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Abstract
BACKGROUND 
Compared with patients with other causes of acute pancreatitis, those with 
hypertriglyceridemia-induced acute pancreatitis (HTG-AP) are more likely to 
develop persistent organ failure (POF). Therefore, recognizing the individuals at 
risk of developing POF early in the HTG-AP process is a vital for improving 
outcomes. Bedside index for severity in acute pancreatitis (BISAP), a simple 
parameter that is obtained 24 h after admission, is an ideal index to predict HTG-
AP severity; however, the suboptimal sensitivity limits its clinical application. 
Hence, current clinical scoring systems and biochemical parameters are not 
sufficient for predicting HTG-AP severity.

AIM 
To elucidate the early predictive value of red cell distribution width (RDW) for 
POF in HTG-AP.

METHODS 
In total, 102 patients with HTG-AP were retrospectively enrolled. Demographic 
and clinical data, including RDW, were collected from all patients on admission.

RESULTS 
Based on the Revised Atlanta Classification, 37 (33%) of 102 patients with HTG-
AP were diagnosed with POF. On admission, RDW was significantly higher in 
patients with HTG-AP and POF than in those without POF (14.4% vs 12.5%, P < 
0.001). The receiver operating characteristic curve demonstrated a good discrim-
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inative power of RDW for POF with a cutoff of 13.1%, where the area under the curve (AUC), sensitivity, and 
specificity were 0.85, 82.4%, and 77.9%, respectively. When the RDW was ≥ 13.1% and one point was added to the 
original BISAP to obtain a new BISAP score, we achieved a higher AUC, sensitivity, and specificity of 0.89, 91.2%, 
and 67.6%, respectively.

CONCLUSION 
RDW is a promising predictor of POF in patients with HTG-AP, and the addition of RDW can promote the 
sensitivity of BISAP.

Key Words: Red cell distribution width; Bedside index for severity in acute pancreatitis; Persistent organ failure; 
Hypertriglyceridemia-induced acute pancreatitis
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Core Tip: Red cell distribution width (RDW) reflects systemic inflammation, which is significantly associated with the 
severity of acute pancreatitis. However, the relationship between RDW and hypertriglyceridemia-induced acute pancreatitis 
(HTG-AP) remains unclear. Herein, RDW exhibited a potent discriminatory power for predicting persistent organ failure in 
patients with HTG-AP. Furthermore, the addition of RDW is able to promote the sensitivity of bedside index for severity in 
acute pancreatitis.
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INTRODUCTION
Hypertriglyceridemia is the most common etiology of acute pancreatitis (AP)[1-3]. Compared with patients with other 
causes of AP, those with hypertriglyceridemia-induced AP (HTG-AP) are more likely to suffer from persistent organ 
failure (POF)[4,5]. POF is a major determinant of mortality in early HTG-AP and correlates with the magnitude of inflam-
matory responses[1], thereby indicating the prognosis of patients. Given this, early recognition of HTG-AP patients at risk 
of POF is necessary for improving patients’ outcomes.

Red cell distribution width (RDW) reflects the size of circulating erythrocytes[6]. Studies[7,8] have reported that high 
RDW is significantly associated with AP severity. The mechanism underlying this association may be attributed to the 
following: (1) Inflammation blocks anti-apoptosis or promotes erythrocyte death[9]; (2) inflammatory cytokines can 
desensitize bone marrow erythroid progenitors to erythropoiesis, thereby inhibiting erythrocyte maturation[10]; and (3) 
during AP, erythrocytes cannot absorb vital materials, including vitamin B12, iron, and folic acid[11].

However, the relationship between RDW and HTG-AP was not well elucidated in previous studies; therefore, our 
study aimed to evaluate the predictive value of RDW for POF in patients with HTG-AP.

MATERIALS AND METHODS
Patient selection
In this retrospective study, consecutive patients with HTG-AP who were hospitalized at the Affiliated Baiyun Hospital of 
Guizhou Medical University from January 2017 to February 2021 were enrolled. AP and POF (lasting > 48 h) were 
diagnosed based on the Revised Atlanta Classification[12]. This study was reviewed and approved by the Science and 
Research Office of the Affiliated Baiyun Hospital of Guizhou Medical University. Patients’ consent for inclusion was 
waived owing to the retrospective nature of the study.

HTG-AP was diagnosed if serum triglyceride levels were > 11.3 mmol/L or between 5.56 and 11.30 mmol/L 
accompanied by chylous effusion, with the exclusion of other etiologies[13,14].

The exclusion criteria were as follows: (1) Patients who were admitted > 24 h after AP onset, (2) those who were < 18 
years of age; and (3) those with other etiology-induced AP, recurrent AP, gestational AP, AP with anemia (woman < 110 
g/L, man < 120 g/L), chronic pancreatitis, and cancer history. The primary endpoint was in-hospital POF.

Data collection
All data were collected from our hospital’s electronic medical database. For each patient, age, sex, and medical history 
were collected as baseline demographic data. Furthermore, information on vital signs was collected from all patients on 
admission, and the results of laboratory tests, radiological imaging, and clinical outcomes were collected within 24 h of 
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admission. The bedside index for severity in acute pancreatitis (BISAP)[15] and the Acute Physiology and Chronic Health 
Evaluation II (APACHE II) score[16] were calculated within 24 h of admission.

The measurement of RDW
On admission, 2-3 mL of blood was collected, placed in EDTA-K2 anticoagulation tubes, and stored at 4-8℃. The whole 
blood samples were directly loaded into a hematology analyzer (XN-2000, Japan Sysmex) for detection. RDW (%) = SD of 
red blood cell volume/mean corpuscular volume x 100. The reference range of RDW was 11.0%-16.0%.

Statistical analysis
Data were presented as median (interquartile range) or mean ± SD. Categorical data were presented as percentages (%). 
Univariate analysis was performed using the Student’s t-test, Mann-Whitney U test, and chi-squared test, as appropriate. 
Admission variables that were significant in univariate analysis were subjected to multivariate regression analysis.

A receiver-operating characteristic (ROC) curve was used to estimate predictive accuracy. The sensitivity, specificity, 
positive predictive value (PPV), negative predictive value (NPV), and area under the curve (AUC) were calculated. 
Pearson’s analysis was performed to determine the correlations between two variables. GraphPad Prism 9.0 (GraphPad 
Software, San Diego, CA, United States) and SPSS 25.0 (IBM Corp., Armonk, NY, United States) were used to perform 
statistical analyses. A P value < 0.05 was considered statistically significant.

RESULTS
Patient demographics and clinical characteristics
Table 1 summarizes the demographic, laboratory, and clinical characteristics of patients with and without POF. In total, 
102 patients were included in this retrospective study. The age range was 20-58 years and 34 (33%) of 102 patients 
developed POF; no patients died.

Clinical outcomes
Univariate analysis identified several risk factors of POF on admission (P < 0.05). Multivariate analysis revealed that 
RDW (P = 0.002) and BISAP (P = 0.001) were associated with POF (Table 1). RDW was positively correlated with BISAP (r 
= 0.457, P < 0.001) and APACHE II (r = 0.440, P < 0.001) (Figure 1).

ROC analysis indicated that the optimal cutoff value for RDW was 13.1%. The sensitivity, specificity, PPV, and NPV 
were 82.4%, 77.9%, 65.1%, and 89.8%, respectively. Using the cutoff for RDW, the 102 patients with HTG-AP were divided 
into two groups: RDW < 1 3.1% and RDW ≥ 13.1% groups. More POF patients were presents in the RDW ≥ 13.1% group (
P < 0.001) (Figure 2 and Table 2).

When RDW was ≥ 13.1%, one point was added to the BISAP score to obtain a new BISAP score (BISAP plus RDW: BR 
score). When the cutoff value of BR score was set as 2 points, the AUC, sensitivity, specificity, PPV, and NPV for 
predicting POF was 0.89, 91.2%, 67.6%, 58.5%, and 93.9%, respectively (Figure 3 and Table 2). Compared with BISAP 
alone (AUC = 0.82, sensitivity = 64.7%, specificity = 82.4%, PPV = 64.7%, and NPV = 82.4%) and APACHE II (AUC = 0.74, 
sensitivity = 73.5%, specificity = 60.3%, PPV = 48.1%, and NPV = 82.0%), BR score exhibited a higher predictive accuracy 
(Figure 3 and Table 2).

DISCUSSION
Herein, our study suggested that RDW on admission was a promising indicator for POF and that the BR score could 
efficiently predict POF in patients with HTG-AP. This is the first study to uncover the association between RDW and POF 
in patients with HTG-AP.

Compared with other AP etiologies, HTG-AP is more likely to causes POF, which results in an unfavorable prognosis 
for patients[12,17,18]. Therefore, the predictive value of RDW is of significance because the application of this biomarker 
can facilitate the discrimination of patients who have a high risk of developing POF and the design of treatment 
regimens. Moreover, RDW examination is reproducible, inexpensive, and convenient, and thus can be widely 
implemented in almost every hospital.

The production of inflammatory cytokines and corresponding inflammatory cascade have long been considered a 
critical pathogenic mechanism of POF in AP patients[1,8]. RDW reflects systemic inflammation, and several studies[6-8] 
have proposed the RDW can predict in-hospital mortality and severity in AP. However, these studies only included 
gallstones- and alcohol-induced AP but not HTG-AP. Consequently, our study focused on the association between RDW 
and POF in patients with HTG-AP. The results indicated that RDW was positively correlated with BISAP and APACHE II 
scores, which were commonly used indicators of POF. Meanwhile, RDW exhibited a promising value in predicting POF.

Although the mechanism underlying increased RDW in HTG-AP patients developing POF, it may be attributed to 
factors as follows: inflammatory cascade triggers triglyceride-mediated lipotoxicity; in turn, increased triglyceride levels 
augment the intensity of the inflammatory cascade, which contributes to the elevation of RDW[17,18]. Notably, we 
excluded patients with anemia, which would affect RDW; this might promote the predictive value of RDW[6,9,19].
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Table 1 Demographic and clinical characteristics of the patients, N (%)

Variable Non-POF (n = 68) POF (n = 34) Univariate P Multivariate P

Age (yr) 40 ± 8 40 ± 9 0.967

Sex (M/F) 56/12 29/5 0.785

Hypertension 16 (24) 7 (21) 0.876

Diabetes 33 (49) 22 (65) 0.144

Fatty liver disease 39 (57) 16 (47) 0.679

Alcohol 28 (41) 15 (44) 0.833

Smoking 45 (66) 21 (62) 0.667

WBC (x109/L) 12.4 (10.9, 15.9) 14.9 (13.2, 17.1) 0.009 0.172

MPV (fL) 10.42 ± 1.76 11.54 ± 2.06 0.012 0.085

RDW (%) 12.5 (12.0, 13.0) 14.4 (13.4, 14.9) < 0.001 0.002

Amylase (U/L) 124 (66, 258) 239 (83, 917) 0.036 0.383

Calcium (mmol/L) 2.35 (2.25, 2.42) 2.29 (2.10, 2.95) 0.064

Triglyceride (mmol/L) 16.42 (11.58, 20.31) 19.57 (15.23, 24.70) 0.010 0.101

ALT (U/L) 36.0 (25.0, 47.4) 35.2 (20.8, 46.6) 0.412

AST (U/L) 25.9 (19.1, 31.7) 25.4 (17.9, 33.6) 0.879

Albumin (g/L) 46.1 (44.1, 48.4) 44.8 (42.1, 48.3) 0.078

BUN (mmol/L) 4.30 (3.60, 5.18) 3.85 (2.90, 5.00) 0.057

Creatinine (μmol/l) 60.50 (47.50, 76.55) 54.90 (41.70, 71.05) 0.158

C-reaction protein (mg/L) 24.89 (11.14, 57.54) 63.10 (23.57, 99.91) 0.008 0.185

BISAP 1 (0, 1) 2 (1, 2) < 0.001 0.001

APACHE II 4 (2, 5) 5 (4, 8) < 0.001 0.119

Data are presented as n (%) prevalence, and mean ± SD or median (interquartile range). WBC: White blood cells; MPV: Mean platelet volume; RDW: Red 
cell distribution width; ALT: Alanine aminotransferase; AST: Aspartate transaminase; BUN: Blood urea nitrogen; BISAP: Bedside index for severity in 
acute pancreatitis; APACHE II: Acute Physiology and Chronic Health Evaluation II; POF: Persistent organ failure.

Table 2 Overall accuracy of red cell distribution width (RDW), bedside index for severity in acute pancreatitis (BISAP), acute physiology 
and chronic health evaluation II, and BISAP plus RDW score for predicting persistent organ failure in patients with 
hypertriglyceridemia-induced acute pancreatitis on admission

Variable AUC Cut-off Sensitivity (%) Specificity (%) PPV (%) NPV (%)

RDW 0.85 13.1 82.4 77.9 65.1 89.8

BISAP 0.82 2 64.7 82.4 64.7 82.4

APACHE II 0.74 5 73.5 60.3 48.1 82.0

BR 0.89 2 91.2 67.6 58.5 93.9

HTG-AP: Hypertriglyceridemia-induced acute pancreatitis; AUC: Area under the curve; PPV: Positive predictive value; PPV: Negative predictive value; 
RDW: Red cell distribution width; BISAP: Bedside index for severity in acute pancreatitis; APACHE II: Acute Physiology and Chronic Health Evaluation II; 
BR: BISAP plus RDW.

Several multiparameter predictors, including Ranson criteria, BISAP, and APACHE II, have been adopted to evaluate 
POF in HTG-AP patients[20-22]. However, Ranson criteria can only be used after 48 h of hospitalization and the 
calculation of APACHE II is complicated[16]. Although BISAP is widely used because of its simplicity of calculation, its 
low sensitivity limits its clinical application[16]. Li et al[21] compared the differences in scoring systems for predicting the 
prognosis of HTG-AP patients. They suggested that BISAP was the best indicator for predicting the HTG-AP severity. 
However, BISAP had a suboptimal sensitivity (66.7%) for predicting POF. Similarly, Yang et al[20] reported that BISAP 
exhibited low sensitivity (54%) for predicting HTG-AP severity. Consistent with previous findings, our results revealed 
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Figure 1 Correlation between red cell distribution width and bedside index for severity in acute pancreatitis and acute physiology and 
chronic health evaluation II. A: Positive correlation between red cell distribution width (RDW) and bedside index for severity in acute pancreatitis; B: Positive 
correlation between RDW and acute physiology and chronic health evaluation II. RDW: Red cell distribution width; BISAP: Bedside index for severity in acute 
pancreatitis; APACHE-II: Acute Physiology and Chronic Health Evaluation II.

Figure 2 Percentage of patients with hypertriglyceridemia-induced acute pancreatitis between the red cell distribution width (RDW) < 
13.1% group and the RDW ≥ 13.1% group. POF: Persistent organ failure; RDW: Red cell distribution width.

that BISAP also exhibited a low sensitivity (64.7%) for predicting POF.
Several studies have demonstrated the improved predictive value by combining BISAP and other biomarkers. Zheng et 

al[22] found that BISAP plus C-reactive protein levels for predicting POF in AP had increased AUC, sensitivity, and 
specificity compared with using BISAP alone (0.873, 81.6%, and 85.2% vs 0.856, 80.8%, and 84.1%, respectively). Zhou et al
[19] (BISAP plus RDW) also suggested that while the addition of RDW promoted the predictive value of BISAP, it 
decreased the sensitivity. In the present study, the results indicated that the BR score exhibited higher AUC (0.89 vs 0.82) 
and sensitivity (91.2% vs 64.7%) than BISAP alone for predicting POF in HTG-AP patients, whereas the specificity (67.6% 
vs 82.4%) dropped.

Fluid therapy is a long-established cornerstone to prevent organ hypoperfusion within 24 h of AP onset[16,23]. Recent 
studies[17,23] have indicated that aggressive fluid therapy in AP may result in poor outcomes, particularly in older 
patients. Since HTG-AP patients tend to have a younger age, aggressive fluid therapy is a relatively safe treatment. 
However, our results suggested that more attention should be paid to patients with RDW ≥ 13.1%.

Our study has some limitations. First, no patient died in our cohort; therefore, the ability of RDW to predict mortality 
could not be investigated. However, considering the intimate association between POF development and unfavorable 
prognosis at the early stage of AP[12], we inferred that the mortality prediction performance of RDW might be superior 
in HTG-AP than in POF. Second, this study was limited by its retrospective design and small sample size, making it 
impossible to draw definitive conclusions regarding the diagnostic value of evaluated biomarkers for predicting POF in 
HTG-AP. Third, the definition of HTG-AP differed between countries[17], which limited the extension of our findings to 
other countries. Moreover, we did not perform a subgroup analysis to exclude the influence of metabolic disorders on 
RDW. Furthermore, BR score had a high false positive rate, indicating that the BR score was not an optimal indicator for 
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Figure 3 Receiver operating characteristic curves for red cell distribution width (RDW), bedside index for severity in acute pancreatitis 
(BISAP), Acute Physiology and Chronic Health Evaluation II, and BISAP plus RDW score for predicting persistent organ failure in 
hypertriglyceridemia-induced acute pancreatitis. HTG-AP: Hypertriglyceridemia-induced acute pancreatitis; RDW: Red cell distribution width; BISAP: 
Bedside index for severity in acute pancreatitis; APACHE II: Acute Physiology and Chronic Health Evaluation II; BR: BISAP plus RDW; POF: Persistent organ failure.

predicting POF. Nevertheless, the BR score had a relatively high sensitivity, so it could be a screening indicator for POF in 
HTG-AP patients. Additional new biomarkers and scoring systems should be developed to better predict POF.

CONCLUSION
RDW on admission is an independent predictor of POF in patients with HTG-AP. The addition of RDW improves the low 
sensitivity of BISAP. Large-scale, multicenter prospective studies are required to verify the results.

ARTICLE HIGHLIGHTS
Research background
In clinical settings, compared with patients with other causes of acute pancreatitis (AP), those with hypertriglyceridemia-
induced acute pancreatitis (HTG-AP) commonly suffer from severe acute pancreatitis; therefore, it is critical to identify 
severe HTG-AP early. However, current clinical scoring systems and biochemical parameters are not efficient for 
predicting HTG-AP severity.

Research motivation
Red cell distribution width (RDW) may be closely associated with the mortality of patients with AP. Meanwhile, clinical 
application of the bedside index for severity in acute pancreatitis (BISAP) is limited by its low sensitivity. Therefore, new 
parameters or scoring systems are warranted for determining HTG-AP severity early.

Research objectives
To determine whether RDW can be used as a potential biomarker for predicting POF in HTG-AP.

Research methods
We explored the relationship between RDW and POF in patients with HTG-AP and determined the cutoff value of RDW 
using ROC analysis. BISAP plus RDW improved the suboptimal sensitivity of BISAP when RDW was ≥ 13.1% and one 
point was added to the BISAP.

Research results
On admission, RDW was significantly higher in patients with HTG-AP and POF. Compared with BISAP and Ranson 
criteria, BISAP plus RDW had a higher accuracy for predicting POF in HTG-AP patients.

Research conclusions
BISAP plus RDW exhibited a promising predictive value for POF in HTG-AP patients, despite its low specificity.
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Research perspectives
The combination of BISAP and other indicators may better predict HTG-AP severity. However, additional large-scale, 
multicenter prospective studies are required to verify the results.
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