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Purpose: This study aims to investigate the influence of the Global Leadership Initiative on Malnutrition (GLIM) on diagnosing 
malnutrition in acute pancreatitis (AP) based on various inflammatory criteria.
Patients and Methods: A total of 258 AP patients admitted to a large medical center between June 2019 and January 2022 were 
retrospectively analyzed. All patients underwent evaluation using the original GLIM and GLIM criteria based on C-reactive protein 
(CRP), albumin, neutrophil/lymphocyte ratio, and CRP/albumin ratio (CAR). The study explored the impact of malnutrition diagnosis 
using different GLIM criteria on various clinical outcomes of AP patients and assessed the agreement of different GLIM criteria 
compared to the original GLIM.
Results: Thirty-seven (14.34%) patients were malnourished according to the original GLIM criteria. Using the other four criteria, 
malnutrition rates ranged from 6.59% to 12.40%. Malnutrition diagnosed by all GLIM criteria was associated with local complica
tions. Malnutrition identified by the original, CRP-based, and CAR-based GLIM criteria was also associated with infectious 
complications and composite outcomes. Meanwhile, albumin-based malnutrition was associated with all adverse outcomes except 
organ failure. When considering all four GLIM criteria except the original one, malnourished patients exhibited longer lengths of stay 
than non-malnourished patients. Under the CRP- and albumin-based GLIM criteria, hospitalization costs were higher for malnourished 
patients. The sensitivity analyses demonstrated the robustness of the results. The agreement of the four GLIM criteria with the original 
GLIM criteria were consistent with the corresponding incidence of malnutrition.
Conclusion: This study validated the GLIM criteria for the first time in AP. Malnourished patients were more likely to experience 
local complications than non-malnourished AP patients. However, the inconsistency between GLIM criteria based on disease burden 
and various inflammatory markers was significant. The inflammatory marker-based GLIM criteria demonstrated a stronger predictive 
value than the original GLIM criteria in assessing prognosis in AP patients.
Keywords: acute pancreatitis, GLIM criteria, inflammatory marker, malnutrition, outcome

Introduction
Acute pancreatitis (AP) is one of the most common acute diseases of the gastrointestinal tract. The 2012 revision of the 
Atlanta Classification categorizes AP as mild, moderately severe, or severe.1 In AP, especially in moderately severe AP 
and severe AP (SAP), inflammatory and septic complications increase metabolism, energy requirements, and proteolytic 
metabolism. Additionally, AP patients tend to eat less due to abdominal pain. Hence, all AP patients are at risk of 
malnutrition.2 Malnutrition and the risk of malnutrition are associated with adverse outcomes, including higher compli
cation rates, prolonged length of stay (LOS) and increased mortality.3–5 Therefore, assessing the nutritional status of AP 
patients is crucial. However, the diagnostic criteria for malnutrition vary, leading to inconsistencies in comparisons 
among studies.
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To standardize the current diagnostic criteria for malnutrition in hospitalized adults, the Global Leadership Initiative 
on Malnutrition (GLIM) working group published new diagnostic criteria for malnutrition in 2018, including phenotypic 
and etiologic criteria.6 One of the etiologic criteria for GLIM is inflammation; however, the original GLIM construct 
description provided limited guidance on how to assess inflammation to support the diagnosis of malnutrition. This lack 
of clarity has resulted in inconsistencies in the methods used to determine inflammation in studies validating the GLIM 
criteria. For instance, a review of GLIM studies involving older adults revealed a variety of approaches used to assess 
inflammation: more than half relied solely on the diagnosis of inflammatory disease, while others primarily used 
C-reactive protein (CRP) alone or in combination with the presence of inflammatory disease.7 To tackle the issue of 
inflammation assessment in the GLIM criteria, the GLIM working group published a guidance in late 2023 suggesting 
that the presence of acute or chronic disease, infection, or injury typically associated with inflammatory activity may 
satisfy the GLIM disease burden/inflammation criteria, ie, confirmation by laboratory markers was not always necessary, 
and the guidance enumerated diseases that include AP.8 The guidance recommended that laboratory markers be measured 
in uncertain cases to help confirm the inflammatory character of the underlying disease or condition. The use of CRP 
≥3 mg/L was recommended and a dozen different types of alternative laboratories have also been mentioned, including 
albumin, CRP/albumin ratio (CAR), and neutrophil/lymphocyte count ratio (NLR). Albumin is a negative acute phase 
reactant and low serum albumin levels indicate severe inflammation.9 In recent years, clinicians have increasingly 
considered CAR as a new inflammatory marker (IM). A study showed that CAR was significantly associated with SAP 
and the area under the curve for the receiver operating characteristic curve was 0.68, higher than Ranson’s criterion 
(0.62) for SAP. The optimal cutoff value for predicting SAP was 7.51, with a sensitivity of 63.4% and a specificity of 
65.6%.10 NLR is also associated with the prognosis in AP. Azab et al found that a high NLR was a significant predictor 
of intensive care unit (ICU) admissions and prolonged LOS in AP. They suggested using an NLR cutoff of >4.7 as 
a simple indicator of severity in AP.11 The findings of Jeon et al were very similar, with the optimal cutoff value for 
baseline NLR being 4.76 in predicting severity and 4.88 in predicting organ failure in AP.12

Therefore, the objective of this study was to investigate the impact of different methods of determining inflammation 
criteria on diagnosing malnutrition based on the latest guidance from the GLIM working group. This was done to 
ascertain whether the new GLIM guidance on determining inflammatory status contributes to consistency in diagnosing 
malnutrition.

Materials and Methods
Research Population
This retrospective study included consecutive AP patients evaluated at the Affiliated Hospital of Chengde Medical 
University from June 2019 to January 2022. The Hospital Ethics Committee approved the study (CYFYLL2022256) and 
waived the requirement for patient-informed consent due to the study’s retrospective nature. Inclusion criteria were as 
follows: (1) age ≥18 years, (2) diagnosis of AP according to the Atlanta Classification, (3) complete Nutrition Risk 
Screening 2002 (NRS2002) records and body mass index (BMI), Computer Tomography (CT), CRP, albumin and other 
relevant laboratory markers available. Patients were excluded if they were under 18 years old, pregnant, had chronic 
pancreatitis, lacked essential nutritional assessment data, or had an admission duration of less than 48 hours. The 
inclusion and exclusion criteria for this study are shown in Figure 1.

Defining Disease-Based GLIM Criteria and IM-Based GLIM Criteria
Our study employed the NRS2002 as the first step in identifying patients at nutritional risk. The NRS2002 included 
disease severity, impaired nutritional status, and age. The NRS2002 score ranged from 0 to 7. A score of 3 or higher 
indicated that the patient was at nutritional risk.13 Nutritional risk screening was conducted by trained nurses at the 
beginning of the patient’s admission.

Patients identified as being at nutritional risk were further evaluated in the second step. The GLIM criteria consist of 
three phenotypic and two etiologic criteria. Malnutrition is diagnosed when at least one phenotypic criterion and one 
etiologic criterion are present.6 The GLIM guidelines suggest that muscle mass should primarily be assessed using 
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techniques like bioelectrical impedance, dual-energy X-ray absorptiometry, CT scans, and magnetic resonance imaging. 
Accordingly, we utilized the findings from our prior research, where a decrease in muscle mass was indicated by a CT- 
measured psoas muscle area (PMA) of 11.50 cm² or less in men and 8.22 cm² or less in women.14 Etiologic criteria 
encompass reduced food intake or assimilation, as well as disease burden or inflammation. We assessed patients for 
reduced food intake or assimilation based on symptoms such as eating difficulties, dysphagia, nausea, vomiting, diarrhea, 
constipation, abdominal pain, and specific diagnoses, including short bowel syndrome, pancreatic insufficiency, esopha
geal stricture, gastroparesis, and intestinal obstruction in the electronic medical records, as well as the data recorded in 
the NRS2002 records.

In terms of the inflammation criteria, we applied one disease-based GLIM criterion and four IM-based GLIM criteria. 
Following the original GLIM working group guidelines and the updated recommendations as of the end of 2023, the 
disease-based GLIM criteria (original GLIM criteria) classified all patients with AP as meeting inflammatory criteria. 
The four IM-based GLIM criteria utilized the cutoffs from the literature, which were CRP ≥3 mg/L, albumin <35 g/L, 
NLR >4.9, and CAR >7.5 upon admission. These indicators were chosen for their feasibility in primary care settings. 
Given the retrospective nature of the study, these indicators had complete data for all patients.

Figure 1 Flow chart of the study. 
Abbreviations: AP, acute pancreatitis.
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Clinical Outcomes
As there was one patient death in total, we defined the composite outcome as a combination of death, complications 
(including local, systemic, and infectious complications), and organ failure. Additionally, we considered various 
complications, organ failure, LOS, and hospitalization costs as clinical outcomes, respectively. The definitions of local 
complications, systemic complications, organ failure, and the etiology of AP were based on the 2012 revised Atlanta 
Classification.1 Infectious complications encompassed infectious shock, sepsis, septicemia, abdominal infection, severe 
pneumonia, infective endocarditis, and a procalcitonin level ≥ 25 ng/mL (excluding renal failure) when the aforemen
tioned diagnoses were not present.

Nutrition-Related Indicators and Other Baseline Characteristics
Upon admission, physical measurements (including height and weight) were routinely conducted on the patients. 
Laboratory tests including CRP, neutrophil count, lymphocyte count, hemoglobin, glucose, triglyceride, cholesterol, 
albumin, corrected serum calcium (CsCa), creatinine, and urea, were performed within 72 hours after admission. CsCa 
(mmol/L) = measured total calcium (mmol/L) + [40 - serum albumin (g/L)] × 0.02.15 Comorbidities were scored using 
the updated Charlson Comorbidity Index.16 Since some patients with AP due to cholelithiasis underwent gallstone 
surgery during their hospitalization, which can affect the patient’s LOS and hospitalization costs, we also recorded this 
information.

Statistical Analysis
The normality of the data distribution was tested using the Kolmogorov–Smirnov test or the Shapiro–Wilk test, as 
appropriate. Continuous variables were presented as the median (interquartile range) and compared using Mann–Whitney 
U-tests. Categorical variables were presented as numbers (percentages) and compared using chi-squared or Fisher’s exact 
tests, as appropriate. Cohen’s kappa statistic (κ) assessed the agreement between original GLIM criteria and four IM- 
based GLIM criteria as follows: κ > 0.80 corresponds to “excellent”, 0.61–0.80 to “substantial”, 0.41–0.60 to “moder
ate”, and < 0.41 to “poor to fair”. Multivariate logistic regression and multiple linear regression analyses evaluated the 
adverse clinical outcomes in GLIM-defined malnourished AP patients. We performed a sensitivity analysis by changing 
different cutoffs to assess whether and how the alteration of the cutoff changes the results. All statistical analyses were 
conducted using SPSS 20 (IBM, USA), with two-tailed p-values < 0.05 considered statistically significant.

Results
Validation of Indicator Cutoffs for Defining GLIM Inflammatory Criteria
Given that the cutoff value for CRP was suggested by the GLIM panel and the criterion for low albumin was <35 g/L, no 
further validation was performed. As there was currently no standardized cutoff value for NLR and CAR, a cutoff of 
NLR > 4.911,12 and CAR > 7.510 was established based on existing studies and verified. The validation of these cutoffs is 
presented in Table 1. As described in the literature, NLR > 4.9 effectively distinguished organ failure in AP, whereas 
CAR > 7.5 effectively differentiated SAP. Moreover, CAR reliably discriminated all adverse outcomes defined in this 
study. NLR also effectively differentiated among local complications, composite outcomes, LOS, and hospitalization 
costs. Therefore, the cutoff values of these two IMs will be adopted in the following research. In addition, CAR could 
effectively differentiate all the adverse outcomes we defined. NLR could also effectively differentiate between local 
complications, composite outcomes, LOS, and hospitalization costs. Therefore, the cutoff values of these two IMs were 
adopted in the next study.

Patients’ Baseline Clinical Data
Table 2 presents the clinical characteristics of the patients at baseline. A total of 156 patients (60.47%) were identified as 
being at nutritional risk and 37 (14.34%) were classified as malnourished using the original GLIM criteria. When 
applying the four IM-based GLIM criteria, the prevalence of malnutrition ranged from 17 (6.59%) patients (CAR-based) 
to 32 (12.40%) patients (NLR-based), all of which were lower than the original GLIM criteria. The malnourished group 
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was on average more than 10 years older than the non-malnourished group across all five criteria. Additionally, 
laboratory nutritional indices such as total cholesterol and hemoglobin showed significant differences between the 
malnourished and non-malnourished groups. Albumin levels were also significantly different between the malnourished 
and non-malnourished groups across all four GLIM criteria except for those based on NLR. Triglycerides were found to 
be significantly different between the malnourished and non-malnourished groups under all four GLIM criteria except for 
those based on CRP.

Malnutrition and Clinical Outcomes Under Different GLIM Criteria
Since low BMI, low PMA, reduced intake, and weight loss were part of GLIM, we did not treat them as confounding 
variables to prevent incorporation bias. We adjusted for sex, age, overweight/obesity, comorbidity scores, and etiology in 
a multivariate logistic regression analysis.

Table 3 presents the risks of various adverse outcomes in malnourished patients according to the original GLIM 
criteria and four IM-based GLIM criteria. After adjusting for confounders, malnutrition under the original GLIM criteria 
was associated with infectious complications (OR: 3.937, 95% CI: 1.041 to 14.894) and local complications (OR: 3.623, 
95% CI: 1.445 to 9.084). Malnutrition under all five GLIM criteria was associated with local complications and not with 
organ failure. Malnutrition under CRP- and CAR-based GLIM criteria was also associated with infectious complications 
and composite outcomes. Whereas malnutrition under albumin-based GLIM criteria was associated with all adverse 
outcomes except organ failure.

Table 4 shows the LOS and hospitalization costs for malnourished patients defined according to the original GLIM 
criteria and the four IM-based GLIMs. Under all four criteria, except the original GLIM, the LOS of malnourished 
patients was longer than that of non-malnourished patients, and the difference was statistically significant, ranging from 
approximately 3 days (NLR, 95% CI: 0.26 to 5.65) to 4.6 days (albumin, 95% CI: 1.46 to 7.82). Only under CRP- and 
albumin-based GLIM criteria, the hospitalization cost was higher in malnourished patients than in non-malnourished 
patients, with a statistically significant difference of 13408.81 (95% CI: 675.04 to 26142.57) to 21674.97 (95% CI: 
6960.61 to 3689.34) yuan, respectively.

Sensitivity Analysis of GLIM Criteria Based on Different NLR and CAR Cutoffs
Since there were no recognized cutoff values for NLR and CAR, we performed sensitivity analyses of their cutoff values 
in multivariate logistic regression and multiple linear regression. We selected data 4.6,17 4.7,11 and 4.812 from the 
literature as cutoff values for NLR. As for CAR, due to no literature data available, we obtained cutoff values of 4.5, 3.4, 
3.4, 5.0, 5.0, and 0.8 for composite outcomes, systemic complications, SAP, organ failure, infectious complications, and 
local complications, respectively, based on the Youden index.

The various results obtained under the GLIM criteria defined by all NLR cutoffs showed little difference, which 
suggests that the results were robust. CAR, on the other hand, had slightly variable results under various cutoff values 
due to the more dispersed cutoff values. The results were robust in terms of composite outcomes, local complications, 
infectious complications, and length of stay. Whereas on systemic complications, organ failure, and SAP, the application 

Table 1 Validation of Cutoff Values in Patients with Acute Pancreatitis [n (%), M (Q1, Q3)]

NLR>4.9 (n=185) NLR≤4.9 (n=73) P CAR>7.5 (n=13) CAR≤7.5 (n=245) P

Severe acute pancreatitis 18(9.7) 5(6.8) 0.629 8(61.5) 15(6.1) <0.001

Length of stay (days) 10(7.0, 13.0) 7(5.0,10.0) 0.001 14(8.5,18.5) 9(7.0,12.0) 0.032

Hospitalization costs (yuan) 10232.08(7339.09,17,282.66) 8039.96(4780.52,12,353.46) 0.001 19,764.44(14,001.62,77,331.01) 9258.22(6473.38,14,529.64) 0.001

Infectious complications 16(8.6) 2(2.7) 0.093 7(53.8) 11(4.5) <0.001

Local complications 38(20.5) 7(9.6) 0.037 8(61.5) 37(15.1) <0.001

Organ failure 37(20.0) 6(8.2) 0.022 10(76.9) 33(13.5) <0.001

Systemic complications 19(10.3) 5(6.8) 0.394 8(61.5) 16(6.5) <0.001

Composite outcome 64(34.6) 12(16.4) 0.004 11(84.6) 65(26.5) <0.001

Abbreviations: CAR, C-reactive protein /albumin ratio; NLR, neutrophil/lymphocyte ratio.
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Table 2 Baseline Clinical Characteristics of Patients with Malnourished Acute Pancreatitis Under GLIM Criteria Based on Different Disease Burden/Inflammatory Markers 
[n (%), M (Q1, Q3)]

All patients Original GLIM CRP-based GLIM Albumin-based GLIM NLR-based GLIM CAR-based GLIM

(n=258) malnourished P malnourished P malnourished P malnourished P malnourished P

Incidence of malnutrition - 37(14.34) - 29(11.24) - 20(7.75) - 32(12.40) - 17(6.59) -

Male 153(59.3) 19(51.4) 0.287 17(58.6) 0.937 11(55.0) 0.683 16(50.0) 0.252 9(52.9) 0.581

Age (years) 49(37.75,64.25) 61(46.50,79.50) 0.001 58(45.00,74.00) 0.018 61(51.00,76.00) 0.011 60(45.75,76.25) 0.003 66(55.50,79.50) 0.002

Comorbidity score 0(0,0) 0(0,0) 0.498 0(0,0) 0.752 0(0,0) 0.969 0(0,0) 0.259 0(0,0) 0.713

Acute pancreatitis history, n (%) 75(29.1) 15(40.5) 0.097 10(34.5) 0.496 7(35.0) 0.543 12(37.5) 0.262 5(29.4) 1.000

Etiology, n (%) 0.310 0.675 0.218 0.181 0.046

Biliary 69(26.7) 14(37.8) 8(27.6) 5(25.0) 13(40.6) 5(29.4)

Hypertriglyceridemic 46(17.8) 4(10.8) 4(13.8) 3(15.0) 3(9.4) 1(5.9)

Alcoholic 76(29.5) 9(24.3) 7(24.1) 3(15.0) 7(21.9) 2(11.8)

Other 67(26.0) 10(27.0) 10(34.5) 9(45.0) 9(28.1) 9(52.9)a

Gallstone surgery during hospitalization 23(8.9) 4(10.8) 0.754 4(13.8) 0.306 3(15.0) 0.401 3(9.4) 1.000 2(11.8) 0.654

Overweight/obesity 172(66.7) 9(24.3) <0.001 9(31.0) <0.001 8(40.0) 0.008 8(25.0) <0.001 6(35.3) 0.005

BMI, kg/m2 25.50(23.00,27.78) 19.92(17.96,24.18) <0.001 21.60(18.25,26.01) <0.001 22.88(18.73,27.17) 0.009 20(17.68,24.82) <0.001 22.04(18.98,27.78) 0.007

PMA, cm2

Male 19.19(15.55,23.51) 13.17(9.90,16.77) <0.001 13.17(9.63,17.37) <0.001 13.86(9.26,18.43) 0.002 12.64(9.92,17.67) <0.001 15.26(9.08,18.43) 0.012

Female 10.91(8.58,12.89) 7.78(6.87,8.24) <0.001 7.78(6.90,8.04) <0.001 7.78(7.00,7.82) <0.001 7.78(6.82,8.13) <0.001 7.78(6.90,8.03) <0.001

C-reactive protein (mg/L) 64.23(12.88,139.75) 22.66(1.46,144.84) 0.697 101.14(13.98,201.38) 0.061 130.08(7.52,221.65) 0.099 23.24(1.58,149.00) 0.867 130.38(4.42,267.04) 0.090

Albumin (g/L) 42.15(37.60,44.80) 37.77(34.80,44.35) 0.007 37.77(33.30,44.75) 0.012 34.80(30.20,41.25) <0.001 40.04(36.00,44.80) 0.092 36.29(34.02,43.96) 0.008

CAR 1.54(0.30,3.55) 0.44(0.04,4.68) 0.894 2.29(0.35,5.80) 0.033 3.72(0.20,6.82) 0.037 0.50(0.04,4.45) 0.975 3.22(0.11,8.14) 0.064

Hemoglobin (g/L) 151.00(134.00,166.00) 139.00(119.00,154.00) <0.001 140.00(124.00,158.00) 0.005 131.00(110.00,150.50) <0.001 137.00(113.25,153.25) <0.001 129.00(116.50,147.00) <0.001

Neutrophil count (×109/L) 9.70(6.90,12.48) 6.96(5.52,9.56) <0.001 8.59(5.37,10.22) 0.015 6.14(4.57,9.00) 0.001 7.60(6.20,9.70) 0.009 6.27(5.11,9.00) 0.006

Lymphocyte count (×109/L) 1.24(0.80,1.89) 1.02(0.75,1.32) 0.057 1.09(0.78,1.50) 0.208 1.24(0.88,1.89) 0.983 0.94(0.74,1.24) 0.006 1.24(0.91,1.88) 0.999

NLR 7.83(4.63,12.92) 7.60(4.31,12.98) 0.458 7.60(3.98,14.42) 0.513 4.84(3.28,8.21) 0.022 8.08(5.46,14.57) 0.653 5.06(3.66,8.08) 0.035

Blood glucose (mmol/L) 8.03(6.61,10.70) 7.30(5.64,9.82) 0.091 7.30(5.64,10.72) 0.271 7.05(5.46,11.13) 0.248 7.19(5.78,9.73) 0.112 5.98(5.26,10.33) 0.076

Total cholesterol (mmol/L) 4.83(3.88,6.50) 4.44(3.12,4.97) 0.012 4.06(2.93,5.55) 0.023 3.52(2.89,4.92) 0.012 4.46(3.33,4.98) 0.043 3.2(2.84,4.46) 0.004

Triglycerides (mmol/L) 2.35(1.17,6.57) 1.17(0.92,1.99) 0.001 1.49(1.04,4.22) 0.054 1.32(0.90,1.90) 0.032 1.16(0.92,2.03) 0.002 1.15(0.76,1.86) 0.011

CsCa (mmol/L) 2.20(2.10,2.25) 2.22(2.08,2.24) 0.507 2.21(2.02,2.24) 0.936 2.22(2.14,2.26) 0.291 2.22(2.06,2.24) 0.509 2.23(2.08,2.28) 0.370

Creatinine (μmol/L) 59.60(48.20,75.58) 60.90(53.10,80.40) 0.450 62.20(55.40,93.15) 0.137 61.55(54.72,93.98) 0.333 61.55(55.02,83.00) 0.283 62.20(56.60,101.40) 0.179

Urea (mmol/L) 4.93(3.98,6.58) 5.70(3.32,8.66) 0.203 6.55(3.32,9.20) 0.157 5.92(3.09,8.73) 0.418 5.91(3.69,8.73) 0.090 6.55(3.49,8.66) 0.176

Notes: Only hemoglobin was normally distributed in all groups under all criteria, the rest of the continuous variables were not normally distributed, so all continuous variables are expressed as medians. a Differences exist between the 
two groups. 
Abbreviations: BMI, body mass index; CAR, C-reactive protein /albumin ratio; CRP, C-reactive protein; CsCa, corrected serum calcium; GLIM, Global Leadership Initiative on Malnutrition; NLR, neutrophil/lymphocyte ratio; PMA, 
psoas muscle area.
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Table 3 Multivariate Logistic Regression Analysis of Malnutrition and Different Clinical Outcomes in Patients with Acute Pancreatitis Under Different GLIM Criteria

Original  
GLIM

C-reactive protein-based GLIM Albumin-based  
GLIM

NLR-based  
GLIM

CAR-based  
GLIM

OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P

Severe acute pancreatitis 2.081(0.607~7.136) 0.244 2.725(0.820~9.052) 0.102 4.775(1.380~16.514) <0.001 1.071(0.262~4.371) 0.002 2.688(0.620~11.650) 0.001
Infectious complications 3.937(1.041~14.894) 0.044 5.451(1.489~19.965) 0.010 12.046(2.958~49.062) 0.001 2.921(0.727~11.743) 0.131 5.994(1.245~28.843) 0.025

Local complications 3.623(1.445~9.084) 0.006 5.627(2.199~14.397) <0.001 6.431(2.203~18.771) 0.001 3.970(1.540~10.232) 0.004 8.471(2.582~27.796) <0.001

Organ failure 1.542(0.547~4.346) 0.412 2.086(0.748~5.813) 0.160 2.882(0.950~8.746) 0.062 1.063(0.343~3.292) 0.915 2.857(0.848~9.627) 0.090
Systemic complications 1.839(0.550~6.152) 0.322 2.481(0.765~8.045) 0.130 4.449(1.316~15.045) 0.016 0.956(0.237~3.845) 0.949 2.550(0.603~10.784) 0.203

Composite outcome 1.660(0.726~3.794) 0.229 2.597(1.109~6.084) 0.028 3.127(1.178~8.302) 0.022 1.553(0.656~3.672) 0.317 3.969(1.364~11.543) 0.011

Note: Adjusted for age, sex, co-morbidity score, overweight/obesity, and etiology. 
Abbreviations: CAR, C-reactive protein /albumin ratio; GLIM, Global Leadership Initiative on Malnutrition; NLR, neutrophil/lymphocyte ratio.
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of 3.4, 4.5, and 5.0 as CAR cutoff-defined GLIM criteria made the results statistically significant; on hospitalization 
costs, all four other CAR cutoff-defined GLIM criteria made the otherwise nonsignificant results statistically significant. 
This suggests the possibility that appropriately downwardly adjusted CAR cutoff values may have stronger predictive 
value for AP patients. See Supplementary Table 1.

Comparison of Agreement Between Four IM-Based GLIM Criteria and the Original 
GLIM Criteria
Table 5 displays the agreement of the four IM-based GLIM criteria compared to the original GLIM criteria. The κ values 
of the four GLIM criteria remained consistent with the high and low prevalence of malnutrition when each criterion was 
applied independently. Among the criteria, the NLR- and CRP-based GLIM criteria demonstrated excellent agreement 
with the original GLIM criteria.

Discussion
Inflammation can lead to malnutrition, which is why the GLIM working group uses inflammation as an etiologic 
criterion, alongside reduced intake. In acute and chronic inflammation, the sympathetic nervous system, the immune 
system, and the hypothalamic–pituitary–adrenal axis are activated, stress hormones (including cortisol and catechola
mines) are released, and glycogenolysis and gluconeogenesis in the liver are increased. Pro-inflammatory cytokines are 
released, including interleukin 6 (IL-6), interleukin 1β (IL-1β), and tumor necrosis factor α. These pro-inflammatory 
cytokines directly contribute to protein degradation and affect the brain pathways controlling food intake, resulting in 
delayed gastric emptying and increased skeletal muscle catabolism. In addition, pro-inflammatory cytokines (mainly IL-6 
and IL-1β) interact with glucagon-like peptide-1 released from intestinal tissues, leading to reduced food intake and 
unintentional weight loss. Combining these mechanisms leads to impaired metabolism and a hypermetabolic state, 
ultimately resulting in malnutrition.18

Table 4 Multiple Linear Regression Analysis of Malnutrition with the Length of Stay and Hospitalization 
Costs Under Different GLIM Criteria

Length of stay (days) Hospitalization costs (yuan)

OR (95% CI) P OR (95% CI) P

Original GLIM 2.21(−0.38~4.80) 0.094 9491.20(−2489.34~21,471.74) 0.120
C-reactive protein-based GLIM 3.29(0.55~6.03) 0.019 13,408.81(675.04~26,142.57) 0.039

Albumin-based GLIM 4.64(1.46~7.82) 0.004 21,674.97(6960.60~36,389.34) 0.004

NLR-based GLIM 2.96(0.26~5.65) 0.031 8081.87(−4460.71~20,624.45) 0.206
CAR-based GLIM 4.58(1.11~8.04) 0.010 11,984.99(−4207.10~28,177.07) 0.146

Note: Adjusted for age, sex, co-morbidity score, overweight/obesity, etiology, and gallstone surgery. 
Abbreviations: CAR, C-reactive protein /albumin ratio; GLIM, Global Leadership Initiative on Malnutrition; NLR, neutrophil/ 
lymphocyte ratio.

Table 5 Agreement of Different GLIM 
Criteria Compared to the Original 
GLIM Criteria

κ

C-reactive protein-based GLIM 0.861

Albumin-based GLIM 0.668

NLR-based GLIM 0.916
CAR-based GLIM 0.593

Abbreviations: CAR, C-reactive protein /albu
min ratio; GLIM, Global Leadership Initiative on 
Malnutrition; NLR, neutrophil/lymphocyte ratio.

https://doi.org/10.2147/IJGM.S485400                                                                                                                                                                                                                                 

DovePress                                                                                                                                   

International Journal of General Medicine 2024:17 4890

Fu et al                                                                                                                                                                Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=485400.xlsx
https://www.dovepress.com
https://www.dovepress.com


AP patients are prone to malnutrition, which is associated with decreased intake, increased energy needs, and 
inflammation. Combined malnutrition in AP patients is associated to higher mortality, severe sepsis, infectious shock, 
respiratory failure, longer LOS, and higher hospitalization costs.19,20 However, previous studies in AP lacked uniform 
criteria for defining malnutrition. Our study validated the GLIM criteria for the first time in AP and confirmed the impact 
of GLIM-defined malnutrition on AP prognosis. However, due to the use of five different criteria for inflammation in our 
study, the results varied.

Accurate data on the prevalence of malnutrition among AP patients are not readily available. We found a malnutrition 
prevalence of 14.34% based on the original GLIM criteria, in contrast to 6.59%-12.40% for the other four criteria, which 
might underestimate the actual prevalence, particularly the criteria based on the CAR. There was no standardized cutoff 
value for CAR, and the value used in our study was derived from previous literature and was well-validated in our 
specific AP population. However, this choice might result in an overestimation of the cutoff value, sacrificing sensitivity 
for specificity and the predictive capability of adverse outcomes.

In our study, we discovered that hemoglobin, albumin (excluding the NLR-based GLIM), triglycerides (excluding the 
CRP-based GLIM), and cholesterol levels were lower in malnourished patients compared to non-malnourished indivi
duals across all five GLIM criteria. The assessment of protein malnutrition in clinical settings often involves laboratory 
tests for serum proteins such as albumin and hemoglobin. Additionally, decreased total cholesterol levels are commonly 
used as an indicator of insufficient energy intake. A systematic review published in 2017 highlighted that albumin, 
prealbumin, hemoglobin, total cholesterol, and total protein serve as valuable biomarkers for adult malnutrition.21 

Furthermore, Demir et al observed that malnourished patients identified through subjective global assessment (SGA) 
exhibited lower levels of cholesterol, triglycerides, and albumin in comparison to well-nourished patients.22 This finding 
suggested that the laboratory parameters for malnutrition diagnosis based on GLIM and other criteria, including SGA, 
were consistent.

As a diagnostic criterion for malnutrition, the GLIM criteria are not primarily used to predict outcomes such as 
mortality or complications, but malnutrition is one of the important factors influencing outcomes. Furthermore, the GLIM 
working group’s 2020 guidelines for the validation of GLIM criteria stated that predicting adverse outcomes was a form 
of criterion validity, particularly when the gold standard was not available.23 There have been numerous studies on the 
predictive utility of GLIM in various diseases, with the majority focusing on cancer patients. The GLIM criteria proved 
effective in predicting mortality or survival in cancer patients, and malnutrition as defined by GLIM was associated with 
an increased risk of complications, longer LOS, and poorer quality of life in cancer patients.24–28 A systematic review 
and meta-analysis that included cancer and critically ill patients, medical and surgical patients, demonstrated that 
malnutrition diagnosed by GLIM was associated with an increased risk of death within one year and beyond.29 GLIM 
has also shown good predictive utility in patients with other diseases, such as chronic liver disease and heart failure.30,31 

Moreover, malnutrition defined by GLIM was associated with mortality in both hospitalized elderly patients and the 
elderly in the community.7,32 However, there were differing conclusions regarding the predictive role of GLIM. For 
instance, Okada et al found that malnutrition diagnosed by GLIM was not a significant prognostic factor for overall 
survival in patients with esophageal cancer.33 In studies on ICU patients, the prediction of LOS and mortality risk by 
GLIM was controversial.34,35

Due to the low mortality rate in our study, we opted for alternative outcomes. Our study revealed that both the 
original GLIM and all four IM-based GLIMs predicted a three- to eight-fold increase in the rate of local complications 
among malnourished patients. Additionally, all GLIMs, excluding the NLR-based one, projected a four- to twelve-fold 
rise in infectious complications among malnourished patients. Furthermore, all criteria, apart from the original GLIM, 
anticipated an increase of three to four days in LOS for malnourished patients. Notably, even though the albumin-based 
GLIM only identified approximately half of the malnourished patients in the original GLIM, it was associated to all 
adverse outcomes, including LOS and hospitalization costs, except for organ failure. Moreover, it demonstrated 
superior predictive power compared to the original GLIM criteria. On the other hand, the NLR-based GLIM, although 
it closely identified malnourished patients similar to the original GLIM, did not correlate with all adverse outcomes 
except for local complications. This discrepancy could be attributed to the chosen cutoff value of the NLR. Like CAR, 
we adopted cutoff values from existing literature; however, contrary to CAR, the cutoff values for NLR might have 
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been underestimated, leading to its high sensitivity. Despite its high specificity (compared to the original GLIM 
criteria), the NLR’s predictive capability for adverse outcomes was weak, resembling that of the original GLIM 
criteria.

Our conclusions were similar to those of Xie et al, who found that the GLIM criteria based on CRP (≥5.1), NLR 
(≥4.59), and albumin (<37.6) better predicted long-term prognosis, short-term prognosis, LOS, and hospitalization costs 
in cancer patients compared to the original GLIM criteria. The original criteria stated that all cancer patients met the 
inflammation criteria, while the albumin-based GLIM criteria more effectively predicted long-term outcomes, and the 
CRP-based GLIM criteria were more effective in predicting short-term outcomes.17

The NLR-based GLIM criteria showed the best agreement with the original GLIM criteria, whereas the CAR- and 
albumin-based GLIM criteria showed moderated to substantial agreement with the original GLIM criteria, despite their 
corresponding good predictive utility. The inconsistency between GLIM criteria based on disease burden and various IMs 
was significant, and using different standards can lead to significant differences in diagnostic results. This suggests the 
following: Firstly, while GLIM can predict adverse outcomes, it may be less robust than objective inflammation criteria 
or specialized predictors. Secondly, the inconsistency in malnutrition rates and the predictive effectiveness for clinical 
outcomes of GLIM criteria, as defined by different IMs, is partly attributed to the selection of IMs and their cutoff values. 
Hence, there is a necessity to determine the optimal IM in GLIM criteria. Thirdly, not all AP patients may fulfill the 
GLIM criteria for inflammation. It is subjective to assume that all diseases are inflammatory when IMs serve as objective 
indicators, making it challenging to precisely align the two. Finally, the diagnostic criteria for malnutrition in the past 
were mostly subjective judgments, and as the latest diagnostic standard for malnutrition, GLIM’s superiority over the old 
standards should not only lie in its convenience, but also in its reliability, that is, it should rely more on objective 
indicators and not be affected by subjective factors.

There are certain limitations to this study. Firstly, as this was a retrospective study conducted in a single institution, 
there is a possibility of selection bias. Secondly, there were few studies on different IMs in GLIM, and the cutoff values 
were not standardized. This lack of standardization may partly account for the discrepancies in outcomes when various 
GLIM criteria are used to define malnutrition. However, sensitivity analyses demonstrated the robustness of the results 
and further confirmed the stronger predictive value of the IM-based GLIM criteria than the original GLIM criteria for the 
prognosis of AP patients. Furthermore, due to baseline discrepancies in age and overweight/obesity between malnour
ished and non-malnourished groups under each criterion, it is conceivable that the clinical predictive value of malnutri
tion definitions under each criterion was more consistent in subgroups. The GLIM criteria defined by different IMs may 
also show better agreement with the original GLIM criteria in subgroups.

Conclusion
This study provides the first validation of the GLIM criteria in AP patients. Malnourished AP patients are more prone to 
local complications than non-malnourished patients. Nonetheless, variations in different disease burden/IMs could impact 
nutritional assessment. IM-based GLIM criteria have stronger predictive value than the original GLIM criteria in 
assessing prognosis in AP patients, and the albumin-based GLIM criteria demonstrate the strongest predictive utility. 
The inflammatory criteria within the GLIM criteria may require further refinement.

Abbreviations
AP, acute pancreatitis; BMI, body mass index; CAR, C-reactive protein /albumin ratio; CRP, C-reactive protein; CsCa, 
corrected serum calcium; CT, Computer Tomography; GLIM, Global Leadership Initiative on Malnutrition; ICU, 
intensive care unit; IM, inflammatory marker; LOS, length of stay; NLR, neutrophil/lymphocyte ratio; PMA, psoas 
muscle area; SAP, severe acute pancreatitis; SGA, subjective global assessment.
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