
INTRODUCTION 

The red cell distribution width (RDW), the coefficient of variation 
of the red cell mean corpuscular volume (MCV), is a quantitative 
description of anisocytosis, or variation in red cell size. In general, a 
higher RDW reflects increased red blood cell destruction such as 
in hemolytic disorders and nutritional deficiency conditions, in-
cluding iron, vitamin B12, and folate deficiency.  

Recent studies have shown a strong independent association be-
tween higher RDW and the risks of adverse vascular outcomes in 
patients with various vascular diseases.1) Population studies have 
identified RDW as a predictor of all-cause2) and cardiac mortality.3) 
RDW has also been associated with worsened renal function,4) evi-
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dence of systemic inflammation,5) and poor outcomes in a variety 
of disorders including stroke.6) More recent evidence indicates the 
utility of RDW in predicting not only inflammation but also signif-
icant clinical outcomes, including post-operative mortality.7) A 
higher likelihood of post-operative complications was reported in 
patients with higher RDW. RDW > 14.5% at the time of operation 
was linked to increased 1-year mortality in patients with partial 
prostheses in the setting of hip fractures.7) Moreover, increasing 
RDW quartiles were associated with increased short- and long-
term mortality in patients with hip fractures.8) 

The emerging importance of RDW as a marker of potential 
high-risk patients has also been demonstrated in geriatric popula-
tions. RDW may be a part of risk assessment in older patients un-
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dergoing surgery after a hip fracture.8) Studies in geriatric popula-
tions have also identified RDW as a predictor of all-cause mortali-
ty,9) as well as mortality in patients with ischemic stroke treated 
with intravenous thrombolysis,10) older patients with sepsis11) and 
in older patients undergoing non-cardiac surgery.12) 

The present study explored the prognostic potential of RDW for 
rehabilitation by investigating the associations between RDW and 
short-term functional outcomes among older patients hospitalized 
for rehabilitation. 

MATERIALS AND METHODS 

Setting and Study Design 
Data were collected over a 6-month period at the Fliman Rehabili-
tation Geriatric Hospital (a 150-bed public geriatric facility affiliat-
ed with the Technion - Israel Institute of Technology, Medical 
School in Haifa, Israel. This study included all patients over 65 
years of age admitted consecutively to the five geriatric rehabilita-
tion wards. The only exclusion criteria were non-ambulatory status 
before hospitalization and unwillingness to participate. We ob-
tained approval for the study from our local institutions and the 
Ministry of Health Helsinki committee. The study protocol was 
approved by the Institutional Review Board at Fliman Geriatric 
Hospital (No. 920150002). 

Patient hemoglobin levels, MCV, and RDW were measured on ad-
mission. When more than two RDW measurements were available, 
the second was taken as the last RDW measurement during hospital-
ization. Anemia was defined as hemoglobin levels <13 g/dL in men 
and 12 g/dL in women, based on the World Health Organization 
criteria.13) RDW was reported as the coefficient of variation (in 
percent) of red blood cell volume. The normal range for RDW in 
our laboratory is 11.5% to 14.5%. We divided the patients into 
high ( > 14.5%) or normal ( ≤ 14.5%) RDW groups based on mea-
surements on admission. 

Data Collection and Outcome Measures 
We approached all potential participants in the hospital and as-
signed them to groups after the baseline evaluation. Patients were 
analyzed in three subgroups: namely, the stroke group (patients 
hospitalized for stroke rehabilitation), orthopedic group (patients 
hospitalized for orthopedic rehabilitation), and deconditioning 
group (patients hospitalized after deconditioning for general reha-
bilitation). 

Baseline information was gathered during in-person interviews 
to ascertain ambulatory function just before hospitalization and 
associated comorbidities and to perform cognitive screening as-
sessment. We applied the Clinical Dementia Rating (CDR) scale 

to assess cognitive impairment.14) Comorbid conditions were de-
termined from the participant or proxy respondent (in interviews) 
and from medical records using a list derived from the Charlson 
Comorbidity Index.15) 

In the stroke group, details of the stroke were gathered at the 
time of inclusion, including the National Institutes of Health 
Stroke Scale (NIHSS) score at arrival in the emergency room. The 
Functional Independence Measure (FIM) was the primary study 
outcome measure. The FIM is a performance-based disability 
measure that assesses the level of disability in terms of assistance 
required to perform basic activities of daily living.16) The FIM con-
sists of 18 items designed to assess the amount of assistance re-
quired for safely performing self-care (6 items), sphincter control 
(2 items), transfers (3 items), locomotion (2 items), communica-
tion (2 items), social adjustment and cooperation (3 items), and 
cognition and problem-solving (3 items). Good reliability and va-
lidity have been demonstrated in studies involving orthopedic 
conditions, older adults, and individuals with cognitive impair-
ment. The validity and reliability of the FIM were also established 
specifically among adults receiving inpatient rehabilitation.15) We 
also used the FIM motor score (13 items) because previous stud-
ies have reported low responsiveness for the FIM cognition 
score.16) The FIM was completed by trained nurses at admission 
and discharge from rehabilitation. The rate of functional gain (FIM 
efficiency) was calculated as the total FIM change (discharge FIM 
score minus the admission FIM score) divided by the length of re-
habilitation stay (days). 

Statistical Analysis 
Baseline characteristics were examined to determine pre-hospital-
ization functional status, comorbidities, and health status. Categor-
ical data are presented as proportions. Chi-square tests were used 
to compare differences in categorical variables. The primary analy-
sis examined recovery over time as measured according to FIM 
and FIM motor scores. We examined functional recovery at each 
evaluation point (admission and discharge) using all participants 
available at that time point. The overall changes within groups 
were examined by paired-sample t-test or Wilcoxon signed-rank 
test, while differences in changes between groups were assessed by 
independent sample t-test or Mann–Whitney U test. To test the 
associations between possible confounders and FIM measures, a 
multiple regression analysis was performed using possible con-
founders (congestive heart failure and baseline hemoglobin, albu-
min, and creatinine levels) with variables entered in a single stage. 
The p-value for statistical significance level was less than 0.05. 
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RESULTS 

Data were available for 231 patients admitted, including 50 patients 
in the stroke group, 125 patients in the orthopedic group, and 56 in 
the deconditioning group. The demographic characteristics and 
clinical data of these patients are shown in Table 1. 

We observed no significant differences in mean age or sex pro-
portions between groups. In the stroke group, the baseline hemo-
globin level was higher in patients with normal RDW compared to 
that in patients with high RDW (13.2 ± 1.9 vs. 11.3 ± 1.9 g/dL). 
Moreover, patients in the stroke group with normal RDW had a 
significantly higher albumin level, lower creatinine level, of better 
cognitive status (CDR). In the orthopedic group, patients with 
normal RDW had a significantly higher baseline hemoglobin level 
and lower Charlson Comorbidity Index. In the deconditioning 
group, patients with normal RDW had a significantly higher base-
line hemoglobin level, lower Charlson Comorbidity Index, and 
higher percentage of patients with cancer. 

In the stroke group, total and motor FIM changes were signifi-
cantly higher in the low RDW group (32.4 ± 18.2 vs. 18.1 ± 12.9 
and 26.5 ± 16.0 vs. 15.2 ± 13.1, respectively; p = 0.012 and 
p = 0.028, respectively); additionally, these patients had higher to-
tal (1.17 ± 0.88 vs. 0.57 ± 0.62; p = 0.015) and motor (0.99 ± 0.74 
vs. 0.47 ± 0.58; p = 0.027) FIM efficiency scores compared to 
those in the high RDW group (Table 2). In contrast, in the ortho-
pedic and deconditioning groups, we observed no significant dif-
ferences in FIM gains and efficiency between the high and low 
RDW groups. 

As the group of stroke patients with normal RDW had a lower 
prevalence of anemia, higher albumin levels, and lower creatinine 
levels, we performed multiple linear regression analysis to test for 
predictors of high FIM change and FIM efficiency scores. As the 
confounders included as covariates are influenced by age, we 
checked and found no multicollinearity (Table 3). Our results sug-
gested that high RDW was not independently associated with 
worse total and motor FIM change scores (β coefficient = -4.76, 
p = 0.47 and β coefficient = -2.47, p = 0.68, respectively). High 
RDW was also not independently associated with worse total and 
motor FIM efficiency scores (β coefficient = -0.18, p = 0.58 and β 
coefficient = -0.10, p = 0.72, respectively). None of the other vari-
ables tested, including age, sex, congestive heart failure, and base-
line hemoglobin, albumin, and creatinine levels were predictive of 
higher FIM change or efficiency. 

DISCUSSION 

The present prospective study of a consecutive cohort of patients 

hospitalized for rehabilitation focused on the relationship between 
RDW and rehabilitation outcome as assessed by FIM score. The 
results showed significant differences in functional gains during re-
habilitation between patients with normal and high RDW hospi-
talized for stroke rehabilitation. We found that high RDW was as-
sociated with small gain and low efficiency of total and motor FIM  
during rehabilitation. The association between high RDW and 
functional gains was not observed in other rehabilitation patients 
(orthopedic and deconditioning). To our knowledge, this is the 
first study to compare the effects of high RDW on rehabilitation 
outcomes in these patients and to suggest its negative effects on 
functional outcomes. These results did not remain statistically sig-
nificant after multiple regression analysis accounting for the effects 
of confounders including age, sex, and baseline hemoglobin, albu-
min, and creatinine levels. This finding supports the assumption 
that high RDW is not an independent risk factor of rehabilitation 
outcomes in stroke patients. 

Most previous investigations of RDW in stroke patients were 
retrospective studies in patients with acute ischemic stroke that an-
alyzed RDW as a predictor of long-term mortality.6,17) Among pa-
tients with ischemic stroke, higher RDW was predictive of higher 
mortality. Previous studies reported an association between higher 
RDW and worse functional outcome 3 months6) and 1 year10) after 
the stroke; however, the relative weights of mortality and rehabili-
tation on that outcome from these studies remain unclear. 

Despite our finding that high RDW was associated with small 
gain and low efficiency of total and motor FIM during rehabilita-
tion in stroke patients multiple linear regression analysis did not 
support its role as a specific predictor of stroke rehabilitation out-
come. We propose that the role of RDW as a predictor of success-
ful rehabilitation is not specifically implicated in the pathogenesis 
or process of stroke and that it should instead be interpreted as a 
general prognostic marker as it was associated with mortality in the 
general population,9) patients with ischemic heart disease,18) and 
those with metabolic syndrome19) and heart failure, among others. 
Other factors, including oxidative stress, impaired iron mobiliza-
tion, inflammation, undernutrition, and impaired renal function 
are some of the pathophysiological mechanisms postulated as me-
diators of the association between elevated RDW and clinical end-
points.4,5,18,20) 

The underlying mechanisms by which RDW predicts adverse 
clinical endpoints remain unknown. Red blood cell transports ox-
ygen to tissues such as peripheral muscle. Increased RDW signifies 
increased numbers of red blood cells with incomplete oxygen 
binding to hemoglobin such as premature erythrocytes in iron de-
ficiency anemia. Higher RDW levels may affect oxygen transport 
capacity, resulting in adverse clinical outcomes.21) Recent studies 
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demonstrated inverse correlations between peak oxygen uptake 
and RDW, with peak oxygen uptake increasing and RDW decreas-
ing before and after exercise training.22) A previous study showed 
that higher RDW levels were related to impaired exercise capacity 
and that exercise training decreased RDW in patients with chronic 
heart failure.23) These findings suggest that the mechanisms of 
RDW as a predictor of adverse clinical endpoints may be connect-
ed to erythrocyte proliferation in the bone marrow. 

The mechanisms underlying the association between RDW and 
outcome of stroke rehabilitation but not in orthopedic or decon-
ditioning rehabilitation are not fully understood. We hypothesize 
that, because erythropoiesis is affected by numerous chronic dis-
ease factors including inflammation, kidney diseases, malignancies, 
autoimmune diseases as well as oxidative stress and different acute-
phase inflammatory markers, RDW mirrors chronic disease (as re-
flected in our data) and may, thus, be viewed as a nonspecific but 
outcome-relevant “chronic disease marker”. Such a marker may be 
better reflected in chronic atherosclerotic patients, such as those 
with stroke. 

Previous studies have analyzed the effects of RDW on survival. 
Most studies reporting the relationship between RDW and age 
found that a higher RDW was consistently associated with older 

age, which is a major determinant of survival. Assessment of the 
interaction between these variables revealed that the role of RDW 
in predicting mortality depends on age and confirmed the associa-
tion between higher RDW values and increased mortality in most 
cases in older patients. This important bias needs to be addressed 
in studies analyzing the effect of RDW on survival. 

The strengths of the present study are its prospective design in-
cluding a large sample of patients who had experienced a stroke 
and underwent a rehabilitation program in a ward dedicated to the 
rehabilitation of older stroke patients. To the best of our knowl-
edge, this study is the first to focus on the specific role of RDW val-
ue in rehabilitation. Another strength of the study was the use of 
the FIM as a structured assessment tool. This scale has benefits 
over other widely used scales.24,25) The use of the FIM to analyze 
our data was advantageous as it shows lower ceiling and floor ef-
fects compared to those of other scales. Thus, the FIM likely mea-
sured the functional gains during rehabilitation with greater accu-
racy. 

However, this study also has several limitations that should be 
considered. First, the study cohort was restricted to older patients 
hospitalized for rehabilitation. Assessing the possibility that RDW 
value may provide prognostic information for rehabilitation only 

Table 2. Functional recovery of the participants (high vs. normal RDW) over time (unadjusted associations)

Variable
Stroke group (n =  50) Orthopedic group (n = 125) Deconditioning group (n =  56)

Normal RDW 
(n = 37)

High RDW 
(n = 13) p-value Normal RDW 

(n = 65)
High RDW 

(n = 60) p-value Normal RDW 
(n = 21)

High RDW 
(n = 35) p-value

Total FIM change 32.4 ± 18.2 18.1 ± 12.9 0.012 25.8 ±  13.0 17.6 ± 14.0 0.111 29.4 ± 16.1 26.0 ± 17.8 0.530
Motor FIM change 26.5 ± 16.0 15.2 ± 13.1 0.028 21.9 ± 11.9 25.4 ± 12.3 0.113 25.4 ± 13.5 20.2 ± 13.8 0.160
Total FIM efficiency 1.17 ± 0.88 0.57 ± 0.62 0.015 0.94 ± 0.70 0.93 ± 0.65 0.800 1.17 ± 1.00 0.86 ± 0.77 0.120
Motor FIM efficiency 0.99 ± 0.74 0.47 ± 0.58 0.027 0.80 ± 0.70 0.78 ± 0.56 0.860 1.02 ± 0.86 0.65 ± 0.57 0.210

Values are presented as mean±standard deviation.
RDW, red cell distribution width; FIM, Functional Independence Measure.

FIM efficiency =                                                                      .

Table 3. Associations between baseline characteristics and study outcomes in the stroke group (normal and high RDW, adjusted analyses)

Characteristic
Total FIM change Total FIM efficiency Motor FIM change Motor FIM efficiency

β coefficient  
(95% CI)

p-value β coefficient  
(95% CI)

p-value β coefficient  
(95% CI)

p-value β coefficient  
(95% CI)

p-value

High RDW -4.76 (17.90, 8.40) 0.47 -0.18 (-0.83, 0.47) 0.58 -2.47 (-14.38, 9.44) 0.68 -0.10 (-0.64, 0.45) 0.72
Female 4.65 (-6.00, 15.30) 0.38 0.27 (-0.26, 0.79) 0.31 2.67 (-6.97, 12.31) 0.58 0.22 (-0.22, 0.67) 0.31
Age 0.0003 (-0.67, 0.67) 0.99 -0.002 (-0.04, 0.03) 0.92 -0.14 (-0.75, 0.47) 0.65 -0.006 (-0.03, 0.02) 0.65
CHF -12.15 (-25.65, 1.35) 0.08 -0.48 (-1.14, 0.19) 0.15 -10.35 (-22.57, 1.87) 0.09 -0.44 (-0.99, 0.13) 0.13
Baseline hemoglobin 1.44 (-2.05, 4.92) 0.41 0.035 (-0.14, 0.21) 0.68 1.60 (-1.56, 4.74) 0.32 0.04 (-0.10, 0.18) 0.59
Albumin 3.82 (-9.53, 17.17) 0.57 0.27 (-0.39, 0.93) 0.41 2.27 (-9.82, 14.36) 0.71 0.18 (-0.38, 0.73) 0.52
Creatinine 0.33 (-3.83, 4.48) 0.88 -0.041 (-0.25, 0.16) 0.69 -0.30 (-4.06, 3.46) 0.87 -0.06 (-0.23, 0.11) 0.49

RDW, red cell distribution width; FIM, Functional Independence Measure; CI, confidence interval; CHF, congestive heart failure.
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in this cohort excluded a number of community-dwelling older 
adults and younger people who experienced a stroke but were not 
hospitalized in an institution dedicated to stroke rehabilitation. 
Second, although the natural history of functional recovery was 
described, the mediators of improvement cannot be concluded. 
For example, whether rehabilitation therapy or expertise were sim-
ilar between groups was unknown, although we compared the 
time, in days, that patients spent in rehabilitation and in our hospi-
tal. Such patients usually receive the same rehabilitation program.

In conclusion, older patients with high RDW before being hos-
pitalized for stroke rehabilitation had less recovery of functional 
status compared to adults who suffered a stroke but had normal 
RDW. However, high RDW was not an independent risk factor for 
rehabilitation outcomes. 
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