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Objective: The Global Leadership Initiative on Malnutrition (GLIM) has proposed criteria for the diagnosis of malnutrition, one 
of which is reduced muscle mass. Computed tomography (CT) assessment of psoas muscle area (PMA) has been used to estimate 
muscle mass in patients, including those with acute pancreatitis (AP). The present study aimed to define the cutoff value of PMA 
indicative of reduced muscle mass in patients with AP and to assess the impact of reduced muscle mass on the severity and early 
complications of AP.
Methods: Clinical data of 269 patients with AP were analyzed retrospectively. The severity of AP was determined according to the 
revised Atlanta classification. PMA was evaluated by CT and used to calculate the psoas muscle index (PMI). Cutoff values for 
reduced muscle mass were calculated and validated. Logistic regression analysis was performed to assess the relationship between 
PMA and the severity of AP.
Results: PMA was a better indicator of reduced muscle mass than PMI, with cutoff values of 11.50 cm2 for men and 8.22 cm2 for 
women. Rates of local complications, splenic vein thrombosis, and organ failure were significantly higher in AP patients with low than 
high PMA (all p < 0.05). PMA showed good ability to predict splenic vein thrombosis in women, with an area under the receiver 
operating characteristic curve of 0.848 (95% confidence interval 0.768–0.909, sensitivity 100%, specificity 83.64%). Multivariate 
logistic regression revealed that PMA was an independent risk factor for moderately severe plus severe AP (odds ratio 5.639, p = 
0.001) and severe AP (odds ratio 3.995, p = 0.038).
Conclusion: PMA is a good predictor of the severity and complications of AP. The PMA cutoff value is a good indicator of reduced 
muscle mass.
Keywords: acute pancreatitis, psoas muscles, sarcopenia, malnutrition, cutoff value

Introduction
Acute pancreatitis (AP) is one of the most common acute disorders of the gastrointestinal tract. The incidence of AP is 
rising globally, with estimated 34 cases per 100,000 general population per year.1 The 2012 revision of the Atlanta 
Classification has categorized AP as being mild, moderately severe or severe.2 Mild acute pancreatitis (MAP) is the most 
common, with most patients recovering within 1–2 weeks, whereas moderately severe acute pancreatitis (MSAP) and 
severe acute pancreatitis (SAP) have mortality rates of approximately 2% and 36%–50%, respectively.3 In AP, especially 
in MSAP and SAP, inflammation and septic complications increase metabolism, increasing energy requirements and 
protein catabolism. Thus, all patients with AP are at risk of malnutrition and may require nutritional support.4 Early 
detection of MSAP and SAP is therefore important, because these patients may require more aggressive intensive care 
treatment and early nutritional support.
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Malnutrition is a critical problem associated with poor clinical outcomes. The 2019 Global Leadership Initiative on 
Malnutrition (GLIM) Assessment (Diagnostic) Criteria are a global consensus for diagnosing malnutrition in adults.5 

GLIM criteria consist of two steps, the first being risk screening by any validated screening tool, and the second being the 
assessment of malnutrition. One of the GLIM criteria for diagnosing malnutrition is reduced muscle mass, but methods 
for determining reduced muscle mass and appropriate cutoff values are inconsistent. Abdominal computed tomography 
(CT) is a fundamental tool for identifying the cause, severity and complications of AP patients. CT scans are also widely 
used to assess body composition, such as psoas muscle mass at the third or fourth lumbar vertebra level, a criterion cited 
by the GLIM for estimating muscle mass. To date, however, few studies using GLIM criteria for the diagnosis of 
malnutrition have utilized CT to evaluate reduced muscle mass, especially in Asian subjects. Moreover, these studies 
mainly focused on cirrhosis patients. In addition, the parameters measured varied, including total psoas muscle area, total 
psoas index (TPI), skeletal muscle area, skeletal muscle index, psoas muscle area (PMA), and psoas muscle index (PMI). 
Moreover, no studies to date have evaluated CT-determined PMA in patients with AP.

The main objective of this study was to determine the CT-assessed cutoff value of reduced muscle mass in patients 
with AP and to use this value in subsequent research on malnutrition, as well as to assess the effect of reduced muscle 
mass on the severity and early complications of AP.

Methods
Study Population
This retrospective study included 269 consecutive patients with AP evaluated at the Affiliated Hospital of Chengde 
Medical University, China, from June 2019 to November 2021. The study protocol was approved by the hospital’s Ethics 
Committee (approval number: CYFYLL2022256), which waived the requirement for patient informed consent due to the 
retrospective nature of this study. The study conformed to the principles of the Declaration of Helsinki. The inclusion and 
exclusion criteria for this study are shown in Figure 1. Subjects were excluded if they were age <18 years, pregnant, or 
had chronic pancreatitis, or if no CT records were available. Patient records were reviewed and characteristics recorded, 
including age, sex, height, weight, AP history, previous medical history, etiology and severity of AP, length of hospital 
stay (LOS), hospital costs, infectious complications, local complications, organ failure and laboratory test data. CT 
images were obtained from the picture archiving and communication system of the hospital.

Definitions
The diagnosis and classification of AP were based on the 2012 revision of the Atlanta Classification Criteria. The diagnosis of AP 
required two of the following three criteria: (1) typical abdominal pain consistent with AP; (2) serum lipase (or amylase) activity 
at least three times the upper limit of normal; and (3) characteristic findings of AP on CT, magnetic resonance imaging (MRI) or 
transabdominal ultrasonography. Patients were classified as having mild AP (no complications or organ failure), moderately 
severe AP (organ failure for ≤48 hours, local complications without persistent organ failure, or worsening of previous 
comorbidities without persistent organ failure), or severe AP (organ failure for >48 hours).

Local complications included acute peripancreatic fluid collection, pancreatic pseudocyst, acute necrotic collection and 
walled-off necrosis. Other local complications included peritonitis, splenic and portal vein thrombosis, and colonic necrosis.

Organ failure included failure of the respiratory, cardiovascular, and renal systems, with the failure of each system 
assigned a score of two or higher based on the modified Marshall scoring system (Table 1).6

Infectious complications included infectious shock, sepsis, septicemia, abdominal infection, severe pneumonia, 
infective endocarditis, and a procalcitonin ≥25 ng/mL (excluding renal failure) in the absence of the above diagnoses.

Acute biliary pancreatitis was defined as AP caused by bile duct stones or biliary obstruction. Hypertriglyceridemic 
pancreatitis was described as AP with a serum triglyceride level greater than 11.3 mmol/L on admission or greater than 
5.65 mmol/L without other causes, such as bile duct stones or obstruction, and excluding alcohol-induced AP. Alcoholic 
AP was defined as a history of alcohol abuse or alcoholic binge prior to the episode of AP and without evidence of other 
causes of AP on a patient’s medical history. Other causes of AP were defined as those that did not meet the above 
criteria.7 Comorbidities were scored using the updated Charlson comorbidity index (Table 2).8
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Laboratory Test Data
Lymphocyte count, neutrophil count, C-reactive protein (CRP), albumin (Alb), hemoglobin, triglyceride, amylase, lipase 
and serum calcium were recorded from 24 h before hospital admission (ie in the emergency department) to 48 h after 
admission. Neutrophil-to-lymphocyte ratio (NLR) and CRP/Alb ratio and corrected serum calcium (CsCa) were 
calculated, with the latter determined using the equation: CsCa (mmol/L) = serum calcium (mmol/L) − 0.02 × [serum 
Alb (g/L) − 40]. All laboratory data were classified according to our hospital’s normal reference range, with patients 
classified according to normal reference values (CsCa) and median values (NLR, CRP/Alb).

PMA and PMI Calculation methods
All patients underwent abdominal CT scanning following the onset of AP. Five patients who had undergone CT in other 
hospitals, with no CT records in our hospital, were excluded. All CT images were obtained from the picture archiving and 
communication system and measured in DICOM format. CT images of the middle level of the third lumbar vertebrae 
were measured using analytical software for post-processing workstations GE ADW4.5 to quantify psoas muscle. Each 
patient’s bilateral PMA (cm2) was measured manually by the same trained radiologist (Figure 2), who was blinded to the 
patient’s diagnosis and complications. PMI (cm2/m2) was calculated by dividing PMA by the square of height. Normal 
PMA and PMI were defined in the younger patients with a comorbidity score of 0 and a body mass index (BMI) of 18.5 
to 28.0 kg/m2.

Figure 1 Flow chart of the study.
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Statistical Analysis
Categorical variables were expressed as numbers (percentages) and compared by chi-square tests or Fisher’s exact test, as 
appropriate. The normality of data distribution was tested using the Kolmogorov–Smirnov test or the Shapiro–Wilk test, as 
appropriate. Normally distributed continuous variables were expressed as mean ±standard deviation (SD) and compared by t-tests, 
whereas non-normally distributed continuous variables were expressed as median (interquartile range [IQR]) and compared by 
Mann–Whitney U-tests. Statistically significant differences among three or more groups were subjected to post hoc analysis using 
LSD adjustment if the data were normally distributed with equal variances and Kruskal–Wallis H adjustment if the data were non- 

Table 1 Modified Marshall Scoring System for Organ Dysfunction

Organ System Score

0 1 2 3 4

Respiratory (PaO2/FiO2) >400 301–400 201–300 101–200 ≤101

Renal
(serum creatinine, µmol/l) ≤134 134–169 170–310 311–439 >439

(serum creatinine, mg/dl) <1.4 1.4–1.8 1.9–3.6 3.6–4.9 >4.9

Cardiovascular  
(systolic blood pressure, mm Hg, off inotropes)

>90 <90, fluid 
responsive

<90, not fluid 
responsive

<90, 
pH<7.3

<90, 
pH<7.2

For non-ventilated patients, the FiO2can be estimated from 

below:

Supplemental oxygen (l/min) FiO2 (%)

Room air 21
2 25

4 30

6–8 40
9–10 50

Notes: A score of two or more in any system defines the presence of organ failure. Reproduced from Gut. Banks PA, Bollen TL, Dervenis C, et al. Classification of acute pancreatitis– 
2012: revision of the Atlanta classification and definitions by international consensus. 62(1):102–111, Copyright (2013), with permission from BMJ Publishing Group Ltd.2

Table 2 Updating Charlson Comorbidity Index and Score

Comorbidity Score

Myocardial infarction 0
Congestive heart failure 2

Peripheral vascular disease 0

Cerebrovascular disease 0
Dementia 2

Chronic pulmonary disease 1

Rheumatologic disease 1
Peptic ulcer disease 0

Mild liver disease 2

Diabetes without chronic complications 0
Diabetes with chronic complications 1

Hemiplegia or paraplegia 2

Renal disease 1
Any malignancy, including leukemia and lymphoma 2

Moderate or severe liver disease 4

Metastatic solid tumor 6
AIDS/HIV 4

Maximum comorbidity score 24

Notes: Adapted from Quan H, Li B, Couris CM, et al. Updating and 
validating the Charlson comorbidity index and score for risk adjustment in 
hospital discharge abstracts using data from 6 countries. Am J Epidemiol. 
2011;173(6):676–682, with permission from Oxford University Press.8
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normally distributed or had unequal variances. Correlations between psoas muscle parameters and age were tested using the 
Pearson correlation coefficient. Receiver operating characteristics (ROC) curves and areas under the curve (AUCs) were 
calculated to evaluate the ability of PMA/PMI to predict complications and the severity of AP. Risk factors for MSAP and 
SAP were evaluated by univariate and multivariate logistic regression analyses. Before data analysis, the occurrence of 
collinearity between independent factors (ie a variance inflation factor <1.4 or all variables having tolerances >0.75) and model 
fitness (with p-values on Hosmer–Lemeshow tests >0.2 for binary logistic models) was evaluated. All statistical analyses were 
performed and graphs drawn using SPSS 24 (IBM, USA), GraphPad Prism 9 (GraphPad Software, Inc., USA), and MedCalc 20 
(MedCalc Software, Ltd., Belgium) software, with two-tailed p-values <0.05 defined as statistically significant.

Results
The 269 patients included 158 (58.7%) men and 111 (41.3%) women, of median age 49 years (37–64 years). AP in 70.6% of 
patients was classified as mild. The median comorbidity scores in groups of patients with MP, MSAP, and SP were 0 (0–0). 
Transient or persistent organ failure occurred in 46 (17.1%) patients and local complications in 45 (16.7%). The baseline 
characteristics and outcomes in this patient population are shown in Table 3.

Table 4 presents the median values and IQRs of the measured variables. BMI was higher in the SAP group than in the 
MAP and MSAP groups, but the difference was not statistically significant (p = 0.123). PMA, PMI, NLR, CRP/Alb, 
CsCa and triglycerides differed significantly among these three groups (all p < 0.05), whereas the other variables did not.

Figure 2 Cross-sectional CT images at the L3 vertebra level. The psoas muscle borders were manually outlined.

Table 3 Characteristics of 269 Patients with AP

Total  
n = 269

Mild  
n = 190 (70.6%)

Moderately Severe  
n = 55 (20.4%)

Severe  
n = 24 (8.9%)

Gender, n(%)

Men 158(58.7) 114(72.2) 28(17.7) 16(10.1)
Women 111(41.3) 76(68.5) 27(24.3) 8(7.2)

Age, yearsa 49.0(37.0–64.0) 48.5(37.0–62.3) 48.0(37.0–64.0) 51.0(38.8–67.0)

AP history, n(%)
No 193(71.7) 136(70.5) 41(21.2) 16(8.3)

Yes 76(28.3) 54(71.1) 14(18.4) 8(10.5)

(Continued)
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Both PMA (19.95 ± 5.98 cm2 vs 11.02 ± 3.15 cm2; p < 0.001; Figure 3A) and PMI (PMI 6.70 ± 1.96 cm2/m2 vs 4.31 
± 1.18 cm2/m2; p < 0.001; Figure 3B) were significantly higher in men than in women. The error bars of PMA and PMI 
classified according to gender and age-quartile (23–37, 38–48, 49–63, and 64–92 years) revealed that PMA and PMI 
gradually decreased with age in both men (Figure 4A and B) and women (Figure 4C and D). PMA and PMI differed 
significantly between the first and third quartiles, the first and fourth quartiles, and the second and fourth quartiles in men 
and women (p < 0.05 each) but did not differ significantly between the third and fourth quartiles in both sexes (p > 0.135 
each). PMA (p = 0.021) and PMI (p = 0.013) differed significantly between the second and third quartiles in women. In 
men, however, PMA (p = 0.114) and PMI (p = 0.191) tended to decrease between the second and third quartiles, but the 
differences were not significant.

Both PMA (r = −0.388, 95% CI −0.513 to −0.247, p < 0.001; Figure 5A) and PMI (r = −0.350, 95% CI −0.481 to 
−0.206, p < 0.001; Figure 5B) showed significant negative correlations with age in men. Similarly, in women, PMA (r = 

Table 3 (Continued). 

Total  
n = 269

Mild  
n = 190 (70.6%)

Moderately Severe  
n = 55 (20.4%)

Severe  
n = 24 (8.9%)

Comorbidity scorea 0(0–0) 0(0–0) 0(0–0) 0(0–0)
Aetiology, n(%)b

Biliary 69(25.7) 52(27.4) 11(20.0) 6(25.0)

Hypertriglyceridemic 47(17.5) 27(14.2) 13(23.6) 7(29.2)
Alcoholic 78(29.0) 56(29.5) 17(30.9) 5(20.8)

Other 75(27.9) 55(28.9) 14(25.5) 6(25.0)

Infectious complications, n(%) 18(6.7) 0 7(12.7) 11(45.8)
Local complications, n(%) 45(16.7) 0 37(67.3) 8(33.3)

Splenic vein thrombosis, n (%) 7 (2.6) 0 6 (10.9) 1 (4.8)

Organ failure, n(%) 46(17.1) 0 22(40.0) 24(100.0)
ICU admission, n (%) 10 (3.7) 0 0 10 (41.7)

Death, n(%) 1(0.4) 0 0 1(4.2)

LOS, daysa 9.0(7.0–12.5) 9.0 (6.0–11.0) 10.0(8.0–14.0) 16.0(8.3–20.8)
Hospital costs, RMBa 9273.2 

(6520.9–14,840.0)

8251.5 

(5811.0–12,242.7)

11,214.5 

(8040.0–20,723.0)

35,154.7 

(17,480.8–113,827.0)

Notes: aValues are in median (IQR). bDistribution of aetiologies among each group. 
Abbreviations: LOS, length of hospital stay; AP, acute pancreatitis.

Table 4 Association Between Measured Variables and Severity of AP

Total  
n = 269

Mild  
n = 190 (70.6%)

Moderately Severe  
n = 55 (20.4%)

Severe  
n = 24 (8.9%)

p

BMI, kg/m2 a 25.6 ± 4.1 25.4 ± 4.1 25.9 ± 4.0 27.1 ± 4.4 0.123

PMA, cm2 15.28 (11.00–21.09) 16.09 (12.02–21.73) 14.33 (9.52–20.00) 11.78 (9.10–19.42) 0.045

PMI, cm2/m2 5.43 (4.19–7.23) 5.52 (4.37–7.37) 4.84 (3.67–6.48) 4.5 (3.43–6.46) 0.034
Hemoglobin, g/L 148.60 ± 23.94 148.82 ± 20.65 145.93 ± 25.64 152.83 ± 39.98 0.244

NLR 7.75 (4.62–12.98) 6.63 (4.23–12.00) 10.38 (7.52–14.89) 10.84 (5.49–17.09) 0.001

CRP/Alb, mg/g 1.55 (0.30–3.55) 0.98 (0.15–2.89) 2.35 (0.96–4.59) 5.11 (2.93–8.23) <0.001
CsCa, mmol/L 2.19 (2.10–2.25) 2.22 (2.13–2.26) 2.14 (2.05–2.26) 2.04 (1.76–2.19) <0.001

Triglyceride 2.41 (1.17–6.62) 2.10(1.07–5.93) 4.08(1.42–11.68) 4.85(1.66–14.13) 0.029

Amylase 352.3(134.5–870.4) 350.0(121.2–991.8) 309.5(135.9–718.3) 582.0(321.8–1503.5) 0.098
Lipase 1742.4(513.0–4630.0) 1761.4(483.6–4772.7) 1278.0(516.4–3364.6) 2000.0(1427.2–4845.8) 0.303

Notes: aMean ±standard deviation, LSD test, others median (IQR), Kruskal–Wallis H-test. 
Abbreviations: BMI, body mass index; PMA, psoas muscle area; PMI, psoas muscle index; NLR, neutrophil-to-lymphocyte ratio; CRP, C-reactive protein; 
Alb albumin; CsCa, corrected serum calcium.
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Figure 3 Values of PMA (A) and PMI (B) by sex.

Figure 4 Distribution and post hoc LSD of PMA and PMI according to age in men (A and B) and women (C and D).
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−0.423, 95% CI −0.564 to −0.257, p < 0.001; Figure 5C) and PMI (r = −0.377, 95% CI −0.526 to −0.206, p < 0.001; 
Figure 5D) showed significant negative correlations with age.

Based on the above results, 83 patients, 53 men and 30 women aged <49 years with comorbidity scores of 0 and BMI 
18.5 to 28.0 kg/m2 were selected as a normal group for comparison. PMA and PMI were measured on CT images at the 
L3 vertebra level, with these parameters regarded as normal expected values of muscle mass. The cutoff values of PMA 
and PMI were calculated as those 1.64 SDs (equivalent to the fifth percentile) below the mean. The cutoffs for PMA and 
PMI were 11.50 cm2 and 3.85 cm2/m2, respectively, in men and 8.22 cm2 and 3.20 cm2/m2, respectively, in women.

Patients were assigned to groups above and below the cutoff values for PMA (Table 5) and PMI (Table 6). 
Complications, LOS, and total hospital costs were compared in the two cohorts; because only one death was reported, 
mortality was not compared. Rates of complications and organ failure were higher, LOS was longer, and hospital costs 
were higher in AP patients with low than high PMA/PMI, except for LOS in men. Differences in PMI were statistically 
significant only for local complications and splenic vein thrombosis in men and LOS in women. ROC and AUC were 
calculated to evaluate the abilities of PMA and PMI to predict the severity and complications of AP (Table 7 and Table 8, 
Figure 6A-N). PMA had a greater AUC than PMI in predicting infectious complications (0.691 vs 0.641, p = 0.0435) and 
ICU admissions (0.773 vs 0.705, p = 0.0008) in women with AP (Table 8, Figure 6F and N). The AUCs of both PMA 
and PMI were ≥0.70 in predicting infectious complications in men (Table 7, Figure 6E) and in predicting splenic vein 
thrombosis (Figure 6J), organ failure (Figure 6L), and ICU admission (Figure 6N) in women (Table 8). Among these 
parameters, PMA had the largest AUC (0.848, 95% CI 0.768–0.909) in predicting splenic vein thrombosis in women, 
with a sensitivity of 100% and a specificity of 83.64% (Table 8, Figure 6J). In addition, the cutoff values obtained by the 
Youden index were greater than those calculated by mean − 1.64 SDs, except for PMA in predicting splenic vein 
thrombosis in women (8.11 cm2). Overall, the cutoff value of PMA was more effective than that of PMI in distinguishing 
patients with adverse outcomes.

Figure 5 A negative correlation between PMA/PMI and age was observed in men (A and B) and women (C, D).
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The ability of the PMA cutoff value to act as an indicator of reduced muscle mass was therefore analyzed in patients 
with AP.

Because the rates of complications, ICU admission and deaths were low, we focused on the analysis of MSAP and 
SAP. To further evaluate the ability of the PMA cutoff value to predict MSAP and SAP, we performed univariate and 
multivariate logistic regression analyses.

Univariate analysis showed that low PMA was significantly associated with MSAP + SAP (OR 4.018, p < 0.001). 
Variables with p <0.05 in univariate analysis and those considered to be related to AP prognosis were selected for 
multivariate logistic regression analysis to correct for confounding factors (missing values accounted for a total of 5.9% 
and were removed directly). The association between low PMA and MSAP+SAP was stronger in multivariate analysis 
(OR 5.639, p = 0.001) (Table 9).

Univariate analysis also found that low PMA was significantly associated with SAP (OR 2.933, p = 0.037). 
Because only 23 patients in the present study had been diagnosed with SAP, only variables with p < 0.05 in the 
univariate analysis were included in the multivariate analysis. Low PMA continued to be significantly associated 
with SAP on multivariate analysis (OR 3.205, p = 0.044) (Table 10), with further adjustments for gender, age, 
BMI, and comorbidity score resulting in a stronger association between low PMA and SAP (OR 3.995, p = 0.038) 
(Table 11).

Discussion
The GLIM criteria have recommended using methods such as dual-energy X-ray absorptiometry, bioelectrical impedance 
analysis, CT, and MRI to measure muscle mass.9 Many patients with gastrointestinal diseases, such as inflammatory 

Table 5 Validation of the Estimated Cutoff of PMA

PMA, cm2 Men, n = 158 Women, n = 112

≤11.50 (n = 10) >11.50 (n = 148) p ≤8.22 (n = 21) >8.22 (n = 91) p

Infectious complications, n(%) 2(20) 8(5.4) 0.124 4(19.0) 4(4.4) 0.039

Local complications, n(%) 4(40.0) 15(10.1) 0.020 9(42.9) 17(18.7) 0.041
Splenic vein thrombosis, n (%) 2 (20.0) 3 (2.0) 0.033 2 (9.5) 0 0.034

Organ failure, n (%) 5 (50.0) 26 (17.6) 0.026 6 (28.6) 9 (9.9) 0.035

ICU admission, n (%) 1 (10.0) 7 (4.7) 1.000 1 (4.8) 1 (1.1) 0.341
LOS, days 8.5 (6.5–17.3) 9.0 (6.0–11.0) 0.494 13.0 (10.0–16.0) 10.0 (7.0–12.0) 0.005

Total hospital cost, RMB 14169.3  

(8751.4–27,362.4)

8375.0  

(5833.4–13,596.0)

0.036 13,115.8  

(8678.3–21,981.5)

9966.8  

(7072.4–14,817.2)

0.051

Abbreviations: PMA, psoas muscle area; LOS, length of hospital stay.

Table 6 Validation of the Estimated Cutoff of PMI

PMI, cm2/m2 Men, n = 158 Women, n = 112

≤3.85 (n = 9) >3.85 (n = 149) p ≤3.20 (n = 20) >3.20 (n = 92) p

Infectious complications, n (%) 2 (22.2) 8 (5.4) 0.102 2 (10.0) 6 (6.5) 0.632

Local complications, n (%) 4 (44.4) 15(10.1) 0.013 8(40.0) 18 (19.6) 0.076

Splenic vein thrombosis, n (%) 2 (22.2) 3 (2.0) 0.026 1 (5.0) 1 (1.1) 0.372
Organ failure, n (%) 4 (44.4) 27 (18.1) 0.075 5 (25.0) 10 (10.9) 0.140

ICU admission, n (%) 1 (11.1) 7 (4.7) 0.381 0 2 (2.2) 1.000

LOS, days 8.0 (6.0–16.5) 9.0 (6.0–11.5) 0.898 13.0 (10.0–15.8) 10.0 (7.0–12.0) 0.024
Total hospital cost, RMB 13644.9  

(8699.4–30,620.1)

8421.8  

(5853.9–13,949.6)

0.072 13,079.5  

(7084.6–22,057.7)

10,009.2  

(7190.8–14,760.0)

0.118

Abbreviations: PMI, psoas muscle index; LOS, length of hospital stay.
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Table 7 Efficacy of PMA/PMI in Predicting the Severity and Complications of Men with AP

Content Parameter AUC (95% CI) Sensitivity (%) Specificity (%) Threshold Sensitivity (%)a Specificity (%)a Thresholda pb

MSAP+SAP PMA, cm2 0.585 (0.504–0.663) 15.91 96.49 ≤11.50 70.45 45.61 ≤21.21 0.9238

PMI, cm2/m2 0.586 (0.505–0.664) 15.91 97.37 ≤3.85 68.18 53.51 ≤6.68
SAP PMA, cm2 0.638(0.558–0.713) 25.00 95.07 ≤11.50 37.50 93.66 ≤12.25 0.3269

PMI, cm2/m2 0.625 (0.545–0.701) 31.25 96.48 ≤3.85 50.00 81.69 ≤5.01

Infectious complications PMA, cm2 0.716(0.639–0.785) 20.00 93.92 ≤11.50 70.00 81.08 ≤14.82 0.2626
PMI, cm2/m2 0.700 (0.622–0.770) 20.00 95.27 ≤3.85 70.00 81.76 ≤5.01

Local complications PMA, cm2 0.580(0.499–0.658) 21.05 92.81 ≤11.50 100.00 22.30 ≤24.77 0.4531

PMI, cm2/m2 0.591 (0.511–0.669) 26.32 96.40 ≤3.85 31.58 91.37 ≤4.49
Splenic vein thrombosis PMA, cm2 0.664(0.585–0.737) 40.00 95.42 ≤11.50 60.00 80.39 ≤14.55 0.4693

PMI, cm2/m2 0.681 (0.602–0.753) 40.00 95.42 ≤3.85 60.00 90.20 ≤4.49

Organ failure PMA, cm2 0.600(0.519–0.677) 16.13 95.28 ≤11.50 54.84 66.14 ≤17.93 0.4824
PMI, cm2/m2 0.590 (0.509–0.668) 12.90 96.85 ≤3.85 70.97 51.97 ≤6.68

ICU admission PMA, cm2 0.587(0.506–0.664) 12.50 93.33 ≤11.50 37.50 92.00 ≤12.25 0.5637

PMI, cm2/m2 0.596 (0.515–0.673) 12.50 94.67 ≤3.85 50.00 80.00 ≤5.01

Notes: aCutoff values were determined by Youden’s index. bPairwise comparison of ROC curves of PMA and PMI. AUC is the area under the ROC curve, and the range of 95% CI is shown. 
Abbreviations: AUC, area under the curve; CI, confidence interval; ROC, receiver operating curve; MSAP, moderately severe acute pancreatitis;SAP, severe acute pancreatitis; PMA, psoas muscle area; PMI, psoas muscle index.
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Table 8 Efficacy of PMA/PMI in Predicting the Severity and Complications of Women with AP

Content Parameter AUC (95% CI) Sensitivity (%) Specificity (%) Threshold Sensitivity (%)a Specificity (%)a Thresholda pb

MSAP+SAP PMA, cm2 0.645(0.549–0.734) 31.43 85.53 ≤8.22 85.71 43.42 ≤12.04 0.4027

PMI, cm2/m2 0.633(0.536–0.723) 28.57 86.84 ≤3.20 57.14 73.68 ≤3.78
SAP PMA, cm2 0.684(0.589–0.769) 25.00 80.58 ≤8.22 100.00 40.78 ≤11.78 0.9785

PMI, cm2/m2 0.683(0.588–0.768) 25.00 82.52 ≤3.20 75.00 67.96 ≤3.76

Infectious complications PMA, cm2 0.691(0.597–0.775) 50.00 83.65 ≤8.22 62.50 74.04 ≤9.04 0.0435
PMI, cm2/m2 0.641(0.545–0.729) 25.00 82.69 ≤3.20 100.00 32.69 ≤4.82

Local complications PMA, cm2 0.597(0.500–0.688) 34.62 82.56 ≤8.22 42.31 82.56 ≤8.27 0.8717
PMI, cm2/m2 0.599 (0.502–0.691) 30.77 87.21 ≤3.20 50.00 75.58 ≤3.60

Splenic vein thrombosis PMA, cm2 0.848(0.768–0.909) 100.00 83.64 ≤8.22 100.00 83.64 ≤8.11 0.6010

PMI, cm2/m2 0.795 (0.709–0.866) 50.00 88.18 ≤3.20 100.00 70.91 ≤3.60
Organ failure PMA, cm2 0.769(0.680–0.843) 40.00 83.51 ≤8.22 86.67 68.04 ≤9.56 0.5247

PMI, cm2/m2 0.759 (0.670–0.8358) 33.33 80.41 ≤3.20 86.67 71.13 ≤3.78

ICU admission PMA, cm2 0.773(0.684–0.847) 50.00 81.82 ≤8.22 100.00 72.73 ≤9.04 0.0008
PMI, cm2/m2 0.705 (0.611–0.787) 50.00 75.45 ≤3.20 100.00 65.45 ≤3.76

Notes: aCutoff values were determined by Youden’s index. bPairwise comparison of ROC curves of PMA and PMI. AUC is the area under the ROC curve, and the range of 95% CI is shown. 
Abbreviations: AUC, area under the curve; CI, confidence interval; ROC, receiver operating curve; MSAP, moderately severe acute pancreatitis; SAP, severe acute pancreatitis; PMA, psoas muscle area; PMI, psoas muscle index.
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bowel disease, severe liver disease, and various forms of pancreatitis, frequently undergo abdominal CT or MRI scans 
that enable psoas muscle mass at the L3 or L4 vertebra level to be calculated.10–13 Moreover, it is easier to measure PMA 
than to measure the area of skeletal muscles. Because MRI requires much more time and is costlier than CT, all patients 
with AP in the present study underwent CT scanning, with only a few undergoing MRI after CT. Despite the results of 
MRI not being included in the present analysis, this non-inclusion did not result in selection bias.

Figure 6 Receiver operating characteristic (ROC) analysis of the predictive efficiency of PMA and PMI by sex. Solid blue lines represent PMA, dashed green lines represent 
PMI.(A) Moderately severe acute pancreatitis + severe acute pancreatitis in men, (B) Moderately severe acute pancreatitis + severe acute pancreatitis in women, (C) Severe 
acute pancreatitis in men, (D) Severe acute pancreatitis in women, (E) Infectious complications in men, (F) Infectious complications in women, (G) Local complications in 
men, (H) Local complications in women, (I) Splenic vein thrombosis in men, (J) Splenic vein thrombosis in women, (K) Organ failure in men, (L) Organ failure in women, (M) 
ICU admission in men, (N) ICU admission in women.
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Table 9 Univariate and Multivariate Regression Analysis of MSAP and SAP

Univariate  
OR (95% CI)

p Multivariate  
aOR (95% CI)

p

Gender

Men 0.838(0.493–1.424) 0.514 1.100(0.570–2.121) 0.777

Women 1 (ref)
Age, years

<49 0.975(0.577–1.648) 0.925 0.990(0.484–2.022) 0.977

≥49 1 (ref)
BMI, kg/m2 0.325

<18.5 0.545(0.141–2.106) 0.379 0.218(0.035–1.361) 0.103
18.5–23.9 1 (ref)

24–28 0.980(0.517–1.857) 0.951 1.030(0.459–2.313) 0.942

>28 1.099(0.531–2.277) 0.799 1.309(0.507–3.381) 0.578
PMA, cm2

Low PMA 4.018(1.859–8.681) <0.001 5.639(2.038–15.607) 0.001

High PMA 1 (ref)
NLR

<7.75 0.298(0.169–0.524) <0.001 0.422(0.219–0.813) 0.010

≥7.75 1 (ref)
CRP/Alb, mg/g

<1.55 0.301(0.170–0.533) <0.001 0.363(0.188–0.704) 0.003

≥1.55 1 (ref)
CsCa, mmol/L

<2.11 4.003(2.232–7.179) <0.001 3.796(1.913–7.534) <0.001

≥2.11 1 (ref)
Comorbidity score

0 1 (ref)

≥1 1.254(0.643–2.444) 0.506 1.503(0.636–3.551) 0.353

Abbreviations: OR, odds ratio; aOR, adjusted odds ratio; CI, confidence intervals;BMI, body mass index; PMA, psoas muscle area; 
NLR, neutrophil-to-lymphocyte ratio; CRP, C-reactive protein; Alb albumin; CsCa, corrected serum calcium.

Table 10 Univariate and Multivariate Regression Analysis of SAP (Adjust for NLR, CRP/Alb, 
and Corrected Serum Calcium)

Univariate  
OR (95% CI)

p Multivariate  
aOR (95% CI)

p

Gender

Men 1.451(0.598–3.518) 0.410
Women 1 (ref)

Age, years

<49 0.839(0.362–1.946) 0.683
≥49 1 (ref)

BMI, kg/m2

<18.5 0.756(0.085–6.748) 0.802
18.5–23.9 1 (ref)

24–28 1.308(0.468–3.650) 0.609

>28 0.977(0.283–3.368) 0.971
PMA, cm2

Low PMA 2.933(1.066–8.072) 0.037 3.205(1.034–9.934) 0.044

High PMA 1 (ref)

(Continued)
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Table 10 (Continued). 

Univariate  
OR (95% CI)

p Multivariate  
aOR (95% CI)

p

NLR
<7.75 0.379(0.152–0.947) 0.038 0.662(0.245–1.788) 0.416

≥7.75 1 (ref)

CRP/Alb, mg/g
<1.55 0.130(0.038–0.449) 0.001 0.165(0.046–0.592) 0.006

≥1.55 1 (ref)

CsCa, mmol/L
<2.11 4.600(1.937–10.924) 0.001 3.981(1.554–10.201) 0.004

≥2.11 1 (ref)

Comorbidity score
0 1 (ref)

≥1 0.914(0.298–2.806) 0.875

Abbreviations: OR, odds ratio; aOR, adjusted odds ratio; CI, confidence intervals; BMI, body mass index; PMA, psoas 
muscle area; NLR, neutrophil-to-lymphocyte ratio; CRP, C-reactive protein; Alb albumin; CsCa, corrected serum calcium.

Table 11 Univariate and Multivariate Regression Analysis of SAP (Adjust for Gender, Age, BMI, NLR, CRP/Alb, Corrected Serum 
Calcium, and Comorbidity Score)

Univariate  
R (95% CI)

p Multivariate  
aOR (95% CI)

p

Gender

Men 1.451(0.598–3.518) 0.410 2.573(0.838–7.900) 0.099

Women 1 (ref)
Age, years

<49 0.839(0.362–1.946) 0.683 0.574(0.197–1.674) 0.310

≥49 1 (ref)
BMI, kg/m2

<18.5 0.756(0.085–6.748) 0.802 0.620(0.051–7.529) 0.707

18.5–23.9 1 (ref)
24–28 1.308(0.468–3.650) 0.609 1.083(0.303–3.868) 0.903

>28 0.977(0.283–3.368) 0.971 0.884(0.204–3.824) 0.869

PMA, cm2

Low PMA 2.933(1.066–8.072) 0.037 3.995(1.077–14.820) 0.038

High PMA 1 (ref)

NLR
<7.75 0.379(0.152–0.947) 0.038 0.625(0.221–1.767) 0.375

≥7.75 1 (ref)
CRP/Alb, mg/g

<1.55 0.130(0.038–0.449) 0.001 0.161(0.044–0.592) 0.006

≥1.55 1 (ref)
CsCa, mmol/L

<2.11 4.600(1.937–10.924) 0.001 4.467(1.637–12.191) 0.003

≥2.11 1 (ref)
Comorbidity score

0 1 (ref)

≥1 0.914(0.298–2.806) 0.875 1.006(0.257–3.940) 0.993

Abbreviations: OR, odds ratio; aOR, adjusted odds ratio; CI, confidence intervals; BMI, body mass index; PMA, psoas muscle area; NLR, neutrophil-to-lymphocyte ratio; 
CRP, C-reactive protein; Alb, albumin; CsCa, corrected serum calcium.
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The present study showed that PMA cutoff values were predictive of SAP and of MSAP + SAP in Asian populations. 
PMAs of 11.50 cm2 for men and 8.22 cm2 for women can be considered cutoff values for reduced muscle mass. AP 
patients with PMAs below the cutoff values had higher rates of complications and organ failure than those with PMAs 
above the cutoff. Furthermore, PMA was independently associated with the severity of AP. The risk of MSAP + SAP was 
5.639 times higher in patients with low than high PMA, and the risk of SAP was nearly four times higher in patients with 
low than high PMA. In addition, PMA had a good ability (AUC = 0.848, sensitivity 100%, specificity 83.64%) to predict 
splenic vein thrombosis in women.

The PMAs observed in the present study were similar to those observed in a large sample of healthy patients from 
India with no other comorbidities who presented with acute abdomen. The mean ± SD PMAs were 18.55 ± 3.45 cm2 in 
men and 13.52 ± 2.80 in women (p = 0.0001), and the cutoff values for sarcopenia, calculated as mean − 2 SDs were 
11.64 for men and 7.92 for women.14 The PMAs observed in the present study were slightly higher than those observed 
in patients from Turkey,15 but significantly lower than those observed in patients from France16 and Canada17 (Table 12), 
differences that may be associated with race, age, comorbidities, BMI, or method of determining cutoff value. Muscle 
mass generally increases with BMI,18 but BMI was not evaluated in the Canadian study. The cutoff value of PMA in the 
French study was determined by the Youden index. The present study showed that the cutoff value determined by the 
Youden index was higher than that calculated from the mean and SD. Because the present study was designed to assess 
the cutoff value for muscle loss, it was more appropriate to calculate the cutoff value from the mean and SD than from 
the Youden index.

Reduced muscle mass assessed by PMA predicts prognosis in patients with many conditions, including those 
undergoing surgery for digestive12,25–27 and cardiovascular28–30 diseases, patients with cirrhosis undergoing liver 
transplantation,16 and patients with lymphoma.31 PMA can predict postoperative complications,12,25,27 postoperative 
mortality,29,30,32 LOS,25,28 disease-free survival,26 and overall survival (OS).26,31 However, PMA has been reported to be 
an indicator of sarcopenia in younger, but not in elderly, patients.33 In that study, 46 patients were classified into groups 
aged ≤74 (n = 22) and ≥75 (n = 24) years, with mean ages of 64.5 years (36–74 years) and 81.5 years (75–95 years), 
respectively. PMA in the younger group correlated significantly with age (r = 0.40 p = 0.0015) and LOS (r = 0.23 p = 
0.023). In the older group, however, age (r = 0.12 p = 0.08) and LOS (r = 0.026 p = 0.45) were not correlated with PMA. 
This discrepancy between age groups may be due to a lack of linearity between age and PMA above a certain age; the 
advanced age of patients in the elderly group, the small sample size, and/or not accounting for gender. Other studies have 
evaluated the relationship between the psoas muscle and AP. For example, an increased number of AP episodes was 
associated with a significant reduction in psoas muscle volume, as measured by MRI, with leptin appearing to be a factor 
associated with this relationship.34 Evaluation of the relationship between AP and CT-determined muscle parameters 
showed that the TPI was significantly higher in patients with MAP than with MSAP and SAP, as well as being 
substantially lower in patients with severe pancreatic necrosis than in those without necrosis.35 To date, however, no 
studies have evaluated the relationship between PMA and AP. To our knowledge, the current study is the first to 
investigate the predictive value of PMA in patients with AP. This study found that PMA was independently associated 
with the severity of AP and was predictive of complications, especially splenic vein thrombosis in women. Because the 
incidence of splenic vein thrombosis in this study was low, however, larger studies are needed to confirm the role of 
PMA in predicting splenic vein thrombosis.

The PMI cutoff values in our study were calculated as the mean −1.64 SDs, with the cutoff values close to those in 
studies from other Asian countries such as Japan,19,20 Korea,21 India,14 and Turkey.15 The cutoff values in women, 
however, were slightly higher than in two Japanese studies,20,22 which may be related to the low BMI/muscle mass in 
Japanese women. The PMI cutoff values in Turkish women were 3.56 cm2/m2 using the fifth percentile and 2.66 cm2/m2 

using mean − 2 SDs, with the study ultimately adopting the latter.23 The PMI cutoff values in Japanese men were 
2.29 cm2/m2 using the fifth percentile and 1.69 cm2/m2 using mean − 2 SDs, with the study ultimately adopting the 
former.20 Cutoff values should be based on data distribution, with the mean − 2 SDs for normally distributed data and the 
fifth percentile for non-normally distributed data. The cutoff values in adult Japanese liver donors were 6.36 cm2/m2 in 
men and 3.92 cm2/m2 in women,24 significantly higher than those of the present study and studies in other Asian 
countries. Information on the height and BMI of Japanese liver donors was unavailable, suggesting that higher cutoffs 

International Journal of General Medicine 2023:16                                                                             https://doi.org/10.2147/IJGM.S413308                                                                                                                                                                                                                       

DovePress                                                                                                                       
2747

Dovepress                                                                                                                                                                Fu et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Table 12 Cutoff Values Determined by CT in Different Studies

Study Number of 
Subjects, 
n (Women)

Population Age Range, 
Years

Weight, 
Women/Mena

Height, 
Women/Menb

BMI, Women/ 
Menc

PMA Cutoffs, cm2 PMI Cutoffs,  
cm2/m2

Cutoffs 
Derivation 
Method

Men Women Men Women

France16,d 256(60) PWLC 53 ± 10.5e 74.4 171.2 25.3 15.61 14.64 – – Youden index

India14 2002(694) PWCD 18–50 – – – 11.64 7.92 3.89 3.20 Mean − 2 SDs
Turkey15,f 88(40) PKD 20–40 63.4/76.4 162.3/175.5 23.9/25.3 9.46 7.14 3.20 2.87 5th percentile

270 (136) PKD 20–60 67.0/75.8 161.0/169.6 25.4/26.4 7.37 5.57 2.63 2.02 5th percentile

Canada17 125(66) PWCD 20–39 – – – 22.0 11.1 – – 2.5th percentile
Japan19,d 31(10) PWGC 35–83 – – 19.3 – – 3.6 2.9 Mean − 1 SD

Japan20,g 293(130) PWCD ≤50 49.9–54.6/65.4– 

74.1

157.6–158.3/171.1– 

172.2

19.9–22.0/22.0– 

25.2

– – 3.30 1.69 Mean − 2 SDs

293(130) PWCD ≤50 49.9–54.6/65.4– 

74.1

157.6–158.3/171.1– 

172.2

19.9–22.0/22.0– 

25.2

– – 3.74 2.29 5th percentile

Korea21,h 1422(872) PWCD 20–89 56.6/71.5 158.0/171.0 22.8/24.5 – – 3.31– 
5.92

1.48–4 Mean − 2 SDs

Japan22 110(49) PWCD ≤54 53.9/74.9 157.6/171.9 21.7/25.3 – – 4.24 2.5 Mean − 2 SDs

Turkey23,f 482(214) PLD 18–40 61.4/76.5 169.3/175.4 23.6/24.8 – – 5.4 3.6 5th percentile
18–40 – – 4.6 2.7 Mean − 2 SDs

601(275) PLD 18–60 63.1/76.7 161.3/174.9 24.3/25.0 – – 5.3 3.6 5th percentile

18–60 – – 4.4 2.7 Mean − 2 SDs
Japan24 391 (-) PLD 20–49 – – – – – 6.36 3.92 Mean − 2 SDs

Chinai 83 (30) PWAP 23–48 64.8/76.2 160.8/172.8 25.0/25.5 11.50 8.22 3.85 3.20 Mean − 1.64 SDs

Notes: aMean/Median weight (kg). bMean/Median height (cm). cMean/Median BMI (kg/m2). dNo gender stratification in BMI. eMean ± SD. fStudies investigating cutoff values in the whole and young population separately. gAverage value of 
each decade. hCutoffs were described for each decade of the population. iPresent study. 
Abbreviations: PKD, potential kidney donor; PLD, potential liver donor; PWCD, patients without known chronic disease; PWLC, patients with liver cirrhosis; PWGC, patients with advanced gastric cancer; PWAP, patients with acute 
pancreatitis; PMA, psoas muscle area; PMI, psoas muscle index; BMI, body mass index; SD, standard deviation.
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may have been associated with lower height or higher BMI. Table 12 shows cutoff values obtained from CT studies of 
muscle mass.

PMI has been reported to predict OS in patients with ovarian cancer,36 after living donor liver transplantation,37 

hepatocellular carcinoma,38 and patients who are hemodialysis-dependent after cardiac surgery.39 The first three studies 
used the Youden index to determine PMI cutoff values. In contrast, PMI could not predict prognosis in patients 
undergoing chemotherapy for non-small cell lung cancer (NSCLC)40,41 or in elderly patients undergoing emergency 
laparotomy.42 Interestingly, the two studies in patients with NSCLC40,41 used previously published cutoff values.24 These 
discrepancies among studies may be related to age or the method for determining PMI cutoff values. In addition, the PMI 
cutoff value determined in the Japanese study24 may be too high, resulting in its low specificity for use as a prognostic 
indicator.

To date, no study has compared the predictive abilities of PMI and PMA. The present study found that PMA was 
a better predictor of complications than PMI. The lower predictive power of PMI may be due to its low sensitivity 
accompanied by high specificity or its lack of reflection of patient condition in “real-time”, making it inappropriate for 
assessing short-term prognoses despite its ability to predict long-term survival. For this reason, and because PMA did not 
require determination of height, only PMA was subjected to regression analyses. The present study determined the cutoff 
values for reduced muscle mass in young patients with AP, not in a young, healthy population. Although their 
comorbidity scores were 0, a few individuals had cerebrovascular disease, peptic ulcer, or diabetes but without chronic 
complications. AP may also affect muscle mass, so the cutoff value we obtained may be lower than in a healthy 
population. Obese individuals were excluded from determining cutoff values because obesity tends to be associated with 
underlying chronic diseases. However, this may have resulted in lower cutoff values because obese patients tend to have 
more muscle mass. Therefore, the cutoff values determined in this study may be unsuitable for healthy populations but 
may be replicable in other inpatients.

This study had several limitations. First, patient data were retrospectively collected. However, only five patients 
without CT records were excluded, and few confounding factors were missing from the logistic regression analysis, 
thus minimizing selection bias. Of the inpatients with AP who underwent CT scans in the present study, 70% had mild 
AP, equal to the percentages in other populations.43 Second, the sample sizes used to determine the PMA cutoff 
values and to predict splenic vein thrombosis in women were small. Third, this study included patients from a single 
center in China. Large, prospective, multicenter studies are therefore needed to confirm the findings of the present 
study.

Conclusion
The PMA and PMI cutoff values derived from this study are comparable to those in most other Asian populations but lower 
than those in European and American patients. PMA is a good predictor of the severity and complications of AP. The cutoff 
value of PMA appears to serve as an indicator of the GLIM phenotypic criteria for the diagnosis in patients with AP.
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