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Red cell distribution width predicts deaths 
in patients with acute pancreatitis
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Background: To investigate the association between the red cell distribution width (RDW) and mortality in patients with acute 
pancreatitis (AP), and to assess the ability of RDW to predict mortality in AP patients. Materials and Methods: This retrospective 
cohort study included 120 patients (50 males and 70 females) with AP who were admitted to the First Affiliated Hospital of Zhongshan 
Medical University from January 2011 to October 2013. Demographic data and laboratory measures including RDW were obtained 
from medical records of each patient. A receiver operating characteristic (ROC) curve analysis was used to assess RDW values to 
predict the death of AP patients. Results: The serum concentration levels of total Ca2+ (P = 0.007) and albumin (P < 0.001), and 
the white blood cell counts (P = 0.005) were significantly lower, and the mortality rate (P < 0.001) and body mass index (P < 0.001) 
were significantly higher (P = <0.001, <0.001) in patients with RDW values of >13.4% than in patients with RDW values of ≤13.4%. 
RDW values were negatively correlated with the serum concentration levels of albumin (r = −0.212, P = 0.012) and total Ca2+ (r = 
−0.206, P = 0.033), and were positively correlated with the patient’s age (r = 0.201, P = 0.035). ROC analysis showed that the AUC 
for the RDW value was 0.894 (P < 0.001, 95% confidence interval = 0.823-0.966), and the optimal cut-off value to predict death was 
14.35 (sensitivity = 88.2%, specificity = 91.8%). Conclusion: Red cell distribution width is a potentially new and sensitive predictor 
of mortality in patients with AP.
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Evaluation II score has been used for evaluation and 
prediction of AP severity.[5-7] The Ranson criteria have 
to be performed 48 h after the onset of AP and thus, 
may not be useful for early diagnosis and prediction of 
AP severity. In addition, since the two scoring systems 
involve many tests and are cumbersome to operate, 
they are not convenient for clinical practice. Therefore, 
it is important to identify a simple, easy, and sensitive 
marker for predicting the mortality associated with AP.

Red cell distribution width (RDW), performed as part 
of a routine blood test, is a quantitative measurement of 
variability in the size of peripheral red blood cells (RBCs), 
thus reflecting the heterogeneity of RBCs. Because the 
changes in the morphology and size of circulating RBCs 
is often associated with the occurrence and development 
of blood diseases, RDW is used for the morphological 
classification of anemia and differential diagnosis of 
microcytic anemia.[8,9] Several studies have shown that 
RDW is significantly associated with inflammatory 
markers such as C-reactive protein, interleukin 6, and 
fibrinogen.[8,10] Furthermore, it has been reported that 
RDW can serve as a predictor of the risk of mortality 
in community-dwelling elderly patients, critically 

INTRODUCTION

Acute pancreatitis (AP) is a sudden inflammation of the 
pancreas induced by activation of pancreatic enzymes 
by a variety of causes such as alcohol and gallstones. 
AP is one of the most common surgical diseases that 
causes severe acute abdomens. Recently, the incidence 
of AP has increased sharply,[1] and the total mortality 
rate of AP is approximately 3.8% to 7%in China.[2] AP 
can be categorized into mild AP and severe AP. In 
severe AP, there is an extensive systemic inflammatory 
response due to entry of pancreatic enzymes into the 
blood and subsequent induction of damage in distant 
organs.[3] Following tissue damage, a large amount of 
inflammatory mediators and cytokines are released 
and cause systemic complications such as systemic 
inflammatory response syndrome and multiple organ 
dysfunction syndrome (MODS). The mortality rate for 
severe AP can be as high as approximately 40-70%.[2,4] 
Therefore, early identification of AP patients with a 
high risk of mortality and appropriate evaluation of the 
severity of AP is important for early medical treatment 
of AP in order to reduce the mortality rate of severe AP. 
Currently, the Acute Physiology and Chronic Health 
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ill patients, and patients with cardiovascular diseases, 
acute respiratory difficulty, and community-acquired 
pneumonia.[11-16]

In this retrospective cohort study, we measured RDW values 
in 120 AP patients. The purpose of this study was to assess 
the ability of RDW values for predicting the severity of AP 
and mortality of AP patients. We found that RDW was a 
sensitive predictor of mortality in patients with AP. Our 
study suggests that RDW may be used as a novel marker 
for predicting the mortality of AP patients.

MATERIALS AND METHODS

Patients
This retrospective cohort study included 120 consecutive 
patients (50 males and 70 females) with AP who were 
admitted to the First Affiliated Hospital of Sun Yat-sen 
University from January 2011 to October 2013. The average 
age was 51.2 ± 18.5 years. AP was diagnosed based on typical 
clinical presentations including acute persistent abdominal 
pain, plasma amylase level of more than 3 times the upper 
normal threshold (110 IU/L), and/or abnormal pancreatic 
morphology on computed topographic images. AP was 
classified into mild acute pancreatitis (MAP) and severe 
acute pancreatitis (SAP). MAP is characterized by the 
absence of organ failure and the absence of local or systemic 
complications. SAP is characterized by persistent single or 
multiple organ failure, and usually accompanied by one or 
more local complications.[3] Patients’ information such as 
age, sex, body mass index (BMI), and complications were 
extracted from hospital records. Patients with incomplete 
clinical data such as routine blood tests and biochemical 
detection index were excluded from the study. Patients with 
the following diseases were excluded:
1. Malignant tumors with chemotherapy and radiotherapy;
2. Organ transplantation;
3. Severe liver diseases;
4. Severe kidney failure;
5. Anemia; and
6. Severe infection in the previous 1-month.

Sixteen patients died during the follow-up period of 3 
months via outpatient service review. The median of 
survival time was 6 days (range, 2-81 days). This study was 
approved by the Ethics Committee of the First Affiliated 
Hospital of Sun Yat-sen University, and was performed in 
accordance with the Helsinki Declaration. Written informed 
consent was obtained from each participant at the time of 
enrollment.

Laboratory measurement
Patients fasted overnight, and blood was collected within 
24 h after admission, and used for routine blood tests and 

biochemical tests. Routine blood tests were performed using 
a Sysmex XE 200 hematology analyzer (Sysmex Corp., Kobe, 
Japan), and biochemical parameters were measured using 
an Abbott Aeroset 200 automatic biochemistry analyzer 
(Abbott Diagnostics, Illinois, USA).

Statistical analysis
Statistical analyses were performed using SPSS 16.0 software 
(SPSS, Inc., Chicago, USA). Quantitative data with a normal 
distribution are expressed as mean and standard deviation. 
Quantitative data without a normal distribution are expressed 
as median and interquartile range. One-way analysis of 
variance or Mann-Whitney U-tests were used to compare the 
difference between groups. Categorical data were expressed 
as frequency and percentage and analyzed using Chi-square 
tests or Kruskal-Wallis H-tests. Pearson correlation tests were 
used to analyze the association between RDW and laboratory 
results. A receiver operating characteristic (ROC) curve was 
used to assess the discriminating performance of RDW to 
predict death in AP and the cut-off values for RDW with 
sensitivity and specificity were calculated. A P < 0.05 was 
considered as statistically significant.

RESULTS

Clinical characteristics
Eighty-nine patients had mild AP, and 31 patients had severe 
AP. Five patients with severe AP developed necrotizing 
pancreatitis, and twelve patients with severe AP developed 
MODS. The causes of AP included biliary tract diseases 
(n = 75), alcoholism (n = 18), high-fat diet (n = 17), drugs 
(n = 5), and other (n = 5). The AP patients were categorized 
into three groups according to the RDW values: Group A 
(RDW >13.4%), Group B (12.6% >RDW ≤13.4%), and Group 
C (RDW ≤12.6%). Table 1 summarizes the demographic 
and clinical characteristics of patients among Groups A, 
B, and C. There were no significant differences in the age, 
sex, or length of hospital stay among the three groups. 
However, the BMI was significantly higher in Group 
A than in Groups B and C (P < 0.001). For laboratory 
tests, there were no significant differences in blood urea 
nitrogen (BUN), creatinine (Cr), total bilirubin (TB), alanine 
aminotransferase (ALT), aspartate aminotransferase (AST), 
amylase, or glucose (Glu) among the three groups. The 
serum concentration levels of total Ca2+ (P = 0.035) and 
albumin (<0.001) were significantly lower in Group A than 
in Groups B and C. The white blood cell (WBC) count was 
significantly lower in Group C than in Groups A (P = 0.045) 
and B (P < 0.001). The mortality rate was significantly higher 
in Group A than in Groups B (P = 0.012) and C (P = 0.001).

Correlation analysis
Red cell distribution width values were negatively 
correlated with the serum concentration levels of albumin 
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(r = −0.212, P = 0.012) and total Ca2+ (r = −0.206, P = 0.033), and 
were positively correlated with the patient’s age (r = 0.201, 
P = 0.035). No significantly correlation was found between 
RDW values and serum concentrations of BUN, Cr, TB, ALT, 
AST, and Glu, or WBC count (P > 0.05).

Association of red cell distribution width with the 
mortality rate in acute pancreatitis patients
Sixteen patients died during hospital stay and the follow-
up period of 3 months. Twelve patients died of MODS and 
four patients died of infected pancreatic necrosis. Thirteen 
patients died within 2 weeks after admission and three 
patients died 2-3 weeks after discharge. The serum total 
Ca2+ (P < 0.001), total protein (P < 0.001), and albumin levels 
(P < 0.001) at admission were significantly lower in dead 
patients than those in alive patients (1.80 ± 0.34 mmol/L, 
50.3 ± 5.68 g/L, and 28.9 ± 3.36 g/L, respectively, versus 
2.20 ± 0.38 mmol/L, 60.3 ± 8.78 g/L, and 35.8 ± 6.75 g/L, 
respectively). The age (P < 0.001), serum concentrations 
of Cr (P < 0.001) and BUN (P < 0.001) and RDW values 
(P < 0.001) at admission were significantly higher in dead 
patients than in those alive (66.3 ± 10.1 years, 110 (range, 
45-199) μmol/L), 7.8 (range, 7.6-16.5) mmol/L, and 14.31 ± 
0.85%, respectively, versus 50.1 ± 14.1 years, 55 (range, 
35-185) μmol/L, 4.7 (range, 2.0-19.2) mmol/L and 12.82 ± 
0.95%, respectively).

Receiver operating characteristic curve analysis was used 
to evaluate the values for RDW to predict mortality in AP 
patients [Figure 1]. The area under the curve (AUC) and 
the optimal cut-off value were calculated. The AUC for the 
RDW value was 0.894 (P < 0.001, 95% confidence interval = 
0.823-0.966). The optimal cut-off value to predict deaths was 
14.35 (sensitivity = 88.2%, specificity = 91.8%).

DISCUSSION

Acute pancreatitis involves both local inflammatory lesions 
and systemic pathological damage. Appropriate evaluation 
of the severity of AP is important for early and effective 
medical treatment for AP. Approximately 70-80% of AP 
is mild AP, which can be treated. In contrast, severe AP 
develops rapidly and most patients with severe AP die of 
MODS within 1-week after disease onset, while others die 
of infected pancreatic necrosis 1-week after disease onset.[4,17] 
Similarly, we found that of the 16 patients that died during 
our study period, 12 AP patients died of MODS and four 
patients died of infected pancreatic necrosis. Thirteen 
patients died within 2 weeks and three patients died 2 
weeks. Therefore, early diagnosis and appropriate treatment 
is critical for treating patients with severe AP and improving 
the survival rate of AP.

Table 1: The demographic and clinical characteristics of AP patients
Variable Group A (n = 45) Group B (n = 40) Group C (n = 35) P
Age 52.9±17.1 50.5±16.8 46.9±19.5 0.053D

Sex (male/female) 20/25 18/22 10/25 0.260*
BMI (kg/m2) 22.66±3.56 20.55±3.06 20.30±2.25 <0.001D

BUN (mmol/L) 5.3 (2.6-19.2) 5.2 (2-15.6) 4.8 (2.3-17.0) 0.657#

Cr (μmol/L) 65 (35-199) 63 (35-185) 52 (36-183) 0.07#

TB (μmol/L) 20 (10-100) 19 (6-92) 16 (8-90) 0.417#

ALT (U/L) 50 (15-591) 45 (7-256) 35 (7-225) 0.208#

AST (U/L) 53 (11-680) 50 (12-111) 45 (10-95) 0.338#

Total Ca (mmol/L) 1.98±0.31 2.08±0.35 2.19±0.21 0.008#

Amylase (U/L) 998 (28-2277) 903 (28-3734) 1002 (55-2708) 0.051#

Albumin (g/L) 32.2±6.3 35.6±5.6 38.9±7.3 <0.001D

Glucose (mmol/L) 7.62±2.01 7.11±2.77 6.85±3.07 0.269D

WBC×109/L 14.9 (4.6-39) 14.1 (4.5-33.9) 11.1 (2.7-23.1) 0.012#

Hospital stay 18 (2-65) 12 (7-39) 12 (6-29) 0.231#

Mortality rate 13/45 3/40 0/35 <0.001*
DANOVA; *χ2 test; #Kruskal-Wallis H-test. Group A, RDW >13.4%; Group B, RDW 12.6%-13.4%; Group C, RDW ≤12.6%. Data are presented as mean ± SD or median (range). Hospital 
stay: The days in hospital. SD = Standard deviation; AP = Acute pancreatitis; BMI = Body mass index; BUN = Blood urea nitrogen; TB = Total bilirubin; ALT = Alanine aminotransferase; 
AST = Aspartate aminotransferase; Cr = Creatinine; WBC = White blood cell; RDW = Red cell distribution width

Figure 1: The receiver operating characteristic curve of red cell distribution width 
values for predicting death in patients with acute pancreatitis
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Currently, no single prognostic index is available for 
acutely evaluating the severity of AP in the clinic. 
Disease occurrence and mortality is often predicted by 
combined use of clinical data, imaging, and biochemical 
analysis. However, approximately 20-30% of severe 
AP is misdiagnosed.[18] Searching for an ideal marker 
for predicting the severity of AP is important for early 
identification of severe AP. The ideal marker for predicting 
mortality of AP patients should be predictive in the early 
stage of AP disease, economic, objective, repeatable, simple, 
noninvasive, sensitive, and specific. RDW, which is a 
routinely reported parameter in the complete blood count 
test, has been reported to predict the mortality of AP with 
a low sensitivity of 47.6% and a specificity of 96.3%.[18] In 
the present study, we examined the RDW values in 120 AP 
patients and found that the mortality rate was significantly 
higher in patients with RDW >13.4% than those with RDW 
<13.4%. Our study suggests that the severity of AP is greater 
and patient mortality increased with higher RDW values. 
In addition, we further assessed the ability of RDW values 
to predict death in AP patients using ROC curve analysis. 
We found that the optimal cut-off value for RDW to predict 
death was 14.35 with a sensitivity of 88.2% and a specificity 
of 91.8%. The sensitivity (88.3%) identified in this study is 
greatly higher than that (47.6) reported by Senol et al.,[19] 
and the specificity (91.8%) is slightly lower that that (96.3%) 
reported by Senol et al.[19] Our study suggests that RDW can 
be used a sensitive marker for predicting the mortality of 
AP patients.

It has been reported that changes in RDW is associated 
with the inflammation status of the disease, which 
may explain why patients with higher RDW values 
have a higher mortality rate. It has been proposed that 
inflammation promotes deaths of RBCs or inhibits the 
maturation of RBCs, which is associated with an increase 
in RDW.[20-22] Some inflammatory mediators influence 
bone marrow function and iron metabolism and suppress 
erythropoietin-induced maturation of RBCs.[21,22] Therefore, 
RDW values reflect the inflammation status of AP and thus, 
may be used for predicting the severity of AP. In addition, 
Gao et al. have reported that BMI is associated with the 
severity of AP.[23] Consistent with a previous study by 
Gao et al.,[23] we found that AP patients with RDW values 
>13.4% had a significantly higher BMI than those with 
RDW values <13.4%.

In summary, we evaluated the ability of RDW values 
for predicting the death of AP patients and found that 
RDW was a good prognostic predictor of death in AP 
patients. Increased RDW can be used as a new indicator 
of mortality in patients with AP. In addition, a cut-off 
RDW value of 14.35 with a sensitivity of 88.2% and a 
specificity of 91.8 was identified. These results indicate 

that RDW is convenient, economic, and sensitive 
monitoring method for helping clinicians predict death 
in AP patients. RDW values in combination with other 
scoring systems will be useful for properly evaluating 
the severity of AP.
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