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Abstract
Background: To evaluate the role of red cell distribution width (RDW) �uctuations in the diagnosis of
neonatal sepsis.

Methods: In this retrospective cohort study of the Medical Information Mart for Intensive Care III database
(version 1.4), newborns with sepsis were matched with patients without sepsis to analyze RDW as a
diagnostic marker. Those newborns were analyzed based on gestational age, sex, and ethnicity. Receiver
operating characteristic (ROC) analysis and multiple logistic regression were used to evaluate RDW
�uctuation for sepsis diagnosis.

Results: A total of 2456 neonates were included. RDW �uctuations showed better accuracy than the
maximum RDW did (area under the curve (AUC): 0.88 vs. 0.81, sensitivity 92.10% vs. 78.70%; speci�city
71.70% vs. 69.30%, respectively). Furthermore, logistic regression analysis showed a positive association
between RDW �uctuation and the diagnosis of sepsis (odds ratio 1.13; 95% con�dence interval, 1.08–
1.18) after adjusting for gestational age, hemoglobin, and white blood cell count.

Conclusion: RDW �uctuations might be a potential diagnostic marker for NICU patients with sepsis. 

Introduction
Neonatal sepsis is a common and lethal systemic disease occurring in the �rst four weeks of life. Early
recognition and treatment of sepsis can prevent Systemic In�ammatory Response Syndrome and its
associated morbidity and mortality [1]. However, the clinical manifestations of neonatal septicemia are
nonspeci�c, which decrease the rate of early diagnosis. Clinicians identify septicemia mainly based on
positive blood culture results. However, blood culture tests have some limitations, such as high false
negative rates associated with maternal antibiotic use, low microbial loads (low extracted blood volume
especially from preterm infants), high false-positive results from contamination, long time to obtain
results (48–72 h), and low sensitivity rate (19.2%) [1].

Red cell distribution width (RDW) is a hematologic index re�ecting red blood cell (RBC) volume
heterogenicity [2]. It is a useful index in many hematologic diseases [3] and can vary in several
in�ammatory diseases. Adult studies indicated that RDW can re�ect the in�ammatory condition, just like
C-reactive protein (CRP) and erythrocyte sedimentation rate [4, 5]. In newborns, a strong positive
correlation was found between RDW and CRP (r = 0.8; P < 0.0001) [6]. However, single RDW had a low
speci�city for diagnosing sepsis, whereas the comprehensive analyses of RDW, platelet distribution
width, and neutrophil–lymphocyte count ratio exhibited a higher diagnostic accuracy (an area under the
curve, 0.704) [7].

A large number of studies has investigated the prognostic value of RDW [8]. Of note, it is rarely used in
sepsis neonatal diagnostic models. To date, the signi�cance of �uctuating RDW in the diagnosis of
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neonatal sepsis is still unclear. Thus, in this study, we evaluated the applicability of �uctuating RDW
values in the early diagnosis of neonatal sepsis.

Materials And Methods

Database and Patients
This is a retrospective study collected from an open-access large critical care database, Medical
Information Mart for Intensive Care III (MIMIC-III) database (version 1.4). MIMIC III comprised 38645
adults and 7875 neonates admitted to the intensive care unit (ICU) of Beth Israel Deaconess Medical
Center between 2001 and 2012 [9]. This database was approved by the Institutional Review Board (IRB)
at the Massachusetts Institute of Technology. One of the authors (Bin-Fang Guo, certi�cation number:
36077987) passed the National Institute of Health web-based training course and the Protecting Human
Research Participants Examination and was approved to extract data from MIMIC III for research
purposes. Informed consent was waived because all data are from publicly available resources.

The inclusion criteria of this study were as follows: (1) newborns admitted in the neonatal ICU (NICU)
within 24 hours after birth with gestational age < 42 weeks; (2) recorded RDW results. If a patient had
multiple hospitalizations, the �rst hospitalization was included in the analysis. The exclusion criteria were
as follows: (1) missing RDW data; (2) presence of congenital malformation and neonatal asphyxia.
Patients with sepsis (sepsis group) were identi�ed from those without sepsis (control group).

In cases with more than one RDW value in the NICU, RDW �uctuation (%) was calculated as follows:
(maximum RDW – initial RDW) / initial RDW.

Data Extraction
Clinical and demographic data were stored in 26 tables extracted using structured query language, which
include age at admission, sex, gestational age, birth weight, delivery mode, hematologic parameters,
diagnosis, and in hospital mortality. The initial complete blood count, maximum RDW value, and initial
RDW values were also obtained. We used the keywords “bacteremia of newborn” and “septicemia [sepsis]
of newborn” to search patients with sepsis in MIMIC III.

Some variables had < 5% missing values. The regression padding method was used to impute missing
values in birth weight. Median was used to impute missing values in white blood cell (WBC) and length of
stay in NICU (LOS) using Stata.

Statistical Analysis
Quantitative variables in each group are expressed as median (�rst quartile, third quartile), and
differences between groups were identi�ed using the Mann–Whitney U test for non-normal distribution.
Categorical variables were expressed as number and percentage, and comparisons between groups were
made using the chi-square test or Fisher’s exact test as appropriate.
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The infants in the control group were further divided into �ve groups according to their gestational age
(GA) in weeks s (group A: GA < 28; group B: 32 > GA ≥ 28; group C: 34 > GA ≥ 32; group D: 37 > GA ≥ 34;
group E: GA ≥ 37). The effect of GA on RDW was assessed using the Kruskal–Wallis for multiple groups.
The effect of ethnicity on RDW was also assessed.

A nested 1:1 matching case-control study was used to minimize the selection bias between the sepsis
and control groups, excluding patients with only one RDW result. Patients were matched in a 1:1 ratio
based on GA, sex, and ethnicity. Data were compared between groups using the paired Wilcoxon rank-
sum test and paired chi-square test as appropriate.

The receiver operating characteristic curve (ROC) was used to evaluate the diagnostic value of RDW for
sepsis. Univariate and multivariate logistic regression were used to determine the signi�cant predictors of
RDW. We developed multivariable logistic regression models for the case-control matching groups.
Variables with P < 0.2 in the univariate analysis were further incorporated into multivariate logistic
regression models. The odds ratios and 95% con�dence intervals (95%CIs) were calculated.

Statistical analysis was performed using IBM SPSS version 26.0 (IBM, Armonk, NY, USA)and GraphPad
Prism8 (GraphPad Software Inc., CA). A P value < 0.05 was considered statistically signi�cant.

Results

Baseline characteristics
Of the 7875 newborns that were extracted from the MIMIC- III database, the following patients were
excluded: 600 with congenital disease, 17 with neonatal asphyxia, 1051 with ICU stays less than 24 h, 14
with incomplete NICU records, 2040 without major laboratory results, 2567 with unknown or inaccurate
GA, 24 neonates with GA > 42 weeks, and 157 neonates delivered > 24 h. Finally, 2456 eligible patients
were enrolled (Fig. 1). The clinical characteristics of the patients are summarized in Table 1. We classi�ed
168 patients into the sepsis group and 2288 patients into the control group.
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Table 1
Characteristics of groups before matching

Contents Sepsis group

N = 168

Control group

N = 2288

P

GA, week (IQR) 33.5(30.00,34.50) 34.50(33.50,34.50) < 0.01

BW, g (IQR) 1.03(0.73,1.43) 2.13(1.59,2.13) < 0.01

Age, h (IQR) 14.00(7.00,19.00) 13.00(8.00,19.00) 0.72

Male, n (%) 92 (54.80) 1272(55.60) 0.83

Caesarean section, n (%) 115(68.50) 1557(68.10) 0.91

Ethnicity, n (%)     0.11

Caucasians 95(56.50) 1419(62.00)  

Asian 7(4.20) 153(6.70)  

Black 30(17.90) 265(11.60)  

Hispanic/Latino 10(6.00) 121(5.30)  

Unknown/other 26(15.50) 330(14.40)  

Haematology      

WBC,109/L(IQR) 8.05(5.40,13.20) 11.60(8.60,15.80) < 0.01

Neutrophil, %(IQR) 28.00(16.00,42.00) 36.00(24.00,53.00) < 0.01

Lymphocyte, %(IQR) 55.05(40.00,71.00) 50.00(33.00,64.00) < 0.01

NLR(IQR) 0.50(0.23,1.00) 0.72(0.38,1.60) < 0.01

Haemoglobin, g/L(IQR) 14.85(13.30,16.60) 16.30(14.90,17.70) < 0.01

RDW_initial, %(IQR) 16.80(16.10,17.75) 17.00(16.40, 17.80) 0.06

RDW_max, %(IQR) 19.30(17.65,21.70) 17.20(16.50,18.10) < 0.01

RDW_min, %(IQR) 16.40(15.70,17.20) 16.90(16.30,17.70) < 0.01

PLT, 109/L(IQR) 230.00(184.00,299.00) 266(220.00,318.00) < 0.01

GA: gestation age; BW: birth weight; WBC: White Blood Cells; NLR: Neutrophil to Lymphocyte ratio;
RDW_initial: The �rst Red Cell Distribution Width after admission to NICU; RDW_max: The maximum
of RDW detected in NICU; RDW_min: The minimal of RDW detected in NICU; PLT: Platelet; RPR:
RDW_initial to platelet ratio; RDS: Respiratory Distress Syndrome PDA: Patent Ductus Arteriosus; LOS:
Length of stay in NICU
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Contents Sepsis group

N = 168

Control group

N = 2288

P

RPR(IQR) 0.07(0.06,0.09) 0.06(0.05,0.08) < 0.01

Comorbidity      

RDS, n (%) 136(81.00) 787 (34.40) < 0.01

PDA, n (%) 68 (40.50) 186 (8.10) < 0.01

LOS, d(IQR) 52.63(24.36,87.58) 10.64(3.77,25.05) < 0.01

In-hospital mortality, n (%) 8(4.80) 24(1.00) < 0.01

GA: gestation age; BW: birth weight; WBC: White Blood Cells; NLR: Neutrophil to Lymphocyte ratio;
RDW_initial: The �rst Red Cell Distribution Width after admission to NICU; RDW_max: The maximum
of RDW detected in NICU; RDW_min: The minimal of RDW detected in NICU; PLT: Platelet; RPR:
RDW_initial to platelet ratio; RDS: Respiratory Distress Syndrome PDA: Patent Ductus Arteriosus; LOS:
Length of stay in NICU

Patients in the sepsis group had lower median GA and birth weight compared to those in the control
group. The sepsis group had signi�cantly higher levels of initial RDW to platelet ratio (RPR), lymphocyte
percentage, and maximal RDW, but lower levels of WBC, hemoglobin, platelet, and neutrophil percentage
(P < 0.01). Initial RDW was not signi�cantly higher in the sepsis group. The sepsis group had longer
hospital stay than the control group. The sepsis group had higher rates of respiratory distress syndrome
(RDS), Patent Ductus Arteriosus (PDA), or in-hospital mortality than the control group. 

The infants had different initial RDW values across the GAs (Fig. 1A). The median of the initial RDW in
group A was signi�cantly lower than groups B, C, and D. The median of the initial RDW in newborns with
GA between 28 and 37 weeks remained stable, while it decreased with GA of 37 weeks or more.

The majority of the newborns in the control group with GA between 34 and 37 weeks were Caucasians
(63.50%), followed by Asians (7.06%), Blacks (10.74%), Hispanic (4.70%), and unknown in 137 patients
(14.01%). The order of the initial RDW by race was Hispanic > Black > Asian > Caucasians (Fig. 1B).

 
Except for patients with only one RDW test result, 625 patients were selected for 1:1 matched-pairs case-
control matching; 254 patients formed 127 pairs for subsequent comparative analyses between the
sepsis and control groups (Table 2). The median interquartile range (IQR) birth weight of the sepsis group
was signi�cantly higher 0.92 kg (0.72,1.24) than the control group 1.64 kg (1.27, 2.43; P < 0.01). The
sepsis group had lower median IQR for WBC [7.30 × 10 /L (5.20, 11.90) vs. 9.50 × 10 /L (6.10,13.65)],
hemoglobin [14.80 g/dL (13.40, 16.40) vs. 16.20 g/dL (14.30, 17.30)], and platelet count [217.00 × 10 /L
(177.00, 275.00) vs. 252.00 × 10  /L (193.00, 296.50)] than the control group (Table 2).
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Table 2
Clinical parameters of the groups after case-control matching

  Sepsis group

N = 127

Control group

N = 127

P

GA, week (IQR) 33.50(30.00,34.50) 33.50(30.00,34.50) 0.52

BW, g (IQR) 0.92(0.72,1.24) 1.64(1.27,2.43) < 0.01

Age, h (IQR) 15.00(8.00,19.00) 12.00(5.00,18.00) 0.11

Male, n (%) 72(56.70) 72(56.70) 1.00

Caesarean section, n (%) 89(70.10) 96(75.60) 0.38

Ethnicity, n (%)     1.00

Caucasians 71(55.90) 71(55.90)  

Asian 4(3.10) 4(3.10)  

Black 25(19.70) 25(19.70)  

Hispanic/Latino 8(6.30) 8(6.30)  

Unknown/other 19(15.00) 19(15.00)  

Haematology      

WBC,109/L(IQR) 7.30(5.20,11.90) 9.50(6.10,13.65) 0.01

Neutrophil, %(IQR) 27.00(14.50,40.50) 29.00(18.00,45.50) 0.10

Lymphocyte, %(IQR) 56.00(41.50,74.00) 54.00(38.50,71.00) 0.59

NLR(IQR) 0.49(0.21,1.00) 0.53(0.26,1.15) 0.39

Haemoglobin, g/L(IQR) 14.80(13.40,16.40) 16.20(14.30,17.30) < 0.01

RDW_initial, %(IQR) 16.70(16.10,17.70) 17.00(16.20,17.70) 0.67

RDW_max, %(IQR) 20.20(18.30,22.00) 17.40(16.50,18.75) < 0.01

RDW_min, %(IQR) 16.40(15.70,17.20) 16.70(15.95,17.50) 0.16

PLT, 109/L(IQR) 217.00(177.00,275.00) 252.00(193.00,296.50) 0.02

RDW �uctuation 17.44(5.46,31.20) 1.16(0.63,3.48) < 0.01

GA: gestation age; BW: birth weight; WBC: White Blood Cells; NLR: Neutrophil to Lymphocyte ratio;
RDW_initial: The �rst Red Cell Distribution Width after admission to NICU; RDW_max: The maximum
of RDW detected in NICU; RDW_min: The minimal of RDW detected in NICU; RDW �uctuation:
(RDW_max-RDW_initial)/RDW_initial *100; PLT: Platelet; RPR: RDW_initial to platelet ratio; RDS:
Respiratory Distress Syndrome PDA: Patent Ductus Arteriosus LOS: Length of stay in NICU
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  Sepsis group

N = 127

Control group

N = 127

P

RPR(IQR) 0.08(0.06,0.10) 0.07(0.05, 0.09) 0.03

Comorbidity      

RDS, n (%) 113(89.00 ) 69 (54.30) < 0.01

PDA, n (%) 55 (43.30) 20(15.70) < 0.01

LOS, d(IQR) 65.12(34.56,95.75) 17.71(6.38,41.28) < 0.01

In-hospital mortality (%) 5(3.90) 6(4.70) 1.00

GA: gestation age; BW: birth weight; WBC: White Blood Cells; NLR: Neutrophil to Lymphocyte ratio;
RDW_initial: The �rst Red Cell Distribution Width after admission to NICU; RDW_max: The maximum
of RDW detected in NICU; RDW_min: The minimal of RDW detected in NICU; RDW �uctuation:
(RDW_max-RDW_initial)/RDW_initial *100; PLT: Platelet; RPR: RDW_initial to platelet ratio; RDS:
Respiratory Distress Syndrome PDA: Patent Ductus Arteriosus LOS: Length of stay in NICU

The sepsis group in the case-control matching had signi�cantly higher maximum RDW [20.20% (18.30,
22.00) vs. 17.40 % (16.50,18.75)], RDW �uctuation [17.44% (5.46, 31.20) vs. 1.16% (0.63, 3.48)], and RPR
levels [0.08 (0.06, 0.10) vs. 0.07 (0.05, 0.09)] (P < 0.05). The incidence of RDS was higher in the sepsis
group (89.00% vs. 54.30%, P < 0.01) than the control group. Similarly, the incidence of PDA was higher in
the sepsis group (43.30% vs. 15.70%; P < 0.01). The length of stay in the NICU was signi�cantly longer in
the sepsis group (P < 0.01).

Accuracy of RDW for diagnosing sepsis
Figure 1C and Table 3 show the ROC curve of RDW and RPR for sepsis. RDW �uctuation showed better
sensitivity and speci�city than maximum RDW (AUC: 0.88 vs. 0.81, sensitivity: 92.10% vs. 78.70%;
speci�city: 71.70% vs. 69.30%, respectively). The AUC of RPR was not statistically signi�cant (0.57, P = 
0.05). (Table 3)
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Table 3
The performance of RDW_max, RDW �uctuation, and RPR in sepsis diagnosis

Parameters P AUC 95%CI Cut-off value (%) Sensitivity

(%)

Speci�city

(% )

RDW �uctuation 0.000 0.88 0.84–0.92 1.94 92.10 71.70

RDW_max 0.000 0.81 0.76–0.87 18.15 78.70 69.30

RPR 0.05 0.57 0.50–0.64 ND ND ND

RDW �uctuation: (RDW_max-RDW_initial)/RDW_initial *100; AUC: area under the ROC curve; CI:
con�dence interval; RDW_max: The maximum of RDW detected in NICU; RPR: RDW_initial to platelet
ratio

Table 4
Univariate and multivariate logistic regression analysis for RDW predicting sepsis in case-control data
Variable OR 95%CI P

RDW �uctuation 1.17(1.12–1.22) < 0.01

RDW_max 1.85(1.57–2.18) < 0.01

RDW �uctuationa 1.13(1.08–1.18) < 0.01

RDW_maxa 1.61(1.34–1.92) < 0.01

a: adjusted for birth weight, White Blood Cells, Hemoglobin, Platelet; RDW_max: The maximum of
RDW detected in NICU; RDW �uctuation: (RDW_max-RDW_initial)/RDW_initial *100

Univariate and Multivariate Analysis.
Univariate and multivariate logistic regression showed that the maximum RDW and RDW �uctuation were
independently associated with sepsis [odds ratio (OR) 1.61, 95% CI 1.34–1.92, P < 0.01; OR 1.13, 95% CI
1.08–1.18, P < 0.01, respectively] (Table 4).

Discussion
Our results demonstrated that the maximum RDW and RDW �uctuation were associated with neonatal
sepsis. RDW �uctuation showed better accuracy than maximum RDW, with a sensitivity of 92.10% and
speci�city of 71.70%. Further, for every 1% relative increase in the maximum RDW during the NICU stay,
the likelihood of sepsis rose by 61% (OR 1.61); for every 1% relative increase in RDW �uctuation, the
likelihood of sepsis rose by 13% (OR 1.13).

Our results indicated that RDW values varied widely with GA. RDW values at 34–37 weeks in the control
group were higher than in the other GAs. Similarly, a large-scale cohort study of 8089 individuals found a
strong association between RDW and age, but not sex [10]. Another study of RDW values showed that
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RDW reference intervals for neonates are higher than older children and adults. The lower reference limit
for RDW at birth for term and late preterm neonates is 15.5% and the upper reference limit is 20%, slightly
higher (up to 23%) in preterm neonates. The study also found that the reference interval at birth does not
change appreciably over the �rst two weeks, except for those receiving a blood transfusion where the
RDW increases [11]. Moreover, another study showed that blood parameters of preterm neonates depend
on both the degree of prematurity, postnatal age, and perinatal treatments [12]. An observational study of
1594 normal newborns whose samples were taken on the �rst day of life demonstrated that the normal
range for RDW values at GA 32–34 weeks was higher than at 35–36 weeks and 37–42 weeks (P = 0.002
and 0.003) [13]. Similarly, another study showed that RDW and GA at birth were negatively correlated [14].
Also, a study showed that the RDW values of newborns at 28 ± 2 gestational weeks with PDA and non-
PDA were (15.75 ± 1.15) and (16.85 ± 1.49) respectively, with no signi�cant difference [15]. A high RDW in
neonates is likely due to reticulocytosis [11], possibly explaining the correlation between RDW and GA. In
future studies, we will recruit a larger sample size to further explore the association between RDW and
PDA and explain the greater change in RDW.

Similar to other studies [16], we found that RDW values varied by ethnicity. Mean and elevated RDW has
progressively increased from 1999–2012 among adults in the United States, as observed among non-
Hispanic Whites, Blacks, and Mexican Americans [16]. Another study showed that the median RDW was
distributed differently among various ethnicities [17]. This is another aspect to investigate in future
studies.

Recognition of biomarkers with high sensitivity and speci�city is important for the early diagnosis and for
prognosticating neonatal sepsis. Several biomarkers such as procalcitonin, CRP, and interleukin 6 have
been reported for the auxiliary diagnosis of neonatal sepsis, with a 72.3–90.8% sensitivity [18–20]. CRP
is an acute-phase protein mostly produced by the liver following the onset of in�ammation, but it rises
after 12 h from the onset of sepsis and other non-infectious in�ammatory diseases [21]. However, these
biomarkers require extensive laboratory support systems and are di�cult to perform when a limited
volume of blood is available, as in the case of extremely preterm infants. RDW is a practical, simple, and
accessible biomarker as a parameter of the routine complete blood count, which has a strong positive
correlation with CRP [6].

Here, we found that the RDW value in the sepsis group was higher than that in the control group.
Similarly, a prospective study measured RDW in 251 cases of neonatal sepsis that showed signi�cantly
higher RDW (19.9% vs. 18.9%, P < 0.001) than age-matched healthy controls [8]. Additionally, the
diagnostic value of RDW was studied recently for early-onset neonatal sepsis cases, and it was found
that the mean RDW values was higher (19.2 ± 2.9) in the sepsis group than in the control group (16.9 ± 
1.3, P < 0.01) [22]. These �ndings suggest that elevated RDW was associated with neonatal sepsis.

Our study found that an RDW cut-off of 18.15% was associated with a sensitivity of 78.70% and a
speci�city of 69.30% for predicting neonatal sepsis (P < 0.01). Previous studies have shown that RDW
has high diagnostic accuracy for sepsis [23]. A cut-off value of > 19.50% had a sensitivity of 87% and a
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speci�city of 81% for late-onset Gram-negative sepsis (P < 0.001). They enrolled 47 infants with Gram-
positive sepsis and 39 infants with Gram-negative sepsis, whose median GA was 28 (range 26–31)
weeks. In our study, the median GA was 33.50 (range 30–34.5) weeks. They found that RDW levels
remained unchanged in infants with Gram-positive sepsis (P = 0.4). We did not compare RDW values
between infants with Gram-positive and Gram-negative infections. Future studies should investigate the
effect of different pathogens on RDW. High RDW may indicate high-risk newborns [14].

In our study, RDW �uctuation was found to be more useful for diagnosing neonatal sepsis than the
maximum RDW. The sensitivity of the RDW �uctuation with a cut-off value of 1.94 was 92.10%, and its
speci�city was 71.70%. For long-term hospitalized premature infants, RDW �uctuations were more readily
obtainable than blood culture results without collecting additional blood for testing. Using RDW allows
early identi�cation of sepsis for prompt treatment, thus improving the prognosis and decreasing patient
mortality. Furthermore, multivariable logistic regression analysis of RDW �uctuation, birth weight, WBC,
hemoglobin, and platelet count showed a positive independent association between RDW �uctuation and
sepsis diagnosis (OR, 1.13; 95%CI, 1.08–1.18). Kim et al. (2013) found that, in adults, an increase in RDW
from baseline during the �rst 72 hours of hospitalization is signi�cantly associated with adverse clinical
outcomes and suggested that a combination of baseline RDW value and an increase in RDW can be a
potential independent prognostic marker in patients with severe sepsis or septic shock [24]. Nevertheless,
the pathogenesis between RDW and outcomes of RDW is still unclear. In�ammation and organ
dysfunction are two possible mechanisms [25]. In�ammation impairs RBC maturation, accelerating the
entry of immature RBCs into the circulation [26]. RDW is determined by the life span of RBC [27]. The half
life span of RBC is about 120 days, thus RDW may serve as a long-term in�ammatory marker. In contrast,
traditional markers such as CRP are only short-term markers. For patients with sepsis, higher RDW would
indicate probable organ dysfunction, which may have worse outcomes.

To the best of our knowledge, this was the �rst study in which the relationship between RDW �uctuation
and diagnosis of neonatal sepsis has been evaluated using data from the MIMIC-  database. Our study,
however, still has some limitations. First, weaknesses of our study are inherent to its retrospective nature.
The MIMIC III database has some incomplete data, thus, analysis for confounding factors is incomplete.
Second, we used the search terms “bacteremia of newborn” and “septicemia [sepsis] of newborn” for
sepsis; therefore, the blood culture results were unclear. Finally, other risk factors such as erythrocyte
transfusions [12], were not included in our study; thus, residual confounding factors remain possible. To
increase the credibility of our results, we compared the RDW of patients with sepsis with those of
matched controls based on GA, sex, and ethnicity. Future studies should include a larger sample size and
prospective design to validate the �ndings of the present study.

Conclusions
In conclusion, RDW �uctuations in neonates with sepsis may be an independent outcome predictor for
neonatal sepsis. This allows early identi�cation and management of septic neonates. We suggest that
RDW measurement should be considered as a diagnostic marker for the assessment of NICU patients
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with sepsis. Abbreviations: IRB: Institutional Review Board; IQR: The median interquartile range; LOS:
length of stay in NICU; MIMIC-III: Medical Information Mart for Intensive Care III; NICU: neonatal ICU; OR:
odds ratio; PDA: Patent Ductus Arteriosus; RDW: red cell distribution width RBC: red blood cell; RPR: RDW
to platelet ratio; RDS: respiratory distress syndrome; ROC: The receiver operating characteristic curve;
WBC: white blood cell.
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Figure 1

Flowchart
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Figure 2

Effects of gestational age (GA), ethnicity on the initial of RDW and Receiver operating characteristics
Curve of RDW for predicting sepsis A: the minimal of RDW between different gestational ages (GA) in the
control group A: GA<28; B: 32>GA≥28; C: 34>GA≥32; D: 37>GA≥34; E: GA≥37 B: the minimal of RDW
between different ethnicity in the control group with gestational age between 34 and 37 weeks R1: other
or unknown; R2: Hispanic; R3: Black; R4: Asian; R5: Caucasian The middle line represents the median, and
the bars represent the interquartile ranges (from the 75th percentile to the 25th percentile) : P<0.05 C:
receiver operating characteristics Curve of RDW_max, RDW �uctuation, and RPR for predicting sepsis
RDW_initial: The �rst Red Cell Distribution Width after admission to NICU; RDW �uctuation: (RDW_max-
RDW_initial)/RDW_initial *100; RDW_max: The maximum of RDW detected in NICU; RPR: RDW_initial to
platelet ratio


