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Objectives: The purpose of the present study was to evaluate the association between the red 

blood cell distribution width (RDW) and the Glasgow Coma Scale (GCS), Canadian Neuro-

logical Scale (CNS), and National Institutes of Health Stroke Scale (NIHSS) scores in patients 

who had acute ischemic stroke.

Methods: This prospective observational cohort study included 88 patients who have had acute 

ischemic stroke and a control group of 40 patients who were evaluated in the Emergency Depart-

ment for disorders other than acute ischemic stroke. All subjects had RDW determined, and 

stroke patients had scoring with the GCS, CNS, and NIHSS scores. The GCS, CNS, and NIHSS 

scores of the patients were rated as mild, moderate, or severe and compared with RDW.

Results: Stroke patients had significantly higher median RDW than control subjects. The 

median RDW values were significantly elevated in patients who had more severe rather than 

milder strokes rated with all three scoring systems (GCS, CNS, and NIHSS). The median RDW 

values were significantly elevated for patients who had moderate rather than mild strokes rated 

by GCS and CNS and for patients who had severe rather than mild strokes rated by NIHSS. 

The area under the receiver operating characteristic curve was 0.760 (95% confidence interval, 

0.676–0.844). Separation of stroke patients and control groups was optimal with RDW 14% 

(sensitivity, 71.6%; specificity, 67.5%; accuracy, 70.3%).

Conclusion: In stroke patients who have symptoms ,24 hours, the RDW may be useful in 

predicting the severity and functional outcomes of the stroke.
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Introduction
The red blood cell distribution width (RDW) is a measure of the variation of red blood 

cell volume. The RDW is the variation coefficient of the standard deviation of the curve 

of red blood cell volume distribution. It is a parameter that is easily and inexpensively 

determined by automated flow cytometry as part of a complete blood count. The normal 

values of RDW range between 11.5% and 14.5%.1,2 The RDW is a measure of the 

variation of red blood cell volume and is used in the differentiation of anemias, and 

high RDW values occur when there is wide variation in the morphology and size of red 

blood cells.3 High RDW levels may be observed in various disorders such as hemolysis 

that causes premature release of reticulocytes, iron deficiency, vitamin B
12

 deficiency, 

folic acid deficiency, and ineffective hematopoiesis with reduced release of erythrocytes 

from the bone marrow. The RDW levels are also elevated in pregnancy, thrombotic 

thrombocytopenic purpura, and inflammatory bowel disease.4,5 High RDW levels also 

may be associated with elevated levels of inflammatory tests such as C-reactive protein 

(CRP), erythrocyte sedimentation rate, and interleukin (IL) levels.6–8

In disorders other than anemia, the prognostic importance of high RDW levels 

previously received insufficient attention because of lack of knowledge. However, 
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high RDW levels are associated with a poor prognosis in 

certain disorders such as acute myocardial infarction, stroke, 

and peripheral artery disease,9,10 and RDW is a predictor 

of mortality in patients who have cardiovascular disease, 

cancer, chronic lung disease, symptomatic chronic conges-

tive cardiac insufficiency, acute stroke, or acute cardiac 

insufficiency.2,4,11 Some studies have reported that RDW 

is a diagnostic and prognostic marker in cardiovascular 

and thrombotic disorders and a marker of mortality risk in 

acute dyspnea, community-acquired pneumonia, and critical 

intensive care patients.1,9,12–14 The RDW may be used as a 

prognostic marker in stroke patients.15

Acute ischemic stroke, a clinical disorder caused by non-

traumatic cerebrovascular disease, has an acute onset, fre-

quently causes neurological deficit, and may persist .24 hours  

or can be fatal in ,24 hours. Acute ischemic stroke is diag-

nosed by history, physical and neurological examination, and 

imaging methods. The diagnosis of acute ischemic stroke 

is based on cerebral imaging techniques, but biochemical 

examination of tissue damage can be an alternative strategy 

for early diagnosis. It would be helpful to have a biomarker 

to screen and identify patients who have had acute ischemic 

stroke, especially in patients before hospitalization who may 

be candidates for thrombolytic therapy. However, there is no 

widely used, rapidly determined, and sensitive biomarker of 

acute ischemic stroke.16 For prediction of the severity and 

mortality of acute ischemic stroke, scoring systems such 

as the Glasgow Coma Scale (GCS), Canadian Neurologi-

cal Scale (CNS), and National Institutes of Health Stroke 

Scale (NIHSS) are used. These scoring systems quantify 

the severity of acute ischemic stroke based on the physical 

examination of patients.

The purpose of the present study was to evaluate the 

association between RDW, which was performed routinely 

in the central laboratory of our hospital, and the GCS, CNS, 

and NIHSS scores in patients who have had acute ischemic 

stroke.

Materials and methods
Patients
This prospective observational cohort study was performed 

at the Emergency Department, Medical School Hospital, 

Selçuk University, Konya, Turkey, between January 2014 

and June 2014. Patients who were considered for inclusion 

in the study presented with symptoms ,24 hours and were 

diagnosed with acute ischemic stroke based on the history, 

physical examination, computed tomography (CT) scan 

that was performed at the Emergency Department, and  

diffusion-weighted magnetic resonance imaging scan 

performed during the first 24 hours of symptoms. Patients 

were excluded for age ,18 years; CT diagnosis of cerebral 

hemorrhage, subdural hematoma, intracerebral mass, or 

cerebrovascular damage secondary to trauma; presence of 

infection, known immunological disorders, malignancy, 

or pregnancy; or presence of hemoglobinopathy or other 

conditions that may be associated with abnormal RDW such 

as sickle cell anemia, thalassemia, or other anemias or current 

use of iron, folic acid, or vitamin B
12

 supplements.

There were 88 acute ischemic stroke patients who were 

included in the study. The control group included 40 patients 

who presented to the Emergency Department with various 

complaints and were diagnosed as having disorders other 

than acute ischemic stroke, confirmed by clinical findings, 

laboratory tests, and imaging studies. Before starting the 

study, all patients and control subjects were informed about 

the study and provided written informed consent. The study 

was conducted in accordance with the principles of the 

Declaration of Helsinki and approved by the Institutional 

Review Committee on Human Research of Selçuk University 

Faculty of Medicine.

Evaluation
At the time of presentation, the patients underwent a physi-

cal examination, neurological examination, and scoring with 

the GCS, CNS, and NIHSS scores. The severity of stroke 

was graded as mild (NIHSS #8), moderate (NIHSS, 9–15), 

or severe (NIHSS $16).17 The severity of impaired level of 

consciousness was rated as mild (GCS, 15), moderate (GCS, 

8–14), or severe (GCS #7).18 The severity of impaired neu-

rological status was rated as mild (CNS, 8.5–10), moderate 

(CNS, 2.5–8), or severe (CNS, 0–2).19

On presentation, all patients had routine blood tests 

and 12-lead electrocardiograms. During the first hour 

of admission, blood samples were obtained in tubes that 

contained ethylenediaminetetraacetic acid and sent to the 

hospital biochemistry laboratory for complete blood count 

which included white blood cell count, red blood cell 

count, hemoglobin, hematocrit, mean corpuscular volume, 

RDW, and platelet count. The complete blood count was 

completed within 1 hour (Cell-Dyn 3700 Hematology 

Analyzer, Abbott Laboratories, Abbott Park, IL, USA). 

Anemia was defined as hemoglobin level ,130 g/L in men 

and ,120 g/L in women.20 The white blood cell count, 

red blood cell count, platelet count, and hemoglobin were 

measured using laser, flow cytometry, and spectropho-

tometry methods.
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Statistical analyses
Descriptive statistics of continuous variables were obtained 

for the study and control groups. Non-parametric statistical 

methods were used because the RDW values did not have 

a normal distribution and transformation was not helpful. 

Within the patient groups, RDW values were compared for 

sex, hypertension, coronary artery disease, NIHSS score, and 

CNS score using Kruskal–Wallis test. The Mann–Whitney 

test was used for post hoc analysis. Receiver operating char-

acteristic (ROC) curves were generated, and the area under 

the curve was used to determine the optimum cutoff points 

to separate the patient and control groups with RDW values. 

Statistical significance was defined by P#0.05.

Results
Most stroke patients were men aged .65 years (Table 1). 

The stroke patients had significantly lower median values of 

mean arterial pressure and GCS score than control subjects 

(Table 1). There were no differences between stroke patients 

and control subjects in frequency of comorbidities or median 

laboratory test values except stroke patients had significantly 

higher median RDW than control subjects (Table 1).

The median RDW values were significantly greater in 

patients who had more severe rather than milder strokes 

rated with all three scoring systems (GCS, CNS, and NIHSS) 

(Table 2). The median RDW values were significantly greater 

for patients who have had moderate rather than mild stroke 

rated by GCS and CNS and for patients who have had severe 

rather than mild stroke rated by NIHSS (Table 2).

The ROC analysis showed that the area under the ROC 

curve was 0.760 (95% confidence interval, 0.676–0.844) 

(Figure 1). Separation of stroke patients and control groups 

was optimal with RDW 14% (sensitivity, 71.6%; specificity, 

67.5%; accuracy, 70.3%) (Table 3).

Discussion
In this study, we assessed the association between RDW and 

the neurological scoring systems GCS, CNS, and NIHSS in 

acute ischemic stroke patients. Comparison of median RDW 

values showed significantly increased RDW associated with 

increased stroke severity with each scoring system (Table 2). 

Therefore, in stroke patients who had symptoms ,24 hours, the 

RDW may be useful in predicting the severity and functional 

results of the stroke. High RDW values are associated with 

various medical disorders and malnutrition, and RDW at hos-

pitalization is a predictor of early mortality.21 The present study 

suggests that RDW may have clinical importance because it 

may be an independent prognostic predictor in stroke.

Table 1 Demographic and clinical characteristics of study subjects*

Characteristic Patient (n=88) Control (n=40) P#†

Sex, male 53 (60) 20 (50) NS
Age .65 years 61 (69) 24 (60) NS
Age (years) 72.0 (18.0–94.0) 67.5 (26.0–87.0) NS
Physical examination

Mean arterial pressure (mmHg) 93.3 (73.3–153.3) 93.3 (93.3–153.3) 0.02
Pulse (beats/min) 75.0 (58.0–150.0) 74.0 (48.0–106.0) NS
Glasgow Coma Scale score 15.0 (3.0–15.0) 15.0 (12.0–15.0) 0.001

Comorbidities
Diabetes mellitus 35 13 NS
Coronary artery disease 25 9 NS
Cerebrovascular disease 22 5 NS
Hypertension 18 4 NS
Chronic renal failure 10 3 NS

Laboratory tests
White blood cell count (×109/L) 8.3 (3.7–16.8) 7.5 (4.1–9.8) NS
Hematocrit (%) 0.42 (0.31–0.56) 0.41 (0.32–0.51) NS
Hemoglobin (g/L) 140 (108–185) 138 (115–169) NS
Platelet count (×109/L) 220 (127–618) 235 (156–594) NS
Mean corpuscular volume (fL) 86.8 (77.8–101.0) 87.5 (80.5–103.7) NS
Glucose (mmol/L) 6.7 (4.3–23.7) 6.6 (4.3–23.6) NS
ALT (μkat/L) 0.25 (0.10–1.15) 0.27 (0.12–1.17) NS

AST (μkat/L) 0.32 (0.15–1.19) 0.35 (0.18–1.35) NS

Creatinine (μmol/L) 88 (53–619) 80 (53–177) NS
Red blood cell distribution width (%) 14.7 (12.1–18.8) 13.6 (11.6–17.8) 0.001

Notes: *Data reported as number (%), median (minimum to maximum), or number. †(P.0.05).
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; NS, not significant.
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Table 2 Relation between stroke severity, neurological scales, and red cell distribution width in stroke patients*

Scale Mild stroke No of  
patients

Moderate stroke No of  
patients

Severe stroke No of  
patients

P#

Glasgow Coma Scale 14.20 (12.50–18.80)a 56 15.70 (12.10–18.60)b 26 15.85 (13.40–16.50)a,b 6 0.03
Canadian  
Neurological Scale

14.20 (12.10–18.20)a 41 14.70 (12.50–18.80)b 31 15.85 (13.40–17.50)b 16 0.008

National Institutes of  
Health Stroke Scale

14.25 (12.10–18.40)a 54 14.80 (12.80–18.80)a,b 16 15.90 (13.40–17.50)b 18 0.009

Notes: Red cell distribution width (%). *N=88 stroke patients. Data reported as median (minimum to maximum). a,bindicate statistically significant differences (P,0.05).

Figure 1 Receiver operating characteristic (ROC) curve for plasma red blood cell distribution width (RDW) in the diagnosis of stroke.
Note: Area under the ROC curve (solid blue line), 0.760 (95% confidence interval, 0.676–0.844).

Table 3 Sensitivity, specificity, predictive value, and accuracy of red cell distribution width for acute ischemic stroke

Red cell distribution  
width (%)

Sensitivity (%) Specificity (%) Positive predictive  
value (%)

Negative predictive  
value (%)

Accuracy (%)

12.5 98.8 7.5 70.2 75 70.3
13 89.7 25 72.5 52.6 69.5
13.5 79.5 45 78.3 50 68.8
13.9 73.9 57.5 79.3 50 68.8
14* 71.6 67.5 82.9 51.9 70.3
14.1 67 72.5 84.2 50 68.8
14.2 65.9 72.5 84.1 49.2 68
14.3 61.4 80 87.1 48.5 67.2
14.4 60.2 82.5 88.3 48.5 67.2
14.5 56.8 87.5 90.9 47.9 66.4
15 43.2 97.5 97.4 43.8 60.2
15.5 39.8 97.5 97.2 42.4 57.8
16 28.4 97.5 96.2 38.2 50

Note: *Separation of stroke patient and control groups with respect to sensitivity, specificity, and accuracy was optimal with red cell distribution width 14%.
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Inflammation is important in the development of ischemic 

stroke, atherosclerosis, and ischemia. As a marker of inflam-

mation, RDW is correlated with other inflammatory markers 

such as CRP.22,23 Inflammation may affect bone marrow func-

tion and iron metabolism. The inflammatory cytokines may 

cause elevated RDW levels by inhibiting red cell maturation 

and enabling the release of new and large reticulocytes to 

the circulation.12

High RDW is associated with failed red blood cell 

production because of deficiencies of iron, vitamin B
12

, or 

folate. Therefore, high RDW is an integrated risk factor for 

conditions of general suboptimal health associated with lower 

systemic corrective maintenance, recovery, and defense 

capacity.4 High oxidative stress may prolong the survival of 

red blood cells, increase the premature release of large red 

blood cells into the peripheral circulation, and cause elevation 

in RDW. Furthermore, inflammation may contribute to mor-

phologic changes in red blood cells by changing membrane 

glycoproteins and ion channels.24,25 Chronic inflammation, 

oxidative stress, and neurohumoral activation may contribute 

to the development of atherosclerosis, and elevated RDW 

may be useful as a simple parameter to follow the develop-

ment of atherosclerosis.

A study about the risk of stroke showed that RDW was an 

important hematologic index for stroke in patients who had 

cardiac insufficiency.26 In addition, high RDW is associated 

with the development of stroke and is strongly associated 

with cardiovascular causes and all causes of death in patients 

who are diagnosed with stroke.4 Another case-control study 

showed that RDW is a strong indicator of stroke.15 The 

present results extend the previous findings by showing an 

association between RDW and stroke severity using neuro-

logical scoring systems.

A short time from onset of complaints to presentation to 

the hospital is important for attempts to obtain effective rep-

erfusion in patients who have had ischemic stroke. A major 

problem in these patients is the delay in diagnosis with clini-

cal examination and imaging methods such as CT and mag-

netic resonance imaging. Therefore, a rapid blood test would 

be useful for the diagnosis of ischemic stroke. The optimal 

blood test would support the clinical findings and imaging 

results and provide information about cerebral damage.  

In addition, the test should be simple, rapid, inexpensive, and 

performed at the bedside. A specific blood marker that could 

be determined in the early stage of stroke in small hospitals 

would be useful to screen patients who may require further 

evaluation for diagnosis and treatment under emergency situ-

ations because of the risk of permanent neurological injury.  

However, many patients, including elderly patients, have 

multiple comorbidities and anemia from other causes; there-

fore, the RDW may not be adequately specific to screen for 

stroke in many patients.

The present data are consistent with the results of a 

previous study in stroke patients that showed a significant 

relation between NIHSS and RDW in univariate analysis 

(Table 2).27 Another previous study in patients who had 

hypertension showed that RDW .13.8% had high sensitiv-

ity (80%) and specificity (75%) in predicting non-dipping 

pattern hypertension.28 A study about migraine patients 

showed that RDW .13.2% had sensitivity 69% and speci-

ficity 61% for the diagnosis of migraine.29 In a follow-up 

study of 153 patients who had chronic cardiac insufficiency, 

RDW .15.2% had sensitivity 87% and specificity 74%, 

and the ROC curve for RDW had an area under the curve 

of 0.923.26 However, there are few studies available about 

the association between stroke and RDW, and there have 

been insufficient data about the cutoff values of RDW in the 

prediction of stroke. The present study showed an optimal 

RDW cutoff of 14% (Table 3) and area under the curve of 

0.760 (Figure 1).

It may be difficult to predict functional results in patients 

who have had ischemic stroke. Numerous indicators of func-

tional results have been suggested, and there is controversy 

about the most appropriate scale for evaluating the severity 

of stroke. The strongest indicators include patient age and 

scales that measure the severity of the neurological deficit 

such as NIHSS.30,31 The NIHSS and CNS, which are scales of 

stroke impairment, have been designed for prospective rating 

and are used in determining prognosis.32,33 Although NIHSS 

is frequently used by neurologists, it may be too complex 

for use by emergency specialists, general practitioners, or 

paramedics.34 In developing countries and hospitals that 

have limited neurology specialists, it may be more practical 

to evaluate stroke patients with CNS, which is less complex 

than NIHSS and has adequate reliability. It may be more 

appropriate to use NIHSS in specialized medical centers 

or in clinical studies that require detailed examination of 

patients.35

Although CNS may be simpler, easier to apply, and less 

comprehensive than NIHSS, the present study showed that 

the scores of NIHSS and CNS were similar in determining 

the severity of stroke. With all three scales tested (GCS, CNS, 

and NIHSS), stroke severity increased with an increase in 

RDW (Table 2).

Limitations of the present study include the limited number 

of patients. In addition, RDW was measured only once, and 
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RDW may change with blood loss or hemolysis. Therefore, we 

could not evaluate fluctuations in RDW and variations in RDW 

with time. Furthermore, blood samples for assessing RDW 

were collected in one medical center, and blood samples col-

lected from different populations may provide different RDW 

results. The data may have been confounded by the absence of 

testing for levels of iron, vitamin B
12

, and folic acid.

In summary, the present study showed that RDW, a 

widely used and inexpensive test, potentially is an important 

parameter for the diagnosis of stroke and may predict prog-

nosis. We used GCS, CNS, and NIHSS to determine stroke 

severity and observed that increased stroke severity was 

associated with higher RDW. Therefore, RDW is a strong 

predictor for stroke severity. More studies are required to 

evaluate the association between ischemic stroke and hema-

tologic parameters, assess the pathophysiology, and confirm 

the validity of the present results.
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