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ABSTRACT
Background/Aims: Acute pancreatitis (AP) is a common and potentially severe condition, and early identification of its severity is critical 
for appropriate clinical management. This study aimed to investigate the role of the Neutrophil-Lymphocyte Ratio (NLR) and Lactate 
dehydrogenase (LDH)/Albumin Ratio (LAR) in predicting the severity and prognosis of patients with AP and to determine the optimal 
NLR value.
Materials and Methods: The demographic, clinical, and laboratory data of patients diagnosed with AP were retrospectively analyzed. 
Neutrophil-Lymphocyte Ratio was measured at admission (0 hours), and at 24 and 48 hours; C-reactive protein (CRP) values were 
recorded at 0 and 48 hours; and the LAR was calculated based on LDH and albumin values measured at 48 hours post admission. These 
values were compared with disease severity, mortality, organ failure, length of hospital stay, and the need for intensive care according to 
Ranson and bedside index of severity in AP (BISAP) scores.
Results: According to the BISAP scoring, 38 patients (16%) were classified as having severe AP, while 200 patients (84%) had mild AP. 
The best parameter for predicting severe AP was found to be the 24-hour NLR with a sensitivity of 79% and specificity of 67%. The best 
parameter for predicting mortality and organ failure was the NLR at 48 hours. There was a statistically significant difference between 
the length of hospital stay and the need for intensive care with the CRP value at 48 hours. Additionally, there was a statistically signifi-
cant relationship between LAR and mortality, length of hospital stay, organ failure, and the need for intensive care.
Conclusion: This study demonstrates that the NLR and the LDH/Albumin Ratio are important and easily accessible markers for deter-
mining the severity and prognosis of AP. The NLR at 48 hours is an effective parameter for predicting mortality and organ failure, while 
the LDH/Albumin Ratio is significant in predicting mortality.
Keywords: Acute pancreatitis, LDH-Albumin Ratio, Neutrophil-Lymphocyte Ratio, prognosis

INTRODUCTION
Acute pancreatitis (AP) is a clinical condition character-
ized by the abnormal activation of pancreatic enzymes 
and the release of numerous inflammatory mediators, 
leading to sudden inflammation and destruction of the 
pancreas.1 Worldwide, gallbladder diseases and exces-
sive alcohol consumption account for 80% of the etiol-
ogy of AP.2 In Türkiye, the most common causes of AP 
are biliary, idiopathic, hypertriglyceridemia, and alcohol, in 
that order.3 Recently, in real-world data involving 2,144 
patients, it was observed that 73% of AP patients expe-
rienced mild severity, 24% moderate severity, and 2.6% 
severe severity.3 Additionally, while the literature reports 
a mortality rate ranging from 6% to 10% for AP,4 a mul-
ticenter study conducted in Türkiye reported a lower rate 
of 1.6%.3 Severe AP can lead to serious complications 

and can be life-threatening, with a mortality rate of 
10%-30%.5 Therefore, the early diagnosis of AP and the 
identification of factors that predict severe progression 
are crucial for planning patient follow-up and treatment 
approaches.

Many parameters have been investigated to predict the 
development of severe AP. These include pleural effu-
sion, obesity, age, blood urea nitrogen, serum creatinine, 
hematocrit, C-reactive protein (CRP), procalcitonin, as 
well as scoring systems that incorporate multiple param-
eters such as the Ranson score, systemic inflammatory 
response syndrome (SIRS), bedside index of severity 
in AP (BISAP), and acute physiology and chronic health 
evaluation (APACHE-II) score.6,7 Given its simplicity in 
calculation and comparability to the APACHE II score, 
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the BISAP score is the recommended scoring system for 
routine clinical practice.8 The subsequently developed 
Sequential Organ Failure Assessment scoring system has 
also not met the need, as it is only suitable for intensive 
care patients and cannot be routinely used for all patients. 
In studies conducted, it has been stated that CRP, serum 
procalcitonin, and interleukin-6 (IL-6) tests can be used 
to predict severe AP.9

Neutrophils are the most abundant subtype of leuko-
cytes in peripheral blood (40%-70%). In cases of sys-
temic inflammation, their numbers increase above 
normal, while lymphocytes, another subtype of leuko-
cytes, decrease as a physiological response. Neutrophil 
Lymphocyte Ratio (NLR) is an index determined by divid-
ing these 2 hematological parameters and has been used 
as an indicator of inflammatory response in many stud-
ies. In cases of severe sepsis, bacteremia, inflammation, 
and stress, neutrophil counts increase while lymphocyte 
counts decrease. It has been shown in various studies 
that NLR provides significant results in predicting adverse 
outcomes compared to total white blood cell (leukocyte) 
count in many diseases such as coronary artery disease, 
esophageal cancer, colorectal cancer, and hepatocellular 
carcinoma.10-13 Therefore, NLR can be used to predict the 
prognosis of AP due to the inflammation that occurs in 
AP. In recent years, many studies have been conducted on 
the prognostic value of the NLR. Suppiah and colleagues 
have shown that an increased NLR effectively differenti-
ates between mild and severe disease in patients with a 
diagnosis of AP.14 Another study indicated that NLR could 
serve as an early predictive factor for disease severity in 
patients diagnosed with AP, correlating with the Ranson 
score.15 In a retrospective study involving 490 cases of AP, 
70 of which were severe, it was shown that a high NLR 
measured upon hospital admission and at 24, 48, and 72 

hours post-admission was associated with the develop-
ment of severe AP and organ failure.16

Lactate dehydrogenase (LDH) is an enzyme primarily 
involved in pyruvate-lactate conversion during glycoly-
sis and in the oxidation of long-chain fatty acids in the 
liver. Serum LDH levels increase under conditions such as 
hemolysis, malignancy, infection, ischemia, tissue injury, 
necrosis, and hypoxia. Albumin, on the other hand, is a 
plasma protein synthesized by the liver and is the most 
abundant protein in the body. It is responsible for main-
taining osmotic pressure, exerting antioxidant effects, 
and binding and transporting various substances into the 
blood. As a negative acute-phase reactant, albumin levels 
decrease under inflammatory conditions. Several stud-
ies have shown that the LDH/albumin ratio, calculated by 
dividing LDH by albumin, is an adverse prognostic marker 
for various diseases.17,18

In this study, the aim was to demonstrate the relation-
ship between the NLR, LAR, and the prognosis of AP more 
comprehensively by separately comparing NLR, LAR, and 
CRP with prognostic factors such as organ failure, inten-
sive care requirement, length of hospital stay, and mor-
tality, as well as the Harmless Acute Pancreatitis Score 
(HAPS), Ranson, and BISAP scoring systems. The aim was 
to determine the prognostic power of NLR and LAR in 
predicting severe AP and associated mortality, identifying 
which day’s measurement is more significant, and finding 
the cut-off value to consider it significant.

MATERIALS AND METHODS
This study is a single-center, retrospective study that 
examined the demographic, clinical, and laboratory 
data of 238 patients diagnosed with AP and treated at 
the Dokuz Eylül University Medical Faculty Hospital’s 
Gastroenterology Clinic between December 2021 and 
June 2023. The study included patients aged 18 and over 
who presented to the hospital within 48 hours of the 
onset of disease symptoms and for whom laboratory data 
were accessible during follow-up. Patients with hemato-
logical malignancies and a history of chronic pancreatitis 
were excluded from the study. Data collected from the 
patients included age, gender, history of malignancy, eti-
ology of AP (biliary, alcohol, hyperlipidemia, other causes), 
presence of Diabetes, hypertension, need for antibiotics, 
organ failure, mortality, interventions (EUS or ERCP per-
formed), length of hospital stay, need for intensive care, 
and laboratory tests including white blood cell (WBC) 
count, hemoglobin, hematocrit, platelets, RDW (Red Cell 

Main Points
•	 Neutrophil-Lymphocyte Ratio (NLR) and the Lactate 

dehydrogenase/Albumin Ratio are important, cost-effec-
tive, and easily accessible biomarkers for determining the 
severity and prognosis of acute pancreatitis (AP).

•	 The NLR at 48 hours was found to be a strong parameter 
for predicting mortality and organ failure.

•	 The best parameter for predicting severe AP was found to 
be the 24-hour NLR.

•	 There was a statistically significant difference between the 
length of hospital stay and the need for intensive care with 
the C-reactive protein value at 48 hours.

•	 Additionally, there was a statistically significant relation-
ship between LAR and length of hospital stay, organ failure, 
and the need for intensive care.
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Distribution Width), NLR at the time of admission (0 
hours), and at 24 and 48 hours, CRP values at 0 and 48 
hours, plasma fasting glucose, BUN, creatinine, amylase, 
lipase, AST, ALT, GGT, ALP, LDH, albumin, and the LAR at 
48 hours post-admission (Figure 1).

Additionally, the physical examination notes of patients 
at the time of emergency department admission were 
reviewed, and the Harmless Acute Pancreatitis Score 
(HAPS) was calculated within the first 30 minutes of 
admission to predict the severity of AP, along with the 
SIRS score in the first 24 hours, the BISAP score at 48 
hours, and the Ranson score at the time of admission.

To classify the etiology of the included patients, for a 
diagnosis of alcoholic AP, it was required that the patient 
had consumed alcohol within the 48 hours prior to the 
onset of symptoms without any other cause to explain 
the etiology. A creatinine level exceeding 2 mg/dL within 
48 hours was evaluated as renal failure, PaO2 ≤ 60 mmHg 
as respiratory failure, and a systolic blood pressure below 
90 mmHg despite IV hydration as cardiovascular failure. 
A diagnosis of biliary AP was made based on the detec-
tion of biliary sludge or stones in ultrasound or com-
puted tomography imaging. The need for antibiotics was 

determined by the presence of any infection in a system 
(pneumonia, cholangitis, urinary tract infection, significant 
microorganism growth in blood, urine, or other body fluid 
cultures), the presence of abscesses, infected pancreatic 
necrosis, or conditions indicating a high risk of infection 
meeting the SIRS criteria. Serum triglyceride levels above 
500-1000 mg/dL are considered hyperlipidemia-related 
pancreatitis if no other cause can be identified. Cases of 
post-ERCP pancreatitis that develop following ERCP pro-
cedures, as well as cases of pancreatitis where the cause 
remains unidentified despite extensive investigations, are 
classified as idiopathic AP.

Statistical Analysis
A database was created in IBM SPSS Statistics 21.0 for 
Windows (IBM SPSS Corp.; Armonk, NY, USA) for the 
descriptive analyses of the study, calculating the fre-
quency, percentage, mean, SD, and median values of the 
data. Mortality and scoring systems were evaluated as 
dependent variables. The relationships between these 
dependent variables and all independent variables, which 
were count data, were analyzed using the Student’s 
t-test, and for non-normally distributed data, non-para-
metric tests were applied. Categorical variables such as 

Figure 1.  Flowchart of the study. Intensive care unit (ICU), Neutrophil (NLR), Lymphocyte Ratio (NLR).
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age, gender, antibiotic requirement, need for procedures, 
malignancy, hypertension, diabetes mellitus, organ failure, 
intensive care unit (ICU) admission, SIRS, and length of 
hospital stay were analyzed using the Chi-square test. In 
the analysis, cutoff points for NLR at 0, 24, and 48 hours, 
the LDH/Albumin ratio, and the CRP value at 48 hours 
were calculated for sensitivity and specificity using ROC 
(Receiver Operating Characteristic Curve) curve analysis. 
Statistical significance was defined as P < .05.

Ethical approval for the study was obtained from the 
Dokuz Eylül University Non-Interventional Research Ethics 
Committee with decision number 2023/18-24 dated 
August 10, 2023. The study was conducted in accordance 
with the Declaration of Helsinki of the World Medical 
Association. Since the study was retrospective, informed 
consent could not be obtained from the patients.

RESULTS
A total of 238 patients diagnosed with AP between 2021 
and 2023 were included in the study. Of the research 
group, 56.7% were women, with a mean age of 57.94 ± 
16.83 years (range 20-93). Hypertension was detected 
in 45.0%, diabetes mellitus in 25.6%, and malignancy in 
5.9% of the patients. Biliary stones were the etiology in 
60.9% of the cases (Table 1). Regarding the AP severity 
scores, 10.9% of patients had high Ranson scores, 16.0% 
had high BISAP scores, and 14.7% had high HAPS scores. 
As shown in Table 2, mortality occurred in 3.8% of the 
research group, 6.7% required ICU admission, 34.9% had 
a hospital stay of more than 10 days, and 20.6% devel-
oped organ failure. Antibiotic use was necessary for 71.0% 
of the patients, while 66.8% did not require intervention 
during hospital admission. The mean total hospital stay 
was 12.46 ± 17.56 days (range 1-187).

The average NLR at admission (0-hour value) was 10.59 ± 
11.30, while the NLR averages at 24 hours and 48 hours 
were 9.24 ± 11.49 and 7.96 ± 8.24, respectively. The aver-
age CRP values at 0 hours (day of admission) and at 48 
hours were 82.27 ± 104.91 and 138.05 ± 113.21, respec-
tively (Table 3).

No significant relationship was found between gender, 
etiology, need for intervention, antibiotic requirement, 
presence of diabetes mellitus, and AP severity accord-
ing to the Ranson score. However, lower AP severity was 
detected in patients without hypertension or malig-
nancy and those under 65 years of age. When analyzing 
the relationship between AP severity according to the 

BISAP score and demographic data, lower AP severity was 
also found in patients without hypertension or diabetes 
comorbidities, those without antibiotic requirements, and 
those under 65 years of age (Table 4).

Higher NLR values at 0, 24, and 48 hours and WBC levels 
were associated with higher AP severity according to both 
the Ranson and BISAP scoring systems, while high albu-
min levels were associated with lower AP severity only in 
the BISAP evaluation (Table 5). It was shown that NLR 
values at 24 hours and 48 hours could be the best param-
eters for predicting AP severity according to the Ranson 
score. Analyses using the Ranson, BISAP, and HAPS scor-
ing systems demonstrated that both the NLR and CRP 
values at admission and at 24 and 48 hours play signifi-
cant roles in predicting the severity of AP. According to 
the Ranson score, the sensitivity and specificity of NLR 
values measured at admission and at 24 hours in pre-
dicting AP severity were at satisfactory levels (NLR24 
AUC (Area under curve) = 0.738, 72% sensitivity, 69% 
specificity). CRP48 also demonstrated similar perfor-
mance (AUC = 0.671, 72% sensitivity, 63% specificity). 

Table 1.  Demographic and Clinical Characteristics of the Study 
Group

​ N %

Age ​ ​

  <65 152 63.9

  ≥65 86 36.1

Gender ​ ​

  Female 135 56.7

  Male 103 43.3

Etiology

  Biliary 145 60.9

  Non-biliary 93 39.1

Malignancy

  Yes 14 5.9

  No 224 94.1

HT

  Yes 107 45.0

  No 131 55.0

DM

  Yes 61 25.6

  No 177 74.4

Total 238 100.0
DM, diabetes mellitus; HT, hypertension.
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According to the BISAP scoring system, the NLR achieved 
the highest sensitivity and specificity in predicting AP 
severity at 24 hours (NLR24 AUC = 0.823, 79% sensitiv-
ity, 67% specificity). The HAPS scoring system indicated 
that both NLR and CRP values were moderately success-
ful in determining AP severity, particularly noting that 
NLR24 and CRP48 were significant prognostic indicators 

for predicting AP severity (CRP48 AUC = 0.746, 81% sen-
sitivity, 66% specificity) (Table 6).

In this study, when evaluating the relationship between 
clinical and laboratory parameters and mortality, factors 
such as age, hypertension, and malignancy were found 
to have a significant impact on mortality. Specifically, a 
markedly higher mortality rate was observed in patients 
over 65 years of age and those with a history of malig-
nancy P < .001). The presence of hypertension was also 
identified as an important factor affecting mortality (P 
= .044). Regarding laboratory results, the NLR values at 
admission (NLR0), at 24 hours (NLR24), and at 48 hours 
(NLR48) showed a strong relationship with mortality (P 
< .001). Similarly, WBC and albumin levels also demon-
strated significant correlations with mortality (P < .001). 
Low albumin levels were found to be directly associated 
with increased mortality (Table 7).

When evaluating the effects of NLR and CRP values on 
prognostic parameters such as mortality, ICU admission, 
length of stay, and organ failure in AP patients, ROC anal-
ysis results indicated that NLR and CRP play a significant 
role in predicting these clinical outcomes.

•	 In terms of mortality prediction, particularly at 48 
hours, NLR (AUC = 0.881, 85% sensitivity, 75% speci-
ficity) and CRP48 (AUC = 0.869, 85% sensitivity, 85% 
specificity) values showed high predictive power.

•	 For predicting ICU admission, NLR measured at 48 
hours (AUC = 0.859, 86% sensitivity, 70% specificity) 
and CRP48 (AUC = 0.877, 86% sensitivity, 79% speci-
ficity) were identified as strong indicators of the need 
for ICU care.

•	 Regarding length of stay prediction, NLR48 and CRP48 
values were found to be moderately successful in pre-
dicting prolonged hospital stays. The NLR48 (AUC 
= 0.786) and CRP48 (AUC = 0.799) values showed 
potential utility in identifying patients with extended 
lengths of stay.

•	 Regarding the prediction of organ failure, the NLR and 
CRP values showed low to moderate accuracy in pre-
dicting organ failure. The NLR value at 48 hours (AUC 
= 0.693) and CRP48 (AUC = 0.648) had limited prog-
nostic value in determining the risk of organ failure 
(Table 8).

In this study, the LDH/Albumin ratio was also found to be 
an important marker for predicting mortality, organ failure, 
the need for intensive care, and length of hospital stay in 
patients with AP. It provided high accuracy in mortality 

Table 2.  Distribution of Prognostic Factors in Acute Pancreatitis 
Patients

Prognosis N %

Mortality ​ ​

  Yes 9 3.8

  No 229 96.2

Hospitalization (days) ​ ​

  ≤ 10 155 65.1

  >10 83 34.9

Intensive care requirement ​ ​

  No 222 93.3

  Yes 16 6.7

Organ failure ​ ​

  Yes 49 20.6

  No 189 79.4

Need for antibiotics ​ ​

  No 69 29.0

  Yes 169 71.0

Intervention ​ ​

  EUS 34 14.3

  ERCP 37 15.5

  EUS+ERCP 8 3.4

  No 159 66.8

Total 238 100.0
ERCP, endoscopic retrograde cholangiopancreatography; EUS, endoscopic 
ultrasonography.

Table 3.  Averages of Neutrophil-Lymphocyte Ratio and C-Reactive 
Protein Values

​ N Minimum Maximum Mean SD

NLR0 234 0.84 105.50 10.59 11.30

NLR24 228 1.00 128.00 9.24 11.49

NLR48 219 0.80 58.50 7.96 8.24

CRP0 (mg/L) 227 0.9 933.0 82.27 104.91

CRP48 (mg/L) 232 1.2 533.8 138.05 113.21
CRP, C-reactive protein; NLR, neutrophil-lymphocyte ratio. 
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prediction (AUC = 0.950, 88% sensitivity, 94% specific-
ity). It was also an effective indicator for predicting the 
need for intensive care (AUC = 0.795). However, the pre-
dictive power of the LDH/Albumin ratio for organ failure 
and length of stay was found to be more limited (Table 9).

DISCUSSION
The overall mortality rate of AP is around 5%, while in 
severe cases, this rate can rise to 20%.2,8 Therefore, the 

use of scoring systems and prognostic markers to predict 
the severity of the disease is of great importance for treat-
ment and prognosis.19 Although there are many scoring 
systems and laboratory parameters used to predict the 
prognosis of AP, none have fully met the need. Zahorec 
et  al20 demonstrated that a marked increase in neutro-
phil counts accompanied by lymphocytopenia reflects 
immune response severity in critically ill patients, propos-
ing the “neutrophil-lymphocyte stress factor” as a simple, 

Table 4.  Relationship Between Acute Pancreatitis Severity According to Ranson and Bedside Index of Severity in Acute Pancreatitis 
Scores and Patient Characteristics

Variables

Severity of Acute Pancreatitis (Ranson) Severity of Acute Pancreatitis (BISAP)

​ Low High Chi-square P ​ Low High Chi-square P

Age, years <65 146 (96.1) 6 (3.9) 21.043 <.001 <65 144 (94.7) 8 (5.3) 35.916 <.001

≥65 66 (76.7) 20 (23.3) ≥65 56 (65.1) 30 (34.9)

Gender Female 118 (87.4) 17 (12.6) 0.892 .345 Female 110 (81.5) 25 (18.5) 1.514 .218

Male 94 (91.3) 9 (8.7) Male 90 (87.4) 13 (12.6)

Etiology Biliary 127 (87.6) 18 (12.4) 0.846 .358 Biliary 117 (80.7) 28 (19.3) 3.093 .079

Non-biliary 85 (91.4) 8 (8.6) Non Biliary 83 (89.2) 10 (10.8)

Procedure 
requirement

Yes 71 (89.9) 8 (10.1) 0.077 .781 Yes 70 (88.6) 9 (11.4) 1.844 .174

No 141 (88.7) 18 (11.3) No 130 81.8 () 29 (18.2)

Antibiotic 
requirement

Yes 148 (87.6) 21 (12.4) 1.351 .245 Yes 132 (78.1) 37 (21.9) 15.263 <.001

No 64 (92.8) 5 (7.2) No 68 (98.6) 1 (1.4)

Malignancy Yes 10 (71.4) 4 (28.6) 4.760 .029 Yes 11 (78.6) 3 (21.4) 0.331 .565

No 202 (90.2) 22 (9.8) No 189 (84.4) 35 (15.6)

HT Yes 86 (80.4) 21 (19.6) 15.127 <.001 Yes 77 (72.0) 30 (28.0) 21.111 <.001

No 126 (96.2) 5 (3.8) No 123 (93.9) 8 (6.1)

DM Yes 52 (85.2) 9 (14.8) 1.236 .266 Yes 44 (72.1) 7 (27.91) 8.661 .003

No 160 (90.4) 17 (9.6) No 156 (88.1) 21 (11.9)
BISAP, bedside index of severity in acute pancreatitis; DM, diabetes mellitus; HT, hypertension.

Table 5.  The Relationship Between the Severity of Acute Pancreatitis According to Ranson and Bedside Index of Severity in Acute 
Pancreatitis Scores and the Laboratory Values of the Patients

Variables

Severity of Acute Pancreatitis (Ranson) Severity of Acute Pancreatitis (BISAP)

Low High P Low High P

NLR0 9.44 ± 8.68 16.14 ± 12.93 .001 8.71 ± 8.12 17.73 ± 12.01 <.001

NLR24 7.91 ± 7.784 15.27 ± 10.11 <.001 7.37 ± 7.52 15.90 ± 9.05 <.001

NLR48 7.16 ± 7.53 14.43 ± 10.81 <.001 6.33 ± 5.94 16.22 ± 12.47 <.001

WBC 9098.07 ± 6626.02 14805.63 ± 8361.56 .002 8930.57 ± 6394.04 13884.80 ± 8771.11 <.001

Albumin 3.75 ± 0.56 3.67 ± 0.57 .473 3.79 ± 0.53 3.53 ± 0.68 .010

RDW 14.55 ± 2.01 15.10 ± 3.11 .226 14.52 ± 2.15 15.08 ± 2.16 .147
BISAP, bedside index of severity in acute pancreatitis; NLR0, neutrophil-lymphocyte ratio at the time of admission; NLR24, neutrophil-lymphocyte ratio mea-
sured at 24 hours; NLR48, neutrophil-lymphocyte ratio measured at 48 hours; RDW, red cell distribution width; WBC, white blood cell count.
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routinely usable clinical indicator.20 In another large obser-
vational study, Azab et al21 evaluated 283 AP patients and 
found that NLR was significantly superior to total WBC 
count in predicting ICU admission and length of hospital 
stay. Specifically, patients with an NLR ≥7.6 had markedly 
worse outcomes, and NLR remained an independent pre-
dictor in multivariate models. In this study, according to 
the BISAP score, the best parameter for predicting severe 
AP was the NLR at 24 hours (cut-off: 8), while the NLR at 
48 hours (cut-off: 9.7 and 6.3) provided the best results 
for predicting mortality and organ failure. The CRP value at 
48 hours (cut-off: 213 and 126) was identified as the best 
parameter for predicting the need for intensive care and 
prolonged hospitalization. A significant relationship was 
found between malignancy, hypertension, low albumin, 
NLR, and CRP values with mortality. Additionally, the LDH/
Albumin ratio has been demonstrated to be an important 
parameter that can be used in prognostic predictions.

In this study, biliary pancreatitis cases constituted 60.9% 
of all patients. According to the literature, the rate of 
biliary pancreatitis is 30% in the United States, Western 
Europe, and Asia, while in Türkiye, this rate can reach up 
to 70% due to the high prevalence of gallstones and rela-
tively low alcohol consumption.22,23 The rate of biliary eti-
ology in this study is consistent with these data. In the 

study by Coşkun et al,24 the mortality rate was found to 
be 3.8%, which is the same as this study, where 9 of the 
238 patients died.24

In the study by Lankisch et al,25 gender was not reported 
as an independent risk factor for mortality in AP. Similarly, 
in this study, there was no significant relationship found 
between gender and mortality, organ failure, intensive 
care needs, and length of hospital stay according to the 
Ranson and BISAP scores. A significant difference was 
found between advanced age (65 years and older) and AP 
severity. Moreover, a significant relationship was found 
between high BISAP scores and patients with hyperten-
sion, diabetes, or the need for antibiotics. The correlation 
between the severity of AP and advanced age, based on 
these 2 scoring criteria, may be due to the inclusion of 
age criteria in the scores or the possibility that the disease 
may present more severely in older patients. The relation-
ship between advanced age and mortality in AP is also 
corroborated by the study of Koziel et al.26

In this study, in patients with high NLR and WBC counts, 
AP severity was found to be higher according to the Ranson 
and BISAP scores. In a retrospective study by Wang et al27 
in 2017, which included 110 patients, a cut-off value of 10 
was shown to distinguish between mild and severe AP. The 

Table 6.  Calculation of Sensitivity and Specificity of Neutrophil-Lymphocyte Ratio and C-Reactive Protein Values According to Scoring 
Systems for the Severity of Acute Pancreatitis

Cut-off AUC (95% GA) P Sensitivity (%) Specificity (%)

RANSON

  NLR0 8.6 0.683 (0.575-0.790) .005 72 61

  NLR24 9.4 0.738 (0.626-0.850) <.001 72 69

  NLR48 5.7 0.720 (0.599-0.840) .001 81 56

  CRP48 148.4 0.671 (0.562-0.779) .009 72 63

BISAP ​

  NLR0 10.0 0.793 (0.705-0.880) <.001 82 74

  NLR24 8.0 0.823 (0.760-0.886) <.001 79 67

  NLR48 7.5 0.819 (0.749-0.888) <.001 73 73

  CRP48 160.0 0.767 (0.696-0.838) <.001 73 69

HAPS ​

  NLR0 6.7 0.673 (0.587-0.759) .002 81 56

  NLR24 5.5 0.689 (0.595-0.784) .001 81 50

  NLR48 6.3 0.708 (0.615-0.801) .000 75 62

  CRP48 147.5 0.746 (0.650-0.842) .000 81 66
BISAP, bedside index of severity in acute pancreatitis; CRP48, C-reactive protien value measured at 48 hours (mg); HAPS, Harmless Acute Pancreatitis Score; 
NLR0, neutrophil-lymphocyte ratio at the time of admission; NLR24, neutrophil-lymphocyte ratio measured at 24 hours; NLR48, neutrophil-lymphocyte ratio 
measured at 48 hours.
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advantage of this study over this one is that it includes a 
larger number of patients and demonstrates that the NLR 
values are correlated with AP severity at the initial presen-
tation, as well as at 24 and 48 hours. Additionally, while 
Wang et al27 included only cases of hypertriglyceridemia-
related AP, this study conducted a more comprehen-
sive examination without distinguishing etiologically. The 
method difference arises from Wang et  al’s27 classifica-
tion of AP severity according to the Atlanta Classification, 
while in this study, AP severity was determined using the 
Ranson and BISAP scores and compared with NLR and 
CRP; due to the exclusion of radiological data, local compli-
cations could not be assessed. In this study, no statistically 

significant difference was found between RDW and AP 
severity according to Ranson and BISAP scores. Similarly, in 
the study by Yılmaz et al,28 no significant relationship was 
found between RDW and AP severity.

While the NLR parameters at admission, 24, and 48 hours, 
as well as the CRP value at 48 hours, showed a statistically 
significant relationship with mortality, no significant rela-
tionship was found between the CRP value at admission 
and mortality. A meta-analysis also indicated that CRP 
only provided predictive cut-off values for mortality in 2 
studies.29 Factors that may explain this situation include 
CRP not being specific to pancreatic inflammation and its 
delayed peak plasma level.

In this study, 48-hour NLR (cut-off 9.7) was the best pre-
dictor of mortality, while 24-hour NLR (cut-off 9.4) and 
48-hour CRP were most effective for assessing disease 
severity. In the study by Suppiah et al,14 similar findings were 
obtained, indicating that the NLR at 48 hours is an indepen-
dent prognostic indicator in AP. However, in this study, the 
NLR at 24 hours was the most significant value for deter-
mining AP severity, while the most effective parameter for 
predicting mortality was the NLR at 48 hours. The differ-
ence between this study and that of Suppiah et al14 lies in 
the fact that, in addition to assessing AP severity, this study 
also explored the relationships between NLR and various 
prognostic parameters, such as mortality, ICU requirement, 
organ failure, and hospital stay duration. In a study by Gülen 
et al30 involving 322 patients, it was concluded that NLR was 
ineffective in determining mortality in the first 48 hours of 
the disease. This study also found that HAPS and RDW val-
ues had no predictive effect on mortality, with the only inde-
pendent variable that could predict mortality developing 
within the first 48 hours being the Balthazar classification.

In this study, when assessing severe AP according to HAPS, 
the CRP cut-off value at 48 hours was determined to be 
147.5 mg/L, providing 81% sensitivity and 66% specific-
ity. In a retrospective study by Cardoso et  al31 involving 
379 patients, it was noted that the CRP value measured 
at 48 hours after hospital admission had good prognostic 
value regarding severe pancreatitis, pancreatic necrosis, 
and mortality, with a 48-hour CRP cut-off established at 
170-190 mg/L. In another study by Basnayake et al,32 a 
CRP level greater than 150 mg/L measured 48 hours after 
the onset of AP was indicated to be a predictive marker 
for determining AP severity. The insignificant results of 
comparing the CRP value at admission with prognostic 
factors in this study may be due to the time taken for 
serum CRP levels to reach peak levels and the fact that 

Table 7.  Distribution of the Relationship Between Patient 
Characteristics and Mortality

Variables

Mortality

​ Yes No P

Age, years <65 3 (2.0) 149 (98.0) .052

≥65 6 (7.0) 80 (93.0)

Gender Female 6 (4.4) 129 (95.6) .539

Male 3 (2.9) 100 (97.1)

Procedure 
requirement

Yes 74 (93.7) 5 (6.3) .476

No 148 (93.1) 11 (6.9)

ABT 
requirement

Yes 2 (2.5) 77 (97.5) .648

No 7 (4.4) 152 (95.6)

Malignancy Yes 3 (21.4) 11 (78.6) <.001

No 6 (2.7) 218 (97.3)

HT Yes 7 (6.5) 100 (93.5) .044

No 2 (1.5) 129 (98.5)

DM Yes 2 (3.3) 59 (96.7) .811

No 7 (4.0) 170 (96.0)

Etiology Biliary 5 (3.4) 140 (96.6) .736

Non-biliary 4 (4.3) 89 (95.7)

Laboratory ​

  NLR0 22.04 ± 8.96 9.71 ± 9.180 <.001

  NLR24 20.17 ± 11.15 8.30 ± 7.98 <.001

  NLR48 20.19 ± 12.77 7.43 ± 7.61 <.001

  WBC 17366.66 ± 
7517.47

9421.12 ± 
6872.05

.001

Albumin 2.99 ± 0.86 3.77 ± 0.53 <.001

RDW 15.10 ± 1.95 14.59 ± 2.17 .494
ABT, antibiotic; DM, diabetes mellitus, HT, hypertension; NLR0, neutrophil-
lymphocyte ratio at the time of admission; NLR24, neutrophil-lymphocyte 
ratio measured at 24 hours; NLR48, neutrophil-lymphocyte ratio measured 
at 48 hours; RDW, red cell distribution width; WBC, white blood cell count.
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CRP does not reflect severe inflammation at the onset 
of the disease. Additionally, the association of the CRP 
level at 48 hours with prognosis, along with the optimal 
cut-off value (147.5 mg/L) being determined similarly to 
other studies in the literature, suggests that high CRP 
levels several days after the onset of the disease could 
indicate a poor prognosis. In this study, when the cut-
off values for CRP at 48 hours were taken as 213 mg/L 

and 126 mg/L, it was determined that CRP was a better 
parameter than NLR for predicting the need for intensive 
care and prolonged hospital stay. Azab et al21 determined 
the cut-off value for NLR at 4.8 in predicting hospital stay 
and intensive care needs in patients with AP.

For predicting organ failure, the best parameter was 
determined to be the NLR cut-off value of 6.3 at 48 

Table 8.  Calculation of Sensitivity and Specificity of Neutrophil-Lymphocyte Ratio and C-Reactive Protein Values for Predicting Mortality, 
Intensive Care Unit Admission, Length of Stay, and Organ Failure

Cut-off AUC (95% GA) P Sensitivity (%) Specificity (%)

Mortality

  NLR0 11.5 0.852 (0.751-0.953) .002 71 71

  NLR24 8.00 0.869 (0.764-0.973) .001 85 61

  NLR48 9.7 0.881 (0.793-0.969) .001 85 75

  CRP48 255.5 0.869 (0.706-1.000) .001 85 85

ICU ​

  NLR0 9.5 0.764 (0.670-0.858) .001 80 65

  NLR24 10.7 0.828 (0.760-0.897) <.001 80 74

  NLR48 7.5 0.859 (0.790-0.928) <.001 86 70

  CRP48 213.0 0.877 (0.791-0.964) <.001 86 79

Hospitalization ​

  NLR0 6.0 0.630 (0.551-0.709) .002 71 53

  NLR24 5.5 0.748 (0.680-0.815) <.001 82 60

  NLR48 4.9 0.786 (0.722-0.850) <.001 80 65

  NLR48 5.9 0.786 (0.722-0.850) <.001 75 70

  CRP48 126 0.799 (0.735-0.863) <.001 79 70

Organ failure ​

  NLR0 7,8 0.667 (0.574-0.759) .001 70 60

  NLR24 5,9 0.670 (0.575-0.764) .001 70 54

  NLR48 6,3 0.693 (0.598-0.788) <.001 70 63

  CRP48 108,6 0.648 (0.554-0.742) .003 68 50
CRP48, CRP value measured at 48 hours (mg); ICU, intensive care unit; NLR0, neutrophil-lymphocyte ratio at the time of admission; NLR24, neutrophil-lym-
phocyte ratio measured at 24 hours; NLR48, neutrophil-lymphocyte ratio measured at 48 hours.

Table 9.  Calculation of Sensitivity and Specificity of the LDH-Albumin Ratio for Predicting Hospital Length of Stay, Intensive Care Unit 
Requirement, Organ Failure, and Mortality

LDH/Albumin Cut-off AUC (95% GA) P Sensitivity (%) Specificity (%)

Mortality 139.5 0.950 (0.898-1.000) <.001 88 94

Organ Failure 62.4 0.690 (0.597-0.782) <.001 72 52

ICU Hospitalization 82.5 0.795 (0.670-0.920) <.001 80 70

Hospitalization 52.0 0.632 (0.557-0.706) .001 80 40
ICU, intensive care unit, LDH, lactate dehydrogenase.
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hours, providing 70% sensitivity and 63% specificity. In 
a study involving 490 patients, the optimal cut-off val-
ues for NLR to predict AP severity and organ failure were 
determined to be 4.7 and 4.8, respectively.16 This study 
confirms that the NLR at 48 hours is an effective param-
eter for predicting organ failure.

The findings are consistent with previous studies sup-
porting the utility of the NLR in predicting AP severity. A 
meta-analysis by Liu et al,33 which included 10 studies and 
over 1700 patients, reported that NLR has a moderately 
high diagnostic value in predicting severe AP, with an AUC 
of 0.82, sensitivity of 79%, and specificity of 71%—figures 
similar to those observed in the study. Furthermore, a large 
retrospective study by Sima et al,34 which evaluated over 
700 patients, demonstrated that NLR measured at 48 
hours (NLR48) had good predictive accuracy for mortal-
ity and severe disease, particularly in biliary and alcoholic 
pancreatitis, with an AUC of 0.81 for mortality prediction. 
These findings align with the results, where 48-hour NLR 
was found to be the most effective marker for predicting 
mortality and organ failure. However, their observation that 
NLR performed less accurately in hypertriglyceridemia-
induced AP and in ICU-admitted patients suggests that the 
prognostic performance of NLR may vary with etiology and 
clinical setting—an important aspect for future research.

Lactate dehydrogenase, which is part of the Ranson crite-
ria, is an important parameter for predicting poor progno-
sis in AP. It is emphasized that high LDH levels in AP can 
indicate severe AP due to both inflammation and local/
systemic complications. In a retrospective study pub-
lished by Xiang et  al in 2020, the relationship between 
LDH and CRP levels and severe AP, multiple organ fail-
ure, and mortality was examined in 115 patients, deter-
mining a cut-off value of 235 U/L for LDH, indicating 
that LDH is a parameter reflecting poor prognosis and 
severe AP.35 Studies have shown that the LDH/Albumin 
Ratio, calculated by manually dividing the increased LDH 
by the decreased serum albumin levels in inflammatory 
conditions, can predict poor prognosis in gastrointestinal 
malignancies and Still’s disease.17,18 In a study that pro-
spectively evaluated 347 intensive care patients, the LAR 
was compared with the development of 30-day mortality 
and organ failure, and it was found to be higher in patients 
who developed organ failure and mortality.36 In this study, 
the cut-off value for the LAR was found to be significant 
for predicting mortality, with 88% sensitivity and 94% 
specificity when set at 139.5. This parameter is associ-
ated with severe inflammation and tissue damage in AP 
and can be used to predict severe pancreatitis.

Limitations of this study include being a single-center, rel-
atively small sample size, and retrospective study, as well 
as the inability to demonstrate local complications due to 
the exclusion of radiological data. A strong aspect of this 
study is the simultaneous evaluation of multiple prognos-
tic factors, such as mortality, intensive care needs, hospital 
stay duration, organ failure, and AP severity. Additionally, 
alongside NLR, the LAR was also examined, making the 
study the first to investigate the relationship between this 
ratio and mortality in patients with AP.

In conclusion, this study demonstrated that both the 
NLR and the LAR are reliable, cost-effective, and easily 
obtainable biomarkers that can assist in predicting the 
severity and prognosis of AP. Among the parameters 
evaluated, the 48-hour NLR was the strongest predic-
tor of mortality and organ failure, while LAR also showed 
a significant association with adverse outcomes. By 
identifying effective cut-off values, this study provides 
additional insight into how these markers can be used in 
clinical practice. When combined with established scor-
ing systems such as BISAP and Ranson, these biomarkers 
may improve early risk stratification and guide treatment 
decisions.

Data Availability Statement: The data that support the findings of 
this study are available on request from the corresponding author.

Ethics Committee Approval: Ethical committee approval was 
received from the Ethics Committee of Dokuz Eylül University 
(approval number: 2023/18-24, date: August 10, 2023).

Informed Consent: N/A. 

Peer-review: Externally peer-reviewed.

Author Contributions: Concept – G.B., H.A.; Design – G.B., İ.Ç., H.A.; 
Supervision – G.B., S.D., M.S.; Materials – İ.Ç.; Data Collection and/or 
Processing – İ.Ç., S.D., S.Ö.; Analysis and/or Interpretation – S.D., S.Ö., 
S.R.; Literature Search – İ.Ç., G.B.; Writing Manuscript – İ.Ç., G.B., S.D.; 
Critical Review – G.B., S.D., M.S, Ö.T., H.A.

Declaration of Interests: Göksel Bengi is an Associate Editor at the 
Turkish Journal of Gastroenterology, however, his involvement in the 
peer review process was solely as an author. Other authors have no 
conflicts of interest to declare.

Funding: This study received no funding.

REFERENCES
1.	Banks  PA, 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. 
[CrossRef]

https://dx.doi.org/10.1136/gutjnl-2012-302779


Bengi et al. Neutrophil-Lymphocyte Ratio and Acute Pancreatitis Turk J Gastroenterol 2025; 36(8): 497-507

507

2.	Ferreira A de F, Bartelega JA, Urbano HC de A, de Souza IKF. Acute 
pancreatitis gravity predictive factors: which and when to use them? 
Arq Bras Cir Dig. 2015;28(3):207-211. [CrossRef]
3.	Köksal AŞ, Tozlu M, Sezgin O, et al. Acute pancreatitis in Turkey: 
results of a nationwide multicenter study. Pancreatology. 
2024;24(3):327-334. [CrossRef]
4.	Shen X, Sun J, Ke L, et al. Reduced lymphocyte count as an early 
marker for predicting infected pancreatic necrosis. BMC Gastroen-
terol. 2015;15:147. [CrossRef]
5.	Huang Y, Badurdeen DS. Acute pancreatitis review. Turk J Gastro-
enterol. 2023;34(8):795-801. [CrossRef]
6.	İlhan M, İlhan G, Gök AFK, Bademler S, Verit Atmaca F, Ertekin C. 
Evaluation of neutrophil-lymphocyte ratio, platelet-lymphocyte 
ratio and red blood cell distribution width-platelet ratio as early pre-
dictor of acute pancreatitis in pregnancy. J Matern Fetal Neonatal 
Med. 2016;29(9):1476-1480. [CrossRef]
7.	Papachristou GI, Muddana V, Yadav D, et al. Comparison of BISAP, 
Ranson’s, APACHE-II, and CTSI scores in predicting organ failure, 
complications, and mortality in acute pancreatitis. Am J Gastroen-
terol. 2010;105(2):435-442. [CrossRef]
8.	Öğütmen Koç D, Bengi G, Gül Ö, et al. Turkish Society of Gastroenter-
ology: Pancreas Working Group, acute pancreatitis committee consen-
sus report. Turk J Gastroenterol. 2024;35(Suppl 1):S1-S44. [CrossRef]
9.	Tian F, Li H, Wang L, et al. The diagnostic value of serum C-reactive 
protein, procalcitonin, interleukin-6 and lactate dehydrogenase in 
patients with severe acute pancreatitis. Clin Chim Acta. 
2020;510:665-670. [CrossRef]
10.	Gomez  D, Farid  S, Malik  HZ, et  al. Preoperative neutrophil-to-
lymphocyte ratio as a prognostic predictor after curative resection 
for hepatocellular carcinoma. World J Surg. 2008;32(8):1757-1762. 
[CrossRef]
11.	Sharaiha  RZ, Halazun  KJ, Mirza  F, et  al. Elevated preoperative 
neutrophil:lymphocyte ratio as a predictor of postoperative disease 
recurrence in esophageal cancer. Ann Surg Oncol. 2011;18(12):3362-
3369. [CrossRef]
12.	Walsh SR, Cook EJ, Goulder F, Justin TA, Keeling NJ. Neutrophil-
lymphocyte ratio as a prognostic factor in colorectal cancer. J Surg 
Oncol. 2005;91(3):181-184. [CrossRef]
13.	Gibson PH, Croal BL, Cuthbertson BH, et al. Preoperative neutro-
phil-lymphocyte ratio and outcome from coronary artery bypass 
grafting. Am Heart J. 2007;154(5):995-1002. [CrossRef]
14.	Suppiah A, Malde D, Arab T, et al. The prognostic value of the neu-
trophil-lymphocyte ratio (NLR) in acute pancreatitis: identification of 
an optimal NLR. J Gastrointest Surg. 2013;17(4):675-681. [CrossRef]
15.	Han C, Zeng J, Lin R, et al. The utility of neutrophil to lymphocyte 
ratio and fluid sequestration as an early predictor of severe acute 
pancreatitis. Sci Rep. 2017;7(1):10704. [CrossRef]
16.	Jeon TJ, Park JY. Clinical significance of the neutrophil-lympho-
cyte ratio as an early predictive marker for adverse outcomes in 
patients with acute pancreatitis. World J Gastroenterol. 
2017;23(21):3883-3889. [CrossRef]
17.	Aday U, Böyük A, Akkoç H. The prognostic significance of serum 
lactate dehydrogenase-to-albumin ratio in colorectal cancer. Ann 
Surg Treat Res. 2020;99(3):161-170. [CrossRef]
18.	Komac A, Gokcen N, Yazici A, Cefle A. The role of lactate dehy-
drogenase-to-albumin ratio in clinical evaluation of adult-onset 
still’s disease. Int J Clin Pract. 2021;75(10):e14615. [CrossRef]
19.	Cho JH, Kim TN, Chung HH, Kim KH. Comparison of scoring sys-
tems in predicting the severity of acute pancreatitis. World J Gastro-
enterol. 2015;21(8):2387-2394. [CrossRef]

20.	Zahorec R. Ratio of neutrophil to lymphocyte counts--rapid and 
simple parameter of systemic inflammation and stress in critically 
ill. Bratisl Lek Listy. 2001;102(1):5-14.
21.	Azab B, Jaglall N, Atallah JP, et al. Neutrophil-lymphocyte ratio 
as a predictor of adverse outcomes of acute pancreatitis. Pancrea-
tology. 2011;11(4):445-452. [CrossRef]
22.	Calik B. Acute pancreatitis cases in Turkey: a review of the litera-
ture from 1980 to 2016. In: Proceedings of 11th Global Gastroenter-
ologists Meeting; Rome, Italy; 2017:12-13.
23.	Steinberg  W, Tenner  S. Acute pancreatitis. N Engl J Med. 
1994;330(17):1198-1210. [CrossRef]
24.	Coşkun BN, Tandoğan G, Eroğlu A, et al. Retrospective analysis 
of etiologic and prognostic factors of patients diagnosed with acute 
pancreatitis. Uludağ Tıp Derg. 2012;38(2):67-73.
25.	Lankisch PG, Assmus C, Lehnick D, Maisonneuve P, Lowenfels AB. 
Acute pancreatitis: does gender matter? Dig Dis Sci. 
2001;46(11):2470-2474. [CrossRef]
26.	Koziel  D, Gluszek-Osuch  M, Suliga  E, Zak  M, Gluszek  S. Elderly 
persons with acute pancreatitis - specifics of the clinical course of 
the disease. Clin Interv Aging. 2019;14:33-41. [CrossRef]
27.	Wang Y, Fuentes HE, Attar BM, Jaiswal P, Demetria M. Evaluation 
of the prognostic value of neutrophil to lymphocyte ratio in patients 
with hypertriglyceridemia-induced acute pancreatitis. Pancreatol-
ogy. 2017;17(6):893-897. [CrossRef]
28.	Yılmaz EM, Kandemir A. Significance of red blood cell distribution 
width and C-reactive protein/albumin levels in predicting prognosis 
of acute pancreatitis. Ulus Travma Acil Cerrahi Derg. 2018;24(6):528-
531. [CrossRef]
29.	Mikó A, Vigh É, Mátrai P, et al. Computed Tomography Severity 
Index vs. other Indices in the Prediction of Severity and Mortality in 
Acute Pancreatitis: a Predictive Accuracy Meta-analysis. Front Phys-
iol. 2019;10:1002. [CrossRef]
30.	Gülen B, Sonmez E, Yaylaci S, et al. Effect of harmless acute pan-
creatitis score, red cell distribution width and neutrophil/lymphocyte 
ratio on the mortality of patients with nontraumatic acute pancrea-
titis at the emergency department. World J Emerg Med. 2015;6(1):29-
33. [CrossRef]
31.	Cardoso  FS, Ricardo  LB, Oliveira  AM, et  al. C-reactive protein 
prognostic accuracy in acute pancreatitis: timing of measurement 
and cutoff points. Eur J Gastroenterol Hepatol. 2013;25(7):784-789. 
[CrossRef]
32.	Basnayake C, Ratnam D. Blood tests for acute pancreatitis. Aust 
Prescr. 2015;38(4):128-130. [CrossRef]
33.	Kong  W, He  Y, Bao  H, Zhang  W, Wang  X. Diagnostic value of 
neutrophil-lymphocyte ratio for predicting the severity of acute 
pancreatitis: a meta-analysis. Dis Markers. 2020;2020:9731854. 
[CrossRef]
34.	Cazacu SM, Parscoveanu M, Cartu D, et al. NLR48 is better than 
CRP, and mCTSI, and similar to BISAP and SOFA scores for mortality 
prediction in acute pancreatitis: a comparison of 6 scores. J Inflamm 
Res. 2023;16:4793-4804. [CrossRef]
35.	Yin X, Xu J, Zhang Q, Yang L, Duan Y. Quantification analysis of 
lactate dehydrogenase and C-reactive protein in evaluation of the 
severity and prognosis of the acute pancreatitis. Cell Mol Biol (Noisy-
Le-Grand). 2020;66(1):122-125. [CrossRef]
36.	Helliksson  F, Wernerman  J, Wiklund  L, Rosell  J, Karlsson  M. The 
combined use of three widely available biochemical markers as pre-
dictor of organ failure in critically ill patients. Scand J Clin Lab Inves-
tig. 2016;76(6):479-485. [CrossRef]

https://dx.doi.org/10.1590/S0102-67202015000300016
https://dx.doi.org/10.1016/j.pan.2023.10.005
https://dx.doi.org/10.1186/s12876-015-0375-2
https://dx.doi.org/10.5152/tjg.2023.23175
https://dx.doi.org/10.3109/14767058.2015.1051026
https://dx.doi.org/10.1038/ajg.2009.622
https://dx.doi.org/10.5152/tjg.2024.24392
https://dx.doi.org/10.1016/j.cca.2020.08.029
https://dx.doi.org/10.1007/s00268-008-9552-6
https://dx.doi.org/10.1245/s10434-011-1754-8
https://dx.doi.org/10.1002/jso.20329
https://dx.doi.org/10.1016/j.ahj.2007.06.043
https://dx.doi.org/10.1007/s11605-012-2121-1
https://dx.doi.org/10.1038/s41598-017-10516-6
https://dx.doi.org/10.3748/wjg.v23.i21.3883
https://dx.doi.org/10.4174/astr.2020.99.3.161
https://dx.doi.org/10.1111/ijcp.14615
https://dx.doi.org/10.3748/wjg.v21.i8.2387
https://dx.doi.org/10.1159/000331494
https://dx.doi.org/10.1056/NEJM199404283301706
https://dx.doi.org/10.1023/a:1012332121574
https://dx.doi.org/10.2147/CIA.S188520
https://dx.doi.org/10.1016/j.pan.2017.10.001
https://dx.doi.org/10.5505/tjtes.2018.98583
https://dx.doi.org/10.3389/fphys.2019.01002
https://dx.doi.org/10.5847/wjem.j.1920-8642.2015.01.005
https://dx.doi.org/10.1097/MEG.0b013e32835fd3f0
https://dx.doi.org/10.18773/austprescr.2015.043
https://dx.doi.org/10.1155/2020/9731854
https://dx.doi.org/10.2147/JIR.S432408
https://dx.doi.org/10.14715/cmb/2019.66.1.20
https://dx.doi.org/10.1080/00365513.2016.1201850

