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Abstract
The red blood cell distribution width (RDW) is a routinely measured and automatically reported blood parameter, which reflects the degree of anisocytosis. Recently, the baseline RDW was found to have clinical significance for assessing clinical outcome and severity of various pathological conditions including cardiovascular diseases, sepsis, cancers, leukemia, renal dysfunction and respiratory diseases. A myriad of factors, most of which ill-defined, have an impact on the red cell population dynamics (i.e., production, maturation and turnover). A delay in the red blood cell clearance in pathological conditions represents one of the leading determinants of increased anisocytosis. Further study of RDW may reveal new insight into inflammation mechanisms. In this review, we specifically discuss the current literature about the association of RDW in various disease conditions involving the gastrointestinal and hepatobiliary systems. We also present some of the related measurements for their value in predicting clinical outcomes in such conditions. According to our data, RDW was found to be a valuable prognostic index in gastrointestinal disorders along with additional inflammatory biomarkers (i.e., C reactive protein, erythrocyte sedimentation rate, and platelet count) and current disease severity indices used in clinical practice.
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Core tip: Mounting evidences show that red blood cell distribution width can be used as a prognostic marker in gastrointestinal disorders. A number of retrospective studies have been published about the use of this index of anisocytosis in prognostication of gastrointestinal disorders, especially inflammatory bowel disease and viral hepatitis among others. However, only a few have included confounding factors which could affect red blood cell distribution width. Our objective is to consolidate the current literature to better understand the use and further investigate the significance of red blood cell distribution width in gastrointestinal disorders.

INTRODUCTION
The red blood cell distribution width (RDW) is a measure of size variability and heterogeneity of erythrocytes in the peripheral blood (i.e., anisocytosis)[1]. RDW is a part of complete blood count and is a routinely measured and automatically generated blood parameter that has lately gained considerable interest due to its ability to help assessing the prognosis of various diseases. The value of RDW in assessing the severity of disease and clinical outcome has been proven in various conditions including, but not limited to, sepsis, renal dysfunction, cardiovascular and pulmonary diseases and malignancies. RDW was also proven useful in assessing mortality rates and survival of hospitalized patients, including those admitted to the intensive care unit (ICU)[2].
In a healthy adult, nearly 2 million red blood cells (RBCs) per second enter the peripheral circulation. The lifespan of a typical RBC is 100-120 d. During this period, a kaleidoscope of factors, many of which still unknown, may impact the RBC population dynamics (production, maturation, turnover and clearance). It is also known that RBCs, while in circulation, undergo a process of reduction (fast and slow phases) of volume (approximately 30%) and hemoglobin content (approximately 20%), leading to a slight increase in the relative hemoglobin concentration of RBCs (mean corpuscular hemoglobin; MCH) toward the end of their lifespan[3]. RDW increases with aging and this is clearly attributable to the gradual increased prevalence of comorbidities, which may actually contribute to derange erythrocyte biology and lead to release of a population of RBCs with heterogeneous size[4]. Hemoglobin concentration of RBCs is tightly controlled, because it is essential for adequate oxygen delivery to the tissues. In addition, recent studies showed that RBC clearance is another process under tight regulation, and that a delay in RBC clearance appears to be modulated in pathological conditions. RDW may increase in many diseases due to the impaired turnover of RBCs, which may both lead to increased permanence of aged cells in the circulation or release of immature and larger cells from the bone marrow due to increased turnover. Using a semi-mechanistic mathematical model of in vivo RBC population dynamics, Patel et al[3] showed that a delay in RBC clearance leads to a longer persistence of smaller volume RBCs in peripheral circulation, thereby increasing anisocytosis and consequently, RDW.
Most of the conditions affecting the gastrointestinal (GI) tract necessitate evaluation using minimally invasive and invasive procedures, such as endoscopy with or without biopsy. These procedures require specialized, expensive equipment and trained technical personnel. These may not be easily available in certain regions of the world, and may not be affordable to all the patients. Moreover, even with these evaluations, it is sometimes challenging to predict the clinical outcomes of GI conditions. The identification of a reliable and reproducible parameter that may provide important information on the evaluation of GI diseases is therefore of paramount importance.
In this manuscript, we review the most recent literature about the prognostic value of RDW for assessment of disease severity and clinical outcome in both benign and malignant conditions affecting the GI and pancreaticohepatobiliary systems.

ROLE OF RDW IN GUT DISORDERS
RDW and esophageal disorders
The prognostic value of RDW in esophageal disorders has only been studied in esophageal cancer (EC). One of the first studies was conducted by Chen et al[5] who carried out a retrospective analysis of 277 esophageal squamous cell carcinoma (ESCC) patients undergoing radical esophagectomy without preoperative neoadjuvant therapy. Patients were followed every 3-6 mo for two years, and annually thereafter, with a median follow-up of 42.5 mo. The mean initial RDW was 14.5% ± 2.3%. The patients were divided in to two groups (i.e., RDW ≥ 14.5% and RDW < 14.5%). Patients with RDW < 14.5% had significantly better 5-year cancer-specific-survival than those with RDW ≥ 14.5%. Increased RDW was then found to be an independent prognostic factor for cancer specific survival, with mortality being nearly twice higher in patients with RDW ≥ 14.5% that in those with lower values[5]. Wan et al[6] studied 179 patients with EC (133 patients with squamous and 46 with adenocarcinomatous pathology) with median follow-up of 21 mo, and found that patients with high RDW > 15% exhibited a shorter disease-free survival (P = 0.043, HR = 1.907, 95%CI: 1.020-3.565) and unfavorable overall survival (P = 0.042, HR = 1.895, 95%CI: 1.023-3.508) independently from other cancer-related factors. 
Hirahara et al[7] also investigated 144 patients undergoing esophagectomy for ESCC, observing that a high RDW value was independently associated with cancer-specific survival poor prognosis in patients aged 70 years or younger. Sun et al[8] proposed to calculate the ratio of hemoglobin (Hb) to RDW (i.e., Hb/RDW) as a novel prognostic factor in patients with ESCC. They observed that patients with a Hb/RDW ratio of < 0.989 had a 1.4-time higher risk of death during follow up compared to patients with Hb/RDW ratio > 0.989 (95%CI: 1.024-1.958, P = 0.035)[8]. Recently, Hu et al[9] studied 2396 patients (1822 men and 574 women) from a Fujian prospective cohort, who underwent three-field lymphadenectomy for ESCC and with median follow-up of 38.2 mo. Interestingly, RDW was found to be an independent predictor of ESCC mortality in the male gender only (adjusted HR = 1.5, 95%CI: 1.08-1.22, P < 0.001). In females, only lymphocyte count was marginally significant for predicting survival[9].
All of the above studies have consistently shown the existence of a relationship between increased RDW and poor disease-specific and overall survival in patients with EC, especially ESCC. However, these studies were mainly conducted on Asian population in China and Japan, where ESCC is more common than adenocarcinomatous EC in Western countries. This likely explains why all these studies were conducted mainly in patients with ESCC. At this time, it remains hence unclear whether or not the prognostic role of RDW can be extended to ESCC affecting western population.

RDW and gastric disorders
The role of RDW in gastric disorders has not been extensively studied. Since one of the most common features of gastric disorders is anemia, which can also significantly impact RDW values, challenges remain to carry out studies for evaluating the relationship between RDW and gastric disorders. Tüzün et al[10] performed a retrospective study in 122 patients with autoimmune gastritis (AIG) who were compared with 101 patients with functional dyspepsia. RDW was found to be significantly increased in patients with AIG (16.11% ± 3.04% vs 13.41% ± 0.95%, P < 0.001). Receiver operating characteristics (ROC) curve analysis suggested 13.95% as the optimum cut-off point (AUC: 0.860)[10]. They further analyzed the same patients to define the potential role of RDW in AIG and gastric carcinoid tumor type Ⅰ (94 AIG without gastric carcinoid and 28 AIG with gastric carcinoid), but failed to find a significant association[10]. However, the hemoglobin values were not included in a multivariate regression analysis to establish whether or not RDW was independent predictor of AIG compared to functional dyspepsia. This is a substantial drawback since the patients in the AIG cohort had significantly lower values of both vitamin B12 and ferritin.
In a retrospective study, Pietrzyk et al[11] studied RDW in gastric cancer and healthy individuals, concluding that gastric cancer patients had higher mean RDW values (14.9 ± 3.9) than healthy individuals (12.2 ± 0.7). It was hence suggested that elevated RDW, when combined with symptoms, can be used as an alert for upper endoscopy to early detect gastric cancer[11]. In another recent study in gastric cancer patients undergoing curative surgery, high preoperative RDW values were found to be significant predictors of 60-d mortality (17.9 ± 4.3 vs 16.0 ± 3.2; P = 0.015). The incidence of advanced gastric cancer was higher in patients with RDW ≥ 16% than in those with lower values (75% vs 51%, P = 0.002), whereas disease free and overall survival was found to be reduced (P = 0.04)[12]. 
Isik et al[13] conducted a retrospective study on 147 patients with upper gastrointestinal hemorrhage, and found that these patients had significantly higher median RDW value compared to the standard reference value (15.3% vs 14.5%). This was not surprising since anemia and anisocytosis are tightly linked. The eight patients who died during the study period had significantly higher median RDW value (18.9%) compared to those who did not (P = 0.02), so concluding that RDW could be used as a predictor of mortality in upper gastrointestinal hemorrhage[13]. In an interesting investigation, Fatemi et al[14] studied 6689 patients with myocardial infarction who underwent percutaneous coronary intervention (PCI). Higher RDW values were significantly associated with post-procedural in-hospital GI bleeding (P < 0.001), a risk increasing in parallel with RDW values[14]. Despite these results, the authors did not exclude confounding factors known to be associated with anisocytosis. The results of this large study suggest that physicians may use RDW for identifying patients at higher risk of GI bleeding post PCI.

RDW and celiac disease
Due to increasing incidence and prevalence, the need of simple laboratorial markers to diagnosing and monitoring adherence to gluten-free diet and the treatment of celiac disease have recently emerged. Brusco et al[15] studied 126 untreated histologically diagnosed celiac disease patients, and found that increased RDW was the most frequent hematological abnormality in these patients (73 of 126; 58%); followed by anemia (31%) and iron deficiency (29%). Forty three out of 73 patients with increased RDW were restudied after a median follow-up of 12 mo and RDW was found to be decreased to normal value except in five patients (P < 0.001) when on gluten-free diet[15]. Balaban et al[16] compared patients with newly diagnosed celiac disease, inflammatory bowel disease (IBD), and irritable bowel syndrome (IBS), and found that almost two-thirds of patients with celiac disease had elevated RDW as compared to only 9% of patients with IBS. However, the possible mechanisms of increased RDW in IBS were not explained. Importantly, they also found that a spleen diameter to RDW ratio < 6 had 0.73 sensitivity and 0.89 specificity for detecting celiac disease. The AUC for predicting celiac disease was 0.737 (95%CI: 0.597-0.877)[16]. Sategna Guidetti et al[17] also showed that increased RDW values may be reliable predictors of celiac disease even in the presence of normal hemoglobin value. They also observed that gluten-free diet was effective to significantly reduce RDW values within one year. Many other studies showed that RDW values significantly improved with gluten-free diet in patients with celiac disease[18-20]. Therefore, normalization of RDW in selected celiac disease patients can seemingly be used as a simple but indirect index for assessing patients’ response to gluten-free diet. Notably, no study in the current scientific literature has explored the role of RDW for predicting development of intestinal lymphoma or refractory sprue in patients with celiac disease.
Harmanci et al[19] retrospectively studied 49 newly diagnosed celiac disease patients and compared their RDW values according to the presence of intestinal atrophy. A RDW value of > 17.25% was found to be the most significant predictor of atrophy in these patients (P = 0.003). The authors also concluded that RDW values > 17.7% predict intestinal atrophy with 0.76 sensitivity, 1.00 specificity, 0.79 PPV and 1.00 NPV when combined with tissue transglutaminase antibody titers of > 200 U/L in patients with celiac disease[19].

RDW in the IBD 
IBD is characterized by chronic relapsing and remitting inflammatory changes of bowel, which are increasing in incidence and prevalence in the general population. Multiple blood tests such as C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), interleukin (IL)-6, white blood cell count (WBC) (among others) have been evaluated as surrogate markers of disease activity in IBD, but showed variable diagnostic performance. Therefore, there is still wiggle room for searching an ideal, noninvasive, simple, inexpensive and highly specific laboratory test for monitoring disease activity. In a retrospective study, Clarke et al[21] found that mean RDW at diagnosis was significantly higher in Crohn’s disease (CD) compared to ulcerative colitis (UC) patients (14.9% vs 14.3%, P = 0.027). A higher prevalence of malabsorption-related anemia due to distribution of lesions in CD relative to UC has been brought to explain this finding, and it was finally suggested that RDW may be used as a marker for differentiating between the two distinct forms of IBD (CD and UC)[21]. However, the role of additional confounding factors such as hemoglobin, other causes of anemia (e.g., blood loss) and severity of disease at diagnosis was not explored. 
Molnar et al[22] performed a retrospective study to investigate whether RDW value may be helpful in differentiating CD and UC in both active state and remission. It was hence observed that RDW value was increased in 53.2% of inactive CD vs 36.85% of inactive UC (mean RDW 14.3% vs 13.8%, P = 0.05), while no significant difference was found in the active state of both diseases (14.7% vs 14.4%, P = 0.393). Cakal et al[23] also showed that a cutoff 14% for RDW had 0.88 sensitivity and 0.71 specificity, so making this index the most sensitive and specific serologic inflammatory parameter (even better than fibrinogen, CRP, ESR and platelet count) for detecting active UC in the patient cohort. However, different results were obtained for active CD, since a value of 0.54 mg/dL for CRP had 0.92 sensitivity and 0.63 specificity, whereas a threshold of 14.1% for RDW was characterized by 0.78 sensitivity and 0.63 specificity. Authors concluded that this difference may be due to the variability in presentation of active UC and CD. More active UC patients have rectal bleeding and iron deficiency, whereas malabsorption of other micronutrients and vitamins in terminal ileitis (CD) may affect RDW value[23]. A study by Yeşil et al[24] yielded different results. In their study of patients with active CD, a RDW cut off of 14% had 0.79 sensitivity and 0.93 specificity (AUC = 0.935; P < 0.001), so making it the best overall parameter for identifying active CD. Interestingly, an increased RDW value was identified earlier than changes in hemoglobin and mean corpuscular volume (MCV), so supporting the notion that RDW may have a role as early indicator of active disease in both CD and UC[24]. Similarly, Ipek et al[25] showed that RDW may be a marker of disease activity in UC, with 0.41 sensitivity and 0.91 specificity (AUC = 0.65; P < 0.001). Song et al[26] investigated the relationship between RDW and disease activity in IBD patients with and without anemia, reporting that RDW was the best independent predictor of disease activity in both UC and CD irrespective of the presence of anemia. In another study by Oliveira et al[27] RDW was found to be associated with disease activity in CD (defined by CDAI ≥ 150); a RDW cutoff value of 16% had 0.88 specificity and 0.86 negative predictive value for active CD. These results support the role of RDW as an important inflammatory marker, as the positive correlation between anisocytosis and increase in systemic inflammation has been consistent throughout many studies (Table 1). 
In an interesting study, Oustamanolakis et al[28] evaluated the value RBC indices for differentiating iron deficiency anemia (IDA) and anemia of chronic disease in IBD. They found that higher values of RDW in IBD performed better than ferritin values as markers of IDA, displaying 0.93 sensitivity and 0.81 specificity[28]. 
Therefore, RDW was shown to have good potential as indicator of disease severity and as a differentiating marker in IBD. This is particularly important considering that the use of this readily available hematological parameter would permit physicians to better evaluating and managing IBD patients (Figure 1).

RDW and colon cancer
Several lines of evidence attest that RDW may be useful for diagnosing and assessing the survival of patients with solid and hematological cancers. Riedl et al[29] investigated various RBC parameters in a prospective cohort of 1840 cancer patients, confirming that an increased RDW value was associated with enhanced risk of mortality (HR = 1.72, 95%CI: 1.39-2.12, P < 0.001). The association was virtually unaltered after adjustment for age, sex, hemoglobin, leukocyte and platelet count (HR = 1.34, 95%CI: 1.06-1.70, P  =  0.016)[29]. In a retrospective case-control study, Spell et al[30] showed that the RDW had high sensitivity (0.84) and specificity (0.88) for identifying right-sided colon cancer, so concluding that this parameter may be seen as a cost-effective screening tool for colon cancer. In a more recent investigation, Ay et al[31] found that RDW values were significantly higher in patients with colon cancer compared to those with colonic polyps (P = 0.01). Patients with anemia and other hematological disorders were already excluded from the analysis, so enhancing the value of this parameter for differentiating neoplastic lesions of the colon[31].

ROLE OF RDW IN LIVER DISORDERS 
An impressive amount of literature exists about the clinical significance of RDW in liver disorders. Many scientists have investigated the role of RDW for predicting severity, fibrosis, inflammation and monitoring therapy in liver disorders. The clinical usefulness of RDW has then been established in several studies in patients with liver disorders such as non-alcoholic fatty liver disease (NAFLD), viral hepatitis, hepatocellular carcinoma and primary biliary cirrhosis (PBC). 
Cengiz et al[32] showed that patients with nonalcoholic steatohepatitis had higher RDW values compared to those with simple steatosis and healthy individuals. They also observed that RDW values were independently associated with severity of fibrosis, wherein more severe fibrosis was accompanied by higher RDW values[32]. Gao et al[33] showed that an increase in the viral load was accompanied by enhanced RDW in patients with hepatitis B, thereby suggesting that RDW may serve as an indicator of disease stage and treatment response. Xu et al[34] also compared RDW values in hepatitis B patients with moderate to severe liver fibrosis and those with absent or mild fibrosis, and found that RDW values were useful for predicting both liver fibrosis and necrotic inflammatory changes. Similarly, Lou et al[35] showed that RDW values could be used to assess the disease states in patients with hepatitis B virus infection. In patients with chronic hepatitis B (CHB) and liver cirrhosis related to CHB, Huang et al[36] observed that RDW values were high and correlated with the severity of cirrhosis in terms of Child-Pugh scores and model for end-stage liver disease (MELD) scores. Wang et al[37] confirmed these findings by demonstrating that RDW may be useful for predicting liver fibrosis in patients with chronic autoimmune hepatitis and PBC, while globulin value may help assessing liver inflammation (Table 2)[38,39]. Several investigators studied the RDW to platelet ratio (RPR) in liver disorders, and analyzed its efficiency for predicting severity of liver fibrosis and cirrhosis. Cengiz et al[40] reported that the RPR index has a good predictive value for significant and advanced liver fibrosis in NAFLD. Taefi et al[41] found that the RPR ratio was a stronger predictor of severity of fibrosis and cirrhosis in patients with chronic hepatitis having native liver compared to RDW and MELD score. No significant correlations of these variables were found in transplanted livers. Karagoz et al[42] showed that RPR and mean platelet volume (MPV) are associated with severity of fibrosis in patients with chronic hepatitis C, so allowing prognostic evaluation and minimizing the need for liver biopsy. These authors also confirmed the significance of MPV and RDW in prognostic evaluation of CHB[42]. Chen et al[43] also reported that RPR can predict significant fibrosis and cirrhosis in CHB patients. Lee et al[44] found that the RPR may be useful for assessing liver fibrosis in patients with CHB, so reducing the need for liver biopsy. On the other hand, a study by Thandassery et al[45] compared noninvasive scores with liver biopsy fibrosis stages in patients with chronic hepatitis C, and showed that MPV and RPR had low predictive accuracy for fibrosis stages. The role of RDW in liver disorders is double. First, it may represent a significant prognostic indicator of liver disease severity, fibrosis and inflammation. Then, its use in clinical practice could reduce the need for liver biopsy.
RPR was also shown to be related to histologic severity in treatment-naïve PBC. Seventy three patients were divided in two groups: Early stage (stage Ⅰ) and advanced stage (Stage Ⅱ, Ⅲ and Ⅳ) of liver fibrosis as per Ludwig and Scheuer criteria. RPR was found to have 0.47 sensitivity and 0.96 specificity, performing better than Fibrosis-4score for predicting the severity of liver fibrosis[46]. In another study, RPR was not associated with histologic severity in PBC. However, in this investigation patients were divided in two groups, early (Ⅰ and Ⅱ) and late (Ⅲ and Ⅳ) stage, as per histologic criteria[47] and did not consider the impact of confounding factors on results. In another study, 194 patients with biliary obstruction were studied. A RDW value of 14.8% was found to predict malignant obstruction with 0.72 sensitivity and 0.69 specificity. Both the hemoglobin value and MCV were not significantly different in either group[48].
The significance of RDW has also been evaluated in HCC. Smirne et al[49] performed a retrospective study in a training cohort (n = 208) and in an independently prospectively collected validated cohort (n = 106) of patients with HCC. In both cohorts, median survival time was significantly lower in patients with RDW ≥ 14.6% at the time of diagnosis, and RDW remained independently associated with survival in multivariate analysis[49]. In another study, Wei et al[50] retrospectively evaluated 110 treatment-naïve HCC patients, reporting that the RDW admission value was significantly higher in HCC patients than in healthy controls. RDW was also found to be correlated with liver function tests but not with tumor staging at the time of diagnosis[50]. Zhao et al[51] investigated the significance of RDW in patients undergoing curative radical resection of HCC, and found that patients with high preoperative RDW value (> 14.5%) had significantly worse survival than those with lower values. RDW remained independently associated with overall survival in multivariate analysis[51]. 
In a recent retrospective study, Caire et al[52] investigated the utility of RDW for predicting mortality in post-liver transplant patients. They found that at-transplant RDW values was a prognostic factor of 1-year mortality in liver transplant patients. Notably, RDW outperformed all other liver pre-transplant prognostic laboratory value, including serum total bilirubin, prothrombin time, bicarbonate, WBC count and MELD score[52].
Despite these promising results, some authors raised concerns about the use of RDW alone in the prognostic evaluation of liver disorders. Gulcan Kurt et al[53] and Balta et al[54] argued about the specificity of RDW for predicting the extent of fibrosis in chronic liver diseases, pointing out that other confounding factors (e.g., inflammatory biomarkers) should also be considered. Kim et al[55] showed that RDW was an independent predictor of nonalcoholic fatty liver disease. However, Kang and Kim highlighted that this index should be used in combination with other inflammatory markers for reaching more efficient diagnostic efficiency[56].

RDW AND PANCREATIC DISORDERS
Acute pancreatitis (AP) is one of the most frequent GI causes of hospital admissions in the United States, with an annual incidence of 13 to 45/100000 persons[57]. Despite most of patients with AP have mild and self-limited disease, nearly 20% of them develop severe disease, which is in turn associated with a mortality rate of 7%-42%. Due to high mortality and high rate of complications, patients with severe pancreatitis need an early diagnosis. Multiple scoring systems, including Ranson’s criteria, Acute Physiology and Chronic Health Evaluation, Glasgow scores, Blathazar score, BISAP score, Revised Atlanta criteria and classification, have been developed and evaluated for predicting severity of pancreatitis in early disease course, but these are not easily usable by physicians due to the cumbersome calculation, especially in emergency settings[58]. Recently, Blood Urea Nitrogen has emerged as a promising prognostic marker in AP, but its value has not been extensively evaluated in patients with chronic kidney disease. Therefore, a simple, reproducible, cost-effective and specific prognostic marker in AP is still lacking. 
Uçar Karabulut et al[59] studied 104 patients with AP and found that the mean admission RDW value was significantly higher during the acute phase compared to after recovery (P < 0.01). Although patients with severe pancreatitis were excluded and the severity of disease was not analyzed in this study, an increased RDW was identified as a reliable marker of AP, so suggesting that this parameter can be used for early detection and prognostic evaluation[59]. Cetinkaya et al[60] performed both univariate and multivariate analyses in a retrospective cohort study of 102 patients, identifying both RDW and RPR on admission were independent and significant factors for predicting the risk of in-hospital mortality in APs (P = 0.001). The association between RDW and mortality in AP was also confirmed by Yao et al[61] in a cross-sectional study, showing that non-survivors had higher values than survivors. The RDW displayed 0.75 sensitivity and 0.90 specificity for predicting mortality in AP[61]. Şenol et al[62] found that RDW was the only admission variable predicting AP mortality in multivariate analysis. A RDW value of 14.8% was found to predict mortality in 77% cases[62]. Wang et al[63] also showed that AP patients with RDW > 13.4% had significantly higher mortality rate than those with lower RDW values. A RDW value of 14.3% was characterized by 0.88 sensitivity and 0.92 specificity for predicting mortality in AP[63]. In another study based on the Multiparameter Intelligent Monitoring in Intensive Care Ⅱ (MIMIC Ⅱ) database showed that higher RDW value predicts mortality in AP with an AUC of 0.66 (95%CI: 0.52-0.81)[64]. However, authors could not comment on confounding factors causing elevation in RDW[65]. Despite the differences in the cut-off values used in the various studies and relative heterogeneity of sensitivity and specificity values associated with these cut-offs, the available data supports the conclusions that RDW may be a sensitive predictor of mortality in patients with AP. Only one study failed to show an association between RDW and mortality in AP. However, patients with anemia, malignancy, kidney and hepatic diseases were also included in the final analysis, so potentially flawing the outcome[66]. Notably, Peng et al[67] also showed that a high RDW at admission was an independent risk factor for acute pancreatitis-associated lung injury (OR = 2.671, 95%CI: 1.145-6.138; P = 0.026).
The significance of RDW has been evaluated in only one study in pancreatic cancer. Yilmaz et al[68] studied 104 patients undergoing pancreatic cancer surgery, who were divided them in two groups with high (> 14%) and low (< 14%) RDW values. A positive correlation was hence observed between pancreatic cancer staging and RDW, but no association was noticed between RDW and postoperative complications or morbidity[68]. 

RDW AND OTHER DIGESTIVE DISORDERS
Huang et al[69] studied 35 patients with intestinal tuberculosis (ITB) who were compared with healthy controls (n = 22). Patients with ITB had higher RDW, which overall displayed a better diagnostic efficiency (AUC = 0.812) than CRP (AUC = 0.176) and ESR (AUC = 0.804) in diagnosing ITB[68]. In an interesting study, Yazıcı et al[70] showed that patients with acute cholecystitis undergoing surgery had a significant decrease in RDW compared to those subjected to conservative management. 
Acute Mesenteric ischemia (AMI) is a relatively uncommon, but life-threatening, condition. Early recognition and management is imperative to prevent the related complications. Kisaoglu et al[71] carried a cross-sectional study by comparing AMI patients (n = 49) with patients with abdominal pain who did not undergo surgery (n = 110). A RDW value of 15.4% had 0.41 sensitivity and 0.81 specificity for identifying AMI patients after adjustment for anemia. However, no correlation was found between RDW and size of ischemia or mortality[71]. Bilgiç et al[72] investigated the preoperative RDW value in a retrospective cohort of 61 patients with AMI, and found that increased RDW predicted both the extent of necrosis and mortality. A cut-off values of 14.8% predicted mortality in nearly 70% of cases[72]. 

CONCLUSION
Several lines of evidences, summarized in this article, attest that RDW may be a useful prognostic factor in a variety of GI conditions, including IBD, celiac disease, cancer of colon and esophagus, liver disorders including hepatitis and liver cancer[73], pancreatic disorders, especially AP (Figure 2). 
Since RDW can be easily measured with routine blood tests, without additional technical requirements and at a rather affordable cost (i.e., that of a complete blood cell count), this parameter may be considered a valuable perspective for prognostic assessment of patients with GI disorders. Along with RDW, other related parameters such as the RPR and the hemoglobin to RDW ratio were found have a prognostic value in various conditions. Due to its efficiency as an inflammatory biomarker, as a measure of disease activity and as a prognostic indictor in GI, RDW offers several advantages over other additional tests. RDW measurement is noninvasive, So that widespread use may help minimizing the use of invasive procedure such as endoscopy and biopsy to assess the prognosis in various clinical conditions. This is especially significant in certain regions where medical facilities may be limited or inaccessible. Nevertheless, despite a large number of studies showing utility and benefit from measuring and monitoring RDW values, some factors still make the use of results challenging. These encompass the lack of prospective studies, the heterogeneity of the diagnostic and prognostic cut-offs as well as the poor generalizability of outcomes due to unmet standardization of the available techniques for measuring RDW[74]. The cut-offs of RDW may vary according to the technique used for its measurement. This may explain why some subjects may display higher or lower values when RDW is measured with different analyzers. Moreover, some people in the general population may display values higher than the reference range due to the presence of undiagnosed conditions, which may ultimately lead to increase anisocytosis. However, a single cut-off for RDW cannot be identified so far, since the various analyzers use different techniques. Therefore, the application of a universal cut-off is unfeasible until a major degree of standardization can be reached[74]. In modern haematological analysers, the RDW is conventionally calculated from the histogram of erythrocyte volumes. It is, hence, predictable that further studies aimed to more deeply investigate the full distribution graph (i.e., identifying extraordinarily large or small cells) may provide more meaningful information than the simple numerical value of RDW. Although, increased RDW seems to be a marker for severe GI disease, perhaps, but possibly not for functional GI disorders such as irritable bowel syndrome. This is probably due to the fact that functional disorders have a much lower impact on erythrocyte biology, so that RBC still display a normal turnover. Then, the role of the many confounding factors which may have an impact on RBC biology is still incompletely understood and evaluated. Therefore, due to the mounting evidence regarding the usefulness and the considerable diagnostic potential of RDW,further prospective investigations are needed to validate its effectiveness and concrete steps should be undertaken to define standards that can serve as guidelines for effectively using RDW as a tool for diagnostic and prognostic assessment. 
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Figure Legends
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Figure 1  Changes in red blood cell distribution width levels during clinical course of inflammatory bowel disease (Crohn’s disease/ulcerative colitis). RDW: Red blood cell distribution width; IBD: Inflammatory bowel disease; CD: Crohn’s disease; UC: Ulcerative colitis; Hb: Hemoglobin; MCV: Mean corpuscular volume; ESR: Erythrocyte sedimentation rate.
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Figure 2  Possible mechanisms of increased red blood cell distribution width in gastrointestinal disorders. GI: Gastrointestinal; RBC: Red blood cell; EPO: Erythropoietin; RDW: Red blood cell distribution width; IBD: Inflammatory bowel disease.
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Table 1  Published studies on role of red blood cell distribution width in inflammatory bowel disease
Ref.

No. of subjects

Study period

Activity index

Outcome measures

RDW Value

Statistics

Other laboratory studies

Main findings







Sensitivity (%)

Specificity (%)



Clarke et al[21], 2008

156 CD

January 1st 2004 to December 31st 2005


Differential diagnosis CD vs UC

CD 14.9 UC 14.3

P = 0.027


RDW value was significantly higher in CD relative to ulcerative colitis patients


128 UC











CDAI





CRP, ESR, Fibrinogen, PLT, WBC, Hb

RDW and CRP were the most significant indicators of active UC and active CD, respectively

Cakal et al[23], 2009

74 UC, 22 CD, and 20 age/sex-matched controls


> 150 = active

Active UC or CD

UC 14

88

71






Truelove-Witts scale for UC moderate and severe = active


CD 14.1

78

63



Oustamanolakis 
et al[28], 2011
51 CD


CDAI

Anemia 
(IDA/ACD)
14 (cut off)

93

81

Ferritin, Tsat, sTfR

High RDW and low RSF values
were the best markers for the diagnosis of IDA

49 UC


> 150 active

IDA




RDWR-C, RSF, IRF,



102 age matched controls


< 150 inactive





Hb, ESR





Simple Clinical





CRP





Colitis Activity Index for UC










Active ≥ 3







Yeşil et al[24], 2011

56 CD


CDAI

Active UC/CD

14 (cut off )

79 (CD)

93 (CD)

CRP, ESR, PLT, Hb

RDW was elevated in IBD and markedly increased in active disease. RDW may be a marker of active CD, whereas ESR is for active UC


61 UC


> 150 = active



17 (UC)

84 (UC)




44 age/sex matched controls


Truelove-Witts scale for UC







Song et al[26], 2012

101 CD

January 2003 and December 2010

CDAI

Active UC/CD

14.1 CD without anemia (cut off)

82 (CD)

83 (CD)

CRP, ESR, PLT, WBC, Hb,

RDW was associated with active CD/UC in patients with or without anemia


120 UC


remission < 150, mild 150-220, moderate to severe ≥ 220; Mayo score for UC


13.8 UC without anemia (cut off )








remission < 3, mild 3-6, moderate to severe ≥ 6



76 (UC)

86 (UC)



Ipek et al[25], 2015

206 active UC

January 2009 to December 2011

Endoscopic Rachmilewitz activity index > 4 = Active UC


Active UC 16.8


CRP, ESR, PLT, WBC, Hb

RDW can be used as a marker for disease activity in ulcerative colitis, but not in the non-anemic group


104 remission UC



Active UC vs remission

Remission UC 15.5

P < 0.001



Oliveira et al[27], 2016

20 Active CD

January 1st and September 30th 2013

CDAI

RDW association with Active CD

16 (Cut off )

30

88

CRP, ESR, PLT, WBC, Hb, MCV

RDW was associated with the severity of CD. The RDW cutoff 16% showed
possible clinical applicability

99 remission CD


≥ 150 = active CD







CD: Crohn’s disease; UC: Ulcerative colitis; CDAI: Crohn’s disease activity index; CRP: C-reactive protein; ESR: Erythrocyte Sedimentation Rate; PLT: Platelets; WBC: White blood cells; Tsat: Transferrin saturation; sTfR: Soluble transferrin receptor; RSF: Red blood cell size factor; IRF: Immature reticulocyte fraction; RDWR-CV: Reticulocyte distribution width-coefficient of variation; IDA: Iron deficiency anemia; ACD: Anemia of chronic disease.

Table 2  Published studies on role of red blood cell distribution width in liver disorders
Ref.

No. of subjects

Study period

Liver pathology

Outcome measures

RDW value (%)

Statistics

Other laboratory studies

Main findings

Lou et al[35], 2012

16 AHB

August 1st, 2010

AHB, CHB, CHB-severe

RDW association with HBV related liver disease states and mortality

14.38 ± 1.72 (AHB)

P < 0.05

ALT, total bilirubin, total protein, albumin, WBC, Hb, MCV, INR, Creatinine, BUN, HBsAg HBeAg, HBcAb IgM, HBV DNA

RDW is significantly increased in HBV infected patients compared to controls, and RDW is an independent predicting factor for the 3 mo mortality rate in HBV infected patients.


61 CHB

August 1st, 2011

MELD score


16.37 ± 2.43 (CHB)

P < 0.001




46 CHB-severe




18.3 ± 3.11 (CHB-severe)

P < 0.001




48 healthy controls




13.03 ± 1.33 healthy controls







NASH (Brunt’s criteria)



P < 0.01

Liver biopsy,

Patients with NASH had higher RDW relative to simple steatosis and healthy control groups.

Cengiz et al[32], 2013

62 NASH

Jan-10

Advanced fibrosis (2-4 points)

RDW association with NASH and fibrosis

NASH 14.28 ± 0.25

P < 0.01

Hb, platelets, MPV, WBC, lymphocytes,

RDW was higher in patients with advanced fibrosis compared to mild


32 simple steatosis

May-13

Mild fibrosis (0-1)


Simple steatosis 13.37 ± 0.12


ALT, AST, GGT Albumin, BUN, Creatinine, alkaline phosphatase



30 healthy controls




Healthy controls 12.96 ± 0.14









Advanced fibrosis 15.86 ± 0.4









Mild fibrosis 13.63 ± 0.67




Yang et al[38], 2013

1637 normal control

Individuals were initially enrolled during 2010

NAFLD criteria presence of definite hepatic steatosis on US scan (grade 3), and exclusion of secondary hepatic steatosis.

RDW in NAFLD patients

12.96 ± 1.08 (control)

P = 0.000

Total cholesterol, TG, Fasting glucose, Hb

RDW was increased in NAFLD patients


619 NALFD




13.23 ± 1.01 (NAFLD)




Kim et al[55], 2013

24547 NAFLD patients

Individuals were enrolled in 2010 (January 1st to December 30th)

NAFLD diagnosis by US and questionnaires about alcohol consumption. Degree of liver fibrosis by BARD and FIB-4 scores

RDW and the level of fibrosis in NAFLD

12.59±0.62 BARD score (0,1)

P < 0.001

Hb, MCV, LDL, TG, HDL, HbA1C, high sensitivity CRP, ferritin, Platelet

Increased RDW is independently associated with advanced fibrosis in NAFLD






12.99 ± 0.85 (BARD score 2-4)

P < 0.001








12.61±0.77 (FIB-4 score < 1.3)









12.89 ± 0.71(FIB-4 score ≥ 1.3)




Karagoz et al[42], 2014

229 biopsy proven naïve chronic hepatitis B (CHB) patients

January 2010 and November 2013

Fibrosis in CHB (Ishak score)

Relationship of RDW and MPV with the severity of fibrosis in CHB patients

12.6 (cut off)

91.50%

Liver biopsy, WBC, Hb, Ht, platelets, MPV, PDW, AST, ALT, total bilirubin, albumin,

RDW and MPV are significantly higher in HBV infected patients with severe fibrosis







Sensitivity









42.50%









Specificity



Huang et al[36], 2014

69 CHB

January 2011 and October 2013

HBV related liver cirrhosis

Correlation of RDW with HBV cirrhosis, CHB; Child-Pugh and MELD scores

16.07 ± 2.41 (HBV cirrhosis)

P < 0.01

AST, ALT, total bilirubin, albumin, WBC, Hb, platelets, INR, Creatinine, BUN. HBeAg, HBV DNA

RDW was elevated in HBV related cirrhosis and CHB relative to control, and was positively correlated with severity of HBV related cirrhosis


61 HBV liver cirrhosis


Child-Pugh and MELD scores


13.29 ± 1.09 (CHB)





41 controls




12.75 ± 0.7 (controls)




Dogan et al[39], 2015

54 NASH

Dec-10

NASH (NAFLD activity score)

Inflammation in NASH

13.3 (cut off)

79.50%

Liver biopsy,

RDW is a specific and sensitive method to assess inflammation in NASH patients


39 controls

Mar-12

Fibrosis, 0 not significant (F0-F1); 1 significant (F2-F4)



Sensitivity

Ht, MCV platelets, ALT, AST, GGT LDL, HDL, TG, Fasting glucose, insulin,





Steatosis, 0 mild (grade 1); 1 moderate to severe (grade 2-3)



73.30%

Alkaline phosphatase





0 lobular inflammation (0-1);



Specificity






1 moderate-severe (2-3)






Xu et al[34], 2015

446 HBV infected patients who underwent liver biopsy

January 2010 and December 2011

Liver fibrosis (no significant S0-S2, fibrosis vs advanced, S3-S4)

RDW in liver fibrosis and inflammation

13.3 (S0-S2)

P = 0.01

Liver biopsy, AST, ALT, total bilirubin, albumin, WBC, Hb, platelets, MCV, MPV, HBeAg, HBV DNA

RDW, together with other serum markers, could be useful in predicting liver fibrosis and necroinflammation in HBV infected patients




Inflammation (no significant (G0-G2) vs significant (G3-G4)


13.6 (S3-S4)

P < 0.001








13.2 (G0-G2)









13.7 (G3-G4)




Wang et al[37], 2016

116 CHB

January 2010 to January 2015

Liver fibrosis and inflammation: absent-mild (S0-S1, G0-G1) vs moderate-severe (S2-S4, G2-G4)

RDW association with liver fibrosis and inflammation in chronic hepatitis

13.4 (S0-S1)

P < 0.001

AST, ALT, alkaline phosphatase, GGT, globulin, total bilirubin, total bilirubin acid, total protein, albumin, WBC, RBC, Hb, MCV, platelets

RDW and globulin could be useful predictors of liver fibrosis and inflammation in chronic hepatitis patients, respectively.


65 PBC




14.5 (S2-S4)





37 AIH




13.0 (G0-G1)









14.2 (G2-G4)




RDW: Red blood cell distribution width; Hb: Hemoglobin; HbA1C: Hemoglobin A1C; Ht: Hematocrit; CRP: C reactive protein, AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; WBC: White blood cell; RBC: Red blood cell; MCV: Mean corpuscular volume; PDW: Platelet distribution width; MPV: Mean platelet volume; GGT: Gamma-glutamyl transpeptidase; HBV: Hepatitis B virus; HbeAg: Hepatitis B e antigen; HbsAg: Hepatitis B s antigen; HbcAb: Hepatitis B core antibody; NAFLD: Nonalcoholic fatty liver disease; NASH: Nonalcoholic steatohepatitits; TG: Triglyceride; LDL: Low-density lipoprotein; HDL: High-density lipoprotein; BUN: Blood urea nitrogen; INR: International normalized ratio; AHB: Acute hepatitis B; HBVDNA: Hepatitis B virus DNA; PBC: Primary biliary cirrhosis; AIH: Autoimmune hepatitis.
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