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Soluble dietary fiber, notably as an adjunct to early enteral nutrition (EEN), is gaining prominence in 
clinical therapy. This study evaluates the effect of fructooligosaccharides (FOS), a new soluble dietary 
fiber, on the prognosis of patients with severe acute pancreatitis (SAP). In a retrospective cohort 
study at the Third Xiangya Hospital of Central South University from July 2017 to July 2023, 110 SAP 
patients were analyzed. TPF (enteral nutritional suspension of total protein)-normal and TPF-FOS 
groups both received standard EEN solutions; the latter additionally received FOS. Outcomes were 
compared between the groups. The study included 37 patients in the TPF-FOS group and 73 patients 
in the TPF-normal group. Mortality was 13.50% in the TPF-FOS group and 34.20% in the TPF-normal 
group (P < 0.05). FOS was identified as an independent protective factor (OR: 0.826, P = 0.041). The TPF-
FOS group showed lower rates of intra-abdominal infection and decreased the level of inflammation 
(P < 0.05). FOS potentially acts as an independent protective factor against death in SAP. Additionally, 
the supplementation of EEN with FOS may contribute to reducing mortality and improving the 
prognosis of SAP patients.
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Severe acute pancreatitis (SAP) is a significant pancreatic inflammatory condition, marked by the abnormal 
activation of pancreatic enzymes and a widespread inflammatory response. Studies indicated that patients 
with SAP in-hospital mortality rates can be as high as 30–40%1–3. A crucial factor of progression in SAP is the 
intestinal injury and translocation of gut microbiota, which exacerbate inflammation. This translocation can 
trigger an inflammatory cascade, intensifying oxidative stress in various organs, potentially leading to systemic 
inflammatory response syndrome (SIRS) or multiple organ failure (MODS)4–6.

In the typical progression of SAP, undernutrition and nutritional risk are commonly observed, with 
undernutrition being linked to an increased infection risk7. Mederos et al. have demonstrated that early enteral 
nutrition (EEN) significantly reduces mortality and infection rates in these patients8, highlighting EEN’s critical 
role in SAP management9. However, SAP often induces gastrointestinal motility disorders and intraperitoneal 
hypertension, leading to potential interruptions or cessation of EEN10. Prior studies have shown that soluble 
dietary fiber (SDF) enhances bowel motility in various conditions like constipation, inflammatory bowel disease, 
irritable bowel syndrome and diabetes11–14. Moreover, incorporating SDF into EEN has been effective in lowering 
feeding intolerance symptoms, such as bloating and diarrhea in patients with SAP15.

Fructooligosaccharides (FOS) are novel soluble dietary fibers found in plants like chicory root, bananas, 
onions, garlic, and leeks. FOS is mainly produced from inulin extracted from chicory, artichoke, yacon, 
dahlia, or agave roots through enzymatic synthesis or inulin hydrolysis16. Previous research showed that FOS 
stimulated intestinal motility, modulates gut flora, strengthened the intestinal mucosal barrier, and lowered 
triglyceride levels17. Oligofructose, a form of FOS, alleviates intestinal stress by upregulating key epithelial genes 
(ZO-1, LAT1, CAT1, GLUT-2), enhancing barrier integrity, reducing inflammation, and regulating microbial 
balance18–20. However, research on FOS supplementation in EEN for SAP is limited.
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The present study was designed to investigate whether FOS supplemented EEN can improve the prognosis in 
patients with SAP (Fig. 1). We hope this study could provide a new strategy for the clinical management of SAP.

Methods
Patients
This retrospective cohort study, approved by the Ethics Committee of the Third Xiangya Hospital of Central 
South University, enrolled SAP patients from July 2017 to July 2023. This study classified acute pancreatitis (AP) 
according to the Atlanta 2012 classification. Based on this classification, acute pancreatitis is categorized into 
three severity levels: Mild Acute Pancreatitis (MAP): No organ failure or local complications. Moderate Acute 
Pancreatitis (MSAP): Presence of organ failure lasting less than 48 h, or the presence of local complications. 
SAP: Presence of persistent organ failure or severe local complications (e.g., pancreatic pseudocyst, abscess, 
etc.). Within 48 h of hospital admission, we confirmed the diagnosis using clinical presentation, imaging studies 
(such as abdominal CT), and biochemical markers (e.g., serum amylase, lipase), and classified acute pancreatitis 
according to the Atlanta 2012 classification system. We included only patients diagnosed with SAP in this study.

Inclusion criteria were: (1) SAP diagnosis according to Atlanta 2012 classification; (2) admission within 48 h 
of onset; (3) EEN via nasogastric tube within 72 h of admission.

Exclusion criteria included: (1) Transfer from another hospital; (2) Total parenteral nutrition (TPN) received 
before or during admission; (3) incomplete medical data; (4) age < 18 or pregnancy; (5) Pre-existing chronic 
diseases (diabetes, cardiovascular diseases, chronic kidney disease, chronic liver disease, chronic respiratory 
failure etc.) that could confound the outcomes; (6) Previous treatment at an external hospital prior to admission 
(Fig. 2).

Group and sample size
Patients were divided into the TPF (enteral nutritional suspension of total protein)-normal group and the TPF-
FOS group based on FOS supplementation. Sample size estimation was based on in-hospital mortality, using pre-
phase data from 7 patients receiving FOS-supplemented EEN, where 1 patient died (15% mortality). Estimated 
mortality for the TPF-normal group was 40%. With α = 0.05, β = 0.2, and a 1:2 ratio (TPF-FOS), the minimum 
sample size was 32 patients for TPF-FOS and 63 for TPF-normal. Of the 375 patients initially screened, 265 were 
excluded, leaving 110 eligible patients.

Research design and methods
All patients diagnosed with SAP were transferred to the ICU and received conventional comprehensive 
treatment based on disease severity. This included gastric acid and pancreatic enzyme inhibition, anti-infection 
measures, fluid resuscitation, hypoglycemia treatment, analgesia, correction of water and electrolyte imbalances, 
organ function maintenance, nutritional support, and surgical debridement and drainage as needed. For patients 
with acute kidney injury unresponsive to fluid resuscitation, continuous renal replacement therapy (CRRT) was 
administered until kidney function recovered or urine output exceeded 25 ml/h21,22. For patients with respiratory 

Fig. 1.  A visual abstract of the study.
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failure unresponsive to conventional oxygen therapy, noninvasive or invasive mechanical ventilation was used 
until respiratory function was restored. If mean arterial pressure remained < 65 mmHg after fluid resuscitation, 
vasoactive drugs were administered.

A nasogastric feeding tube (CH/FR15, Fresenius Kabi AG, Germany) was placed in the stomach under 
gastroscopic guidance within 48 h of admission. If there were no contraindications, EEN was initiated at 72 h23. 
The TPF-normal group received a 500 ml enteral nutritional suspension of total protein (Fresenius Kabiwari 
Pharmaceutical Co., China) via a nasogastric tube. The TPF-FOS group received a 500 ml enteral nutritional 
suspension of total protein combined with FOS (ABBOTT LABORATORIES B.V., Netherlands). Feeding began 
at 30 ml/h and was adjusted using a pump-assisted system. If tolerated, the rate increased by 20 ml/h every 4 h up 
to a maximum of 100 ml/h. The target energy requirement was considered met when intake reached 35 kcal/kg/
day15. If feeding intolerance occurred, the EEN rate was reduced or suspended. If EEN alone did not meet daily 
calorie requirements, parenteral nutrition was supplemented24. After being discharged from the ICU, patients 
typically returned to their primary wards for continued care. The transfer back to the primary ward was based 
on their clinical improvement and stabilization. Following ICU discharge, patients’ nutritional support was 
adjusted according to their clinical condition and tolerance. Most patients continued with enteral nutrition (EN) 
or transitioned to oral nutrition as tolerated. If oral intake was insufficient or if the patient’s condition required 
additional support, nasogastric tube feeding or parenteral nutrition was continued.

The primary endpoint was in-hospital mortality. Secondary endpoints included total hospital stay, ICU stay 
length, time to intra-abdominal infection onset, and duration of peristaltic recovery. Abdominal compartment 
syndrome (ACS) was defined as intra-abdominal pressure > 20 mmHg with new organ dysfunction or failure13. 
Intra-abdominal pressure was indirectly measured using intravesical pressure21,25. Abdominal infection was 
defined as a positive culture of pancreatic exudate or stool. Peristaltic recovery time was defined as achieving 
stool volumes > 500 mL/day. Fever was defined as a temperature > 38 °C.

Data collection and analysis
Demographic characteristics were collected post-admission. Blood biochemical indicators, including blood 
cell count (WBC), C-reactive protein, procalcitonin (PCT), liver function, renal function, electrolytes, blood 
glucose, and triglycerides, were assessed within first day of ICU stay (day 1). The Acute Physiology and Chronic 
Health Evaluation II (APACHE II) score, Sequential Organ Failure Assessment (SOFA) score, Nutrition Risk 
Screening 2002 (NRS 2002), Modified Marshall score, and Acute Gastrointestinal Injury (AGI) score were 
also recorded26–28. APACHE II evaluates ICU patients’ disease severity, with higher scores indicating greater 
mortality risk. SOFA monitors organ dysfunction severity, with higher scores correlating to more severe organ 
failure. NRS 2002 identifies patients needing nutritional support, critical in SAP management. The Modified 

Fig. 2.  The flow diagram for enrollment of this trial.
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Marshall score focuses on pancreatitis-related organ dysfunction; higher scores denote greater disease severity. 
AGI scores categorize gastrointestinal dysfunction extent; higher values signify more severe injury, significant 
in SAP due to potential gastrointestinal complications. These scores collectively guide clinical management, 
tailoring treatment strategies based on disease severity and anticipated outcomes. These assessments were 
repeated on day 7 and at discharge. Time to peristaltic recovery, duration of fever, abdominal pain duration, and 
intra-abdominal pressure were monitored. Medical records were reviewed to determine mechanical ventilation, 
CRRT, vasoactive drug use, total hospital stay, ICU stay duration, and overall survival (OS) time from admission 
to death or last follow-up.

Statistical analysis was performed using SPSS 27.0 or Stata 15.0 software. Continuous data were described 
using mean and standard deviation (SD) for normally distributed data, while median and quartiles were 
used for non-normally distributed data. Independent samples t-tests were used for normally distributed and 
homogeneously variances data; otherwise, nonparametric tests (rank sum test) were applied. Categorical data 
were presented as absolute numbers or percentages and analyzed using chi-square tests. Logistic regression was 
used for multivariate analysis. Spearman correlation analysis assessed the relationship between FOS dosage and 
variables such as length of stay, ICU stay duration, SOFA score, WBC count, C-reactive protein, and PCT levels. 
Univariate logistic regression assessed the relationship between FOS dosage and binary outcomes (death and 
intra-abdominal infection). OS was analyzed using Kaplan–Meier method, with differences between survival 
curves assessed by log-rank test. A two-tailed p-value < 0.05 was considered statistically significant.

Results
Baseline characteristics
According to the Atlanta 2012 classification, 2993 cases (79.62%) of the patients were diagnosed with mild 
acute pancreatitis (MAP), 391 cases (10.40%) with moderate acute pancreatitis (MSAP), and 375 cases (9.98%) 
with SAP. Based on the inclusion and exclusion criteria of the study, a total of 110 patients were ultimately 
included in the research cohort, consisting of 75 males and 35 females, with an age range of 18–85 (47.55 ± 14.64) 
years. There were 73 patients in the TPF-normal group and 37 patients in the TPF-FOS group (Fig. 2). The 
demographic characteristics and baseline values of the patients on day 1 are shown in Table 1. There were no 
significant differences in baseline values between the two groups, including gender, age, Body Mass Index (BMI), 
causes of SAP, laboratory results, intra-abdominal pressure, and severity (P > 0.05).

Clinical outcomes of patients with SAP
Overall, the in-hospital mortality was statistically significant decreased in the TPF-FOS group compared with 
the TPF-normal group (13.50% vs. 34.20%, respectively; P = 0.021; Table 2). The length of ICU stay in the TPF-
FOS group and TPF-normal group were 9.00 (4.00, 16.00) and 18.00 (11.00, 32.00) days, respectively (P < 0.001). 
There was no statistically significant difference in hospital stay duration between the TPF-FOS and TPF-normal 
groups (33.00 vs. 43.00, respectively; P = 0.142). Besides, the incidence of intra-abdominal infection, duration 
of fever, AGI score, time to peristaltic recovery, duration of abdominal pain and PCT level in the TPF-FOS 
group were significantly lower than those in the TPF-normal group (P < 0.05). The difference in the SOFA 
score between the TPF-FOS and TPF-normal groups on days 7 after admission was significant (4.00 vs. 6.00, 
respectively; P = 0.001). Compared with the TPF-normal group, lower levels of inflammation before discharge 
were observed in the TPF-FOS group, such as leukocytes, percentage of neutrophil, and C-reactive protein, but 
there were no significant difference between the two groups (P > 0.05). The ratios of mechanical ventilation, 
CRRT, and use of vasoactive drugs were lower in the TPF-FOS group than those in the TPF-normal group, and 
the differences were statistically significant (P < 0.05).

The potential effect of FOS feeding in patients with SAP
Kaplan Meier analysis was performed to explore the relationship between FOS supplemented EEN and in-
hospital mortality with time dependence. Results indicated that there was no statistical difference in survival 
time between the TPF-FOS and TPF-normal groups (P = 0.240). However, this study found that TPF-FOS group 
indicated a trend to have a better prognosis while prolonged the hospital stays (Fig. 3). Next, we tried to explore 
the potential effect of FOS feeding in patients with SAP. Spearman correlation analysis and univariate logistic 
regression were performed to analyze the correlation between the outcomes in the TPF-FOS group and the FOS 
dosage. The results showed a significant negative correlation between FOS dosage and death (P = 0.019). Besides, 
a statistically significant association between the dose of FOS and intra-abdominal infection was observed 
(P = 0.043). There was no statistically significant association of the FOS dose with the length of stays, the length 
of ICU stays, WBC count, PCT level, C-reactive protein level or SOFA score before discharge (Table 3).

During the study, 30 patients died (non-surviving group), and 80 patients survived (surviving group). 
Comparing the general data and blood biochemical indicators on day 1, the univariate analysis showed 
statistically significant differences in age (OR:1.065, 95% CI: 1.029–1.102, P = 0.001), blood urea nitrogen (OR: 
1.101, 95% CI: 1.019–1.190, P = 0.015), serum sodium(OR: 1.105, 95% CI: 1.027–1.190, P = 0.008), triglycerides 
(OR: 0.927, 95% CI: 0.870–0.987, P = 0.019), FOS (OR: 0.847, 95% CI: 0.738–0.973, P = 0.019), NRS 2002 score 
(OR: 2.021, 95% CI: 1.331–3.071, P = 0.001), and APACHE II score (OR: 1.097, 95% CI: 1.009–1.191, P = 0.029) 
between the two groups (P < 0.05). Multivariable logistic regression showed that age was an independent risk 
factor for death (OR: 1.048, 95% CI: 1.008–1.090, P = 0.019), and FOS was an independent protective factor for 
death in patients with SAP (OR: 0.826, 95% CI: 0.687–0.993, P = 0.041) (Table 4).
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Discussion
Despite a decline in the death rate over the past decade, SAP remains a high risk of mortality because of the 
advancement of pancreatic and extrapancreatic necrosis, the subsequent infection, and MODS. Mutinga et al. 
found that approximately half of the deaths from SAP were attributed to MODS in the early stages and were due 
to complications related to pancreatic necrosis in the late stages29.

In this study, the overall mortality rate was 27% (30 out of 110 patients). Importantly, the mortality rate 
was significantly lower in the TPF-FOS group compared to the TPF-normal group (13.50% vs. 34.20%). Both 
univariate and multivariate analyses identified FOS as a protective factor against death in patients with SAP. 
Furthermore, higher FOS dosage in EEN was associated with reduced mortality risk. These findings suggested 
that incorporating FOS into EEN could significantly decrease mortality and improve outcomes for patients with 
SAP.

The present study found that the incidence of intra-abdominal infection, length of fever, and WBC (on day 7), 
which reflected the levels of systemic inflammation, were significantly reduced in the TPF-FOS group compared 
to the TPF-normal group. The study suggested that it may be related to the physiological function of FOS. As a 
kind of SDF, FOS is fermented by intestinal bacteria to produce gas and short-chain fatty acids (SCFAs)30. On 
the one hand, SCFAs can stimulate the secretion of mucin by goblet cells. The mucin can improve the intestinal 
mucosal barrier function by strengthening the tight junctions of the intestinal epithelium31. Recent animal 
studies have found that in the absence of SDF, intestinal bacteria may erode the intestinal mucus barrier, and 
the integrity of the mucosal barrier is then damaged32. On the other hand, SCFAs can promote the proliferation 
of intestinal probiotics, such as Lactobacillus and Bifidobacterium. Intestinal probiotics can regulate intestinal 
flora, protect the intestinal mucosal barrier and reduce the level of the systemic inflammatory response33,34. 
Shinohara K. et al. found that the number of Bifidobacteria in the stools of healthy volunteers was increased, 
while Clostridium perfringens and Pseudomonas tended to decrease after the intake of SDF35. The decline in 

Variable TPF-FOS group (n = 37) TPF-normal group (n = 73) P value

Sex, male, n(%) 24 (64.9) 51 (69.9) 0.595

Age, years, mean ± SDa 48.19 ± 14.65 47.23 ± 14.73 0.748

BMI, kg/m2 b 25.10 (23.00, 28.00) 26.00 (22.50, 29.40) 0.704

Causes of SAP, n (%) 0.785

 Hypertriglyceridemia 18 (48.6) 38 (52.1)

 Biliary 15 (40.5) 25 (34.2)

 Others 4 (10.8) 10 (12.7)

Day 1

 Hemoglobin, g/Lb 126.00 (90.50, 161.50) 135.00 (108.50, 156.00) 0.508

 WBC (×109/L)b 13.79 (10.46, 19.37) 13.32 (10.23, 19.91) 0.837

 Percentage of neutrophils, %b 87.10 (84.35, 90.20) 89.40 (83.95, 90.70) 0.523

 Platelet (×109/L)b 184.00 (158.00, 257.00) 177.00 (137.00, 240.00) 0.479

 C-reactive protein, mg/Lb 192.07 (79.45, 292.99) 254.95 (200.00, 306.00) 0.068

 PCT, ng/mlb 1.90 (0.63, 9.96) 3.60 (1.19, 9.48) 0.162

 Total protein, g/Lb 57.40 (52.85, 66.70) 56.10 (49.95, 65.70) 0.377

 Serum albumin, g/Lb 30.90 (29.00, 34.80) 32.50 (27.85, 37.40) 0.595

 Total bilirubin, umol/Lb 22.10 (12.90, 42.70) 20.90 (15.15, 39.30) 0.982

 Direct bilirubin, umol/Lb 8.70 (4.20, 26.05) 7.90 (3.85, 18.35) 0.500

 Blood urea nitrogen, mmol/Lb 7.42 (5.92, 10.78) 7.52 (5.72, 12.18) 0.662

 Serum creatinine, umol/Lb 71.00 (52.00, 122.00) 86.00 (54.00, 156.00) 0.356

 Serum calcium, mmol/Lb 1.98 (1.62, 2.17) 1.88 (1.69, 2.07) 0.515

 Serum sodium, mmol/Lb 137.60 (134.85, 141.70) 139.60 (135.80, 142.35) 0.160

 Serum chlorine, mmol/Lb 101.70 (98.20, 108.00) 103.00 (99.05, 108.00) 0.679

 Serum potassium, mmol/Lb 4.09 (3.66, 4.70) 4.30 (3.71, 4.64) 0.847

 Blood glucose, mmol/Lb 8.55 (5.95, 13.27) 11.06 (7.30, 14.93) 0.051

 Triglycerides, mmol/Lb 2.79 (1.76, 10.63) 5.17 (1.42, 15.33) 0.827

 IAP, mmHgb 15.00 (12.25, 17.75) 16.00 (13.00, 21.00) 0.245

 SOFA scoreb 5.00 (4.00, 7.00) 6.00 (4.00, 9.00) 0.138

 NRS 2002 scoreb 4.00 (3.00, 5.50) 4.00 (4.00, 6.00) 0.217

 APACHE II scoreb 10.00 (7.50, 14.00) 12.00 (9.00, 15.00) 0.082

 Modified Marshall scoreb 3.00 (3.00, 4.00) 4.00 (3.00, 5.00) 0.400

Table 1.  Demographic features and baseline characteristics. IAP intra-abdominal pressure, SOFA Sequential 
Organ Failure Assessment, NRS Nutrition Risk Screening, APACHE Acute Physiology and Chronic Health 
Evaluation, WBC white blood cell, PCT Procalcitonin, BMI Body Mass Index. aData are presented as the 
means ± SD. bData are presented as the medians (interquartile range).
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intestinal mucosal barrier function can lead to increased intestinal mucosal permeability, the translocation of 
intestinal flora, and the leakage of endotoxin into the blood circulation, which can exacerbate the systemic 
inflammatory response and MODS.

In this study, the AGI score, recovery of intestinal motility, and duration of abdominal pain were significantly 
lower in the TPF-FOS group following FOS supplementation. The Working Group on Abdomen (WGAP) of 
the European Society of Intensive Care Medicine (ESICM) defines AGI as gastrointestinal tract dysfunction 
in critically ill patients due to acute illness36. Reduced intestinal motility can lead to altered intestinal flora 
composition and potentially promote bacterial overgrowth, leading to bacterial translocation. These findings 
suggest that FOS may enhance gastrointestinal motility and improve gastrointestinal function. Similar conclusions 
have been observed where SDF improve bowel movements in conditions such as constipation, inflammatory 
bowel disease, irritable bowel syndrome, and diabetes11–14. The mechanisms involve gas production from FOS 
fermentation in the colon, directly stimulating intestinal peristalsis. Additionally, SCFAs produced by FOS 
fermentation promote 5-hydroxytryptamine secretion from colonic mucosal cells, stimulating intestinal nerves 
to enhance gastrointestinal motility31,37. Finally, SCFAs are the main energy source of intestinal epithelial cells16.

Results from this study indicated that on day 7, the SOFA score, PCT level, and length of ICU stay were 
significantly lower in the TPF-FOS group compared to the TPF-normal group. The SOFA score and PCT were 
noted as reliable indicators of disease severity and mortality risk in patients with SAP. Previous studies have 
suggested that reassessment of the SOFA score on the 7th day post-admission is valuable for predicting late 
mortality in SAP38,39. Hu et al. revealed that PCT may be a predictor of disease severity in COVID-1940. Laimoud 
et al. found that the SOFA score in patients with cardiogenic shock is a good predictor of hospital mortality, 
which was similar to the results of this study41. FOS can promote intestinal dysmotility, enhance intestinal 
mucosal barrier function, decrease intestinal mucosal permeability, alleviate endotoxin entry into blood, and 
decrease the systemic inflammatory response and MODS. Therefore, FOS can reduce the disease severity and 
improve the prognosis of SAP.

Mechanical ventilation can improve respiratory distress in patients with SAP. Gao et al. identified that CRRT 
can remove various inflammatory factors in SAP42. Vasoactive drugs can correct hypotension and maintain 
the blood perfusion to essential organs. In this study, we discovered that FOS reduced the rates of mechanical 
ventilation, CRRT, and use of vasoactive drugs in patients with SAP, which are crucial supportive treatments for 

Variables TPF-FOS group (n = 37) TPF-normal group (n = 73) P value

Mortality, n (%) 5 (13.50) 25 (34.20) 0.021

Duration of hospital stay, daysb 33.00 (23.00, 52.50) 43.00 (25.50, 64.50) 0.142

Duration of ICU stay, daysb 9.00 (4.00, 16.00) 18.00 (11.00, 32.00) < 0.001

Incidence of IAI, n (%) 11 (29.70) 41 (56.20) 0.009

Duration of fever, daysb 5.00 (0.00, 11.50) 7.50 (4.25, 14.75) 0.016

AGI scoreb 2.00 (2.00, 3.50) 3.00 (2.00, 4.00) 0.001

Time to peristaltic recovery, daysb 5.00 (3.00, 9.00) 9.00 (5.00, 16.75) <0.001

Duration of abdominal pain, daysb 9.00 (5.00, 16.00) 18.00 (8.00, 30.00) 0.002

Ratio of MV, n (%) 24.00 (64.90) 65.00 (89.00) 0.002

Ratio of CRRT, n (%) 17.00 (45.9) 62.00 (84.90) <0.001

Ratio of vasoactive drugs, n (%) 15.00 (40.50) 51.00 (69.90) 0.003

SOFA score

 Days 7b 4.00 (2.00, 5.50) 6.00 (3.00, 9.00) 0.001

 Before dischargeb 2.00 (1.00, 8.00) 3.00 (1.00, 12.00) 0.161

WBC count (×109/L)

 Days 7a 15.91 ± 6.99 19.42 ± 8.44 0.032

 Before dischargeb 9.33 (6.14, 11.17) 9.70 (5.63, 13.92) 0.651

Percentage of neutrophils, %

 Days 7b 86.40 (82.30, 88.90) 87.80 (82.40, 90.80) 0.371

 Before dischargeb 76.60 (69.95, 82.80) 80.40 (68.70, 86.60) 0.379

C-reactive protein, mg/L

 Days 7a 128.70 ± 84.42 151.05 ± 61.77 0.149

 Before dischargeb 54.38 (17.32, 127.84) 72.81 (20.46, 128.21) 0.488

PCT, ng/ml

 Days 7b 0.23 (0.08, 0.92) 1.11 (0.56, 6.28) <0.001

 Before dischargeb 0.14 (0.04, 0.57) 0.85 (0.20, 4.52) <0.001

Table 2.  Outcomes of the patients in the TPF-FOS and TPF-normal groups. CRRT continuous renal 
replacement therapy, IAI intra-abdominal infection, SOFA Sequential Organ Failure Assessment, WBC white 
blood cell, PCT procalcitonin, MV mechanical ventilation, AGI Acute Gastrointestinal Injury. aData are 
presented as the means ± SDs; bData are presented as the medians (interquartile range).
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critical patients. However, the mechanism is not known and may be related to the reduction in disease severity 
by FOS.

In addition, it has been shown that SDF can regulate insulin secretion and decrease triglycerides and 
glucose43,44. However, there was no significant difference in blood glucose and triglycerides between the TPF-
FOS and TPF-normal groups in this study.

Gallstones and alcohol are the most prevalent causes of AP, but hypertriglyceridemia (HTG) is also a 
significant contributor, as seen in our study, where more than half of the patients had AP associated with HTG. 
In our study, the baseline triglyceride levels were lower in the EEN-FOS group, which may have influenced the 
outcomes observed in this group. Elevated triglyceride levels have been shown to contribute to pancreatic injury 

Variables

FOS dose

Spearman correlation Z value P value

Death −2.35 0.019

Intra-abdominal infection −2.02 0.043

The length of stays 0.138 0.416

The length of ICU stays −0.206 0.222

SOFA score before discharge 0.146 0.388

WBC count before discharge −0.187 0.268

C-reactive protein level 
before discharge −0.282 0.132

PCT level before discharge −0.158 0.358

Table 3.  Relationship between the dose of FOS and prognosis in the TPF-FOS group. PCT procalcitonin, WBC 
white blood cell, SOFA Sequential Organ Failure Assessment, ICU Intensive Care Unit, FOS Fructo-oligose.

 

Fig. 3.  Survival curves by Kaplan–Meier analyses, the relationship between FOS supplemented EEN and in-
hospital mortality.
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and worsen the course of AP45. In our study, the better prognosis in the EEN-FOS group may be attributed 
to both the reduction in triglyceride levels and the potential anti-inflammatory effects of FOS. However, 
apart from triglyceride levels, FOS may also play an important role in improving lipid metabolism, reducing 
pancreatic inflammation, and promoting intestinal recovery46. Although the results of this study may be 
particularly relevant for patients with hypertriglyceridemia-induced AP, we believe that the benefits of EEN-
FOS combination therapy may extend beyond this subgroup. Future studies should further explore whether 
this treatment regimen is effective in other patient populations, including those without hypertriglyceridemia. 
Large-scale prospective trials will be needed to confirm the broader applicability of this treatment and elucidate 
the underlying mechanisms.

We acknowledge several limitations in our study. Firstly, the relatively small sample size, particularly in the 
TPF-FOS group, might introduce selection bias. Additionally, the lack of control over certain common variables 
poses a risk of collinearity bias. Due to the retrospective nature of our study, some data were missing, preventing 
us from determining the exact time interval from AP diagnosis to ICU admission for all patients. ICU transfer 
was based on clinical judgment, which varied with disease severity. The lack of a uniform ICU transfer criterion 
limits our ability to assess the impact of ICU timing on outcomes, and this warrants further investigation in 
future studies with more comprehensive data. Besides, the treatment decision between TPF and TPF-FOS was 
primarily based on the clinical judgment of physicians and the individual patient’s condition, the choice of 
treatment may have been influenced by various factors, introducing potential selection bias. Finally, our study 
indicated a possible role for FOS in influencing SAP outcomes. However, it is important to note that we did 
not directly assess the impact of FOS on the intestinal microbiota’s abundance or diversity in the two groups. 
Therefore, any potential influence of FOS on the proliferation of intestinal probiotics remains speculative and 
requires further empirical investigation. Moreover, the specific molecular mechanisms by which FOS may 
modulate the inflammatory response in SAP are not yet fully understood and warrant additional research. The 
molecular mechanism by which FOS reduces the inflammatory response in SAP remains to be clearly delineated.

While our findings suggest that FOS could potentially protect against mortality in patients with SAP, caution is 
warranted due to study limitations. The concept of FOS-supplemented EEN represents a promising intervention 
for improving prognosis in SAP. However, further research is necessary to establish its efficacy. Our study lays 
groundwork for future investigations and potential integration of FOS supplementation into SAP treatment 
protocols, underscoring the importance of larger, randomized controlled trials to validate these initial findings.

Variables

Univariate analysis Multivariate analysis

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

Age 0.001 1.065 (1.029–1.102) 0.019 1.048 (1.008–1.090)

Gender 0.951 1.029 (0.422–2.504)

WBC 0.129 1.045 (0.987–1.105)

Percentage of neutrophils, % 0.163 1.059 (0.977–1.148)

Hemoglobin 0.848 0.999 (0.986–1.011)

Platelet 0.915 1.000 (0.995–1.004)

C-reactive protein 0.519 0.998 (0.994–1.003)

PCT 0.362 1.008 (0.991–1.024)

Total protein 0.478 0.989 (0.959–1.020)

Serum albumin 0.870 1.005 (0.944–1.070)

Total bilirubin 0.455 1.003 (0.995–1.011)

Direct bilirubin 0.507 1.004 (0.992–1.016)

Blood urea nitrogen 0.015 1.101 (1.019–1.190) 0.187 1.072 (0.967–1.189)

Serum creatinine 0.098 1.004 (0.999–1.008)

Serum calcium 0.175 2.217 (0.701–7.013)

Serum sodium 0.008 1.105 (1.027–1.190) 0.384 1.040 (0.952–1.135)

Serum chlorine 0.239 1.027 (0.982–1.074)

Serum potassium 0.820 1.060 (0.640–1.755)

Blood glucose 0.944 0.997 (0.926–1.074)

Triglycerides 0.019 0.927 (0.870–0.987) 0.309 0.961 (0.890–1.038)

FOS 0.019 0.847 (0.738–0.973) 0.041 0.826 (0.687–0.993)

SOFA score 0.060 1.149 (0.994–1.328)

NRS 2002 score 0.001 2.021 (1.331–3.071) 0.169 1.466 (0.849–2.532)

APACHE II score 0.029 1.097 (1.009–1.191) 0.987 1.001 (0.885–1.133)

Table 4.  Univariate and multivariate analysis of death in patients with SAP. OR odds ratio, CI confidence 
interval, WBC white blood cell, PCT Procalcitonin, FOS Fructo-oligose, SOFA Sequential Organ Failure 
Assessment, NRS 2002 Nutrition Risk Screening 2002, APACHE II Acute Physiology and Chronic Health 
Evaluation II. Significant values are in bold.
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In conclusion, this study suggests that FOS may serve as an independent protective factor against mortality 
in SAP. Furthermore, supplementing EEN with FOS appears to contribute to reducing mortality and improving 
the prognosis of patients with SAP.

Data availability
All data generated or analysed during this study are included in this published article.
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