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Objective: The aim of this study was to investigate the possible association of muscle and adipose 
parameters with the severity and prognosis of patients hospitalized with acute pancreatitis (AP).
Methods: A total of 392 hospitalized patients and 309 controls were enrolled in the study 
analysis from April 1, 2016, to February 1, 2021. The computed tomography scans of each 
population were evaluated for muscle and adipose parameters. The effects of parameters on 
developing moderately severe acute pancreatitis (MSAP) or severe acute pancreatitis (SAP) 
were evaluated using univariate and multivariate logistic regression analyses. Associations 
with disease recurrence and death were analyzed through Cox regression analysis.
Results: The AP patients had higher levels of visceral adipose tissue (144.25 vs 97.81 cm2, p < 
0.001) and subcutaneous adipose tissue (135 vs 120 cm2, p < 0.001) but lower levels of adipose 
tissue attenuation (visceral and subcutaneous) and skeletal muscle attenuation (SMA) than the 
controls (p < 0.05, respectively). Visceral adipose tissue (VAT) and SMA differed significantly with 
p-values of 0.014 and 0.003 in the different severity groups of AP. In multivariate analysis, VAT and 
SMA were associated with MSAP or SAP, with odds ratios of 1.003 and 0.973, respectively (95% 
CI 1.000–1.006, p = 0.041; 95% CI 0.953–0.993, p = 0.010). Cox regression analysis showed that 
low SMA was strongly associated with an increased mortality in MSAP and SAP patients (HR 
10.500, 95% CI 1.344–82.025, p = 0.025). Regression analysis also showed an association of VAT 
loss of more than 17% with reduced 1-year recurrence of acute pancreatitis (HR 0.427, 95% CI 
0.189–0.967, p = 0.041).
Conclusion: VAT and SMA were influential factors for the severity and prognosis of 
patients with AP. Patients should proper diet and exercise after discharge to reduce VAT 
and strengthen muscle function to improve prognosis.
Keywords: skeletal muscle attenuation, visceral adipose tissue, subcutaneous adipose tissue, 
recurrent acute pancreatitis

Plain Language Summary
It is well known that the incidence, recurrence and mortality of acute pancreatitis are 
increasing year by year. Computed tomography (CT) imaging is a method of accurately quantify-
ing abdominal adipose and skeletal muscle parameters and is deemed the gold standard for body 
composition assessment. We collected CT images from 392 patients with acute pancreatitis and 
309 controls. We found that patients with acute pancreatitis had higher visceral adipose tissue 
(VAT) and lower skeletal muscle attenuation (SMA) than the control groups. High VAT is a risk 
factor for moderately severe acute pancreatitis (MSAP) or severe acute pancreatitis (SAP). On the 
contrary, high SMA was a protective factor for MSAP or SAP. We also found low SMA was 
strongly associated with an increased mortality rate in MSAP and SAP patients. VAT loss of more 
than 17% were associated with reduced recurrence of acute pancreatitis at 1 year. It is our opinion 
that patients should receive education after discharge from the hospital. Proper diet and exercise 
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can reduce VAT and increase the muscle function of patients, which is 
beneficial for improving the quality of life and prognosis of patients.

Introduction
Acute pancreatitis (AP), a major aseptic inflammatory state of 
the pancreas, is frequently caused by gallstones, alcohol con-
sumption, hypertriglyceridemia or the presence of other rare 
etiologies. The worldwide incidence of acute pancreatitis is 34 
cases per 100,000 persons, and the number of hospitalizations 
has gradually increased in recent years.1,2 A majority of those 
with hospitalizations due to AP make a full recovery, but it is 
noteworthy that approximately 17–29% of patients have recur-
rent AP (RAP) after complete or near recovery, and 3% to 
14% of these patients develop chronic pancreatitis (CP).3 

Some recent reports indicated that the mortality rate was 
approximately 2% in patients with moderately severe acute 
pancreatitis (MSAP) and significantly increased (36–50%) in 
patients with severe acute pancreatitis (SAP).4,5 The poor 
prognosis of AP poses a huge burden on the medical system. 
It has been reported that recurrent AP can reduce the physical 
and mental quality of life despite the absence of CP.6

Computed tomography (CT) imaging is a method of 
accurately quantifying abdominal adipose and skeletal mus-
cle parameters and is deemed the gold standard for body 
composition assessment.7,8 Abdominal CT was performed 
in almost all AP patients. Abdominal CT on admission and 
clinical scoring systems were similar in assessing the severity 
of AP.9 A recent systematic review has shown a strong 
association between increased visceral adipose tissue and 
the severity of AP, although it is not an independent risk 
factor for AP.10 In contrast, low skeletal muscle attenuation 
(SMA) is a risk factor for SAP rather than visceral adipose 
tissue (VAT).11 For prognostic analysis, recent studies have 
suggested that a decrease in skeletal muscle density ≥10% in 
1 month was significantly associated with increased in- 
hospital mortality in patients with necrotizing pancreatitis.12 

Low SMA was significantly associated with worse overall 
survival. There are few studies on the risk factors for recur-
rent AP in the literature, especially in Asian countries.

The primary aim of our current study was to explore 
whether body composition parameters were influential 
factors in the occurrence of MSAP or SAP. Notably, we 
analyzed whether body composition loss was associated 
with patients with recurrent AP. A secondary aim was to 
assess their impact on short-term mortality in patients with 
MSAP and SAP.

Methods
Study Population
In this retrospective study, we collected 392 hospitalized 
patients with acute pancreatitis and 303 controls from the 
PLA Rocket Force Characteristic Medical Center in China 
between April 1, 2016, and February 1, 2021. The diagnosis 
of AP included a combination of symptoms, physical exam-
ination, important laboratory and imaging tests, with two of 
the following three criteria being met: 1) upper abdominal 
pain of an acute and persistent nature often radiating 
through to the back, 2) serum amylase or lipase levels 3 
times higher than the upper limit of normal, and 3) abdom-
inal CT scans consistent with the appearance of acute 
pancreatitis.13 The severity of AP was divided into three 
types, namely, mild, moderately severe, and severe, accord-
ing to the different clinical manifestations and prognoses in 
the Atlanta Classification 2012 revision.13 Mild AP patients 
presented with no organ failure and local/systemic compli-
cations. The fatality rate of MAP is extremely low. 
Moderately severe AP patients had transient organ failure 
that recovered within 48 hours and/or local or systemic 
complications. Severe AP was defined as persistent single 
or multiple organ failure (>48 hours duration). Individuals 
with pancreatitis were excluded in the study if they have (1) 
malignancy; (2) hepatitis, liver cirrhosis and other serious 
liver diseases; (3) chronic pancreatitis. A total of 303 con-
trols had only simple gastrointestinal polyps, mild gastro-
esophageal reflux disease, chronic gastritis, or dyspepsia. 
The exclusion criteria were (1) acute and chronic pancrea-
titis; (2) malignant diseases; (3) endocrine and metabolic 
syndrome, such as thyroid dysfunction and diabetes melli-
tus; (4) various of serious diseases, such as liver failure, 
respiratory and circulatory failure, renal failure; (5) auto-
immune diseases; (6) various of chronic diseases, such as 
cardio-cerebra vascular diseases, Chronic hepatitis and liver 
cirrhosis. For patients who were seen in the hospital for 
recurrent AP more than once during the survey period, the 
first recurrence was used for further analysis. Mortality was 
determined from clinical case records. Time of death in 
days between the date of CT and the date of death was 
recorded.

CT Image Analysis
In this research, abdominal CT scans were completed in all 
patients and controls. All CT images were obtained from the 
PACS system and measured in dicom format. CT images were 
selected at the middle level of the third lumbar vertebrae and 
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measured using sliceOmatic software (version 5.0; 
Tomovision, Magog, Canada) to quantify body tissues.14 

Different tissues are divided according to different density 
thresholds, such as −29 to +150 Hounsfield units (HU) repre-
senting skeletal muscle tissue (SMT), −150 to −50 HU repre-
senting VAT and −190 to −30 representing subcutaneous 
adipose tissue (SAT). A trained operator then manually 
sketches out each tissue. Figure 1 shows skeletal muscle in 
red, visceral adipose tissue in yellow and subcutaneous adi-
pose tissue in green. The area and mean attenuation (HU) of 
different tissues were calculated automatically. The cross- 
sectional skeletal muscle area was normalized to height 
(cm2/m2) to evaluate the skeletal muscle index (SMI). 
Skeletal muscle attenuation (SMA) was determined by the 
mean Hounsfield unit (HU) value of all pixels included in 
SMT and correlated with the triglyceride content of skeletal 
muscle.15

Statistical Analysis
We used SPSS statistics software 26 (version 26.0; IBM 
Corp., Armonk, NY, UAS) to analyze our data and make 
diagrams. A P-value less than 0.05 was statistically signifi-
cant, and a P-value less than 0.1 was marginally significant. 
Categorical variables are expressed as numbers (percentages) 
and were compared by the chi-square test. Continuous data 
are shown as the median (interquartile range [IQR]), and the 
Kolmogorov–Smirnov test was used to examine the normal-
ity of the data distribution. We used Mann–Whitney U-tests 
or Kruskal–Wallis H-tests for comparisons between groups 
in the case of nonnormally distributed data. Post hoc analysis 
was executed using Bonferroni adjustment when statistically 
significant differences were observed among the three 
groups. Univariate and multivariate logistic regression ana-
lyses were applied to evaluate the risk factors for MSAP or 

SAP. P-values lower than 0.1 in univariate analysis and 
considered statistically significant were included in multi-
variate analysis. For the prognosis analyses, all body para-
meters were classified into high and low subgroups using the 
median value of different tissues as the cutoff. Stepwise Cox 
regression analysis was applied to identify body composition 
indexes significantly associated with 3-month survival in 
patients with MSAP and SAP. Similarly, we used Cox regres-
sion analysis to observe whether the rate of loss in body 
composition was a risk factor for 1-year recurrence.

Results
Baseline Features and Body Composition 
Analysis in Controls and Patients with 
Acute Pancreatitis
The sample comprised 392 patients (61.5% male; median age 
54 years [IQR 40–71]) and 309 controls (62.1% male; med-
ian age 49 years [IQR 36–61]). The cause of AP was biliary 
in 189 (48.21%) patients, hyperlipidemia in 74 (18.88%) 
patients, alcoholic in 21 (5.36%) patients, and other in 108 
(27.55%) patients. The number of acute pancreatitis patients 
with hypertension and diabetes was 144 and 86, respectively. 
341 had a first attack and 51 had a previous history of acute 
pancreatitis. With respect to the characteristics of body com-
position. BMI was significantly higher in AP patients than in 
controls (24.98 [IQR 22.49–28.06] vs 23.36 [IQR 21.46– 
25.75]; p < 0.001). AP patients had significantly higher 
VAT (144.25 [IQR 95.10–198.88] vs 97.81 [IQR 39.54– 
167.00]; p < 0.001) and SAT (135.00 [IQR 101.53–185.20] 
vs 120.00 [IQR 87.95–161.50]; p < 0.001) but significantly 
lower VATA, SATA and SMA when compared to controls (p 
< 0.05 for each; Table 1). The study showed that patients 
with higher adipose tissue and lower attenuation (muscle and 
adipose tissue) were more likely to develop AP.

Figure 1 Computed tomographic scans showing areas of body composition in AP patients with different severities. (A–C) Show mild, moderately severe, and severe AP, 
respectively. Skeletal muscle is represented in red, visceral adipose tissue is represented in yellow, and subcutaneous adipose tissue is represented in green. At a similar BMI, 
as the severity of AP increased, VAT also increased gradually (54.01 cm2, 135.8 cm2 and 372.4 cm2). In contrast, SMA showed a decreasing trend (52.41 HU, 37.08 HU and 
18.99 HU).
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Comparison of Different Body Variables 
According to Severity of Acute 
Pancreatitis and Prediction of Risk 
Factors for MSAP or SAP
Table 2 shows that we enrolled 178, 161 and 53 patients 
with mild, moderately severe and severe AP, respectively. 
The median age increased as the AP severity increased, 
but it was not significantly different among the three 
groups. The sex distribution was also not significantly 

different. SMA (39.90 [IQR 98.67–154.15], 38.37 [IQR 
30.28–44.41] and 32.25 [IQR 26.59–41.36]; p=0.003) and 
VAT (138.8 [IQR 92.08–183.43], 150.2 [IQR 90.22– 
202.25] and 166.4 [IQR 112.65–224.65]; p=0.014) were 
significantly different among the three groups. By post hoc 
analysis, SMA and VAT were significantly higher in the 
severe group than in the mild group (p=0.002, p=0.013). 
An example of a CT photograph taken at mid-L3 of AP 
patients with a similar BMI is shown in Figure 1. 
Interestingly, as the severity of AP increased, VAT also 

Table 1 Baseline Features of Control and Patients with Acute Pancreatitis

Parameters AP (n=392) Control(n=309) P-value

Male sex, n(%) 241(61.5) 192(62.1) 0.859
Age(years) 54(40–71) 49(36–61) <0.001

BMI(kg/m2)a 24.98(22.49–28.06) 23.36(21.46–25.75) <0.001

VAT(cm2)a 144.25(95.10–198.88) 97.81(39.54–167.00) <0.001
VATA(HU)a −94.24(−98.82~ −87.22) −92.15(−97.13~ −83.33) 0.002

SAT(cm2)a 135.00(101.53–185.20) 120.00(87.95–161.50) <0.001

SATA(HU)a −99.22(−103.1~ −93.76) −98.01(−101.45~ −91.92) 0.003
SMT(cm2)a 123.00(98.59–160.88) 128.30(103.65–156.37) 0.491

SMA(HU)a 38.73(30.94–44.57) 45.13(38.62–50.07) <0.001
L3-SMI(cm2/m2)a 43.66(37.62–55.20) 44.50(38.59–51.99) 0.842

Smoking, n(%) 93(23.7) 70(22.7) 0.739

Drinking, n(%) 98(25) 62(20.1) 0.122

Etiology, n(%)

Biliary 189(48.21)
Hyperlipidemia 74(18.88)

Alcoholic 21(5.36)

Other 108(27.55)
Hypertension, n(%) 133(33.93)

Diabetes, n(%) 86(21.94)

Previous AP history 51(13.01)

Note: aValues are in median (interquartile range).

Table 2 Comparison of Body Composition Variables According to Severity of Acute Pancreatitis

Variables Severity of Acute Pancreatitis P-value

Mild(n=178) Moderately Severe(n=161) Severe(n=53)

Male sex, n(%) 104(58.4) 107(66.5) 30(56.6) 0.232
Age(years)a 53(41–68) 54(36–71) 63(41.5–79) 0.122

BMI(kg/m2)a 24.67(22.49–27.35) 25.33(22.24–28.38) 26.04(22.67–29.05) 0.249

VAT(cm2)a 138.8(92.08–183.43) 150.2(90.22–202.25) 166.4(112.65–224.65)b 0.014
VATA(HU)a −95.25(−99.23~-87.81) −92.96(−98.24~-86.02) −95.16(−99.39~-88.34) 0.203

SAT(cm2)a 134.2(102.63–180.78) 131.5(97.02–185.60) 147.5(107.15–197.4) 0.354

SATA(HU)a −99.19(−103.00~-95.25) −98.99(−103.1~-92.82) −99.63(−104.85~-91.54) 0.677
SMT(cm2)a 119.5(98.67–154.15) 128.3(101.8–167.3) 111.5(94.73–151.85) 0.169

SMA(HU)a 39.90(32.78–45.71)b 38.37(30.28–44.41) 32.25(26.59–41.36)b 0.003

L3-SMI(cm2/m2)a 42.20(37.70–51.34) 45.64(38.24–56.66) 40.73(36.58–54.23) 0.106

Notes: aValues are in median (interquartile range). bSevere versus mild were statistical significance by post hoc analysis using Bonferroni adjustment.
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increased gradually (54.01 cm2, 135.8 cm2 and 
372.4 cm2). In contrast, SMA showed a decreasing trend 
(52.41 HU, 37.08 HU and 18.99 HU).

The results from the univariate and multivariate regres-
sion analyses for MSAP or SAP are shown in Table 3. The 
majority of variables did not significantly correlate with 
risk factors for MSAP or SAP. However, SMA (OR 0.973, 
95% CI 0.953–0.993, p=0.01) and VAT (OR 1.003, 95% 
CI 1.000–1.006, p=0.041) were associated with developing 
MSAP or SAP. Specifically, our data suggested that a one- 
unit increase in visceral adipose tissue was associated with 
a 0.3% increase in risk factors for MSAP or MAP. A one- 
unit increase in skeletal muscle attenuation was associated 
with a 2.7% decrease in risk factors for MSAP or MAP.

Associations of Body Parameters with 
MSAP and SAP with Respect to 3-Month 
Mortality
Among our population, there were no deaths in patients 
with mild AP. It has been reported in the literature that the 
mortality of MAP patients is also extremely low,13 so we 
only observed the risk factors for short-term mortality for 
MSAP (dead/alive, 2/161, 1.2%) or SAP (dead/alive, 9/53, 
17%) patients. For the prognosis analyses, all body para-
meters were entered as above and below subgroups using 
the median value of different tissues as the cutoff. We also 
included repeat acute pancreatitis and previous medical 
history (Hypertension and Diabetes). 181 had a first attack 

and 33 had repeat pancreatitis. For 3-month survival, 
patients with high skeletal muscle attenuation had 
a mortality rate of 0.9% (dead/alive, 1/107) compared to 
9.3% (dead/alive, 10/107) among patients with low skele-
tal muscle attenuation. According to the stepwise Cox 
regression model, the 3-month survival risk was signifi-
cantly associated with low skeletal muscle attenuation 
(hazard ratio [HR]: 10.500, 95% CI: 1.344–82.025, 
p=0.025). Figure 2 displays the 3-month survival curves 
for MSAP and SAP patients according to high or low 
skeletal muscle attenuation.

Associations of Body Composition 
Parameters with AP with Respect to 
1-Year Recurrence
In this population, 79 patients underwent CT review, 
including 33 patients with recurrence and 46 patients with-
out recurrence. Table 4 shows the baseline CT and follow- 
up CT of the patients at 1 year. In the nonrecurrent group, 
the median VAT decreased from 144.20 (IQR 101.35– 
209.80) cm2 to 103 (IQR 69.68–162.38) cm2 (p=0.005), 
which was statistically significant. However, the median 
VAT was not significantly different between the first AP 
and recurrent AP groups (156.6 [IQR 119.70–198.85] vs 
152 [IQR 100.3–186.7], p=0.442). Similarly, the decrease 
in SAT from 129.60 (IQR 95.06–192.78) cm2 to 114.55 
(IQR 72.07–170.40) cm2 (p=0.055) was marginally 
significant.

Table 3 Univariate and Multivariate Logistic Regression Analysis for Risk Factors for MSAP or SAP

Parameters Univariate Multivariate

OR (95% CI) P-value OR (95% CI) P-value

Male sex 1.266(0.842–1.905) 0.258
Age 1.006(0.995–1.016) 0.286

BMI 1.028(0.979–1.080) 0.272

VAT 1.004(1.001–1.006) 0.009 1.003(1.000–1.006) 0.041
VATA 1.018(0.996–1.041) 0.115

SAT 1.001(0.999–1.004) 0.313

SATA 1.012(0.989–1.036) 0.293
SMT 1.002(0.997–1.007) 0.501

SMA 0.969(0.949–0.989) 0.002 0.973(0.953–0.993) 0.010

L3-SMI 1.008(0.990–1.025) 0.396
Smoking 0.740(0.461–1.188) 0.213

Drinking 0.697(0.437–1.111) 0.129

Hypertension 0.855(0.561–1.304) 0.467
Diabetes 0.736(0.452–1.197) 0.217

Previous AP history 0.617(0.334–1.138) 0.122

International Journal of General Medicine 2021:14                                                                             https://doi.org/10.2147/IJGM.S322589                                                                                                                                                                                                                       

DovePress                                                                                                                       
3975

Dovepress                                                                                                                                                            Zhou et al

Powered by TCPDF (www.tcpdf.org)

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


The rate of body composition loss (%) was equal to 
the ratio between the difference value of two CT scans 
(a baseline CT and a follow-up CT) and the first body 
composition value. The median percentage of VAT 
decrease was 17%, and the recurrence rate was 23% 
(9/39) among patients with more than 17% visceral 
adipose tissue loss compared to 60% (24/40) among 
patients with less than 17% visceral adipose tissue loss. 
Hazard ratios were determined for the development of 
RAP as ascertained by Cox regression analysis. The 
results showed that more than 17% visceral adipose 
tissue loss (hazard ratio [HR] 0.427; 95% CI 0.189– 
0.967, P= 0.041) was a protective factor for 1-year 
recurrence (Table 5).

Discussion
Body composition parameter analysis is an emerging 
method and is easy to obtain from computed tomography 
(CT) images. CT has become increasingly important in the 
diagnosis, treatment, and follow-up of patients with AP. 
Our research showed that CT-assessed VAT and SMA were 
significantly associated with the development of MSAP or 
SAP. SMA was associated with the mortality rate in 
patients with MSAP and SAP. Notably, visceral adipose 
tissue loss of ≥17% within 1 year was a protective factor 
for recurrent AP. Body composition might be the key to 
predicting clinical outcomes.

Few studies on AP have included control groups. This 
study showed that patients with AP had lower adipose 

Figure 2 Stepwise cox model 3 month survival curves of high and low skeletal muscle attenuation. The mortality rate for patients with high skeletal muscle attenuation was 
0.9% (dead/alive, 1/107) and for those with low skeletal muscle attenuation was 9.3% (dead/alive, 10/107). Cox regression analysis of body composition showed that only low 
skeletal muscle attenuation was a risk factor for 3-month mortality (hazard ratio [HR]: 10.500, 95% CI: 1.344–82.025, p=0.025).

Table 4 Body Composition Features of Recurrent and No-Recurrent with AP by Different States in 1 Year

No-Recurrent(n=46) P-value Recurrent(n=33) P-value

Initial(AP) Initial(Normal) Initial(AP) Initial(RAP)

VAT 144.20(101.35–209.80) 103.00(69.68–162.38) 0.005 156.60(119.70–198.85) 152.00(100.30–186.70) 0.442

SAT 129.60(95.06–192.78) 114.55((72.07–170.40) 0.055 152.00(110.70–182.25) 148.30(97.47–185.65 0.577

SMT 118.90(97.15–145.80) 106.05(93.38–141.98) 0.410 126.80(95.49–162.30) 129.70(91.02–157.10) 0.858
SMA 37.42(28.69–43.30) 35.74(29.92–43.90) 0.821 37.67(31.56–44.31) 40.28(30.84–44.69) 0.677

L3-SMI 41.20(37.43–50.15) 39.41(36.33–48.65) 0.290 42.86(37.25–57.07) 43.16(35.46–56.03) 0.893
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tissue attenuation than controls. Low adipose tissue 
attenuation corresponds to larger adipocytes and a higher 
lipid content.16 This was consistent with the conclusion 
that both subcutaneous (135 vs 120 cm2) and visceral 
(144.25 vs 97.81 cm2) adipose tissue were higher in AP 
patients than in the control group. The AP patients also 
had lower SMA than the control group (38.73 vs 45.13 
HU). Lower CT attenuation of muscle is usually due to 
increased fatty infiltration of muscle, known as 
“myosteatosis”.17 A low level of SMA, indicating myos-
teatosis, was shown to be a major factor affecting muscle 
function. These results suggested that high adipose tissue 
and low attenuation (muscle and adipose tissue) may be 
risk factors for developing AP.

In this study, SMA was an influential factor in the 
occurrence of MSAP or SAP. A one-unit increase in ske-
letal muscle attenuation was associated with a 3.1% 
decrease in risk factors for MSAP or MAP. We found 
only one study showing that low mean muscle attenuation 
was a risk factor for SAP, but it did not explain its impact 
on the severity of AP.11 Our possible explanations are as 
follows. Recent studies have suggested that high levels of 
skeletal muscle attenuation were positively correlated with 
high levels of leptin.18 Leptin is secreted by adipose tissue 
and also by skeletal muscle.19 The main function of leptin 
is to act on the hypothalamus to suppress appetite and limit 
lipid deposition in peripheral tissues, including skeletal 
muscle.20,21 High levels of leptin would prevent lipid 
accumulation in muscle, thus maintaining high skeletal 
muscle attenuation. Leptin can also play an anti- 
inflammatory role.22 Patients with low SMA have 
decreased skeletal muscle function. At the same time, 
decreased leptin produced by skeletal muscle results in 
reduced anti-inflammatory effects. It has been reported 
that exogenous leptin supplementation in animal experi-
ments can decrease the level of inflammation and reduce 

the expression of proinflammatory factors and NO, thereby 
reducing the severity of pancreatitis.22 We also explored 
risk factors for mortality in MSAP and SAP patients. The 
mortality rate in this group of patients was 5.1% (11/214), 
which is similar to the reported rate of approximately 
5.4%.23 It has been reported that CT-assessed low SMA 
was strongly associated with mortality from cirrhosis, 
esophageal cancer and extremity sarcomas.24–26 It has 
also been reported that low skeletal muscle attenuation is 
associated with shorter survival in patients with pancreatic 
cancer, unlike low muscle mass.27 This is consistent with 
our findings. The possible reason is that low SMA induces 
an inflammatory microenvironment through an imbalance 
in adipokines and other cytokines, which could impair the 
immune system and increase the risk of death.28

Another influential factor in the development of MSAP 
or SAP patients was VAT. High deposition of adipose 
tissue was closely associated with the chronic inflamma-
tory state. Chronic inflammation may impair leptin func-
tion producing leptin resistance by interfering in leptin 
receptor signaling.29 The leptin resistance in the hypotha-
lamus impairs the weight control that may lead to 
obesity.29 Due to leptin resistance, the effect of leptin on 
inhibiting lipid deposition in skeletal muscle is decreased, 
which may lead to patients with sarcopenia or myosteato-
sis. Studies have suggested that high VAT was strongly 
associated with increased infections at the surgical site in 
patients with pancreatic cancer.30 Studies have suggested 
that the level of serum adiponectin is inversely correlated 
with abdominal adiposity.31 It is known that serum adipo-
nectin exerts anti-inflammatory effects. Adiponectin 
induces the production of anti-inflammatory mediators in 
immune cells and inhibits the production of proinflamma-
tory cytokines (TNF-α and IL-6) by macrophages.32 

Additionally, IL-6 and TNF-α also inhibit the production 
of adiponectin by adipocytes and form a vicious cycle.33 

Table 5 Association Between Rate of Body Composition Loss with in 1 Year Recurrent, According to Univariate Cox Regression 
Analysis

Parameters Hazard Ratio 95% Confidence Interval P-value

Male sex 0.110 0.511–2.413 0.791

Age 0.995 0.977–1.013 0.572

VAT rate of loss (>median) 0.427 0.189–0.967 0.041
SAT rate of loss (>median) 0.604 0.295–1.238 0.168

SMT rate of loss (>median) 0.887 0.429–1.832 0.745

SMA rate of loss (>median) 0.874 0.436–1.754 0.705
L3-SMI rate of loss (>median) 0.887 0.429–1.832 0.745
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Serum adiponectin also promotes free fatty acid clearance 
and fatty acid oxidation in mitochondria.34 Low levels of 
adiponectin reduce clearance and fat oxidation of fatty 
acids, leading to lipotoxicity. It has been reported that 
adiponectin levels in SAP are significantly lower than 
those in patients with MAP.31 Relevant animal experimen-
tal studies have shown that adiponectin therapy can sig-
nificantly reduce the severity of AP.35 For the study of 
recurrent AP, Table 4 shows that VAT had little change 
relative to the first measurement and was still at a high 
level in the recurrent group (156.6 vs 152 cm2, p=0.442). 
In contrast, VAT was significantly decreased in the non-
recurrent group (144.2 vs 103 cm2, p=0.005). Recent stu-
dies have suggested that abdominal adiposity in AP 
patients during follow-up was positively correlated with 
elevated levels of the proinflammatory cytokines IL-6 and 
TNF-α.36 This was consistent with our research. These 
data also suggested that a decrease of more than 17% in 
VAT within 1 year was a protective factor.

In this study, treatment strategies and health education on 
diet and exercise after discharge for AP patients are impor-
tant. The main treatment strategies for AP patients are fasting 
water, gastrointestinal decompression, acid inhibition, 
enzyme inhibition and supplemental physiological require-
ments. For patients with MSAP and SAP, it is important to 
block SIRS, maintain organ function, analgesia, early enteral 
nutrition, rational use of antibiotics, adequate treatment of 
local and systemic complications, and surgical treatment.37 

In our data, 14 patients with SAP underwent surgical inter-
vention. Finally, the doctor advised the patients to have 
a proper diet and moderate physical exercise after discharge. 
It has been reported that intake of vegetables, fish, fiber, and 
milk may reduce the risk of AP.38–40 Results of a prospective 
cohort study of 0.5 million people showed that there was an 
inverse association between physical activity and risk of 
AP.41 It has also been reported that combined aerobic exer-
cise and resistance exercise may reduce the occurrence of 
sarcopenia obesity and improve muscle function.42 It is very 
important for patients to have a reasonable diet and exercise 
for the occurrence of the disease and improve the prognosis.

We acknowledge that there are several limitations in 
our study. First, this study was retrospective in design and 
lacked the detection of proinflammatory and anti- 
inflammatory cytokines. Second, for recurrent studies, 
many patients do not undergo re-examination of abdom-
inal CT after recovery, which may lead to certain errors. 
Third, CT images were measured by one experienced 
physician. It has been reported that the correlation 

coefficient between the two measurements may reach 
0.954–0.99, so our measurement has little influence on 
the results.11,14 Finally, this study included only a single- 
center population in China. Therefore, further multicenter, 
large-sample, randomized and prospective studies in dif-
ferent regions would be helpful to verify our findings.

Conclusion
Visceral adipose tissue and skeletal muscle attenuation were 
strongly correlated with the severity and prognosis of patients 
with AP. The impact of VAT and skeletal muscle attenuation 
on the process and outcome of AP also needs to be further 
investigated. Last, it is our opinion that patients should receive 
education on diet and exercise after discharge from the hospi-
tal. Proper diet and exercise may increase muscle function and 
reduce visceral obesity in patients, which is beneficial for 
improving the quality of life and prognosis of patients.

Abbreviations
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