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Objective: To measure the red cell distribution width (RDW) ranges at birth and to evaluate potential
association with typical neonatal diseases: patent of the ductus arteriousus (PDA), bronchopulmonary
dysplasia (BPD), and late-onset sepsis (LOS) mortality.
Methods: Forty-six full-term, 41 preterm, and 35 intrauterine growth restricted (IUGR) infants participated in
this retrospective, observational study. RDW was measured before 3 days of life (T0) in all infants, and at first
month of life (T1) in preterm/IURG patients.
Results: RDW% mean (standard deviation) at T0 was: 15.65 (1.18) in full-term newborns; 17.7 (2.06) in
preterm; 17.45 (1.81) in IUGR. A negative correlation (r=−0.51; P< 0.001) between RDW and gestational
age was found. RDW at T1 was: 17.25 (2.19) in the preterm group; 17.37 (2.56) in IUGR group. Fourteen
preterm infants reported: 12 PDA, 5 LOS, 4 BPD, and 3 died; 10 IUGR infants had: 4 PDA, 6 LOS, 3 BPD,
and 1 died.
RDW of IUGR infants suffering from those pathologies was not statistically different compared with

unaffected infants, while preterm newborns with pathologies reported higher RDW: PDA vs. PDA absent:
P= 0.008 at T0; P< 0.002 at T1. BPD vs. BPD absent: P< 0.005 at T1. LOS vs. LOS absent: P< 0.005 at T0.
RDW in preterm/IUGR population was associated with early mortality, T0: dead 21.2 (2.7) vs. alive 16.7

(1.7), P< 0.0001.
Conclusion: RDW and gestational age at birth were negatively correlated. High RDW resulted to be an
indication of risk for critical newborns. This parameter can be inexpensively and routinely verified and
further studies are required to confirm its prognostic role in neonatal pathologies.
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Introduction
The red cell distribution width (RDW) is a measure of
heterogeneity in the size of circulating erythrocytes
reflecting variability in cell sizes. Results are expressed
as a percentage of the coefficient of variation of the red
blood cell volume distribution and the adult reference
range typically spans between 11 and 14%.1–3 This
parameter is automatically given by modern analyzers,

together with the complete blood count (CBC), using
a very low amount of blood and in a short period of
time.4 Therefore, this technology is suitable for critical
neonates and even for very low birth weight infants
(VLBW). RDW has been mainly used in the differen-
tial diagnosis of anemia, but has been recently demon-
strated to have a role in adult patients as a prognostic
marker in different pathologies, mainly for cardio-
vascular diseases.2,3,5–8 It is known that neonatal
normal laboratory values differ significantly from
those of children and adults and our interest is
focused on infant RDW. Lately, reference ranges are
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available for most of the neonatal CBC parameters,
but there is only a recent article reporting RDW
normal value in infants of different gestational
ages.9–12

We aimed to measure RDW ranges at birth in full-
term healthy infants, preterm, and intrauterine
growth restricted infants (IUGR), and to evaluate if
any prognostic association exists with RDW and the
early outcome of critical neonates within the first
month of life.

Methods
Patients
The study, after the approval of the Bioethics
Committee of our Institute and after informed
consent was obtained from both the parents, took
place in our Neonatal and Neonatal Intensive Care
Unit (NICU), we evaluated RDW in 46 healthy full-
term infants, 41 preterm infants, and 35 IUGR
infants. Healthy full-term newborns were defined by
gestational age ≥37 weeks as elsewhere described,
appropriate birth weight, and born after physiological
pregnancy;13 preterm infants were defined as infants
born before the end of 36 weeks of gestation and
IUGR infants were defined by a birth weight below
the 10th percentile due to a deflection of the growth
curve during pregnancy with consequent failure of
the fetus to reach the growth potentiality.14 Main
exclusion criteria were congenital diseases, malfor-
mations, genetic syndromes, blood transfusion, and
anemia during the study period.

RDW measurement
Neonates had blood collected for measurement of
routine CBC and RDW was automatically calculated
using the Cell-Dyn Sapphire (Abbott Diagnostic,
Santa Clara, CA, USA), a multi-parameter automated
hematology analyzer with MAPSS (multi-angle polar-
ized scatter separation) technology plus 3 color fluor-
escence.4 The results are expressed as percentage
mean (standard deviation (SD)) of the measurement
of size variability of the red blood cells. The timing
of the samples was during one of the first 3 days of
life (T0) and during the fourth week of life for the
preterm and IUGR infants only (T1). Full-term new-
borns were not withdrawn for ethical reason, more-
over, they were already discharged from the neonatal
wards.

Patent of the ductus arteriousus,
bronchopulmonary dysplasia, and sepsis
diagnosis
A hemodynamically significant patent of the ductus
arteriousus (PDA), was defined as failure of post-natal
closure requiring pharmacological or surgical treatment
for the closing, as reported elsewhere.15

Bronchopulmonary dysplasia (BPD) was defined as
oxygen dependence for at least 28 post-natal days and
confirmed at 36 weeks of post-menstrual age, as
reported by literature.16 Late-onset sepsis (LOS) diag-
nosis was made according to the International
Pediatric Sepsis Consensus Conference guidelines.17

Blood cultures were processed by Bactec microbial
detection system (Becton-Dickinson, Sparks, MD,
USA).

Statistical analysis
The Shapiro–Wilk test was used for normal distri-
bution of quantitative variables. When these were nor-
mally distributed, results were expressed as mean
values and SD, otherwise median values and inter-
quartile range were used (IQR; 25–75th percentile).
Parametric or non-parametric tests were used to
compare quantitative variables (t-test for independent
samples/Mann–Whitney test, t-test for dependent
samples/Wilcoxon test, analysis of variance
(ANOVA)/Kruskall–Wallis test, and ANOVA for
repeated measures/Friedman test). Correlations were
evaluated by means Pearson’s coefficient. Chi-
squared statistics or Fisher’s exact test were applied
to compare qualitative variables; P< 0.05 was
considered statistically significant. All tests were
two-sided. Data analysis was performed using
STATA statistical package (version 12; Stata
Corporation, College Station, 2011, Texas, USA).

Results
Descriptive data of the studied groups are reported in
Table 1.

RDW% mean (SD) at T0, in the healthy full-term
newborns was 15.65 (1.18); in the preterm group it
was 17.7 (2.06) and in the IUGR group it was 17.45
(1.81). The preterm and IUGR groups showed a stat-
istical difference in comparison with healthy full-term
infants (P< 0.001, both the groups). No statistical
difference was reported between the preterm and
IUGR infants. A negative correlation was found
between RDW at T0 and gestational age at birth
(for all the 122 infants: r=−0.51; P< 0.001), Fig. 1.

RDW% mean (SD) at T1, in the preterm group was
17.25 (2.19) and in the IUGR group was 17.37 (2.56),
without a statistical difference (Table 1), whereas
RDW values were similar when comparing pattern
inside group (preterm T0/T1: P= 0.418; IUGR T0/
T1: P= 0.399).

In the preterm group, 14 infants (34%) were suffer-
ing from typical neonatal pathologies: 12 PDA, 4
BPD, 5 LOS, and 3 infants died; while in the IUGR
group, 10 infants (28%) reported: 4 PDA, 3 BPD, 6
LOS, and 1 infant died.

In the IUGR population RDW, at T0 and T1, in
infants suffering from PDA, BDP, and LOS was not
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statistically different compared with RDW of unaf-
fected infants (Table 2), while in the preterm popu-
lation, infants suffering from PDA, BDP, and LOS
reported statistically higher RDW values: PDA vs.
PDA absent: P= 0.008 at T0 and P< 0.002 at T1.
BPD vs. BPD absent: P< 0.005 at T1. LOS vs. LOS
absent: P< 0.003 at T0 (Table 2).
Four infants in the whole group (preterm and

IUGR) died during the first 2 weeks of the study
and RDW was strongly associated with mortality at
T0 (dead infants vs. alive: 21.2 (2.7) vs. 16.7 (1.7),
P< 0.0001).

Discussion
Reference intervals of laboratory values during the
neonatal period are different from those of adult and

children and they change considerably with prenatal
condition, in particular prematurity is a significant
variable. Thus, specific ranges are important for neo-
natal monitoring and diagnosis, on the other hand it
is difficult to obtain samples from neonates because
of ethical implications and for the paucity of available
biological samples. Measures of RDW do not require
extra samples and this parameter is routinely given
with CBC, since CBC itself is frequently required for
clinical management.
Attention for RDW in neonatal population dates

back to late 80 seconds. Literature about red cells
ontogeny described an increase of RDW% mean
(SD) from the fetal period to early post-natal life: in

Table 1 Descriptive data

Preterm
infants
n = 41

IUGR infants
n= 35

Healthy full-term
infants
n= 46

P value

Preterm vs.
IUGR

Healthy full-term
vs. IUGR

Healthy full-term
vs. preterm

Maternal age; years 32.02 (6.09) 33.57 (5.18) 31.59 (4.85) 0.644 0.310 0.989
Gestational age;

weeks
30.56 (3.37) 33.03 (3.29) 39.3 (1.17) <0.001 <0.001 <0.001

Hospital stay; days,
median (IQR)

34 (23–54) 30 (14–53) 3 (3–4) 0.020 <0.001 <0.001

Weight at birth; g 1413.44
(563.34)

1357.43
(439.04)

3245.65
(567.24)

0.998 <0.001 <0.001

Weight at month of
age; g

1998.61
(708.35)

1933.91
(631.86)

4095.22 (555.6) 0.998 <0.001 <0.001

Sex; n of male (%) 24 (58.4) 16 (45.7) 23 (50) 0.264 0.803 0.425
Apgar 1 minute 5.85 (2.63) 7.37 (2.04) 9.89 (0.31) 0.002 <0.001 <0.001
Apgar 5 minute 5.2 (3.94) 8.97 (1.54) 10 (0) <0.001 0.185 <0.001
RBC ×106/μl at T0 4.24 (0.58) 4.49 (0.86) 4.73 (0.62) 0.341 0.352 =0.003
Hgb g/dl at T0 15.96 (2.18) 17.39 (3.15) 16.19 (2.52) 0.062 0.132 0.998
RDW% at T0 17.7 (2.06) 17.45 (1.81) 15.65 (1.18) 0.998 <0.001 <0.001
RBC ×106/μl at T1 3.5 (0.61) 3.72 (0.92) n/a 0.468 n/a n/a
Hgb g/dl at T1 11.68 (2.21) 12.49 (3) n/a 0.293 n/a n/a
RDW% at T1 17.25 (2.19) 17.37 (2.56) n/a 0.285 n/a n/a
PDA, n (%) 12 (29.3) 4 (11.4) n/a 0.057 n/a n/a
BPD, n (%) 4 (9.8) 3 (8.6) n/a 0.859 n/a n/a
LOS, n (%) 5 (12.2) 6 (17.1) n/a 0.541 n/a n/a
Exitus, n (%) 3 (7.3) 1 (2.9) n/a 0.385 n/a n/a

Data are expressed as means and SD, if not otherwise specified.
n/a, not attributable.

Figure 1 Correlation between RDW values and gestational
age at birth in all the studied infants.

Table 2 Mean (SD) of RDW at T0 and T1 in the preterm and
IUGR infants

T0

Preterm
infants
n= 41 P

IUGR
infants
n = 35 P

PDA 19.0 (2.2) 18.2 (2.4)
PDA absent 17.1 (1.7) P= 0.008 17.3 (1.7) P= 0.3996
BPD 18.8 (0.9) 17.2 (1.9)
BPD absent 17.6 (2.1) P= 0.277 17.5 (1.8) P= 0.8349
LOS 20.5 (3.2) 16.9 (0.8)
LOS absent 17.4 (1.7) P= 0.003 17.5 (1.9) P= 0.4687
T1
PDA 19.1 (2.1) 16.8 (1.3)
PDA absent 16.6 (1.8 1) P= 0.002 17.4 (2.7) P= 0.6921
BPD 20.1 (2.0) 16.8 (1.3)
BPD absent 16.9 (2.0) P= 0.005 17.4 (2.7) P= 0.6921
LOS 17.9 (1.2) 16.3 (1.0)
LOS absent 17.2 (2.3) P= 0.620 17.7 (2.8) P= 0.2487

n/a, not attributable.
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fetuses at 18–24 weeks of gestation it was 17.9 (1.2)
and 20.5 (1.8) at term birth.12 While it is known that
during gestation red cells of fetuses are less uniform
than those of children or adults, the largest RDW of
the full-term infants was less expected. The authors
therefore speculated that at birth erythropoiesis is
not in a steady-state condition and produces smaller
erythrocytes than fetal ones. The above results are par-
tially different with respect to newest literature, pos-
sibly due to the small sample size (19 fetuses and 14
newborns) together with the availability in the past
years of less sophisticated technology. Other authors
further evaluated VLBW infant’s red cells count and
RDW in relation of gestational age, birth weight,
sex, race and concluded that RDW values are affected
by gestational age and race together with hemoglobin
and hematocrit parameters.18 A recent study, dealing
with a large number of infants of different gestational
age, confirmed that gestational period affects RDW.
RDW% mean (SD) values ranged from 17.86 (2.23)
at 32–34 weeks of gestational age to 16.65 (1.81) at
37–42 weeks.11 These results are in agreement with
ours, because we found an important negative corre-
lation between RDW and gestational age of the neo-
natal population (r=−0.51; P< 0.001, Fig. 1).
Considering the three groups individually, the
highest RDW was found in the preterm newborns, fol-
lowed by IUGR infants, and therein healthy full-term
infants. RDW of all the neonates resulted however to
be higher than RDWof children and adults comparing
our results with literature.2 Therefore, we may specu-
late that an instable erythropoiesis and/or stress con-
dition is reflected in the higher RDW values of
neonates at birth, in particular in the critical new-
borns. In these infants, RDW is still high at 1 month
of age. Because at the moment we have a too short
follow-up, we have no information about a possible
RDW normalization with infant’s age or path to
recovery and to our knowledge there are no clinical
investigations about neonatal RDW role, a part from
the anemia diagnosis. 2,3 We are aware about a study
in children undergoing surgery for cardiac hearth
failure demonstrating that RDW is a prognostic pre-
operative predictor: the risk of post-operative death
was five times higher with a RDW of 16% or
more.19 This predictor resulted especially important
in non-anemic patients, for whom higher RDW
clearly reflected underlying inflammatory stress.2,19

We consequently excluded anemic patients from our
study to evaluate a potential correlation between
RDW and neonatal pathologies, like PDA, BPD,
LOS, and neonatal mortality.
Hemodynamically significant PDA is an important

complication in preterm infants, with a reported inci-
dence of 28% for gestational age of <32 weeks and
up to 60–70% for gestational age of <29 weeks.15,20

In our study, PDA was always associated with higher
RDWand in the preterm infants this increase was sta-
tistically significant, both at T0 and T1, when medical
or surgical intervention was required. Among factors
affecting the etiopathology and maintenance of
PDA, pro-inflammatory molecules are involved.21

An hypothesis could be that high RDW levels are cor-
related to a general inflammatory state of the critical
preterm infants, that can affect erythropoiesis for a
long period.12 BPD is a chronic lung disease of prema-
turely born infants with a respiratory distress syn-
drome requiring mechanical ventilation.16 Preterm
newborns, who developed BPD, presented a statisti-
cally higher RDW at 1 month of life. This pathology
is confirmed as oxygen dependence at 36 weeks of neo-
natal post-menstrual age and predisposing factors
include prolonged exposure to high airway pressures
and high inspired oxygen concentrations, altered
lung angiogenesis, presence of infection, and/or
inflammation. Therefore, we may try to formulate
the hypothesis that possible prognostic RDW values
for BPD are those around 1 month of post-natal life,
when predisposing factors for BPD start to have an
influence in the development of the pathology. On
the other hand, for the preterm infants, who suffered
from LOS, RDW was significantly higher at T0. In
fact, all the affected babies had the infection within
the first 3 weeks of life (data not reported).
Morbidity and mortality due to LOS is still high in
NICU, especially among VLBW infants, and an accu-
rate stratification of infants for the risk of LOS is
important, thus altered RDW may be included
among predisposing factors.22,23 We also found an
important association with higher RDWand neonatal
mortality, in preterm and IUGR groups. Because of
the sample size, we cannot establish a prognostic role
of RDW in neonatal pathologies and mortality, but
we can suggest considering this parameter as a
further indication of risk, that can easily monitored
by a routine CBC control.

While an increasing amount of scientific papers
demonstrate the association between RDW and nega-
tive outcome for adult patients and children, this is the
first study indicating an analogous situation in neo-
natal patients,2,3,5–8,24–26 even if we are not able to
explain in detail the underlining mechanism that
makes RDW such a promising marker for critically
ill neonates. If we had the possibility to resume absol-
ute RDW measure as the SD in fL, or if we had the
mean corpuscolar volume (MCV) and reticulocytes
values available, we could have determined if these
parameters play a role in the increased RDW. In
fact, neonates are known to have physiological reticu-
locytosis, which translates in higher MCV and because
RDW% is expressed relative to MCV, therefore we
cannot exclude that this consecutive connection
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could possibly influence the RDW% itself.
Unfortunately, being a retrospective study, these data
are not available. On the other hand, we may say
that we compared a homogenous situation because
we studied all newborn infants who are characterized,
in particular in the early post-natal period, by high
reticulocyte count.27,28 Furthermore, a quality note
of our study is that all the samples were analyzed by
the same instrument during the whole study period
and for all the infants. In fact, we know that consider-
able differences in RDW may exist between various
hematology analyzers.29 As reported, we are conscious
of the limitations of our study nevertheless, this could
be a starting point for a wider investigation. Thus, the
‘take home message’ we would like to share, is that
RDW is a simple and inexpensive measure, automati-
cally given by the modern analyzers, with high level of
precision, and it could be a future prognostic tool or an
additional biomarker for monitoring critically ill new-
borns, in particular preterm infants. Further studies
are required to confirm the role of RDW as predictive
marker in neonatal clinical care.
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