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Abstract

Background: Red blood cell distribution width (RDW) is a quantitative measure of variability in the size of circulating erythro-

cytes. It has been recently identified as a prognostic marker in several diseases including acute pancreatitis (AP). In this systematic
review the prognostic value of RDW in predicting mortality of AP patients will be assessed.
Methods: PubMed, Scopus, EMBASE, and ISI databases were searched until September 2016 using the following search strategy:
(pancreatitis OR pancreatitides) AND (RDW OR "red cell distribution width" OR "red blood cell distribution width" OR anisocytosis).
Four authors independently reviewed the retrieved articles. Studies were included if they had evaluated the association between RDW
value and mortality of acute pancreatitis patients. Case reports, comments, letters to the editor, reviews, study protocols, and experi-
mental studies were not included. Data abstraction and quality assessment for the included studies was independently performed by
two authors. Quality of studies was assessed using Oxford Center for Evidence-Based Medicine checklist for prognostic studies. Data
were synthesized qualitatively, and a meta-analysis was performed on the diagnostic performance of RDW to predict mortality in AP
patients.

Results: Seven studies (976 patients) were included in the systematic review. Six studies reported a statistically significant associa-
tion between RDW value and mortality. Meta-analysis was performed on four studies (487 patients) using a bivariate model and a
summary receiver operating characteristic (SROC) curve was plotted with an area under the curve (AUC) of 0.757. The pooled diag-
nostic odds ratio (DOR), sensitivity and specificity was 19.51 (95% CI: 5.26-72.30), 67% (95% CI: 51%-80%) and 90% (95% CI:
73%-96%), respectively.

Conclusion: RDW is an easy to use and an inexpensive marker with a moderate prognostic value to predict death in AP patients.
Clinicians should be more alert when a patient with AP has an increased RDW. Investigation of possible combinations of other prog-
nostic markers with RDW is recommended.
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Introduction
Acute pancreatitis (AP) is an acute inflammatory dis-  caused by a variety of etiologies, most notably gallstones
ease induced by activation of pancreatic enzymes and is  and alcohol [4]. The incidence of AP is 150-420 and 330-
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430 cases per million in the United Kingdom and the
United States, respectively [5]. AP can be categorized into
mild AP (MAP) to severe AP (SAP) and is a cause of
acute abdomen. AP can be complicated with systemic
inflammatory response syndrome and multiple organ
failure. The mortality rate is in a range of 3.8% to 7% in
AP patients and about 40-70% in severe cases [8]. There-
fore, the diagnosis of AP and prediction of its severity is
important for early management of the patients in order to
decrease the rates of morbidity and mortality.

Several parameters and scoring systems, such as Ranson
criteria and the Acute Physiology and Chronic Health
Evaluation II (APACHE II) score have been used to pre-
dict the severity of AP and its mortality [9, 10]. Ranson
criteria is required to be assessed 48 hours after the onset
of AP and may not be useful for early prediction of AP
mortality [7]. Ranson and APACHE II scores are com-
plex, unreliable and difficult to use in clinical practice
[11]. Therefore, it is important to identify a simple, easy to
use, sensitive, and early marker to predict the mortality
associated with AP.

Red blood cell distribution width (RDW), reported as a
part of the complete blood count test, is a quantitative
measure of variability in the size of circulating erythro-
cytes [13]. RDW is mainly used as a diagnostic method to
differentiate thalassemia from iron deficiency anemia
[14]. However recent studies have reported RDW as a
predictor of mortality in cardiac diseases, stroke, pulmo-
nary hypertension, peripheral artery disease, inflammatory
and infectious conditions, liver disease, celiac disease,
colon cancer, coronary artery disease and pulmonary em-
bolism [15-23].

Objectives

RDW has recently been identified as a prognostic mark-
er for AP in several studies. Therefore we performed a
systematic review and meta-analysis to evaluate the asso-
ciation of RDW value with mortality and to investigate its
prognostic performance as a predictor of mortality in AP
patients.

Methods

Search strategy for identification of studies

This systematic review and meta-analysis is performed
according to the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guideline [24].

PubMed, Scopus, EMBASE, and ISI databases were
searched comprehensively for relevant studies from incep-
tion to September 2016, using the following search strate-
gy: (pancreatitis OR pancreatitides) AND (RDW OR "red
cell distribution width" OR "red blood cell distribution
width" OR anisocytosis). No language or time limitation
was applied. The references lists of the included studies
were also hand-searched to identify further relevant cita-
tions and prevent missing articles.

Inclusion and exclusion criteria

Studies were included if they had evaluated the associa-
tion between RDW value and mortality of AP patients by
either comparing RDW values between survivors and non-
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survivors or assessing the diagnostic performance of
RDW to predict mortality. Mortality was not limited to
any time period. Case reports, comments, letters to editor,
reviews, study protocols, and experimental studies were
not included. Meeting abstracts were not excluded if re-
ported sufficient data. When duplicate articles were sus-
pected, the one containing more relevant data was includ-
ed. Studies were included in the meta-analysis if they had
reported diagnostic 2x2 tables or sensitivity and specifici-
ty of RDW value to predict mortality in AP patients.

Methods of the review

Selection of studies

Four authors (MZ, SA, SS, ZM) independently re-
viewed the retrieved articles to identify relevant studies.
Discrepancies were resolved by consensus.

Data extraction and Quality assessment

Relevant data including patients characteristics, survival
rates, RDW measurement methods and statistical analyses
results were independently extracted by two authors using
a data extraction form. Methodological quality of the in-
cluded studies was assessed independently by two authors
using Oxford Center for Evidence-Based Medicine check-
list for prognostic studies [25].

Statistical analysis

Studies were included in the meta-analysis if they had
reported the diagnostic performance of RDW to predict
mortality. The 2x2 tables, including number of true posi-
tives (TP), false negatives (FN), true negatives (TN), and
false positives (FP) was designed for each study based on
their reported sensitivity, specificity, and mortality rate.

When there is no common cut-off between studies, as is
the case in this meta-analysis, the test accuracy should be
summarized as a SROC curve and its corresponding AUC
and not by separate pooling of sensitivity and specificity
values [26]. Therefore, the meta-analysis was performed
using a bivariate model that has the advantage of analyz-
ing sensitivity and specificity jointly [27]. R programming
language (R Foundation, Vienna, Austria) with mada
package was used to perform this meta-analysis [28]. The
sROC curve and its AUC, pooled sensitivity and specifici-
ty as well as the 95% confidence region (depicting the
precision of pooled estimate) and 95% prediction region
(illustrating the likely range that true values of a future
study would lie) were reported [29]. Additionally, a sepa-
rate meta-analysis was performed on the DOR using the
same software package and was reported as a forest plot.

Heterogeneity was evaluated by visual inspection of
ROC space and was considered high when the 95% pre-
diction region was much larger than 95% confidence re-
gion [29]. I? index and Cochrane Q test are not useful for
identifying heterogeneity in diagnostic test accuracy meta-
analyses and were not used in this study [29]. Heterogene-
ity can partly be explained by the different cut-off values
(i.e. threshold effect). Meta-DiSC 1.4 was used to evaluate
this effect using a Spearman’s correlation between logit of
true positive and false positive rates. Threshold effect ex-
ists when this correlation is statistically significant [30].



We also planned to perform subgroup analyses when there
were at least two studies in each subgroup. The level of
significance was set at p< 0.05.

Results

Study selection

A summary of study selection process (i.e. PRISMA
flowchart) is shown in Fig. 1. The initial search identified
25 non-duplicate records. After screening the titles and
abstracts, 14 studies were excluded. For the remaining 11
studies, full-texts were retrieved to assess their eligibility
to be included in the systematic review. Four studies were
excluded because two were duplicates and two were not
relevant. Seven studies were finally included in our sys-
tematic review [1-3, 6-8, 12]. Three studies were not in
English [2, 3, 12]. No additional eligible studies were
found after reviewing the references lists of the included
studies.

Characteristics of the included studies

Characteristics of the included studies and their results
are summarized in Table 1. A total of 976 patients (525
female and 448 male) from four different countries (Tur-
key, China, Poland and Czech Republic) were included in
this systematic review. Average age of the patients was in
a range of 46.5 to 56.5 years. Biliary occlusion was the
most common cause of AP (ranging from 35.8% to 73.5%
of cases) in the five studies that had reported the etiolo-
gies. With the exception of one study [12], all studies in-
cluded both mild and severe forms of AP, although in one
study [1] the severity of the disease was not reported. Five
studies were designed as retrospective cohorts [1, 3, 7, 8,
12] and two as prospective cohorts [2, 6]. RDW value was
determined using Sysmex hematology analyzer (Sysmex
Corp., Kobe, Japan) in three studies [2, 6, 8], and in four
studies the measurement devices were not mentioned [1,
3, 7, 12]. RDW was measured in the first 24 hours after

Table I. Summary of findings
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Records identified through
database searching (n= 68)

Records screened after
duplicates removed (n= 25)

l

Full-text articles assessed for
eligibility
(n=11)

I

Studies included in the
systematic review
(n=7)

}

Studies included in the meta-
analysis
(n=4)

Records excluded
(n=14)

A 4

Full-text articles excluded,
(n=4)

- Duplicate (n=2)

- Not relevant (n=2)

A 4

Fig. 1. Flow chart summarizing the process of study selection

admission in four studies [3, 6-8] but one study measured
it on days 3, 5 and 7 [2], and the time of RDW measure-
ment was not reported in two studies [1, 12].

Duration of follow-up in the included studies varied
from 24 hours to 3 months and was not reported in two
studies [3, 12]. Survival rates were in a range of 64.04%
to 87.25%. The study of Yang et al. [12], which included
only severe AP patients, was the one with the highest mor-
tality rate. The causes of mortality were limited to pancre-
atitis and its complications in four studies [2, 3, 7, 8] and
were not reported in three studies [1, 6, 12].

Methodological quality of included studies
Quality of the included studies was assessed using Ox-
ford Center for Evidence-Based Medicine checklist for

Difference in %RDW between survivors and
Nnon-survivors

Logistic
regression

First Author, Year, Country n Age Survival/
(years) death
sex (F/M)
Senol, 2013, Turkey ! 102 56.5 89/13
59 /43
Kolber, 2013, Poland 40 46.6 34/6
16 /24
Floreanové, 2014, Czech Republic ¥ 159 56 140/ 19
68/91
Yao, 2014, China [ 106 51.2 98 /8
54/52
Giilen, 2015, Turkey " 332 53.1 318/ 14
212/120
Wang, 2015, China ) 120 51.2 104/ 16
70 /50
Yang, 2016, China ['?) 117 54.2 46/ 68

%RDW in survivors %RDW in p
non-survivors
13.3 (12.5-14.3)F 15.6 (14-21) <0.001", -
0.001™!

13.6 14.37 <0.05 -

12.98 + 1.04" 14.2+0.72" 0.002% -
13.7 (12.9-14.5)" 14.7 (13.7-15.6)" 0.201° not significant®

12.82+0.95" 14.31+0.85" <0.001" -
13.4+-1.5" 16.6 + 1.7° 0.001% OR 1.170 (95 %

CI: 1.004-1.325,

P=0.008)°

~ mean £SD
T median (range)
$ Student’s t-test
* Mann-Whitney U test
! Multivariate Mann-Whitney with age, BUN, platelet count, WBC count, Albumin as confounding variables
2 Multivariate logistic regression with Balthazar classification, HAPS score, NLR, age, diabetes mellitus and systolic hypertension as confounding variables
3 Multivariate logistic regression with APACHEII score, Ranson score, albumin, oxygenation index, serum creatinine as confounding variables
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Table 2. Quality of the included studies

First Author, Year inclusion at a
common point

Duration of follow-up or hospital stay

Method of outcome evaluation
/ Blind outcome evaluation

Adjustment for con-
founding variables

Senol, 2013 11 Yes Median of 6 (1-88) days Death of all causes / NA Yes
Kolber, 2013 1! Yes Median of 6.5 (5-10) days in mild and 20.5 Death of all causes / NA No
(12-176) in severe or complicated cases
Florednova, 2014 B Yes Not reported Death of all causes / NA No
Yao, 2014 [ Yes Up to 3 months Death of all causes / NA No
Giilen, 2015 17} Yes First 24 hours after admission Death of all causes / NA Yes
Wang, 2015 ¥ Yes Up to 3 months Death of all causes / NA No
Yang, 2016 12 Yes Not reported Death of all causes / NA Yes

Table 3. Diagnostic data of the studies included in the meta-analysis. TP: true positives, FP: false positives, FN: false negatives, TN: true negatives

First author, Year Number of patients RDW cutoff
Total TP FP FN TN

Senol, 2013 [ 102 6 3 7 86 14.8%

Floreanova, 2014 1! 159 13 45 6 95 13.25%

Yao, 2014 [ 106 6 10 2 88 14.2%

Wang, 2015 8] 120 14 9 2 95 14.35%

prognostic studies and is reported in Table 2. Confounding
variables were adjusted in three studies [1, 7, 12], one of
which [7] reported no association between RDW value
and mortality.

RDW and mortality

Using various statistical analyses, in six studies a signif-
icant association between RDW value and mortality was
observed [1-3, 6, 8, 12]. The only study which reported no
such association was the one with the highest number of
participants [7]. Differences in mean or median of RDW
values between survivors and non-survivors were evaluat-
ed using Mann-Whitney U test or Student’s t-test in six
studies [1, 2, 6-8, 12] which were statistically significant
in five [1, 2, 6, 8, 12]. Mean or median of RDW values in
survivors ranged from 12.8% to 13.7% compared to a
range of 14.2% to 16.6% in non-survivors.

Two studies performed multivariate logistic regression
to assess the prognostic performance of RDW value as a
predictor of mortality. One of them [12] reported a statis-
tically significant odds ratio of 1.170 (95% CI: 1.004-
1.325) for RDW, but in the other one [7] the logistic re-
gression was not significant, and the odds ratio was not
reported. Four articles (487 patients) reported the
diagnostic accuracy of RDW to predict mortality and were
included in the meta-analysis [1, 3, 6, 8]. Cut-off values
for RDW varied between studies in a range of 13.2% to
14.8% (Table 3).

Results of the statistical analysis

The area under the sSROC curve generated by the bivari-
ate model was 0.757, indicating a moderate prognostic
accuracy of RDW to predict mortality (Fig. 2). The pooled
diagnostic odds ratio was 19.51 (95% CI: 5.26-72.30)
(Fig. 3). The pooled sensitivity and specificity was 67%
(95% CI: 51%-80%) and 90% (95% CI: 73%-96%) re-
spectively (Fig. 2).

The large area of 95% prediction region in the SROC ar-
ea indicates a high heterogeneity between studies (Fig. 2).
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There was no significant correlation between logit of true
positive and false positive rates (1= -0.209, p= 0.729) indi-
cating that the heterogeneity cannot be explained by the
threshold effect. Due to the small number of the included
studies subgroup analysis was not performed.

Discussion
o |
© |
o
© |
,é' o
=
.‘5
C
@
o<
o
o~
o
— SROC
— 95% confidence region 4 data
g - 95% prediction region ® summary estimate
T T T T T T
0.0 0.2 0.4 06 08 1.0

1 - Specificity
Fig. 2. Summary receiver operating characteristic curve of the
included studies

Senol H— 2457 5.03,119.97]
Floeranova L] 457[ 163, 12.82]
Yao H— 26.40[ 4.69, 148.74]
Wang —s——————— 7389[14.45 377.75]
— 19.49[ 5.28, 71.95]
| I —
1.63 18969  377.75

Fig. 3. Forrest plot of diagnostic odds ratio pooling



In this systematic review, six out of seven studies re-
ported a statistically significant association between RDW
and mortality in AP patients. RDW values were greater in
the non-survivors than in survivors. The sSROC curve and
a pooled diagnostic odds ratio of 19.51 (95% CI: 5.26-
72.30) indicate a moderate prognostic performance of
RDW to predict mortality in AP patients. The pooled sen-
sitivity of 67% (95% CI: 51%-80%) and specificity of
90% (95% CI: 73%-96%) show that in predicting mortali-
ty RDW is more specific rather than sensitive; and speci-
ficity is more important for a prognostic marker.

A wide variety of clinical, biochemical and imaging pa-
rameters as well as scoring systems such as Ranson,
APACHE 11, and BISAP has been utilized to predict the
prognosis of AP patients [1]. However, most of these pa-
rameters are complex, unreliable and difficult to use in
clinical practice [7]. Therefore it is important to identify a
simple, inexpensive, noninvasive and sensitive marker to
predict the mortality of AP patients.

RDW has several advantages as a prognostic marker. It
is a component of the complete blood count test which is
fairly inexpensive and is routinely tested in patients with
suspected AP [1, 31]. Additionally, it is accessible in
many hospitals and a very short time is required for the
results to be reported [32]. Moreover, in most of the in-
cluded studies RDW was measured in the first day of ad-
mission, and therefore it can be an early prognostic factor
compared to Ranson score which is required to be as-
sessed 48 h after the onset of AP.

The underlying mechanism for the observed association
between RDW and mortality in AP is not clear. One sug-
gested explanation is that RDW value is a reflection of the
inflammatory status which is associated with higher mor-
tality [33]. Inflammation increases RDW by promoting
death and inhibiting maturation of RBCs, allowing reticu-
locytes to enter the circulation [34]. Additionally, inflam-
mation changes the morphology of RBCs by altering their
membrane glycoproteins and ion channels [34].

Limitations

Most of the included studies were inherently limited by
their retrospective nature. Additionally, confounding vari-
ables were accounted for in only three studies, reflecting a
relatively low quality of the included studies.

We aimed to reduce the publication bias by including
non-English studies. However due to the small number of
the included studies publication bias was still an important
limitation in this study. Furthermore, all but one of the
studies included in the meta-analysis reported RDW as a
significant predictor of mortality. We also did not includ-
ed one study [7] in which no similar association was
found, since it had not reported the sensitivity and speci-
ficity.

Studies included in this meta-analysis were quite heter-
ogeneous, which is quite common in the diagnostic test
accuracy meta-analyses [26]. Heterogeneity in diagnostic
meta-analyses can partly be explained by the variability of
cut-off values between studies. However, in our study, the
threshold effect analysis showed that it does not contribute
to the heterogeneity. Nonetheless, in addition to the small
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number of studies, there were some differences in the in-
cluded studies such as patient characteristics, disease se-
verity, etiologies, follow-up peri-
ods, study designs and other factors invisible to the au-
thors that might be responsible for the heterogeneity.
There is possible effect of etiology, iron deficiency ane-
mia, thalassemia, hemoglobinopathy and other rare factors
on RDW. In iron deficiency, RDW is very high and can be
a confounding factor, and in these studies they did not
evaluate and exclude patients with anemia. Slightly ele-
vated RDW can be seen in hemoglobinopathy and thalas-
semia, which are not common. Subgroup analysis is
commonly used to specifically point out the sources of
heterogeneity but could not be performed in this study due
to the small number of the included studies. It is also im-
portant to note that the bivariate model used in this meta-
analysis is considered a random effects model and these
models implicitly incorporate some of the heterogeneity
observed between studies [29, 35].

Finally, we could not report an ideal cut-off value for
RDW to predict mortality since it was beyond the scope of
a meta-analysis and requires individual patients data of the
included studies. Unlike ordinary ROC curves, it is not
possible to identify points on the SROC curve that relate to
a particular cut-off with a particular combination of sensi-
tivity and specificity. Additionally, since sensitivity and
specificity changes with different cut-off values and the
cut-off values of the included studies were different, the
reported pooled estimates of sensitivity and specificity in
this meta-analysis are not clinically useful and have been
reported only to get a sense of sensitivity and specificity
relative to each other [26].

Conclusion

RDW is an easy to use and inexpensive marker that has
a moderate prognostic value to predict mortality in AP
patients. Clinicians should be more alert when a patient
with AP has an increased RDW. More importantly, since
RDW is not a strong prognostic marker, we recommend
studying its combination with other prognostic markers in
an effort to increase their prognostic performance. Fur-
thermore, for a more robust conclusion and to define a
precise cut-off value, we recommend a review of individ-
ual patient data.
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