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Abstract

Purpose—Recent evidence suggests that red cell distribution width (RDW) is associated with 

mortality in mixed cohorts of critically ill patients. Our goal was to investigate whether elevated 

RDW at initiation of critical care in the intensive care unit (ICU) is associated with 90-day 

mortality in surgical patients.

Methods—We performed a retrospective, single-center cohort study. Normal RDW was defined 

as 11.5%–14.5%. To investigate the association of admission RDW with 90-day mortality, we 

performed a logistic regression analysis, controlling for age, sex, race, body mass index, Nutrition 
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Risk Screening 2002 score, Acute Physiology and Chronic Health Evaluation II score, hospital 

length of stay, as well as levels of creatinine, albumin, and mean corpuscular volume.

Results—500 patients comprised the analytic cohort; 47% patients had elevated RDW and 

overall 90-day mortality was 28%. Logistic regression analysis demonstrated that patients with 

elevated RDW had a greater than two-fold increased odds of mortality (OR 2.28: 95%CI 1.20–

4.33) compared to patients with normal RDW.

Conclusions—Elevated RDW at initiation of care is associated with increased odds of 90-day 

mortality in surgical ICU patients. These data support the need for prospective studies to 

determine whether RDW can improve risk stratification in surgical ICU patients.

Keywords

RDW; red cell distribution width; mortality; ICU; critical care

INTRODUCTION

In the United States, nearly 25% of healthcare resources are spent on 6% of people who die 

in a given year, with roughly 20% of all deaths occurring in the ICU or shortly thereafter. 

[1–3] As such, critical care is an expensive, yet important, setting that is a target for cost 

containment. [4,5] One approach to strategically improve the cost-effectiveness of ICU care 

has been the use of mortality prediction scores, such as the Acute Physiologic and Chronic 

Health Evaluation (APACHE) II, [6] the Simplified Acute Physiology Score (SAPS), [7] and 

the Sequential-Related Organ Failure Assessment (SOFA), [8] to guide the utility of often 

resource-heavy interventions. These scoring tools attempt to quantify the degree of baseline 

comorbidities and acute organ dysfunction to create an individualized, objective assessment 

of mortality risk. [9,10] Given their potential to influence medical decision-making, the 

addition of variables or biomarkers to improve upon these predictive scores is of great 

interest to clinicians. [11,12] One such variable, which has lately received increasing 

attention, is red cell distribution width (RDW). [13,14]

RDW is widely available to clinicians, given that it is routinely reported as a part of the 

complete blood count (CBC). [15] Typically only utilized either in the differential diagnosis 

of anemia, [16,17] or thought of as a surrogate marker for systemic inflammation, [15,18–

20] elevated RDW has recently been shown to be associated with all-cause mortality in both 

community-dwelling individuals as well as hospitalized patients. [15,19–21] Furthermore, 

recent evidence suggests that RDW is associated with mortality in critically ill patients; 

however, these studies focused on either medical or mixed (surgical and medical) cohorts of 

intensive care unit (ICU) patients. While medical ICU patients typically have underlying 

chronic diseases that may confound the observed relationship between RDW and mortality 

(and which may be difficult to adequately adjust for in multivariable regression analyses), 

data on surgical patients, who generally have a lower burden of chronic illness, is sparse. 

Therefore, our goal was to investigate the association between RDW on ICU admission and 

90-day mortality in a cohort of critically ill surgical patients.
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METHODS

Data Source

We performed a retrospective analysis of data from an ongoing Partners Human Research 

Committee (local Institutional Review Board) approved prospective study of nutrition in 

critical illness. Our cohort was comprised of patients from two, 18-bed surgical ICUs at the 

Massachusetts General Hospital (MGH) from 2012 to 2014. MGH is a 1,054-bed, teaching 

hospital, which is a major referral center, providing tertiary care for the residents of eastern 

Massachusetts and the surrounding areas.

Inclusion and exclusion criteria

For the parent cohort, we included all adult patients (>17 years) admitted to the surgical 

ICU, who were expected to require >48 hours of critical care, and in whom the use of enteral 

and/or parenteral nutrition was anticipated. For the present study, we limited our analysis to 

include patients between October 01, 2012 through September 30, 2014, in whom a 

complete CBC was obtained within one hour of ICU admission (Figure 1). All admissions 

originated either from the MGH operating rooms, emergency department, or were 

transferred from non-ICU floors. Only patients with RDW assessed within one hour of ICU 

admission were considered for study inclusion. Patients with a known history of chronic 

anemia (defined as either documented serial hematocrits <25% during outpatient care or a 

formal diagnosis of chronic anemia, iron deficiency anemia, or vitamin b12 deficiency 

anemia on the admission problem list) were excluded, given these common forms of anemia 

are associated with elevations in RDW. [22,23] We further excluded patients who were either 

pregnant, immediately post-partum, immediate post-transplant recipients, or had received 

any units of packed red blood cells (PRBCs) up to four hours before and after the time of 

ICU admission. Moreover, to minimize confounding from chronic illness or ongoing care in 

a healthcare facility, we excluded patients who had been transferred from another ICU, had 

another ICU admission within one year of the current hospitalization, were residents of a 

long-term care facility, or had been on chronic dialysis.

Primary exposure and outcomes

Our primary exposure of interest was RDW, measured within one hour of admission to the 

surgical ICU. Normal RDW was defined as 11.5%–14.5%. [24] Our primary outcome of 

interest was 90-day mortality after ICU admission, and was verified by review of individual 

medical records and cross-referencing each record with the Social Security Death Master 

File.

Covariates

Each electronic medical record was reviewed to abstract information for the following 

covariates: 1) age; 2) sex; 3) race; 4) body mass index (BMI); 5) Nutrition Risk Screening 

2002 (NRS2002) score; 6) Acute Physiologic and Chronic Health Evaluation II (APACHE 

II) score; 7) hospital length of stay (LOS); 8) creatinine; 9) albumin; 10) mean corpuscular 

volume (MCV); and 11) C-reactive protein (CRP).
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Statistical analysis

Descriptive statistics were calculated for patients with elevated RDW (>14.5%) vs. those 

with RDW within normal limits (11.5%–14.5%). Continuous variables are reported as 

means with standard deviations (SDs) or medians with interquartile ranges (IQRs), and 

compared using t-tests of log-rank tests, respectively. Categorical variables are expressed as 

proportions and compared using chi-squared tests.

To investigate the association of admission RDW with 90-day mortality, we performed a 

logistic regression analysis, while controlling for biologically plausible covariates, which 

included: age, sex, race, BMI, NRS 2002 score, APACHE II score, hospital LOS, as well as 

admission levels of creatinine, albumin, MCV, and CRP (in the subset of patients who had 

levels drawn within one hour of ICU admission). For the analyses, RDW (elevated vs. 

normal), 90-day mortality (dead vs. alive), sex (female vs. male), and race (non-white vs. 

white) were considered as dichotomous variables, while all others were considered as 

continuous variables. Model calibration was assessed for goodness of fit using the Hosmer-

Lemshow test. Furthermore, we used locally weighted scatterplot smoothing (LOWESS), to 

graphically depict the relationship between RDW and 90-day mortality. LOWESS is a type 

of nonparametric regression that can be used to summarize the association between two 

variables utilizing relatively few assumptions regarding the strength or form of the 

relationship. [25,26]

Based on previous studies on the relationship between RDW and mortality in mixed 

(surgical and medical) ICU cohorts, we assumed that 90-day mortality in patients with 

elevated RDW at initiation of critical care would be 45% and 25% in those with normal 

RDW. [14] With alpha set at 0.05, a minimum of 118 patients would be required in each 

group to detect this difference with a power of 90% in the present study. We performed all 

analyses using STATA 13.0 (stataCorp LP, College Station, TX). A 2-tailed P value <0.05 

and a 95% confidence interval (CI) that did not span 1 for odds ratio (OR) was considered 

statistically significant.

RESULTS

Our analytic cohort was comprised of 500 patients. On admission to the surgical ICU, 53% 

(n=263) had an RDW within normal range, while 47% (n=237) had elevated RDW. The 

overall mortality in our cohort was 28% (n=140). The main characteristics of the study 

cohort are shown in Table 1.

Logistic regression analysis was used to investigate the association of admission RDW with 

90-day mortality, while controlling for age, sex, race, BMI, NRS 2002 score, APACHE II 

score, hospital LOS, creatinine, albumin, and MCV. Using this model, we demonstrated a 

greater than two-fold odds of mortality in patients with RDW >14.5% compared to patients 

with RDW between 11.5%–14.5% (OR 2.28: 95%CI 1.20–4.33; p=0.012). Additional 

covariates found to be independently associated with 90-day mortality in this model were 

age (OR 1.05: 95%CI 1.02–1.08; p<0.001) and APACHE II score (OR 1.08: 95%CI 1.04–

1.12; p<0.001). The adjusted model demonstrated good calibration (Hosmer-Lemeshow; 

p=0.64). Furthermore, admission CRP levels were available in 300 out of the 500 patients in 
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the analytic cohort. Logistic regression analysis to investigate the association of admission 

RDW with 90-day mortality in these 300 patients using the same model as described above, 

with the addition of CRP as a covariate, demonstrated a twenty fold greater odds of 

mortality in patients with elevated RDW compared to patients with normal RDW (OR 19.65: 

95%CI 1.58–244.21; p=0.021). The fully adjusted model continued to demonstrate 

acceptable calibration (Hosmer-Lemeshow; p=0.12).

LOWESS curve analysis, shown in Figure 2, demonstrated a near linear relationship 

between RDW and the cumulative frequency of 90-day mortality between RDW levels of 

12.5%–17.5%. On either side of this range, the curve appears significantly flatter, with 

virtually no additional cases of mortality at RDW values of 25% and higher.

DISCUSSION

In this study, we investigated whether RDW at initiation of care was associated with 

mortality in critically ill surgical patients. Our data suggests that elevated admission RDW is 

associated with an increased risk of 90-day mortality in surgical ICU patients. Moreover, our 

data suggest that this relationship exists independent of the systemic inflammation that 

typically accompanies critical illness. However, given the retrospective nature of our study, 

these results should be considered as hypothesis generating in that they do not establish 

causation. Nonetheless, the biological plausibility of this relationship is undeniable.

RDW represents the size variance in circulating erythrocytes and becomes elevated during 

any physiologic process that upregulates erythropoiesis, causing an increased release of 

immature RBCs into circulation. [15,20] Increased systemic inflammation is the major 

theorized mechanism that leads to higher cell size heterogeneity. [15,17] Inflammation not 

only hinders the survival of erythrocytes, but also deforms RBC membranes. [15,20] In turn, 

this impedes the ability of erythrocytes to mature, leading to enhanced reticulocytosis. 

[15,17,27] RDW then increases as a result of naïve reticulocyte disbursement into the 

periphery. [15,17,27] Inflammation, however, is not the only theorized mechanism behind 

elevations in RDW in the acute care setting. Stress erythropoiesis, a response to acute 

physiologic strain mediated by hypoxia and endogenous stress-related compounds such as 

glucocorticoids and stem cell factor, results in increased RBC production. [28–30] During 

acute physiologic stress, endogenous release of glucocorticoids is amplified, which in turn 

stimulates erythropoietin receptors (EpoR) to augment RBC production. [31,32] 

Glucocorticoids also directly interact with c-kit, the receptor for stem cell factor, a cytokine 

that directly attenuates the differentiation of erythroid progenitors. [29,31] Altered 

differentiation of RBCs likely leads to sustained proliferation of naïve erythrocytes, which 

may further compound derangements in RDW. As such, the ability to maintain RDW within 

normal limits or to rapidly normalize levels after acute critical illness may be a reflection of 

host resilience, thereby indicating the ability to respond and adapt appropriately to 

physiologic stress.

Recent studies have shown that elevated RDW is associated with mortality in patients 

suffering from a variety of underlying ailments, such as respiratory illnesses, [33–35] 

cardiovascular disorders, [18,36] and septic shock [27,37] compared to those with RDW 
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within normal limits. Specific to general critical illness, a number of studies have 

investigated the association of RDW and mortality in this cohort of patients. Loveday et al. 

(n=708), [13] and Meynaar et al. (n=2915), [38] both retrospectively investigated the 

association of RDW at the outset of acute illness with mortality in mixed (surgical and 

medical) ICU cohorts, and demonstrated that the highest elevations in RDW (>15.8% and 

>49.7 fl, respectively) had the most significant increase in odds of mortality compared to 

patients with RDW within normal limits (OR 2.62: CI 95% 2.39–2.88, p<0.0001 and OR 

3.73: CI 95% 2.79–5.18, p<0.001, respectively). Furthermore, a large, multicenter, 

retrospective observational study in a mixed ICU cohort (n=51,413), confirmed these results, 

demonstrating a nearly 3-fold higher odds of 30-day mortality in those in the highest RDW 

quintile (adjusted OR 2.61: 95% CI 2.37–2.86, p<0.001) compared to those in the lowest 

quintile. [20] To add to this body of evidence, Purtle et al., investigated the association of 

RDW at hospital discharge after surviving critical illness and mortality in a large, multi-

center retrospective analysis (n=43,212), and demonstrated a near 5-fold higher odds of 1-

year mortality in patients with the highest RDW quintile (OR 4.86: 95% CI, 4.36–5.41, p < 

0.001) compared to those in the lowest quintile. [39] And finally, Wang et al. prospectively 

investigated the association between elevated RDW and ICU mortality in a medical ICU 

cohort (n=602), which demonstrated that individuals with an RDW one standard deviation 

above normal had a 78% higher odds of mortality compared to those with RDW within the 

normal range (OR 1.78: 95% CI 1.475–2.158, p<0.001). [15] The results of our study build 

upon the current literature, and highlight a strong association between admission RDW and 

mortality specifically in surgical ICU patients, despite controlling for systemic inflammation 

and other relevant covariates.

Although our results are interesting, it is important to discuss the limitations of our analyses. 

Observational studies are inherently limited given that they may not be able to control for 

reverse causation, bias, or a lack of randomly distributed exposure. Moreover, our study 

cohort was derived from a single, large teaching hospital, which serves as a referral center 

for medically complex cases, thereby potentially limiting the generalizability of our 

findings. Although our analyses controlled for several clinically and biologically relevant 

confounders, there may remain unaccounted variables for which we are unable to fully 

adjust. Specifically, we were unable to adjust for transferrin saturation levels, as iron 

deficiency anemia is a common cause of elevated RDW. We were however able to control 

for MCV in our analysis, which enabled us to indirectly adjust for iron deficiency 

(microcytic anemia) [22] and vitamin B12 deficiency (macrocytic anemia). [23] In addition 

to this, although we were able to include the NRS 2002 scores, BMI, and albumin levels in 

our analysis, we may have been unable to fully adjust for nutritional status. Moreover, 

elevations in RDW may have resulted from several other factors, for which we were also 

unable to control, such as bone marrow dysfunction, exogenous corticosteroids use, smoking 

status, and the expression of various inflammatory mediators (e.g. cytokines). Likewise, we 

were unable to include reticulocyte count in our analyses, since it was not readily available 

for the majority of our patients. Furthermore, we were unable to adjust for functional status 

at hospital discharge, the variability in care patients received after discharge from the ICU as 

well as from acute care hospitalization, and compliance to medications and rehabilitation 

after hospital discharge. Finally, our enrollment criteria did not necessarily exclude patients 
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that may have received PRBCs more than 4-hours before ICU admission. However, in 

patients who require a high volume of blood product transfusions, a 4-hour transfusion free 

window prior to ICU admission is unlikely. Nonetheless, these and other issues will need to 

be addressed in future studies to verify and build upon our results.

CONCLUSION

In our cohort of surgical ICU patients, elevated RDW at initiation of critical care was 

associated with increased risk of 90-day mortality, a relationship that persisted even after 

controlling for systemic inflammation. Although inflammation has largely been accepted as 

the mechanism for elevated RDW in chronic disease states, acute changes in RDW may be 

attributed to stress erythropoiesis, a physiologic response that is analogous to white blood 

cell demargination. Our data supports the need for future studies to verify the biological 

processes that lead to elevations in RDW in early critical illness and to determine whether 

changes in RDW may serve as a proxy for host resilience. A more comprehensive 

understanding of this routine laboratory value may influence future clinical decision-making 

and may help to improve the quality of ICU care.
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Figure 1. 
Patient exclusion flow diagram. CBC = complete blood count, RDW = red cell distribution 

width, ICU = intensive care unit
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Figure 2. 
Locally weighted scatterplot smoothing curve analysis demonstrated a near-linear 

relationship between red cell distribution (RDW) and cumulative frequency of 90-day 

mortality over a RDW range of 12.5%–17.5% in critically ill surgical patients (n=500).
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Table 1

Baseline characteristics of adult surgical intensive care unit patients (n=500) to investigate the association of 

red cell distribution width at initiation of critical care and 90-day mortality.

RDW: >14.5%
(n = 237)

RDW: 11.5%–14.5%
(n = 263)

P-
value

Age (years) 65 ± 16 60 ± 18 0.001

Sex (%) 0.28

  Female 20 17

  Male 27 36

Race (%) 0.78

  Non-white 20 24

  White 27 29

BMI (kg/m2) 28 ± 7 27 ± 6 0.09

NRS 2002 5 ± 1 4 ± 1 <0.001

DCCI 3 ± 3 3 ± 3 -

APACHE II 19 ± 9 16 ± 8 <0.001

Creatinine (mg/dL) 1.6 ± 1.5 1.2 ± 2.1 0.01

Albumin (g/dL) 3.0 ± 0.7 3.3 ± 0.7 <0.001

MCV (fL) 90 ± 9 90 ± 7 -

CRP* (mg/L) 135 ± 94 132 ± 90 0.78

RDW (%) 17.1 ± 4.3 13.5 ± 0.7 <0.001

Hospital LOS (days) 23 (14–40) 21 (13–33) 0.07

90-day mortality (%) 0.01

  Alive 28 44

  Dead 19 9

RDW = red cell distribution width; BMI = body mass index; NRS = Nutrition Risk Screening; DCCI = Deyo-Charlson Comorbidity Index; 
APACHE = acute physiologic and chronic health evaluation; MCV = mean corpuscular volume; CRP = C-reactive protein; LOS = length of stay. 
Data are presented as either mean ± standard deviation, median (interquartile range), or proportions, and compared using t-tests, log-rank tests, and 
chi-square tests, respectively. Statistically significant p-values are shown in bold.

(*) Data for CRP is based on the 300 patients in whom levels were measured at initiation of critical care
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