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Introduction

Red blood cell distribution width (RDW) is a measure of red 
blood cell size heterogeneity. RDW has been widely accepted 
as a useful biomarker associated with mortality in patients 
with various cardiovascular and cerebrovascular diseases, 
such as heart failure,[1] acute pulmonary embolism,[2] 
acute coronary syndrome,[3,4] stroke,[5,6] and peripheral 
artery disease.[7,8] Inflammation and oxidative state play 
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Background: The normal range of red cell distribution width (RDW) level is <15%. Several studies have indicated that a high RDW level 
was associated with mortality in critically ill patients, and the patients with a high RDW level need increased focus in clinical practice. In 
view of the difficulty in defining the specific value of high RDW level, the key is to focus on the patient with the level beyond the normal 
upper limit. This study aimed to determine whether dynamic change of RDW levels, rather than the level itself, is predictive of death in 
elderly patients with septic shock when RDW level is beyond 15%.
Methods: Between September 2013 and September 2015, the elderly septic shock patients with RDW level beyond 15% were enrolled in 
this study. The RDW levels were measured at enrollment (day 1), and days 4 and 7 after enrollment. Sequential Organ Failure Assessment 
(SOFA) scores were recorded simultaneously.
Results: A total of 45 patients, including 32 males and 13 females, were included in the final analysis. Based on their hospital outcomes, these 
patients were divided into the survivor group (n = 26) and the nonsurvivor group (n = 19). There were no significant differences in age, gender, 
body mass index, initial level of RDW, Acute Physiology and Chronic Health Evaluation II scores, and SOFA scores between survivors and 
nonsurvivors. At days 4 and 7 measurement, both RDW level (median [interquartile range]: day 4: 15.8 [2.0]% vs. 16.7 [2.0]%, P = 0.011; and day 
7: 15.6 [1.8]% vs. 17.7 [2.5]%, P = 0.001) and SOFA scores (day 4: 7.0 [4.0] vs. 16.0 [5.0], P < 0.001, day 7: 5.5 [4.0] vs. 17.0 [5.0], P < 0.001) 
were significantly lower in survivors than those in nonsurvivors. Dynamic changes of RDW and SOFA scores in survivor group were significantly 
different from those in nonsurvivor group (all P < 0.05). Continuous increase in RDW level was observed in 10 of the 13 nonsurvivors, but only 
in 3 of the 26 survivors. The level of RDW7 and dynamic changes significantly correlated with their counterparts of SOFA scores (all P < 0.05), 
whereas the levels of RDW1 and RDW4 had no significant correlation with their counterparts of SOFA scores (all P > 0.05).
Conclusions: Continuous increase in RDW level, rather than the level of RDW itself, was more useful in predicting hospital death in elderly 
patients with septic shock when the level of RDW was >15%. The dynamic changes of RDW were highly correlated with the SOFA score 
in the patients.
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important roles in the pathophysiologic mechanisms 
underlying the association between RDW and mortality.[9,10] 
Furthermore, several studies have indicated that a high 
RDW level was associated with mortality in patients with 
community‑acquired pneumonia,[11,12] severe sepsis or septic 
shock,[13‑15] and even in unselected critically ill patients.[16] 
The studies also suggested that high RDW level had a very 
close relationship with poor prognosis, indicating that 
patients with high RDW level need increased focus in clinical 
practice. However, it is difficult to define the accurate value 
of high RDW, the key is to focus on the patient with the level 
beyond the upper limit of normal value. When the value is 
beyond 15%, it is considered as abnormality. We should pay 
more attention to these patients.

RDW value is influenced by a lot of interindividual 
variances. In fact, it is invalid using RDW value to predict 
the discrimination between survivors and nonsurvivors. Ku 
et al.[17] pointed out that the dynamic change of RDW levels 
was more likely to be predictive of outcome in a patient with 
Gram‑negative bacteremia. It demonstrated that the significant 
increase of RDW levels over a 3‑day period was associated 
with hospital mortality. In addition, Kim et al.[15] have found 
that a combination of baseline RDW value and an increase 
in RDW can be a promising independent prognostic marker 
in patients with severe sepsis or septic shock. Lorente et al.’s 
research[14] indicated that nonsurviving septic patients showed 
persistently higher RDW during the 1st week. Therefore, the 
clinical observation of dynamic RDW seems more valuable.

However, it is unclear whether the dynamic change of 
RDW level is of prognostic value in septic shock patients 
with extremely high RDW levels such as beyond 15%. 
Furthermore, as the population is aging in China, more 
and more septic shock patients are old people. Sequential 
Organ Failure Assessment  (SOFA) score, a simple but 
effective index, has been well established to describe the 
severity of critical ill patients.[18,19] It is unclear whether a 
relationship exists between RDW and SOFA in septic shock 
patients. Therefore, in this observational study, we aimed to 
investigate whether dynamic change of RDW level and the 
level itself over a 6‑day management still have a relationship 
with patients’ outcome when RDW level is beyond 15% 
in Chinese elderly septic shock patients. We also aimed to 
further evaluate the correlation between the dynamic change 
of RDW level and the dynamic change of SOFA score when 
RDW level is >15%.

Methods

Ethical approval
The study was conducted in accordance with the Declaration 
of Helsinki and was approved by Medical Ethics Review 
Board of Shanghai Jiading District Center Hospital (No. 
2013‑QN‑02). Since this was an observational study and all 
the observed laboratory indices were commonly measured 
for all patients in Intensive Care Unit (ICU) , the need for 
written informed consent was waived by the Medical Ethics 
Review Board. 

Patients and ethical approval
From September 2013 to September 2015, a total of 
332 patients received RDW measurements in ICU of Shanghai 
Jiading District Central Hospital. RDW measurements were 
performed for the suspicion of sepsis, severe sepsis, and septic 
shock on daily rounds.

Patients who met the following criteria were enrolled in this 
study: (1) age of patients ≥65 years; (2) patients those who 
met the consensus criteria of septic shock;[20] and  (3) the 
RDW level >15% (normal range <15%) no matter whether 
the RDW measurement was performed at ICU admission 
or during ICU stay. Patients who met the following criteria 
were excluded from the study: (1) patients had prior anemia, 
chronic heart failure, neoplasm, history of renal diseases or 
thyroid diseases; and (2) patients with autoimmune disease.

All patients received empirical and culture‑guided antibiotic 
treatment and hemodynamic support therapy. All the patients 
were managed by their responsible physicians. Mortality was 
defined as all‑cause mortality.

Blood samples’ measurement
Serum C‑reactive protein and whole blood cell tests were 
measured using the Blood cell analyzer (ABX Pentra 60, 
HORIBA ABX SAS, France). Procalcitonin concentration 
was measured using the Elecsys electrochemiluminescence 
assay (Cobas e411 Analyzer; Roche Diagnostics; Mannheim, 
Germany). Serum creatinine, albumin, sodium, potassium, 
cholesterol, and total bilirubin levels were measured 
using the automatic biochemical analyzer  (Roche cobas® 
8000 modular analyzer series c 702, Germany).

The RDW levels were measured at enrollment (day 1), and 
days 4 and 7 after enrollment. The normal range of RDW 
level was <15%. Dynamic change of RDW was shown 
as dRDW and was expressed as dRDW14, dRDW47, or 
dRDW17 at the time node.

Sequential Organ Failure Assessment score and Acute 
Physiology and Chronic Health Evaluation II score
The SOFA scores were recorded simultaneously with the 
RDW measurement. Dynamic change of SOFA score was 
expressed as dSOFA. They were defined as the differences 
between the values of subsequent and initial measurements 
and were expressed as dSOFA14, dSOFA47, and dSOFA17 
at the time node. Acute Physiology and Chronic Health 
Evaluation II Score  (APACHE II score) has been widely 
used in clinical practice. It has an important clinical value 
for predicting the prognosis of the critically ill patients.[21,22]

Statistical analysis
All statistical analyses were performed using IBM SPSS 
19.0  (IBM, Armonk, New  York, USA). Continuous 
variables are presented as mean ± standard deviation (SD) 
or median (interquartile range), and categorical variables are 
expressed as percentages. Baseline characteristics between 
the two groups were compared with unpaired Student’s 
t‑test or Mann-Whitney U‑test for continuous variables and 
Chi‑square test or Fisher’s exact test for categorical variables. 
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Spearman rank correlation was used for the analysis of 
correlation between RDW levels and SOFA scores and dRDW 
and dSOFA. The diagnostic accuracy of dRDW and dSOFA 
between survivors and nonsurvivors was analyzed by the 
area under the corresponding receiver operating characteristic 
curve. Odds ratio (OR) was calculated to evaluate the relative 
risk. When one element of the equation was zero, Woolf’s 
formula with Haldane’s modification (OR, [2a + 1] [2d + 1]/
[2b + 1] [2c + 1]) was adopted to assess the relative risk.[22] 
A P < 0.05 was considered statistically significant.

Results

Finally, a total of 45  patients, including 32 males and 13 
females, were included in the final analysis. The mean age 
was 75.6 ± 7.1 years. Six patients died within 4 days and other 
13 patients died after management 6 days later. The overall 
mortality of these patients was 42.2% (19/45). Based on their 
hospital outcomes, these patients were divided into the survivor 
group (n = 26) and the nonsurvivor group (n = 19). The baseline 
characteristics and laboratory parameters between the two groups 
are shown in Table 1. There were no significant differences in age, 
gender, BMI, APACHE II scores, primary site of infections, and 
comorbidity between the two groups (all P > 0.05).

There were no significant differences in initial RDW 
levels and SOFA scores between survivor and nonsurvivor 

groups (all P > 0.05). However, both RDW levels and SOFA 
scores were significantly lower at days 4 and 7 in survivor 
group, compared with nonsurvivor group (P < 0.05; Figure 1).

The survivor group had declining tendency in RDW levels with 
median decreases of 0.4% (day 1–day 4), 0.2% (day 4–day 7), 
and 0.5% (day 1–day 7). However, the nonsurvivor group had 
increasing tendency in RDW levels with median increases 
of 0.3% (day 1–day 4), 0.5%  (day 4–day 7), and 1.1% 
(day 1–day 7). Dynamic changes of RDW levels and SOFA 
scores in all patients are shown in Table 2. Dynamic changes 
of RDW levels in survivor group were significantly different 
from that of nonsurvivor group (all P < 0.05, Table 2).

At day 4 measurement, an increase in RDW level was 
observed in 9 out of 26 survivors, whereas 15 out of 19 
nonsurvivors had an increase in RDW level. Sensitivity and 
specificity of RDW increase for predicting death in elderly 
patients with septic shock were 81% and 62.5%, respectively. 
Similarly, an increase in SOFA scores was observed in 2 out 
of 26 survivors, whereas 17 of the 19 nonsurvivors had an 
increase in SOFA scores at day 4. Sensitivity and specificity 
of increase in SOFA scores for predicting death were 83.9% 
and 100%, respectively.

At day 7 measurement, increase in RDW level was observed 
in 8 of the 26 survivors, whereas 12 of the 13 nonsurvivors 
had an increase in RDW level. Sensitivity and specificity of 

Table 1: Baseline characteristics and laboratory parameters between two groups in this study

Characteristics Survivor group (n  =  26) Nonsurvivor group (n  =  19) Statistical values P
Age (years), mean ± SD 75.1 ± 6.1 78.6 ± 7.9 −1.678* 0.101
Male, n (%) 16 (61.5) 11 (57.9) 0.061† 0.805
BMI (kg/m2), mean ± SD 23.2 ± 4.4 22.6 ± 4.8 0.451* 0.654
APACHE II scores, mean ± SD 20.3 ± 3.9 22.0 ± 3.5 −1.498* 0.141
Primary site of infection, n (%)

Respiratory 20 (76.9) 12 (63.2) 1.013† 0.314
Urinary 1 (3.9) 0 (0.0)
Hepatobiliary 1 (3.9) 2 (10.5)
Soft tissue 1 (3.9) 0 (0.0)
Miscellaneous 3 (11.5) 5 (26.3)

Comorbidity, n (%)
Hypertension 14 (53.8) 5 (26.3) 3.411† 0.065
Diabetes mellitus 10 (38.5) 6 (31.6) 0.227† 0.634
COPD 9 (34.6) 3 (15.8) 1.990† 0.158

Laboratory parameters
WBC (×109/L), mean ± SD 11.2 ± 4.8 15.3 ± 6.2 −2.527* 0.015
HGB (×109/L), mean ± SD 125.2 ± 23.3 109.4 ± 33.1 1.881* 0.067
PLT (×109/L), median (IQR) 208.5 (120.0) 168.0 (147.0) 1.184‡ 0.237
Serum sodium (mmol/L), mean ± SD 137.2 ± 5.7 135.5 ± 7.0 0.932* 0.356
Serum potassium (mmol/L), mean ± SD 3.4 ± 0.6 3.8 ± 0.8 −1.836* 0.073
Serum creatinine (µmol/L), median (IQR) 75.3 (52.1) 190.2 (150.1) −2.781‡ 0.005
Serum cholesterol (mmol/L), mean ± SD 3.93 (1.2) 3.44 (1.6) 1.804‡ 0.071
Serum albumin (g/L), mean ± SD 32.0 ± 5.9 24.9 ± 5.8 3.995* <0.001
TBIL (µmol/L), median (IQR) 11.5 (17.0) 7.9 (8.9) 0.896‡ 0.370
CRP (mg/L), median (IQR) 38.4 (79.1) 104.0 (124.0) −1.517‡ 0.129
PCT (ng/ml), median (IQR) 0.4 (4.0) 1.6 (4.9) −1.384‡ 0.166

*t value; †Chi-square value; ‡Z value. BMI: Body mass index; APACHE II: Acute Physiology and Chronic Health Evaluation II; COPD: Chronic obstructive 
pulmonary diseases; WBC: White blood cell; HGB: Hemoglobin; PLT: Platelet; TBIL: Total bilirubin; CRP: C‑reactive protein; PCT: Procalcitonin;  
IQR: Interquartile range; SD: Standard deviation. *t value, †: χ2 value, ‡: Z value.
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RDW increase for predicting death in elderly patients with 
septic shock were 94.7% and 60%, respectively. Moreover, 
increase in SOFA scores was observed in 2 of the 26 survivors, 
whereas 12 of the 13 nonsurvivors had an increase in SOFA 
scores. Sensitivity and specificity of increase in SOFA score 
for predicting death in elderly patients with septic shock were 
96.0% and 85.7%, respectively.

About 3 of 26 survivors had continuous increases in 
RDW level and SOFA score, and 10 and 9 out of the 13 
nonsurvivors had continuous increases in RDW level 
and SOFA score, respectively  [Table  3]. Sensitivity and 
specificity of continuous increases in RDW level and SOFA 
score for predicting death in elderly patients with septic 
shock were 88.5%, 76.9% and 92.3%, 89.5%, respectively. 
After Haldane’s modification, the ORs for death in patients 
with continuous increases of RDW level and SOFA score 
were 25.6  (95% confidence interval: 4.38–149.15) and 
81.9 (95% confidence interval: 9.84–681.55), respectively.

Among the patients, there was no correlation between 
RDW levels and their counterparts of SOFA scores on 
days 1 and 4 (all P  >  0.05). RDW level on day 7 and 
its dynamic changes significantly correlated with their 
counterparts of SOFA scores (P = 0.001, 0.001, 0.002, and 
0.002, Table 4). Relationship between dRDW and dSOFA 
is shown in Figure 2.

Discussion

The major novel finding of the present study was the 
significantly continuous increase in RDW levels, but not 
the level itself, might be a useful indicator for predicting 
poor outcome in Chinese elderly patients with septic shock, 
when the RDW level was beyond 15%. Dynamic changes 
of RDW level closely correlated with dynamic changes of 
SOFA score.

Previous studies have demonstrated a potential prognostic 
value of RDW level on day 1 in the infective patients, 
including patients with septic shock.[12,17,23,24] Most of 
the studies showed that high RDW level was associated 
with the likelihood of poor outcome. However, in clinical 
practice, we are unsure of the definition of high RDW 
level since many patients whose RDW levels were higher 
than the maximum limit still survived. Kim et al.[15] found 
that an increase in RDW level from baseline during the 
first 72 h after hospitalization was significantly associated 
with adverse clinical outcomes. Another study[14] further 
demonstrated that RDW levels on days 1, 4, and 8 were 
associated with prognosis in septic patients. This meant 
that dynamic observation of RDW levels seemed more 
valuable in clinical practice. Since we could not define what 
a high value of RDW level is, a better criterion would be 
an RDW level beyond 15%. At least, this value pointed out 

Table 3: Changes of RDW level and SOFA score at days 4 and 7 between two groups

Parameters Survivor group Nonsurvivor group Chi-square value P
RDW14 increase 9/26 (34.6) 15/19 (78.9) 8.668 0.003
RDW17 increase 8/26 (30.8) 12/13 (92.3) 13.137 <0.001
RDW147 continuous increase 3/26 (11.5) 10/13 (76.9) 16.673 <0.001
SOFA14 increase 2/26 (7.7) 17/19 (89.5) 30.097 <0.001
SOFA17 increase 2/26 (7.7) 12/13 (92.3) 29.966 <0.001
SOFA147 continuous increase 3/26 (11.5) 9/13 (69.2) 10.969 0.001
The data are shown as n/N (%). RDW: Red cell distribution width; SOFA: Sequential Organ Failure Assessment.

Table 2: RDW levels, SOFA scores, and their dynamic changes between two groups in this study

Parameters Survivor group (n = 26) Nonsurvivor group (n = 19) Z values P
RDW1 (%) 16.0 (1.5) 16.5 (1.7) −0.598 0.550
RDW4 (%) 15.8 (2.0) 16.7 (2.0) −2.530 0.011
RDW7 (%) 15.6 (1.8) 17.7 (2.5) −3.176 0.001
dRDW14 (%) −0.4 (0.9) 0.3 (0.7) −3.351 0.001
dRDW47 (%) −0.2 (0.9) 0.5 (0.5) −3.163 0.002
dRDW17 (%) −0.5 (1.4) 1.1 (0.9) −3.951 <0.001
SOFA1 11.0 (5.0) 13.0 (4.0) −0.928 0.353
SOFA4 7.0 (4.0) 16.0 (5.0) −4.938 <0.001
SOFA7 5.5 (4.0) 17.0 (5.0) −4.993 <0.001
dSOFA14 −4.0 (3.0) 3.0 (3.0) −5.414 <0.001
dSOFA47 −2.0 (1.0) 1.0 (5.0) −3.883 <0.001
dSOFA17 −6.0 (3.0) 5.0 (4.0) −4.758 <0.001
The data are shown as median (IQR). RDW: Red cell distribution width; RDW1: The level of RDW on day 1; RDW4: The level of RDW on day 4; 
RDW7: The level of RDW on day 7; SOFA: Sequential Organ Failure Assessment; SOFA1: The score of SOFA on day 1; SOFA4: The score of SOFA 
on day 4; SOFA7: The score of SOFA on day 7; dRDW14: The level of RDW on day 4 – the level of RDW on day 1; dSOFA14: The score of SOFA on 
day 4 – the score of SOFA on day 1; dRDW17: The level of RDW on day 7 – the level of RDW on day 1; dSOFA17: The score of SOFA on day 7 – the 
score of SOFA on day 1; dRDW47: The level of RDW on day 7 – the level of RDW on day 4; dSOFA47: The score of SOFA on day 7 – the score of 
SOFA on day 4. IQR: Interquartile range.
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that the patients were in the status of high RDW level. We 
also wanted to know the changing tendency of RDW levels 
among the patients with septic shock.

This study showed that the initial level of RDW was not 
associated with poor outcome in elderly septic shock 
patients when the RDW level was beyond 15%. The 
reasons could be:  (1) the severities of patients’ diseases 
were similar between the two groups based on APACHE 
II scores. A previous study confirmed that RDW levels and 
APACHE II scores had significant positive correlation in 
shock patients; (2) All the patients who were enrolled in this 

study had RDW levels beyond 15% which were different 
from the previous study;  (3) Renal dysfunction, which is 
rather common in septic shock patients, may influence the 
diagnostic accuracy of RDW level.[25,26]

This study showed that, when the RDW level was beyond 
15%, the survivors had declining tendency in RDW levels, 
but the nonsurvivors had increasing tendency in RDW levels. 
Therefore, dynamic observation of RDW levels is necessary. 
Inflammatory cytokines can inhibit erythrocyte maturation, 
which leads to release of immature RBCs into the circulation 
and hence elevated RDW level.[9,27] The inflammatory 
cytokines in the process of disease development, especially 
in patients with sepsis, showed a “waterfall effect”.[28] This 
could cause further increase of inflammation factors and 
could affect further change of RDW levels. Oxidative stress 
accompanied the development of the disease process. The 
tendency of the disease’s development was closely related 
to the level of oxidative stress. High oxidative stress could 
also lead to elevated RDW level by reducing RBC survival 
and by increasing the release of large premature RBCs 
into the peripheral circulation.[10] This would definitely 
worsen the disease process and RDW levels will increase 
significantly. Inflammation could also inhibit erythropoietin 
production, induce resistance to erythropoietin, decrease iron 
bioavailability, directly suppress erythroid precursors in the 
bone marrow, and activate red cell apoptosis and peripheral 
phagocytosis.[9,25,29‑31]

RDW level has been shown to correlate with SOFA score and 
it is an index of multiple organ dysfunction in sepsis.[23] The 
data of this study were in accordance with previous studies 
and further showed that, even in septic shock patients with 
high RDW levels beyond 15%, the RDW level still highly 
correlated with the SOFA score.

There were several limitations in our study. This was 
a single‑center study with small sample size, and the 

Table 4: Spearman’s correlation of RDW level and 
SOFA score in septic shock patients

Parameters Correlation efficient P
RDW1 with SOFA1 −0.207 0.172
RDW4 with SOFA4 0.241 0.112
RDW7 with SOFA7 0.495 0.001
dRDW14 with dSOFA14 0.469 0.001
dRDW17 with dSOFA17 0.481 0.002
dRDW147 with dSOFA147 0.487 0.002
RDW: Red cell distribution width; SOFA: Sequential Organ Failure 
Assessment.

Figure  1: All individual measurements of RDW and SOFA scores at 
days 1, 4, and 7. Black solid dots represent the nonsurvivors; open 
circles represent the survivors. RDW: Red cell distribution width; 
SOFA: Sequential Organ Failure Assessment.

Figure 2: Scatterplot of dRDW and dSOFA. dRDW: Dynamic change 
of red cell distribution width; dSOFA: Dynamic change of Sequential 
Organ Failure Assessment.
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patients involved in this study were of specific population 
(septic shock, RDW >15%, and elderly), we did not know 
whether our result was also applicable to younger ages, so 
caution should be taken in any application of this study. 
Since the enrollment of this study was based on the criteria 
of RDW >15% and clinical diagnosis of septic shock, the 
patients might be either in the beginning of treatment or 
during the treatment, we could not exclude the possibility 
that some mixing of variables that would affect the outcome 
may have been missed. Since Ku et  al.[17] suggested that 
72‑h RDW after the onset of bacteremia could be a predictor 
of all‑cause mortality in patients with Gram‑negative 
bacteremia. In addition, the patients may have either a 
community‑acquired infection or nosocomial infection. This 
study did not investigate erythropoietin levels, iron levels, or 
Vitamin B12 levels. The reticulocyte count could also affect 
RDW values, so this might have limited the interpretation 
of the study results. In the future, a larger multicenter study 
with repeated RDW measurements is necessary for further 
investigating the role of changes in RDW.

In conclusion, continuous increase in RDW level, rather than 
the level of RDW itself, is more useful for predicting hospital 
death in elderly patients with septic shock when the level 
of RDW is beyond 15%. It is better to monitor the dynamic 
changes of RDW levels. The dynamic changes of RDW 
were highly correlated with the SOFA score in the patients.
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