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Abstract

Background: Red cell distribution width (RDW) is a marker
of iron-deficient anaemia that can also assist differentia-
tion of other anaemias. RDW also has been suggested as
an effective marker for earlier anaemia detection. The
RDW-anaemia relationship was investigated in cross-sec-
tional community patient data, and the capacity of RDW
to predict the diagnostic value of second tier anaemia
markers assessed.

Methods: Routine and second tier assay data were pro-
vided by the laboratory Sullivan Nicolaides Pathology.
The cohort was divided into male and female groups
stratified by age, and correlation analyses assessed asso-
ciations of RDW to haemoglobin and ferritin. Analysis of
covariance (ANCOVA) was performed for both routine and
second tier markers to investigate their significance for
RDW prediction.

aPresent address: Chief Executive — RCPAQAP, Suite 201/8 Herbert
Street, St Leonards, NSW 2065, Australia

*Corresponding author: Brett A. Lidbury, Genomics and Predictive
Medicine, Department of Genome Sciences, The John Curtin School
of Medical Research, The Australian National University, Canberra,
ACT 2601, Australia, Phone: +61 2 6125 6137,

E-mail: brett.lidbury@anu.edu.au

Tony Badrick: Faculty of Health Sciences and Medicine, Bond
University, Robina, Queensland, Australia; and Sullivan Nicolaides
Pathology, Taringa, Queensland, Australia

Alice M. Richardson: Faculty of Education, Science, Technology
and Mathematics, University of Canberra, Canberra, Australia; and
Genomics and Predictive Medicine, Department of Genome Sciences,
The John Curtin School of Medical Research, ANU, Canberra,
Australia

Ashley Arnott: Sullivan Nicolaides Pathology, Taringa, Queensland,
Australia

©2015, Brett A. Lidbury et al., published by De Gruyter.

Results: RDW had statistically significant negative cor-
relation with haemoglobin for both sexes and age ranges
(p<0.01). The RDW relationship with serum ferritin was
non-linear, representing two populations. ANCOVA
showed categorical ferritin as a significant RDW predictor
for younger females, with vitamin B12 a significant RDW
predictor for older men. Haemoglobin, mean corpuscular
haemoglobin (MCH) and second tier iron markers (e.g.,
transferrin) were significant RDW predictors for both
sexes and ages investigated. An individual longitudinal
female case study showed RDW as very sensitive to hae-
moglobin decrease, with ferritin not as responsive.

Conclusions: RDW had a significant negative association
with haemoglobin in cross-sectional community patient
data. ANCOVA showed ferritin as a significant RDW pre-
dictor for younger females only. This study confirms the
utility of RDW as a marker for early anaemia detection,
and useful to accelerated diagnoses of anaemia aetiology.

Keywords: aetiology; anaemia; ANCOVA; ferritin; red cell
distribution width (RDW).

Introduction

Red cell distribution width (RDW) is the standard deviation
or coefficient of variation percent (CV%) of the red blood
cell (RBC) volume that is determined by an automated
haematology analyser, calculated from the mean corpus-
cular volume (MCV). Erythrocytes are typically 6-8 um
in diameter, and for some anaemias there are significant
variations in cell size. Higher RDW values indicate greater
variation in red cell size (anisocytosis) [1], which is caused
by problems with the production or destruction of the
erythrocytes. RDW is used with other full blood count/
complete blood count (FBC/CBC) indices to diagnose
anaemia, and if indicated, additional specialised second
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tier tests of iron metabolism and storage (e.g., ferri-
tin), and nutritional markers (e.g., vitamin B12), will be
requested to classify the cause of the anaemia and guide
subsequent treatment. The RDW is elevated in macrocytic
anaemias and nearly all cases of iron deficiency anaemia
(IDA), and has been found as valuable for differentiating
thalassaemia from iron deficiency [2].

However, an elevation in the RDW is not characteris-
tic of all anaemias, for example, the anaemia of chronic
disease, hereditary spherocytosis, acute blood loss, aplas-
tic anaemia, and certain hereditary haemoglobinopathies
present with a normal RDW [3]. RDW has been also associ-
ated with the estimation of mortality due to cancer, heart
or respiratory disease, as well as “all cause” mortality, for
intensive care and other patients [4-6], as well as liver
and renal conditions [1, 7], suggesting a wider diagnostic
utility beyond anaemia.

A clinical update by Dugdale [8] reported an inverse
relationship of RDW (CV%) with haemoglobin concentra-
tion that developed over several months, and noted that
increases in RDW preceded clinically significant haemoglo-
bin decreases by several weeks, hence proposing that RDW
be considered as a valuable routine marker for the early
detection of iron-deficient anaemia (IDA). In addition, it was
suggested that while ferritin and folate are “gold-standard”
tests for anaemia, these second tier tests are “complex and
expensive”, while RDW can be easily calculated from routine
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haematology profiles at no additional cost. Motivated by
this observation, the aims of this study were to validate the
RDW/Haemoglobin relationship in a large cohort of com-
munity patients, and secondly investigate whether RDW
had significant associations with second tier anaemia tests
in males and females of reproductive and post — reproduc-
tive age ranges. As a practical laboratory diagnosis consid-
eration, the potential for RDW to provide a specific anaemia
diagnosis without resort to expensive and time consuming
second tier tests, was of additional interest.

Materials and methods
Data

Cross-sectional pathology data from female and male community
patients were provided by the diagnostics laboratory, Sullivan Nico-
laides Pathology (Brisbane, Australia) and represented individuals
investigated for anaemia over August — September 2012. Routine
full blood count (FBC/CBC) profiles and second tier laboratory tests
associated with the investigation of anaemia were included; specifi-
cally serum ferritin, serum iron, vitamin B12, red cell folate (RCF),
transferrin and saturation. Laboratory reference ranges for routine
and second tier anaemia markers are listed in Table 1. Results for rou-
tine markers were collected on the Sysmex XE2100 platform (Roche
Diagnostics, Sydney), while ferritin, serum iron were measured on
the Roche Modular (Roche Diagnostics, Sydney Australia).

Table 1: Reference intervals for all routine erythrocyte indices and second tier tests conducted for anaemia investigations included in the

analyses of RDW variation by ANCOVA.

Red cell markers (explanatory variables)

Laboratory reference range

Male

Female

Routine red cell markers
Haemoglobin (Hb)
Haematocrit (Hct)
Mean corpuscular volume (MCV)
Mean corpuscular haemoglobin (MCH)
Mean corpuscular haemoglobin concentration (MCHC)
Red cell count (RCC)

Special, second tier tests for anaemia investigation
Ferritin
Serum Iron
Saturation
Transferrin
Red cell folate (RCF)
Serum Folate
Vitamin B12 (VitB12)

Red cell distribution width (RDW)
(Response variable)

125-175 g/L*

110-165 g/L°

0.38-0.54* 0.34-0.47°
80-100 fL 80-100 fL
27.5-34 pg 27.5-34 pg
310-360 g/L 310-360 g/L

4.2-6.5x10"2/L2

3.7-5.6x10%2/L?

25-220 ng/mL 25-10 ng/mL
5-30 umol/L 5-30 umol/L
20-55% 20-55%
445-472 pmol/L 445-472 pmol/L
>150 nmol/L >150 nmol/L
>7.0 nmol/L >7.0 nmol/L
>150 pmol/L >150 pmol/L

11-16% (CV%)
30-50 fL(SD)

2Reference interval applies to an age range of 14—>100 years for males and females.
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From the total cases provided (n=8760), data were selected in
the age range of 15-50 years and then separated into female (n=1770)
and male (n=686) cases. From this, data were further sorted into
cases that comprised both routine and second tier blood test data
required for investigation of anaemia in individual female (n=744)
and male (n=215) cases. An identical process was performed for
female and male cases of 55 years of age and older (total number of
cases investigated were: females: n=1892; males: n=1076).

Human Ethics approval for this project was granted by
Committees from both Bond University and The Australian National
University.

Statistical analysis

Pearson’s correlation was performed for the analysis of RDW and
haemoglobin relationships. Correlation analysis of the RDW vs.
serum ferritin relationship was conducted by the non-parametric
Spearman’s correlation method, given the non-linear relationship
between these two variables.

All investigations of RDW variation were conducted by
analysis of covariance (ANCOVA) with ferritin assigned as a fixed
binary factor; female ferritin category thresholds were set at less
or greater than 40 ng/mL, and male thresholds at less or greater
than 100 ng/mL, informed by scatter plots that showed a “broken
stick”, “hockey stick” or piecewise linear relationship between
RDW and linear serum ferritin, which was particularly pronounced
for young females.

Separate ANCOVA were performed for routine erythrocyte indi-
ces and second tier anaemia markers. Haemoglobin, linear serum
ferritin and binary ferritin category were included as predictor vari-
ables for all analyses. Prior to ANCOVA, colinearity among predictor
variables was assessed by Pearson’s correlation (two-tails) and vari-
ation inflation factor (VIF), with highly colinear predictor variables
(VIF>10) removed from the model before analysis (MCV was not
included as a predictor variable for any analysis). All correlations
and ANCOVA were performed using SPSS version 21.

Results

RDW relationship to haemoglobin and
ferritin

Pearson’s correlation analysis of RDW in relation to haemo-
globin (Hb) was conducted for females and males of both
age ranges examined. Supporting the previous observation
by Dugdale [8], Hb had a significant negative association
(p<0.01) with RDW for each sex and age range examined
(Figure 1A-D). The majority of individuals within each com-
munity population examined fell inside the reference ranges
for both RDW and haemoglobin, as seen as a tight cluster for
each scatterplot. The plots also detected occasional individ-
ual cases that had normal haemoglobin but elevated RDW,
or low haemoglobin and RDW within the reference range,
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suggesting other disorders besides iron-deficient anaemia
[9, 10]. The strength of correlation (r) ranged between —0.38
to —0.43 for both female groups and older males, with
younger (15-50 years) males weaker than —0.30.

As the “gold-standard” for the diagnosis of iron
deficient anaemia (IDA), serum ferritin was considered
carefully as a predictor of RDW variation. For females and
males of >55 years, and females between 15 and 50 years,
significant (p<0.001) negative correlations (r=—0.14—0.29)
were found for RDW and ferritin. A weaker, but signifi-
cant negative correlation was also found for 15-50 years
males (r=—0.15; p=0.031). Plots of RDW and ferritin (Figure
2A-2D) showed non-linear relationships, particularly
for both female cohorts, and suggested two distinct sub-
populations of ferritin response in relation to RDW meas-
urement, defined by a greater range of RDW responses for
ferritin concentrations less than 40 ng/mL. For subsequent
ANCOVA, binary ferritin category was introduced into the
RDW models to control for the two distinct populations.
The impact of ferritin for the RDW models presented is sum-
marised in Tables 2 and 3.

Determination of RDW variation predictors
by ANCOVA models examining routine red
cellindices and second tier tests for anaemia
diagnosis

ANCOVA modelling showed strong associations between
RDW and Hb, red cell count and MCHC for both sexes and
age ranges, with age also strongly associated with RDW
for females of both age ranges and males greater than
55 years of age (Tables 2 and 3). Model adjusted R? values
ranged between 0.311-0.403 for female and male RDW
models of routine red cell markers and ferritin, but were
weaker for models of ferritin, haemoglobin and second
tier anaemia markers, ranging from R? 0.058 to 0.258.
Caution must be exercised particularly when interpret-
ing second tier models for men ranging in age from 15 to
50 years (R?=0.058) and women greater than 55 years of
age (R*=0.100).

The gold-standard special test for iron-deficient
anaemia, serum ferritin, was examined in ANCOVA
models as both a linear and categorical predictor variable
due to its curved distribution pattern in relation to RDW
(Figure 2). Ferritin was a significant predictor of RDW only
for females in the 15-50 year age group, and only as a cat-
egorical predictor variable. Neither linear nor categorical
ferritin showed a significant relationship with RDW for
women older than 55 years, or males of either age range
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Figure 1: Red cell distribution width (RDW) relationship with haemoglobin measurement for a sample of (A) 15-50-year-old female
(r=-0.38: p<0.01: n=744), (B) 15-50-year-old male (r=—0.28: p<0.01: n=215), (C) 55 years and older female (r=-0.39: p<0.01: n=1892),
and (D) 55 years and older male (r=-0.43: p<0.01: 1076) community patients presenting for a laboratory investigation of anaemia.
Collected from individual patients over August-September 2012 (Queensland, Australia).

(Tables 2 and 3). The results suggest therefore, that ferritin
should be considered as a leading primary diagnostic test
for women of reproductive age, and not for men and post-
menopausal women.

Additional second tier measures of iron status (serum
iron, saturation, transferrin) were also considered for
ANCOVA models. Transferrin and serum iron measure-
ments were significant RDW predictors for both male
cohorts and women from 15 to 50 years of age, but not
older women. Vitamin B12 and red cell folate (RCF) were
also included in ANCOVA models, and confirming the
primacy of RDW as a marker for iron-deficient anaemia,
in general were not significant RDW predictors. However,
vitamin B12 was found as a very significant (p=0.001)
RDW predictor for men aged 55 years and older, possibly
extending the diagnostic capacity of RDW beyond iron
deficiency for older men.

A longitudinal case study of RDW,
haemoglobin, MCV and ferritin interaction

Figure 3 shows the temporal comparison of RDW, Hb,
ferritin and MCV over approximately 34 months (December
2009 to September 2012) for an individual female commu-
nity patient (42 years old). In agreement with the previous
observation [8, 9], RDW increased above 15% with a subse-
quent accelerating decrease of routine Hb measurements,
as RDW continued to increase. The kinetics of MCV fol-
lowed an almost identical pattern to haemoglobin for this
patient. Ferritin was a slow responder compared to the
kinetics of RDW, Hb and MCV. From an initial serum level of
73 ng/mL (24th February 2010), ferritin dropped to a range
of 5-8 ng/mL for 17 months, recovering to 20 ng/mL by
early 2012, but not to within the reference interval in spite of
Hb, MCV and RDW recovering to within reference interval
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Figure 2: Red cell distribution width (RDW) relationship with serum ferritin measurement for a sample of (A) 15-50-year-old female
(r=-0.17: p<0.001: n=744), (B) 15-50-year-old male (r=—0.15: p=0.031: n=215), (C) 55 years and older female (r=-0.14: p<0.001: n=1892),
and (D) 55 years and older male (r=-0.28: p<0.001: n=1076) community patients presenting for a laboratory investigation of anaemia.
Collected from individual patients over August-September 2012 (Queensland, Australia).

concentrations (Table 1). When RDW reached its peak of
32.6%, haemoglobin and MCV concentrations were recov-
ering towards healthy, non-anaemic values. The next round
of tests, conducted 8 months after the RDW peak, reported
all red cell indices and RDW within their specific reference
intervals, with corresponding serum ferritin measured
at 20 ng/mL. Presumably therapy was attempted for this
patient that may explain aspects of the observed red cell
and iron marker kinetics, but clinical notes were not avail-
able to comment with certainty.

Discussion

The analyses presented confirmed Dugdale’s previously
reported relationship between increasing RDW and decreas-
ing Hb [8], but in cross-sectional data representing hun-
dreds of community patients. This was further explored

and confirmed by a longitudinal case study (Figure 3) that
demonstrated the inverse relationship between RDW and Hb
over time, as well as the associated long-term perturbations
of MCV and serum ferritin for the same female community
patient. The long term, longitudinal kinetics of RDW with
other routine and second tier markers were performed on
several female community patients, with various response
patterns identified; the further analysis of these RDW kinet-
ics will be the subject of a separate future investigation.
The capacity of routine RDW measurements to predict
the importance of second tier anaemia markers (e.g., fer-
ritin, vitamin B12), and hence likely anaemia aetiology,
was the subject of ANCOVA. The observation that RDW
had a broken stick distribution in relation to serum ferri-
tin necessitated the choice of ANCOVA, rather than linear
regression, since ferritin could be introduced as a cat-
egorical variable in an analysis that included several con-
tinuous predictor (explanatory) variables [11], and thus
controlled for the impact of the non-linear RDW-ferritin
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Table 2: ANCOVA modelling of red cell distribution width (RDW — CV%) variation for females aged between 15 and 50 years or 55 years of
age and older using (a) age, mean corpuscular haemoglobin concentration (MCHC), red cell count (RCC), or (b) second tier laboratory assays
for anaemia investigation as explanatory variables. All models (a-b) included haemoglobin, linear ferritin values and binary ferritin catego-
ries (0, 1)? as explanatory variables. Mean corpuscular volume (MCV) was not included in any investigation since it was used to calculate
RDW.

(a) Females: 15-50 years of age Females: 255 years of age
Explanatory variables (Model adjusted R?>=0.403) (Model adjusted R?=0.311)

F p-Value Partialm? F p-Value Partialn?
Haemoglobin 112.27 <0.001 0.132 119.31 <0.001 0.060
Ferritin (linear) 0.47 0.495 0.001 0.15 0.702 <0.001
Ferritin (category) 7.99 0.005 0.011 1.13 0.289 0.001
Age 49.14 <0.001 0.063 18.56 <0.001 0.01
MCHC 29.52 <0.001 0.039 162.80 <0.001 0.08
RCC 106.00 <0.001 0.126 65.60 <0.001 0.034
(b) Females: 15-50 years of age Females: 255 years of age
Explanatory variables (Model adjusted R?=0.220) (Model adjusted R?=0.10)

F p-Value Partialm? F p-Value Partialn?
Haemoglobin 56.94 <0.001 0.072 17.26 <0.001 0.025
Ferritin (linear) 0.424 0.515 0.001 0.23 0.635 <0.001
Ferritin (category) 8.30 0.004 0.011 0.41 0.523 0.001
Serum iron 37.563 <0.001 0.049 28.59 <0.001 0.041
Transferrin 18.43 <0.001 0.024 1.62 0.203 0.002
Red cell folate 0.005 0.942 <0.001 1.53 0.217 0.002
Vitamin B12 0.238 0.626 <0.001 3.16 0.076 0.005

2Ferritin categories: 15-50 years of age (Category 0=5-40 ng/mL) (n=240): (Category 1=41-350 ng/mL) (n=504). >55 years of age (Category
0=6-40 ng/mL) (n=301): (Category 1=41-399 ng/mL) (n=1505).

Table 3: ANCOVA modelling of red cell distribution width (RDW) variation for males aged between 15 and 50 years or 55 years of age and
older using (a) age, mean corpuscular haemoglobin concentration (MCHC), red cell count (RCC), or (b) second tier laboratory assays for
anaemia investigation as explanatory variables. All models (a-b) included haemoglobin, linear ferritin values and binary ferritin categories
(0, 1)* as explanatory variables. Mean corpuscular volume (MCV) was not included in any investigation since it was used to calculate RDW.

(a) Males: 15-50 years of age Males: 255 years of age
Explanatory variables (Model adjusted R?=0.363) (Model adjusted R?=0.394)

F p-Value Partial n? F p-Value Partialn?
Haemoglobin 14.62 <0.001 0.066 120.67 <0.001 0.101
Ferritin (linear) 0.270 0.604 0.001 1.78 0.182 0.002
Ferritin (category) 0.170 0.680 0.001 0.614 0.433 0.001
Age 1.92 0.168 0.009 14.62 <0.001 0.013
MCHC 35.33 <0.001 0.145 50.59 <0.001 0.045
RCC 23.56 <0.001 0.102 89.31 <0.001 0.077
(b) Males: 15-50 years of age Males: =55 years of age
Explanatory variables (Model adjusted R*=0.058) (Model adjusted R?=0.258)

F p-Value Partial n? F p-Value Partial n?
Haemoglobin 0.32 0.571 0.002 27.84 <0.001 0.079
Ferritin (linear) 0.17 0.685 0.001 0.92 0.338 0.003
Ferritin (category) 0.34 0.561 0.002 0.45 0.504 0.001
Serum iron 6.23 0.013 0.031 11.81 0.001 0.035
Transferrin 7.16 0.008 0.036 8.59 0.004 0.026
Red cell folate 0.22 0.639 0.001 0.09 0.768 < 0.001
Vitamin B12 2.65 0.106 0.014 12.15 0.001 0.036

aFerritin categories: 15-50 years of age (Category 0=7-99 ng/mL) (n=55): (Category 1=100-400 ng/mL) (n=159). >55 years of age (Category
0=5-99 ng/mL) (n=379): (Category 1=100-400 ng/mL) (n=695).
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Figure 3: The longitudinal comparison of RDW, haemoglobin, ferritin
and MCV variation over 34 months (from December 2009 to September
2012) for an individual female community patient (42 years old).
Each time point represented had all four markers measured on the
same day. No clinical notes were available to assist interpretation
of the data, for example, if an anaemia therapy was commenced
during the period presented.

relationship. As a predictor of RDW, ferritin was only sta-
tistically significant for younger (15-50 years) women, and
confirming the choice of ANCOVA, was only significant as
a categorical, not linear, predictor variable. Serum ferri-
tin was not a significant RDW predictor for older women
(>55 years), nor men of either age range investigated.
Serum iron and transferrin were consistent RDW predic-
tors among the second tier tests (but transferrin was not
significant for >55 years women). The strong correlation
between these iron sufficiency markers and RDW is well
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known [12], however the low correlation with transferrin
in the older group has not been reported previously. In
general, RCF and vitamin B12 were not significant predic-
tors of RDW variation, however, vitamin B12 was found
as a significant RDW predictor for men of 55 years of age
or older; a previous study has supported RDW sensitiv-
ity to detecting B12 deficiency [13]. This male sex and age
connection of RDW with vitamin B12 warrants further
investigation as it may reflect wider health concerns for
older men, for example nutritional status and associated
behaviours.

Beyond anaemia diagnosis, there is compelling evi-
dence that RDW is also valuable for other health condi-
tions, with a particularly strong interest in RDW and
cardiac disease, and longer-term implications for subse-
quent morbidity and mortality. RDW has been reported
to be a prognostic marker in chronic heart failure [14]
with an increased morbidity and mortality of an adjusted
hazard ratio of 1.17 per 1 SD above normal [15]. Of addi-
tional interest to cardiac health and morbidity/mortality
was the useful role of RDW when monitoring patients post
ST elevation infarction [16], and for outcomes post cardiac
catheterisation [17], as well as a range of other cardiac
assessments, including acute myocardial infarction in
young patients [18-21]. There has been evidence that the
RDW may predict mortality in newly hospitalised patients,
critically ill patients and in older community patients [4,
22-25], with RDW also a marker of diabetes in the elderly
through a HbAlc association [26]. Increased RDW also may
be a useful marker for the assessment of liver function,
with associations noted for both non-alcoholic steatohep-
atitis and fibrosis [27], and HBV induced liver cirrhosis [28].
Underpinning RDW associations with the diverse array of
disease is a likely link to increased inflammation [3, 29]
and disrupted erythropoiesis. RDW has been suggested as
a marker of oxidative stress or physiological reserve [25],
which suggests that under acute cellular stress and result-
ant tissue hypoxia, there would be increased production
and release of mature erythrocytes into the peripheral
blood stream. The release of large immature red cells
with poor oxygen binding capacity would lead to increas-
ing RDW that implies a suboptimal response to oxidative
stress, and a poor clinical outcome. Investigating the role
of inflammation in coronary heart disease, studies have
combined RDW with C-reactive protein (CRP) to enhance
mortality prediction [30, 31].

As previously observed [8], RDW has a significant
negative correlation with haemoglobin that provides for
the early detection of iron-deficient anaemia (IDA) well in
advance of clinically significant decreases in longitudinal
Hb measurements, but often is not presented routinely on
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laboratory reports. In further exploring the utility of RDW
for early detection of anaemia, ANCOVA models were
conducted on cross-sectional community patient data
to assess whether RDW also could give early indications
of anaemia aetiology, and perhaps reduce the need to
perform additional second tier tests. As the gold-standard
second tier test for IDA, serum ferritin was included in all
ANCOVA with separate models conducted for routine and
second tier test covariates, in data stratified by age and
sex. Interestingly ferritin was not universally significant,
with some variations in RDW predictor patterns found for
different age and sex. RDW can be elevated in the absence
of iron, folate or B12 deficiency, blood loss or haemoglobi-
nopathies [11]. In evaluating RDW as an early marker for
anaemia and its cause, several other health conditions that
alter RDW need to be considered as well, which could be
eliminated by access to clinical notes and other laboratory
results (e.g., troponin); this study did not have access to
clinical notes to screen for cardiac or other comorbidities
that influence RDW. From the results presented here, RDW
variation for younger women (15-50 years) was largely
explained by iron-deficiency, whereas the significance
of RDW in the older cohorts may be more closely associ-
ated with immune/inflammatory function connected with
physiological stress, and disordered haematopoiesis.

In a broader conceptual sense, this study demon-
strated the value of looking at routine laboratory results
as a total marker network, rather than only specific tests
that are traditionally considered to be directly diagnos-
tic for a disease. Subtle changes in laboratory result pat-
terns, including changes within a reference interval, may
reveal insights into pathological processes dictated by
relationships with other disease markers in data networks
investigated. Results from this and similar studies, once
validated will augment laboratory diagnosis, as well as
possibly modify the need for second tier testing with some
health conditions.

Acknowledgments: The authors wish to thank the Quality
Use of Pathology Programme (QUPP), The Commonwealth
Department of Health and Ageing, Canberra Australia, for
funding this study.

Author contributions: All the authors have accepted
responsibility for the entire content of this submitted
manuscript and approved submission.

Financial support: None declared.

Employment or leadership: Dr. Tony Badrick was previ-
ously employed by Sullivan Nicolaides Pathology (Bris-
bane) and maintains a role with this laboratory as a
research associate.

Honorarium: None declared.

DE GRUYTER

Competing interests: The funding organisation(s) played
no role in the study design; in the collection, analysis, and
interpretation of data; in the writing of the report; or in the
decision to submit the report for publication.

References

1. Salvagno GL, Sanchis-Gomar F, Picanza A, Lippi G. Red blood
cell distribution width: a simple parameter with multiple clinical
applications. Crit Rev Clin Lab Sci 2014:1-20.

2. Roberts GT, El Badawi SB. Red blood cell distribution width-
index in some hematologic diseases. Am J Clin Pathol
1985;83:222-6.

3. Clarke GM, Higgins TN. Laboratory investigation of hemoglo-
binopathies and thalassemias: review and update. Clin Chem
2000;46:1284-90.

4, Perlstein TS, Weuve J, Pfeffer MA, Beckman JA. Red blood cell
distribution width and mortality risk in a community-based
prospective cohort. Arch Intern Med 2009;169:588-94.

5. Patel KV, Semba RD, Ferrucci L, Newman AB, Fried LP,

Wallace RB, et al. Red cell distribution width and mortality in
older adults: a meta-analysis. ) Gerontol A Biol Sci Med Sci
2010;65:258-65.

6. Zalawadiya SK, Veeranna V, Niraj A, Pradhan ], Afonso L. Red cell
distribution width and risk of coronary heart disease events. Am
J Cardiol. 2010;106:988-93.

7. Lippi G, Plebani M. Red blood cell distribution width (RDW)
and human pathology. One size fits all. Clin Chem Lab Med
2014;52:1247-9.

8. Dugdale AE. Diagnosis and management of iron deficiency
anaemia: a clinical update. Med ) Aust 2011;194:429.

9. Aslan D, Gumruk F, Gurgey A, Altay C. Importance of RDW value
in differential diagnosis of hypochrome anemias. Am ) Hematol
2002;69:31-3.

10. Lippi G, Targher G, Montagnana M, Salvagno GL, Zoppini G,
Guidi GC. Relation between red blood cell distribution width
and inflammatory biomarkers in a large cohort of unselected
outpatients. Arch Pathol Lab Med 2009;133:628-32.

11. Pallant, J.F. (2010). SPSS Survival manual. Maidenhead, UJK:
McGraw Hill.

12. Wians FH, Jr., Urban JE, Keffer JH, Kroft SH. Discriminating
between iron deficiency anemia and anemia of chronic disease
using traditional indices of iron status vs transferrin receptor
concentration. Am ) Clin Pathol 2001;115:112-8.

13. Thompson WG, Cassino C, Meola T, Berman R, Lipkin M,
Freedman M. Hypersegmented neutrophils and vitamin B12
deficiency. Acta Haematol 1989;81:186-91.

14. Arbel Y, Weitzman D, Raz R, Steinvil A, Zeltser D, Berliner S,
et al. Red blood cell distribution width and the risk of cardio-
vascular morbidity and all-cause mortality. A population-based
study. Thromb Haemost 2014;111:300-7.

15. Felker GM, Allen LA, Pocock SJ, Shaw LK, McMurray J), Pfef-
fer MA, et al. Red cell distribution width as a novel prognostic
marker in heart failure: data from the CHARM Program and the
Duke Databank. ] Am Coll Cardiol 2007;50:40-7.

16. ArbelY, Shacham Y, Finkelstein A, Halkin A, Milwidsky A,
Berliner S, et al. Red blood cell distribution width (RDW) and



DE GRUYTER

17.

18.

19.

20.

21.

22.

23.

24.

long-term survival in patients with ST elevation myocardial
infarction. Thromb Res 2014;134:976-9.

Arbel Y, Birati EY, Finkelstein A, Halkin A, Berliner S, Katz BZ,

et al. Red blood cell distribution width and 3-year outcome in
patients undergoing cardiac catheterization. ) Thromb Throm-
bolysis 2014;37:469-74.

Chen PC, Sung FC, Chien KL, Hsu HC, Su TC, Lee YT. Red blood
cell distribution width and risk of cardiovascular events and
mortality in a community cohort in Taiwan. Am ] Epidemiol
2010;171:214-20.

Akin F, Kose N, Ayca B, Katkat F, Duran M, Uysal OK, et al. Rela-
tion between red cell distribution width and severity of coronary
artery disease in patients with acute myocardial infarction.
Angiology 2013;64:592-6.

Osadnik T, Strzelczyk J, Hawranek M, Lekston A, Wasilewski |,
Kurek A, et al. Red cell distribution width is associated with long-
term prognosis in patients with stable coronary artery disease.
BMC Cardiovasc Disord 2013;13:113.

Uysal OK, Duran M, Ozkan B, Sahin DY, Tekin K, Elbasan Z, et al.
Red cell distribution width is associated with acute myocardial
infarction in young patients. Cardiol ) 2012;19:597-602.
Hunziker S, Celi LA, Lee ), Howell MD. Red cell distribution width
improves the simplified acute physiology score for risk predic-
tion in unselected critically ill patients. Crit Care 2012;16:R89.
Patel KV, Ferrucci L, Ershler WB, Longo DL, Guralnik JM. Red
blood cell distribution width and the risk of death in middle-
aged and older adults. Arch Intern Med 2009;169:515-23.

Lam AP, Gundabolu K, Sridharan A, Jain R, Msaouel P,
Chrysofakis G, et al. Multiplicative interaction between mean
corpuscular volume and red cell distribution width in predict-

25.

26.

27.

28.

29.

30.

31

Badrick et al.: Early detection of anaemia and aetiology prediction by RDW =— 179

ing mortality of elderly patients with and without anemia. Am |
Hematol 2013;88:E245-9.

Hunziker S, Stevens J, Howell MD. Red cell distribution width
and mortality in newly hospitalized patients. Am ] Med
2012;125:283-91.

Lippi G, Targher G, Salvagno GL, Guidi GC. Increased red
blood cell distribution width (RDW) is associated with higher
glycosylated hemoglobin (HbA1c) in the elderly. Clin Lab
2014;60:2095-8.

Cengiz M, Candir BA, Yilmaz G, Akyol G, OzenirlerS. Is increased
red cell distribution width an indicating marker of nonalco-
holic steatohepatitis and fibrotic stage? World ) Gastroenterol
2013;19:7412-8.

CaoY, Hu ZD, Liu XF, Deng AM, Hu CJ. An MLP classifier for pre-
diction of HBV-induced liver cirrhosis using routinely available
clinical parameters. Dis Markers 2013;35:653-60.

Fujita B, Strodthoff D, Fritzenwanger M, Pfeil A, Ferrari M,
Goebel B, et al. Altered red blood cell distribution width in
overweight adolescents and its association with markers of
inflammation. Pediatr Obes 2013;8:385-91.

Lappe JM, Horne BD, Shah SH, May HT, Muhlestein JB,

Lappe DL, et al. Red cell distribution width, C-reactive protein,
the complete blood count, and mortality in patients with coro-
nary disease and a normal comparison population. Clin Chim
Acta 2011;412:2094-9.

Veeranna V, Zalawadiya SK, Panaich S, Patel KV, Afonso L.
Comparative analysis of red cell distribution width and high
sensitivity C-reactive protein for coronary heart disease mortal-
ity prediction in multi-ethnic population: findings from the
1999-2004 NHANES. Int ) Cardiol 2013;168:5156-61.



