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Highlights of the Study

Evaluation (APACHE) IV scores.

o Red cell distribution width is independently associated with mortality in sepsis.
o Combiningred cell distribution width and serum lactate showed similar prognostic performance com-
pared to Sequential Organ Failure Assessment (SOFA) and Acute Physiology and Chronic Health
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Abstract

Background: Mortality in sepsis remains high. Studies on
small cohorts have shown that red cell distribution width
(RDW) is associated with mortality. The aim of this study was
to validate these findings in a large multicenter cohort.
Methods: We conducted this retrospective analysis of the
multicenter elCU Collaborative Research Database in 16,423
septic patients. We split the cohort in patients with low
(15%; n =7,129) and high (>15%; n = 9,294) RDW. Univari-
able and multivariable multilevel logistic regressions were

used to fit regression models for the binary primary outcome
of hospital mortality and the secondary outcome intensive
care unit (ICU) mortality with hospital unit as random effect.
Optimal cutoffs were calculated using the Youden index. Re-
sults: Patients with high RDW were more often older than 65
years (57% vs. 50%; p < 0.001) and had higher Acute Physiol-
ogy and Chronic Health Evaluation (APACHE) IV scores (69 vs.
60 pts.; p < 0.001). Both hospital (adjusted odds ratios [aOR]
1.18; 95% Cl: 1.16-1.20; p < 0.001) and ICU mortality (aOR
1.16;95% Cl: 1.14-1.18; p < 0.001) were associated with RDW
as a continuous variable. Patients with high RDW had a high-
er hospital mortality (20 vs. 9%; aOR 2.63; 95% Cl: 2.38-2.90;
p < 0.001). This finding persisted after multivariable adjust-
ment (aOR 2.14; 95% Cl: 1.93-2.37; p < 0.001) in a multilevel
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logistic regression analysis. The optimal RDW cutoff for the
prediction of hospital mortality was 16%. Conclusion: We
found an association of RDW with mortality in septic patients
and propose an optimal cutoff value for risk stratification. In
a combined model with lactate, RDW shows equivalent di-
agnostic performance to Sequential Organ Failure Assess-
ment (SOFA) score and APACHE IV score.

© 2022 The Author(s).
Published by S. Karger AG, Basel

Introduction

Sepsis is characterized by an excessive immune re-
sponse of the body against an infectious pathogen [1]. It
is not only associated with high morbidity, but it is also a
very common entity [2-6]. Innovative new treatment
concepts as well as early diagnosis and the implementa-
tion of evidence-based treatment algorithms are possi-
bilities to improve the outcomes of affected patients [7,
8]. New reliable, easily available, and pragmatic risk pa-
rameters could help to further optimize the management
of septic patients via early identification of high-risk pa-
tients and subgroups [9]. This might help to guide timely
and aggressive therapy on the one hand, and to adequate-
ly allocate intensive care resources on the other hand. Re-
source allocation might be of special interest in an ongo-
ing pandemic with limited intensive care resources.

The red cell distribution width (RDW) is calculated on
the basis of the mean corpuscular volume of erythrocytes
and its standard deviation. It can be altered in numerous
acute and chronic diseases. Different authors showed an
association of high RDW with adverse outcomes in pa-
tients with acute heart failure [10], pancreatitis [11], pul-
monary embolism [12], acute renal failure [13], stroke
[14], influenza [15], and sepsis [16-18]. RDW is a marker
of anisocytosis reflecting the heterogeneity of erythrocyte
volume [19].

Previous studies examining the association of RDW
with mortality in septic patients were often conducted in
small single-center cohorts [16]. While almost all blood
analyzers calculate RDW and the formula for its calcula-
tion should be consistent, devices from different manu-
facturers are probably different in terms of the technol-
ogy used. Therefore, the RDW limits of 1 patient popula-
tion may be slightly different from those of another
population when various brands of analyzers are used.
Therefore, we sought to compensate for small variances
by conducting a large multicenter study with more than
16,000 septic patients and also to find an optimal cutoff
value for RDW in septic patients.
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Methods

Study Subjects and Ethics

All critically ill patients admitted to an intensive care unit
(ICU) with a principal diagnosis of sepsis and a documented
RDW were included in this analysis from the eICU Collaborative
Research Database, which is a multicenter ICU database, includ-
ing over 200,000 deidentified admissions of 335 ICUs from 208
hospitals across the USA in 2014 and 2015 [20, 21]. An Institu-
tional Review Board (IRB; Massachusetts Institute of Technolo-
gy, Cambridge, MA, USA) approval exists; therefore, no further
approval was required. The reidentification risk was certified as
meeting safe harbor standards (Privacert, Cambridge, MA, USA;
HIPAA Certification No. 1031219-2). Septic patients in this
study were identified as previously described [22]. We included
only the first admission of each patient and included all patients
with sepsis and a documented RDW value within the first 24 h
after admission.

Statistical Analysis

We extracted baseline characteristics on day 1 if not stated
otherwise explicitly. We expressed continuous data points as me-
dian + interquartile range and differences between independent
groups using the Mann-Whitney U test. Categorical data are giv-
en as numbers (percentage), and the x? test was used to calculate
univariate differences between groups.

The primary exposure was the RDW, both as a continuous
variable and dichotomized into low (<15%) and high (>15%)
RDW (according to the empirical cutoff used in most hospitals
and laboratories). The primary outcome of our analysis was hos-
pital mortality. As secondary outcomes, we evaluated the fre-
quencies of mechanical ventilation, vasopressor use, and acute
kidney injury within 48 h based on the serum creatinine and ac-
cording to Kidney Disease Improving Global Outcomes (KDI-
GO) guidelines, length of stay (in hours), complicated stay de-
fined as length of stay >7 days, and ICU mortality. We used a
multilevel logistic regression analysis to fit a regression model
with the hospital unit as a random effect and RDW as a fixed ef-
fect, as well as two multivariable models adjusting for (1) Acute
Physiology and Chronic Health Evaluation (APACHE) IV and
(2) Sequential Organ Failure Assessment (SOFA) scores. We cal-
culated adjusted odds ratios (aOR) with respective 95% confi-
dence intervals (95% CI).

We performed sensitivity analyses, stratifying patients with
and without septic shock (according to Sepsis-3 criteria), me-
chanical ventilation, vasopressor use, and for gender, age above
and below 65 years, non-Caucasian and Caucasian patients, and
pulmonary versus nonpulmonary focus, as well as patients strat-
ified for hemoglobin and mean cellular volume (MCV). For the
prediction model, which combined RDW and lactate concentra-
tion at admission, we fitted regression coefficients with logistic
regression analysis for hospital mortality. All tests were two-sid-
ed, and a p value of <0.05 was considered statistically significant.
We used Stata/IC 16.1 (StataCorp. 2019, Stata Statistical Soft-
ware: Release 16, College Station, TX, USA: StataCorp. LLC) for
all statistical analyses.
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Table 1. Baseline characteristics in the

total cohort stratified for low (<15%) and

high (>15%) red cell distribution width
(RDW)

Table 2. Outcomes of the total cohort in
uni- and multivariable multilevel logistic

regression analyses

Results

Total Cohort

In total, 16,423 septic patients were included in this
analysis, 7,129 with RDW <15% and 9,294 with RDW

Red Cell Distribution Width and
Mortality in Sepsis

Characteristic RDW <15% RDW >15% p value
(n=7,129) (n=9,294)

Age, years, median (IQR) 66 (54-77) 68 (58-79) <0.001
Age >65 years, % (n) 50 (3,584) 57 (5,334) <0.001
Male sex, % (n) 52(3,693) 50 (4,634) 0.013
BMI, kg/m?, median (IQR) 27 (23-32) 27 (23-33) 0.34

Caucasian, % (n) 81 (5,769) 77 (7,178) <0.001
Septic shock, % (n) 14 (630) 21(1,232) <0.001
Cutaneous focus, % (n) 8 (603) 9 (805) 0.64

Pulmonary focus, % (n) 39(2,812) 37 (3,412) <0.001
Gl focus, % (n) 12 (845) 12(1,144) 0.37

UTl focus, % (n) 24 (1,721) 23(2,168) 0.22

Gynecologic focus, % (n) 0.3 (27) 0.2 (20) 0.052
Other focus, % (n) 6 (394) 7 (636) <0.001
Unknown focus, % (n) 10(727) 12(1,109) <0.001
SOFA score, points, median (IQR) 5(3-7) 6 (4-9) <0.001
APACHE IV score, points, median (IQR) 60 (46-76) 69 (53-87) <0.001
Hemoglobin, g/dL, median (IQR) 11(10-12) 10 (8-11) <0.001
MCV, fL, median (IQR) 92 (88-96) 90 (85-95) <0.001
MCH, pg, median (IQR) 30 (29-32) 29 (27-31) <0.001
MCHC, g/dL, median (IQR) 33(32-34) 32(31-33) <0.001
White blood count, G/L, median (IQR) 13 (9-18) 13 (8-19) 0.52

Platelet count, G/L, median (IQR) 182 (133-243) 183 (119-262) 0.98

Creatinine, mg/dL, median (IQR) 1(1-2) 1(1-3) <0.001
Lactate, mmol/L, median (IQR) 2(1-3) 2(1-4) <0.001
Baseline lactate >2.0 mmol/L, % (n) 39(1,758) 44 (2,669) <0.001

APACHE IV, acute physiology and chronic health evaluation IV; BMI, body mass index;
Gl, gastrointestinal; MCH, mean cellular hemoglobin; MCHC, mean cellular hemoglobin
concentration; MCV, mean cellular volume; SOFA, sequential organ failure assessment; UTI,

urinary tract infection.

Characteristic RDW <15% RDW >15% p value Adjusted
(n=7,129) (n=9,294) p value
Mechanical ventilation,* % (n) 20(1,411) 23 (2,109) <0.001 <0.001
Vasopressor use,* % (n) 26 (1,859) 35(3,207) <0.001 <0.001
LOS >7 days,* % (n) 12 (828) 13(1,251) <0.001 0.39
AKL* % (n) 5(321) 7 (583) <0.001 0.001
Hospital mortality,* % (n) 9 (609) 20(1,853) <0.001 <0.001
ICU mortality,* % (n) 5(382) 12(1,153) <0.001 <0.001

AKI, acute kidney injury; APACHE IV, acute physiology and chronic health evaluation IV;
ICU, intensive care unit; LOS, length of stay; RDW, red cell distribution width. * Multilevel
logistic regression with the hospital unit as random effect and RDW as fixed effect, adjusted
for APACHE IV. ** Multilevel linear regression with the hospital unit as random effect and
RDW as fixed effect, adjusted for APACHE IV.

>15%. Patients with RDW >15% were more often older
than 65 years (57% vs. 50%; p < 0.001), evidenced higher
SOFA (6 pts. vs. 5 pts.; p < 0.001) and APACHE IV (69

pts. vs. 60 pts.; p < 0.001) scores, and suffered from septic
shock more often (21% vs. 14%; p < 0.001) (Table 1).
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Fig. 1. Correlation of predicted hospital mortality based on RDW
values (in %).
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Fig. 2. ROC curves for SOFA score, APACHE IV score,and RDW.
APACHE 1V, acute physiology and chronic health evaluation;
RDW, red cell distribution width; SOFA, sequential organ failure
assessment; ROC, receiver-operating characteristic.

Patients with RDW >15% received mechanical venti-
lation (23% vs. 20%) and vasopressors (35% vs. 26%)
more often and suffered from acute kidney injury to a
greater extent (7% vs. 5%). These findings persisted after
adjustment for APACHE IV score (see Table 2). A pul-
monary focus was more often present in patients with
RDW <15% (39% vs. 37%; p < 0.001). No differences were
found for other specific infectious foci.

RDW as a continuous variable was associated with hos-
pital mortality (aOR 1.18;95% CI: 1.16-1.20; p < 0.001; see
Fig. 1) and remained so after multivariable adjustment for
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APACHEIV (aOR 1.15;95% CI: 1.13-1.17; p < 0.001) and
SOFA scores (aOR 1.13;95% CI: 1.12-1.15; p < 0.001) and
age (aOR 1.18; 95% CI: 1.16-1.20; p < 0.001). Receiver-
operating characteristic curves of SOFA and APACHE IV
scores and RDW are shown in Figure 2. Further, RDW
was associated with ICU mortality (aOR 1.16; 95% CI:
1.14-1.18; p < 0.001), whereas this finding remained sta-
tistically significant after adjustment for both APACHE
IV (aOR 1.12; 95% CI: 1.10-1.14; p < 0.001) and SOFA
scores (aOR 1.10; 95% CI: 1.08-1.12; p < 0.001) and age
(aOR 1.16; 95% CI: 1.14-1.18; p < 0.001).

Patients with RDW >15% exhibited significantly high-
er hospital (20% vs. 9%; p < 0.001) and ICU mortality
(12% vs. 5%; p < 0.001). Both associations remained sta-
tistically significant after adjustment for APACHE IV
and SOFA scores (hospital mortality: aOR 2.12; 95% CI:
1.92-2.35; p < 0.001; ICU mortality: aOR 1.82; 95% CI:
1.62-2.05; p < 0.001) and age.

In the sensitivity analyses, higher mortality rates were
observed in patients in all evaluated subgroups with RDW
>15% (Fig. 3). The AUC for RDW was 0.65 (95% CI:
0.64-0.66) and therefore lower than for APACHE 1V
(AUCO0.77) and SOFA scores (AUC 0.76). However, after
combining the RDW with baseline lactate in a prediction
model, the AUC (0.75; p = 0.05) was similar compared to
both APACHE IV and SOFA scores. The optimal cutoff
for RDW for the prediction of hospital mortality was
15.55%.

Discussion

We found a robust and independent association of
RDW with mortality in septic patients. This finding per-
sisted after adjustment for both APACHE IV and SOFA
scores, as well as in several sensitivity analyses. Compared
with these established intensive care risk parameters,
RDW had a significantly lower prognostic capacity. Nev-
ertheless, it achieved similar prognostic performance to-
gether with lactate in a simple combined model.

This study, based on our knowledge of the published
literature, is the largest study examining the association
of RDW with mortality in septic patients, and its study
cohort is approximately as large as the pooled cohort in
the recent meta-analysis of Zhang et al. [16]. Thus, the
results of our study not only confirm the previous small-
er analyses in septic patients but also add a number of
important aspects to the existing literature.

Furthermore, previous association analyses of RDW
and mortality in septic patients were mainly performed
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Group and name

Effect, 95% ClI

Shock
No
Yes

Sex
Female
Male

Vasopressor
No
Yes

No
Yes

Age strata
<65 years
65-79 years
>80 years

Focus
Non-pulmonary
Pulmonary

Ethnicity
Non-Caucasian
Caucasian

Fig. 3. Forest plot of the sensitivity analy- Hemoglobine

Hb <8

ses, stratifying patients with and without Hb 8-12
septic shock, mechanical ventilation, vaso- Hb >12
pressor use, and for gender, age above and

. MCV
below 65 years, non-Caucasian and Cauca- MCV <80
sian patients, and pulmonary versus non- MCV 80-98
pulmonary focus, as well as patients strati- MCV >98

fied for hemoglobin values and MCV. CI,
confidence interval; Hb, hemoglobin;

Mechanical ventilation

2.64 (2.26, 3.08)
2.60 (2.12, 3.20)

2.87 (2.48.3.51)
2.49 (2.18.2.84)

2.61(2.28, 2.99)
2.37 (2.03, 2.71)

3.11(2.76, 3.51)
2.06 (1.75, 2.42)

3.83 (2.26, 4.51)
2.29 (1.90, 2.75)
1.98 (1.63, 2.41)

3.21(2.76,3.72)
2.20 (1.89, 2.55)

2.74 (2.18,3.43)
2.62 (2.36, 2.90)

2.17 (1.48, 3.17)
2.77 (245, 3.11)
2.76 (2.30, 3.30)

2.29 (1.06, 4.97)
2.77 (247, 3.12)
2.36 (1.95, 3.04)

MCYV, mean cellular volume.

in patients of Asian ethnicity [16], whereas our cohort
consists mainly of Caucasian patients. In the sensitivity
analysis, we also did not find any evidence of a differential
association of RDW with mortality between Caucasian
and non-Caucasian patients. Also, RDW was robustly as-
sociated with mortality in patients with both sepsis and
septic shock, in both sexes and regardless of the infectious
focus.

The possible pathophysiological mechanisms under-
lying the observed robust association of RDW and mor-
tality in septic patients are beyond the scope of this study,
and we can therefore only speculate about it based on the
existing literature [19]. RDW is a marker of anisocytosis
and hence reflects the heterogeneity of erythrocyte vol-
ume [19]. It is significantly associated with the abnormal
erythropoietin production or effectiveness [23, 24].
Cheng et al. [25] reported an association of RDW with
increasing age. In our cohort of septic patients, patients

Red Cell Distribution Width and
Mortality in Sepsis

with high RDW were older; however, the association of
RDW with mortality remained independent of age.

AsRDW is calculated using the MCV, parameters that
alter the MCV can also influence the RDW. As for known
confounders of MCV such as vitamin B12 and folic acid
status, iron status, or the presence of, for example, myelo-
dysplastic disorders, unfortunately we do not have any
data. However, in our study, RDW was associated with
mortality in patients with both low and high hemoglobin
values and also low and high MCV and therefore seems
to be independently associated with mortality regardless
of the underlying hematological process that led to aniso-
cytosis.

The question of whether RDW is a mere marker for
patients at high risk of dying or whether RDW is causally
involved in the pathophysiology of acute disease remains
open. What is evident is that RDW is associated with nu-
merous factors associated with increased biological age
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and thus risk of death, such as shortened telomere length,
chronic low-grade inflammation, renal dysfunction,
blood transfusions, nutritional status, and low serum an-
tioxidant concentrations [17, 26, 27]. Interestingly, in a
study by Fontana et al. [28] on 122 septic patients, no cor-
relation of RDW with microcirculatory alterations was
shown by means of capillary microscopy. Whether there
is, for example, a particular value for tailored treatment
with antioxidants, anti-inflammatory immunomodula-
tors, or high-caloric diet in patients with increased RDW
is beyond our knowledge and should be the subject of fu-
ture investigation. However, given that erythrocytes are
the most abundant cells in the blood, and the essential
role of erythrocytes in various acute and chronic diseases
is just beginning to be understood, we believe that these
associations should at least be considered [29-31]. To
what extent intensive care measures such as use of vaso-
pressors, renal replacement therapy, antimicrobial agents,
therapeutic hypothermia, and so on influence RDW dur-
ing the course of the stay cannot be answered by this
study, which investigates RDW values directly after ICU
admission. Nevertheless, this would be necessary for the
evaluation of RDW as a follow-up parameter, which may
even indicate a therapy response.

Blood transfusions are a relevant measure in critically
ill patients. They also represent a potential confounder in
RDW measurements as they increase RDW values [27,
32]. In this database, unfortunately, we have no informa-
tion regarding transfusions before ICU admission, which
would certainly be the most relevant parameter to address
for this issue. In their work, Fogagnolo et al. [32] were
able to show that RDW is associated with mortality in
critically ill patients independently of red blood cell trans-
fusions. Nevertheless, they found higher ideal RDW cut-
offs for transfused patients (nontransfused patients
14.3%, transfused patients 15.3%). Still, we think that due
to the large number of patients in our study, this bias
would not have significantly affected our results, espe-
cially because septic patients frequently receive initial flu-
id resuscitation with crystalloids, and transfusions often
become necessary during the course.

The AUC of RDW with respect to hospital mortality
was significantly lower than in SOFA and APACHE IV
scores. Yet, in our opinion, RDW has an advantage over
SOFA and APACHE 1V, as it is significantly easier to de-
termine. RDW can be quickly and easily read from the
admission laboratory reports and is also not based on vol-
atile parameters such as blood pressure and heart rate. It
could be a simple but relatively reliable parameter for risk
stratification of septic patients, possibly even before ad-
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mission to the ICU in the emergency department. Never-
theless, it should be noted that our study evaluated only
ICU patients. Since RDW is independently associated
with mortality in septic patients, it could also contribute
to the granularity of established risk scores. It would also
be conceivable to include RDW in possible new versions
of more complex risk scores, or to combine RDW with
clinical parameters to allow rapid and even more accurate
risk stratification.

Lactate is a well-known parameter for risk stratifica-
tion of critically ill patients and an indicator of a general
“alarm state” in the body. Especially in sepsis, persistent
hyperlactatemia despite sufficient fluid resuscitation in-
dicates the presence of septic shock [1]. In particular,
persistent hyperlactatemia and severe hyperlactatemia
(>10 mmol/L) are known indicators of poor outcome
[33]. RDW, like lactate, is a dynamic marker and increas-
ing levels during a stay in the ICU are associated with
higher mortality [26]. It would certainly be interesting to
plan a study that examines the dynamics of both markers
in critically ill patients and combines the prognostic sig-
nificance of persistent hyperlactatemia and increasing
RDW. Of note, in our cohort, the combination of RDW
with lactate yielded an AUC similar to far more complex
prediction tools such as APACHE IV and SOFA scores.
In fact, because the combination of lactate and RDW
could be easily calculated and displayed in laboratory re-
ports, we consider this tool to be advantageous for clini-
cal practice compared with complex risk scores, which
are often difficult to calculate retrospectively in clinical
practice.

Limitations of this study include the fact that data on
the different blood counting analyzers used were not
available. This could have resulted in potential variations
in RDW measurement. Also, we have no information re-
garding transfusions prior to measurement of RDW on
ICU admission. This could have influenced RDW in af-
fected patients.

Conclusions

We demonstrated an association of RDW and mortal-
ity in septic patients. Together with lactate, it shows
equivalent diagnostic performance to complex intensive
care scores such as SOFA score and APACHE IV score.
This model could play a role for rapid, inexpensive, and
pragmatic risk stratification in combination with clinical
judgment.
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