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Abstract 
 

Aims of the present study were to investigate the relationship between red blood cell volume 
distribution width (RDW) and severity of the disease with prognosis in sepsis newborns. 
RDW, clinical features and prognosis in 97 sepsis newborns were analyzed retrospectively. 
Fifity-eightsepsis newborns showed increase of RDW with the incidence of 59.79%, includ-
ing 13 cases from sepsis group, 23 cases from severe sepsis group and 22 cases from septic 
shock group (the same order below), with the incidence of RDW increase of 31.71%, 76.67% 
and 84.62%, respectively, and the differences were significantly significant (P<0.001). The 
mortalities of the three groups were 15.38%, 39.13% and 50.00%, respectively, and there 
were not statistically differences (P>0.05). The incidence of RDW increase in survival group 
(49.32%) was significantly lower than that in the death group (91.67%). The neonatal 
critical illness score (NCIS) was negatively correlated with RDW increase in newborns, 
while the mortality was positively correlated with RDW increase (P<0.001). RDW increase 
in newborns with severe sepsis and septic shock has a higher incidence, and the level of 
RDW increase is closely associated with the prognosis.  
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Introduction 
 
Red blood cell distribution width (RDW) is a parameter 
reflecting the heterogeneity of the peripheral red blood 
volume and is usually expressed withRDW-coefficient of 
variation (RDW-CV). In clinic, it can be understood 
whether the size of red blood cell volume is uniform 
through detection of RDW. The more RDW is, the more 
uneven the red blood cell size is, and the higher the 
volume heterogeneity is. Recent studies found that RDW 
can takenas a “marker” of death in critical patients and 
can be used independently to predict the risk of death in 
critical patients [1]. Sepsis is a common critical illness in 
department of pediatrics and can cause a high lethality. In 
order to discuss the relationship between RDW and 
prognosis in sepsis newborns, the relationship between 
RDW and severity of the condition with prognosis in 
sepsis newborns who were admitted into our hospital 
from January 2008 to December 2013 were analyzed 
retrospectively in the present study, providing a reference 
for clinical treatment and prognosis evaluation.  
 
Materials and Methods 
 
All sepsis newborns who were admitted into neonatal in-
tensive care unit (NICU) of our hospital from Jan. 2008 to 

Dec. 2013 were included in the study, and sepsis was di-
agnosed based on the standard formulated by the Interna-
tional Joint Conference of Pediatric Sepsis[2]. Exclusion 
criteria: a. the premature infants, b. newborns suffering 
fromsevere asphyxia at birth, c. those who were being 
treated with chalybeate. Ninety-seven patients (60 males 
and 37 females, mean gestational age: 38.97±1.31 weeks) 
were selected. The primary diseases included respiratory 
diseases in 52 cases, nervous system disease in 17 cases, 
cardiovascular disease in 11 cases, digestive system 
disease in 8 cases, urinary system disease in 3 cases and 
other diseases in 3 cases.  
 
Ninety-seven sepsis newborns were divided into sepsis 
group, severe sepsis group (no shock) and septic shock 
group according to the severity of the disease, the stan-
dard formulated by the International Joint Conference of 
Pediatric Sepsis[2] and the Recommended Program for 
Treatment of Pediatric Infectious Shock (septic shock) by 
Chinese Medical Association[3].There were not statistical 
differences in the general condition among the three 
groups, including gender, gestational age, birth weight, 
Apgar scores at 1 min and 5 min after birth and absence 
and presence of cesarean delivery. According to RDW 
values measured on the day in the newbornswho were 
confirmed to have sepsis (normal value: 13%~18%[4]), 
the enrolled newborns were divided into normal RDW 
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group (including those in whom RDW was lower than 
that in normal newborns) and increased RDW group.  
 SYSMEX-2100 automatic blood cell analyzer 
was used.  
 

The grading was performed based on the condition: score 

> 80, 80～71 and ≤70 indicated that the condition is non-
critical, critical and extremely critical, respectively (i.e., 
the lower the score of NCIS is, the more critical the con-
dition is)[5].  
 

SPSS 15.0 was adopted for statistical analysis. The ob-
tained measurement data in line with the normal distribu-
tion were expressed as mean ± standard deviation, and the 
skewed distribution was described with the median (inter-
quartile range). Analysis of variance was used for 
comparison of mean value of the measurement data in 
line with the normal distribution among groups, and t test 
was employed for comparison of mean value between two 
groups. χ2 testwas used for intergroup compassion of 
count data. Linear correlation analysis was adopted for 
test of the relationship between PCIS score and RDW, and 
rank correlation analysis was employed for test of the 
relationship between RDW and mortality. Two-sided test 
was also used, and α=0.05 was the standard for test of 
significance. P<0.05 was considered statistically signifi-
cant. 
 
Results  
 
A total of 97 newborns were enrolled in the study, includ-

ing 41 cases from sepsis group, 30 cases from severe sep-
sis group and 26 cases from septic shock group. In all the 
cases, 73 cases survived and 24 cases died. Fifty-eight 
newborns showed RDW increase and accounted for 
59.79% (58/97). There were statistical differences in 
RDW among sepsis, severe sepsis and septic shock group 
(P=0.000). Moreover, a statistical difference also existed 
in RDW between sepsis and severe sepsis group, severe 
sepsis and septic shock group as well as sepsis and septic 
shock group (P=0.000). See Table 1.  
 

Comparison of the incidence of RDW increase and the 
mortality: among 97 sepsis newborns, 58 cases exhibited 
RDW increase, accounting for 59.79%;23 of 30 newborns 
with severe sepsis had RDW increase, accounting for 
76.67%; 22 of 26 newborns with septic shock showed 
RDW increase, accounting for 84.62%. The incidences of 
RDW increase were significantly different among the sep-
sis, severe sepsis and septic shock group (χ2=23.669, 
P=0.000). See Table 1. The mortalities in newborns with 
RDW increase from sepsis, severe sepsis and septic shock 
group were 15.38% (2/13), 39.13% (9/23) and 50.00% 
(11/22), respectively, and the results showed that the dif-
ference was not statistically significant (χ2=4.182, 
P>0.05)(See Table 1).  

 
Table 1. Comparison of RDW, NCISscore and mortalityamong the three groups 
 
 Sepsis 

group 
Severe sepsis 

group 
Septic 

shock group 
Total F χ

2 P 

No of cases 41 30 26 97    
RDW value 16.59±1.71 18.88±1.78 19.71±1.97  27.470  0.000 

NCIS score 78.73±5.24 70.93±5.62 61.04±8.88  58.900  0.000 
No of died 4 9 11   9.699 0.008 
No of Increased RDW 13 23 22 58    
No of died 2 9 11 22    
No of survival 11 14 11 36    
Mortality (%) 15.38 39.13 50 37.93  4.182 0.124 
No of Normal RDW  28 7 4 39    
Increase rate (%) 31.71 76.67 84.62 59.79  23.669 0.000 
 

Table 2. Comparison of RDW increase between survival group and death group 
 

 
 
 
 
 
 
 
 

 Increased RDW Normal RDW Increase rate (%) 
Survival group 
(n=73) 

36 37 49.32 

Death group (n=24) 22 2 91.67 

Total 58 39 59.8 

χ2   13.476 
P   0.000 
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Table 3. Comparison of NCIS score and RDW values be-
tween increased RDW and normal RDW group 

 
RDW increase and prognosis: among 97 newborns with 
sepsis/severe sepsis/septic shock, 73 cases survived, of 
whom, 36 cases showed RDW increase (49.32%), and 24 
cases died, of whom, 22 cases had RDW increase 
(91.67%). There were statistical differences in RDW 
increase between the two groups (χ2=13.476, 
P=0.000)(See Table 2). Rank correlation analysis was 
performed for test of the relationship between RDW and 
mortality, and the results found that the mortality was 
positively correlated with RDW values (r=0.343, 
P=0.001). 
 
RDW and severity of the disease: RDW value of RDW 
increase group (19.61±1.48) was higher than that of 
normal RDW group (16.04±1.25), and there was a 
statistical difference (F=15.661, P=0.000). NCIS score of 
RDW increase group (68.54±9.70) was lower than that of 
normal RDW group (75.90±7.92), and there was a 
statistical difference (F=15.661, P=0.000) (See Table 
3).Correlation analysis was adopted for test of the 
relationship between RDW and NCIS score, and the 
results showed that RDW values were negatively 
correlated with NCIS scores (r=-0.568, P=0.000). 
 
Discussion 
 
Sepsis is an infection-induced systemic inflammatory re-
sponse syndrome and can further progress to severe sep-
sis, septic shock and multiple organ dysfunction syn-
drome or multiple organ failure. It is a common critical 
illness in department of pediatrics and one of the main 
causes of death in critical children. Epidemiologic data in 
USA showed that the mortality of children with severe 
sepsis was 10.3%, which can be up to 12.8% in children 
suffering from underlying diseases[6]. Early identification 
and timely treatment of sepsis in children is particularly 
critical in reducing the mortality. New studies found that 
RDW increase can be used as an important and independ-
ent predictive factor of the incidence of deaths caused by 
various diseases. Meanwhile, RDW values can reflect the 
degree of overall inflammation and oxidative stress[1, 7]. 
Luo et al. at home found that RDW can predict the prog-
nosis of critical patients[8]. Although the exact mecha-
nism of the correlation between RDW and mortality of 
sepsis children is unclear, it may involve the changes of 
red cell balance caused by the body’s inflammatory re-
sponse and oxidative stress[9]. Increased RDW may 

comprehensively reflect the following pathophysiological 
mechanisms in occurrence and development of sepsis: a) 
inflammation may cause an increase of neurohormone 
and endocrine hormone in the body including noradrena-
line, angiotensin � and other angiotensins level and renal 
ischemia. These neurotransmitters can stimulate red blood 
cell proliferation through promoting the generation of 
erythrogenin (EPO) to result in RDW increase[10]. b) 
Inflammatory factors may affect marrow hemopoietic 
function and iron metabolism in the body [11] to cause 
RDW increase[12]. c) RDW increase may indicate insta-
ble cytomembrane which may cause multiple organ dys-
functions to make the patients’ condition deteriorate, thus 
leading to poor prognosis and increased mortality. Studies 
found that, the materials providing the nutrition to the 
body and cell, such as blood cholesterol, albumin and 
others, are also lack while RDW increases. Therefore, 
increased RDW may reflect the cell membrane instability 
due to the lack of cholesterol and other substances in the 
body[13, 14]. d) Severe sepsis /septic shock may be com-
bined with multiple organ dysfunction. The study by 
Lippi et al.[15]showed that glomerular filtration rate 
(GFR) decreased progressively with increasing of RDW, 
and gastrointestinal dysfunction and liver function im-
pairment may cause dysfunction of digestion and absorp-
tion to induce megaloblastic anemia or microcytic hy-
pochromic anemia. Therefore, increase of RDW may re-
flect unevenness of red cell size due to liver function im-
pairment-induced lack of hematopoietic elements (e.g., 
iron, folic acid, vitamin B12) in the body. A single or 
combined effect of the adverse factors above both can 
cause RDW increase, and RDW increase in sepsis new-
borns is likely caused by the combined action of several 
adverse factors.  
 
From the data of this study,the incidence of RDW in-
crease in sepsis newborns was 59.79% and was increasing 
with increase of the severity of the disease, and the inci-
dence of RDW increase in severe sepsis newborns was 
31.71% while this value in newborns with septic shock 
was up to 84.62%. Although the difference in the mortal-
ity of the newborns with RDW increase among the three 
groups was not statistically significant, the mortality of 
newborns with RDW increase in septic shock group was 
up to 50.00% which was higher than that in sepsis group 
(15.38%). RDW in newborns of the death group was sig-
nificantly higher than that of the survival group, and the 
incidence of RDW increase was also higher than that of 
the survival group. NCIS score in newborns with RDW 
increase was lower than that in newborns with normal 
RDW.The higher RDW value was and the lower NCIS 
score was, the more serious the disease was and the worse 
the prognosis was, that is, a negative correlation existed 
between them. Some studies found NCIS score was one 
of the risk factors of death in sepsis newborns[16, 17]. 
Therefore, NCIS score combined with RDW values of 

 RDW value NCIS score 
Increased RDW group 19.61±1.48 68.54±9.70 
Normal RDW group 16.04±1.25 75.90±7.92 

F  154.960 15.661 
P  0.000 0.000 
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newborns can be taken as an important indicator of the 
prognosis in sepsis newborns.  
 
RDW may become a new indicator for prognostic evalua-
tion and risk stratification in sepsis newborns due to sim-
ple and easy detection, required lower expense, 
easilyrepeated measurement and convenient monitoring 
of outcome[18]. In addition, an in-depth discussion of the 
relationship between RDW and sepsis can make us have a 
better exploration of the relevant physiopathologic 
mechanism from a new aspect, to look for the new 
treatment methods which can block the progressive 
development of sepsis into severe sepsis/septic shock, 
thus further reducing further the mortality of such 
newborns. Thus, RDW may be used an ideal predictive 
value for evaluation of sepsis risk and prognosis and used 
to evaluate the prognosis of sepsis newborns. Therefore, it 
is worthy of clinical application and has an extremely 
clinical application value.  
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