a median (lower 

quartile, upper quartile). For comparison, we used the 

unpaired student T-test or the non-parametric 

equivalent, the Mann-Whitney U test. A univariate and 

multivariate logistic regression were utilized to 

determine which variables were individual prognostic 

factors for (moderately) severe AP. Variables were 

chosen based on presumed clinical significance and 

former research. The results are presented in odds 

ratios with corresponding 95% intervals. The diagnostic 

Figure 1. Flowchart of patient selection  



values of the highest CRP/Albumin ratio within 24 and 

48 hours in predicting the severity were examined with 

ROC curve analysis, with an area under the curve 

(AUC). A two-sided p-value of <0.05 was considered 

statistically significant.  

Results 

Study population  

In total, 280 patients diagnosed with an initial episode 

of AP between September 2005 and February 2023 

from seventeen different hospitals enrolled in the 

study. Figure 1 shows a flowchart of the patient 

selection. Overall, the population consisted of 

predominantly men (56.0%) at the age of 58 (45; 71). 

The most common aetiologies were biliary (49.0%), 

idiopathic (20.4%) and alcohol (15.7%). With regard to 

severity, 155 patients had mild AP, 106 moderately 

severe and 19 severe. Most severe patients were 

collected from older trials. Table 1 shows the 

demographic and clinical baseline characteristics, 

comparing mild AP to moderate severe and severe AP.  

As suspected, the table also shows an increase of CRP 

and a decrease of albumin over the course of illness in 

both groups, resulting in an increase of the 

CRP/albumin ratio. For a total of 237 patients, we were 

able to calculate at least one CRP/albumin ratio within 

 
Table 1. Demographic and clinical characteristics sorted by severity subgroups 
Variables Mild AP (N=155)  Moderately Severe and Severe AP (N=125) p-value 
Age (years) 58.0 (46.0; 71.0)  59.0 (45.0; 71.0)  0.994 
Male 78 (50.3%)  79 (63.2%)  0.031 
Medical history 
- Cardiovascular 
- Pulmonary 
- Chronic kidney disease 
- Diabetes 

 
62 (40.0%) 
29 (18.7%) 
6 (3.9%) 
22 (14.2%) 

 
(N=151) 
(N=149) 
(N=151) 
(N=153) 

 
49 (40.2%) 
17 (13.6%) 
6 (4.8%) 
14 (11.2%) 

 
(N=122) 
(N=124) 
(N=123) 
(N=122) 

 
0.881 
0.206 
0.716 
0.478 

Etiology 
- Biliary 
- Alcohol 
- Post-ERCP 
- Autoimmune 
- Hypertriglyceridemia 
- Medicine induced 
- Idiopathic 
- Other 
- Unknown 

 
79 (51.0%) 
22 (14.2%) 
4 (2.6%) 
3 (1.9%) 
1 (0.6%) 
7 (4.5%) 
30 (19.4%) 
8 (5.2%) 
1 (0.6%) 

  
58 (46.4%) 
22 (17.6%) 
7 (5.6%) 
0 (0.0%) 
5 (4.0%) 
0 (0.0%) 
27 (21.6%) 
4 (3.2%) 
2 (1.6%) 

  
0.447 
0.436 
0.196 
0.118 
0.054 
0.016 
0.643 
0.421 
0.440 

Highest leucocytes (day 0-2) 13.6 (10.2; 17.3)  (N=155) 17.6 (13.8; 22.4) (N=122) <0.001 
Highest creatinine (day 0-2) 76 (63; 95)  (N=154) 88 (69; 117 (N=121) 0.004 
Day 0 (admission) 
- CRP 
- Albumin 
- CRP/Alb ratio 

 
13.0 (5.0; 39.3)  
43.0 (40.0; 45.6) 
0.264 (0.106; 0.876) 

 
(N=150) 
(N=118) 
(N=117) 

 
14.6 (4.0; 104.0) 
42.0 (37.0; 44.0) 
0.321 (0.078; 2.780) 

 
(N=119) 
(N=89) 
(N=88) 

 
0.367 
0.006 
0.305 

Day 1 
- CRP 
- Albumin 
- CRP/Alb ratio 

 
70.0 (23.0; 138.0) 
36.0 (30.5; 38.3) 
2.496 (0.768; 5.191) 

 
(N=127) 
(N=37) 
(N=36) 

 
167.0 (78.0; 273.0) 
34.0 (28.3; 37.4) 
7.365 (1.733; 11.000) 

 
(N=103) 
(N=40) 
(N=39) 

 
<0.001 
0.102 
0.001 

Day 2 
- CRP 
- Albumin 
- CRP/Alb ratio 

 
142.0 (74.0; 239.0) 
34.1 ± 5.0 
5.173 (2.706; 8.639) 

 
(N=116) 
(N=24) 
(N=24) 

 
309.0 (236.0; 388.0) 
28.4 ± 4.1 
11.954 (9.158; 14.549) 

 
(N=95) 
(N=28) 
(N=25) 

 
<0.001 
<0.001 
<0.001 

Highest CRP/Alb ratio <24h 0.515 (0.134; 2.024) (N=132) 0.900 (0.139; 6.493) (N=101) 0.033 
Highest CRP/Alb ratio <48h 0.705 (0.191; 3.107) (N=133) 2.306 (0.174; 9.620) (N=104) 0.005 
Hospital stay (day) 6 (4; 9)  (N=153) 16 (10; 35) (N=124) <0.001 
Intensive Care Unit 
- Admission to ICU 
- Duration (days) 

 
3 (9.7%)  
2 (1; 3)  

  
24 (19.2%)  
6 (3; 23)  

  
<0.001 
0.070 

Notes: If a variable has missings, the adjusted sample size is noted behind the variable. Normally distributed variables are 
presented as a mean ± standard deviation and non-normally distributed are presented as a median (lower quartile, upper quartile).  
CRP and albumin are measured in g/dL, leucocytes in 109/L and creatinine in μmol/L. Abbreviations: Alb = albumin,  AP = acute 
pancreatitis, CRP = c-reactive protein, ERCP = endoscopic retrograde cholangiopancreatography. 



the first 48 hours after admission. For the other 43 

patients either CRP or albumin was determined on day 

0-2 and a ratio could not be calculated. In percentage 

terms, CRP and albumin were determined more often 

in the (moderately) severe group. CRP/albumin ratio 

on day 1 and day 2, as well as for the highest ratio 

within 24 and 48 hours, were significantly higher in de 

(moderately) severe subgroup.  

Table 2 shows the occurrence of local complications, 

organ failure and death within the patients with 

moderately severe and severe AP. The (moderately) 

severe group has a statically significant longer hospital 

stay and are admitted to the ICU more frequently.  

Univariate and multivariate regressions 

Univariate logistic regressions showed a correlation 

between gender, highest creatinine and number of 

leucocytes within the first three days of hospitalization,  

 

highest CRP/Albumin ratio within 24 hours, and highest 

CRP/Albumin ratio within 48 hours and the severity of 

AP. Age, aetiology and medical history (cardiovascular, 

pulmonary, diabetes mellitus or chronic renal disease) 

were not associated with the severity of AP. The results 

of the multivariate logistic regressions with the 

statistically significant individual variables are shown in 

Table 3. With every increase of 1 point in the 

CRP/albumin ratio within 24 and 48 hours, the odds 

ratios of (moderately) severe pancreatitis increase by  

13.4% and 13.7%, respectively. Additionally, the values 

of leucocytes and creatinine are individual predictors 

and give an increase in odds ratio of respectively 37.6% 

(per step of 3x109/L leucocytes) and 4.8% (per step of 

5 μmol/L creatinine), respectively. In the multivariate 

regression, gender was not a statistically meaningful 

independent predictor.  

ROC-analyses for CRP/albumin ratios 

Figure 2 shows the ROC curves of the highest ratios 

within 24 and 48 hours in the prediction of 

(moderately) severe AP. The areas under the curve 

(AUC) with 95% confidence intervals are 0.582 (0.504-

0.659) for the highest ratio within 24 hours and 0.607 

(0.531-0.683) for the highest ratio within 48 hours. 

Both tests have discriminatory power, in which the 

highest ratio within 48 hours is slightly stronger. 

However, the overall accuracy is still relatively modest. 

In our view, a diagnostic test for (moderately) severe 

pancreatitis should especially be capable of identifying 

true positives. Therefore, we calculated the 

corresponding cut-off points with sensitivities similar  

 

Table 2. Occurrence of complications in patients with 
moderately severe and severe acute pancreatitis 
Variables MSAP + SAP (N=125) 
Fluid collections (total) 79 (63.2%) 
(Peri)pancreatic necrosis (total) 
Location 
- Peripancreatic  
- Parenchymal  
- Peripancreatic & parenchymal 
- Unknown 

83 (66.4%)  
 
26 (20.8%) 
15 (12.0%) 
41 (32.8%) 
1 (0.8%) 

Organ failure (total) 
Per system 
- Respiratory 
- Renal 
- Cardiovascular 
Single or multiple 
- Single 
- Multiple 
Duration 
- Transient (<48h) 
- Persistent (>48h) 

35 (28.0%) 
 
23 (18.4%) 
12 (9.6%) 
20 (16.0%) 
 
20 (16.0%) 
15 (12.0%) 
 
16 (12.8%) 
19 (15.2%) 

Death caused by initial episode of AP 7 (5.6%) 
Note: variables presented in number (percentage). Abbreviations: 
MSAP = moderately severe acute pancreatitis, SAP = severe acute 
pancreatitis. 
 

Table 3. Multivariate regression 
 Sig. Odds ratio 95% C.I.  Sig. Odds ratio 95% C.I. 
Highest CRP/Alb ratio 
<24 hours* 

0.009 1.134 1.005 – 1.093 Highest CRP/Alb ratio 
<48 hours** 

<0.001 1.137 1.059 – 1.220 

Leucocytesa <0.001 1.376 1.174 – 1.613 Leucocytesa <0.001 1.369 1.168 – 1.605 
Creatinineb 0.027 1.048 1.033 – 1.246 Creatinineb 0.029 1.047 1.005 – 1.092 
Gender (male) 0.828 0.933 0.496 – 1.753 Gender (male) 0.960 0.984 0.523 – 1.853 
Gender (female) Ref. - - Gender (female) Ref. - - 
*49 missings ** 45 missings 
 ain steps of 3 bin steps of 5 



 

to other diagnostic tests (±80%)10. For the ratios within 

24 hours, we found a cut-off of 0.115 with a sensitivity 

of 78.2% and a specificity of 12.0%. For the ratios 

within 48 hours, we found a cut-off of 0.122 with a 

sensitivity of 79.8% and specificity of 20.3%. Both cut-

off points show a low specificity for a sensitivity set at 

±80%, meaning that they are likely to identify most true 

positives, but may also produce many false positives.  

Discussion 

In absence of an easy applicable and accurate 

prediction model, this study aimed to determine the 

predictive value of the CRP/albumin ratio for 

(moderately) severe AP within 24 and 48 hours.  

Firstly, this preliminary analysis demonstrated that 

patients with (moderately) severe AP had significantly 

higher CRP/albumin ratios on day 1 and day 2, and 

higher ratios within 24 and 48 hours after admission 

than mild AP patients. To our knowledge, this is the 

first multicentre study in which this correlation is 

proven for the combined group of moderately severe 

and severe AP patients. This is an important finding,  

 

since both groups are at risk for poor disease outcomes 

and death. The ROC analyses showed that the highest 

ratios within 24 and 48 hours were of statistical 

diagnostic value, with the ratio within 48 hours being 

slightly more accurate. Nevertheless, with AUCs 

around 0.6 the clinical relevance is limited. When using 

cut-offs with a high sensitivity to prevent false 

negatives, the specificity for both scores is poor. 

Clinically, this could result in an overestimation of 

patients with moderate (severe) AP, potentially leading 

to unnecessary high care and costs. Nevertheless, we 

believe monitoring patients with potential mild 

outcomes is better than underestimating severe 

outcomes leading to emergency admissions to ICU, for 

example. Additionally, this study found that the level of 

leucocytes and creatinine are individual predictors for 

the severity. Creatinine is known to increase during 

inflammation as it is a breakdown product of muscle 

metabolism and it has been proven to be a predictor 

for severity of AP.18-20 Leucocytes are activated as a 

result of the pancreas inflammation. The primary types 

of white blood cells involved in the immune response 

Figure 2. ROC-analyses. A: Highest CRP/albumin ratio within 24 hours (AUC: 0.582, 0.504-0.659); B: Highest CRP/albumin 
ratio within 48 hours (AUC: 0.607 (0.531-0.638) 
 

A B 



are neutrophils and monocytes. Prior research has 

shown this marker can also be associated with the 

pancreatitis severity.10, 21-23 Both of these variables are 

components of the APACHE II score.8 

Prior studies have also highlighted the CRP/albumin 

ratio as a significant prognostic marker in acute 

pancreatitis. In their 2017 study, Kaplan et al.24 found 

promising evidence supporting the use of the 

CRP/albumin ratio as a non-invasive, easily 

measurable, and repeatable inflammation-based 

predictor of overall survival for patients with AP. Zhao 

et al.25 studied the relationship between the 

CRP/albumin ratio in predicting patients with severe AP 

and reported AUCs of almost 0.9 for the ratios on the 

first and second day after admission. However, the 

ratios were diagnostically not superior to the Ranson, 

MCTSI and BISAP score. A study from Kazmi et al.26 

examined the predictive value of CRP/albumin ratios at 

admission for severe AP and found an AUC of 0.827. 

Although not statistically proven, the overall sensitivity 

and specificity became more accurate when using the 

CRP/albumin ratio instead of only CRP. 

When comparing these studies to our study, we believe 

strengths of our study are the multicentre design and 

the combinations of severity groups. Taking the other 

results into mind, we contend our results are an 

underestimation of the diagnostic value. Firstly, the 

sample size of this preliminary analysis is small and the 

distribution in severity is not in accordance with reality. 

In our study population the ratio between mild and 

(moderately) severe is about 55:45, where in reality 

this is around 80:20. This is most likely caused by 

collecting patients from older trials in which only 

predicted severe patients were included. However, in 

the future we will collect more patients from PWN-

Core registry study in which all patients with an initial 

episode of AP can participate disregarding predicted 

severity. Secondly, in the present analysis data 

collection regarding concurrent infections was not 

complete. Concurrent infections could possibly declare 

outliers with high CRP/albumin ratios within the mild 

group, since CRP and albumin are not specific for 

pancreatitis. In future analyses, we expect that by 

enlarging the study population, making it more 

representable and correcting for concurrent infections, 

the diagnostic value of the CRP/albumin ratio will 

increase and the generalizability of our results will 

improve.  

Conclusion 

This preliminary analysis found that the CRP/albumin 

ratio within 24 and 48 hours is of statistically 

significant value in predicting (moderately) severe AP. 

To gain more insight on the clinical relevance, further 

analyses with a larger study population is needed.  
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