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ABSTRACT 
 

Numerous studies have reported that a higher red blood cell distribution width (RDW) level was associated with 
adverse outcomes in patients with the first stroke. However, no studies have examined the association between 
RDW and recurrent ischemic stroke. We performed a population-based cohort data analysis from 2007 to 2017. 
Baseline RDW was measured in 6402 first ischemic stroke participants, who were followed for about five years on 
average. During 62 months of median follow-up, 205 participants (3.20%) reported a recurrence (self-reported). 
RDW showed a nonlinear relationship with the risk of ischemic stroke recurrence. When RDW was assessed as 
quartiles (quartile 1, RDW<12.4; quartile 2, 12.4 to 12.8; quartile 3,12.8 to 13.3, quartile4, RDW>13.3), compared 
with the reference group (quartile 1), the hazard ratios (HRs) of ischemic stroke recurrence were 1.372 (95% 
confidence interval [CI]=0.671-2.805, P=0.386) in quartile 2, 1.835 (95% CI=1.222-2.755, P=0.003) in quartile 3, and 
1.732 (95% CI=1.114-2.561, P<0.001) in quartile 4. The trend test was significant (P<0.001). When quartiles 3 and 4 
were combined, the adjusted HR of ischemic stroke recurrence was 1.439 (95% CI=1.330-1.556, P<0.001) compared 
with the combined quartiles 1 and 2 subgroups. This study demonstrated that elevated RDW levels were positively 
associated with an increased risk of recurrent ischemic stroke. RDW can provide a new perspective for initial risk 
assessment and identify high-risk patients early. Further research is required to confirm our results. 
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INTRODUCTION 
 

In 2019, stroke was the second-leading cause of death 

among adults around the world [1]. The global 

prevalence of ischemic strokes has reached 76.3 million 

[1], and an incidence of stroke occurs once every 5 

seconds worldwide [2]. East Asia, Southern Sub-

Saharan Africa, Eastern Sub-Saharan Africa, and 

Southeast Asia had the most significant load of 

ischemic stroke between 1990 and 2019. In particular, 

China (EAPC 1.10, 95% CI 1.00-1.20) had the most 

pronounced increases in the age-standardized incidence 

rate of ischemic stroke. Globally, there was an increase 

in ischemic stroke incidence with increasing age, 

especially in women 50 to 69 years of age or older [3]. 

 

Having had a first ischemic stroke, there is an increased 

risk of recurrence [1]. According to the study, there 

were 1.9 ischemic stroke recurrences per 100 patient-

years, while 2.19 ischemic stroke deaths per 100 

patient-years [4]. Therefore, it is more likely that stroke 

prevention can be achieved if patients at increased risk 

of recurrence are identified early so that special 

attention and resources can be devoted to them. To 

accomplish this, precise risk prediction models are 

required. It has been attempted to identify predictors of 

recurrent ischemic strokes in many studies [5–9]. The 

Essen Stroke Risk Score (ESRS) [8] and the modified 

ESRS [7] are the most well-known scores to evaluate 

the long-term (1 -year) risk of ischemic stroke 

recurrence. Patient age, several comorbidities (such as 

hypertension, diabetes, etc.), a history of myocardial 

infarction, and smoking status were included to form 

ESRS. In addition, waist circumference, stroke subtype 

by etiology, and sex were selected to form a modified 

version. The ESRS and the modified ESRS were 

introduced in 2006 and 2013. Since then, developments 

in the diagnosis and therapy of stroke have improved. 

Thus, other indices independent of traditional ESRS and 

modified ESRS indices could characterize high-risk 

recurrent patients. 

 

Recently, numerous studies have reported that a higher 

level of RDW was associated with adverse outcomes in 

patients with the first stroke [10–14]. For example, João 

Pinho et al. [11] performed a single-center retrospective 

cohort study and found that patients in the higher 

quartiles of RDW presented a lower 1-year survival (p < 

0.001). Furthermore, Jostein Lappegård et al. [12] 

reported that subjects with RDW above the 95 

percentile had a 55% higher risk of stroke than those in 

the lowest quintile (HR: 1.55, 95% CI: 1.16-2.06).  

 

However, no studies have examined the prospective 

association between RDW and recurrent ischemic 

stroke. Thus, we hypothesized that high levels of RDW 

increase the risk of ischemic stroke recurrence. A 

population-based cohort analysis was conducted to 

address this research gap to examine the association 

between RDW at baseline and recurrent ischemic stroke 

over time. 

 

RESULTS 
 

Baseline characteristics 

 

Of the 6402 ischemic stroke participants, 205 suffered 

ischemic stroke recurrence. The baseline characteristics 

are shown in Table 1 according to the first ischemic 

stroke case and recurrence. The median follow-up 

period was 62 months (range, 1–115 months), and 578 

(8.28%) patients were excluded during the follow-up 

period. The median level of RDW was 12.8% (range, 

10.8%–25.2%). The mean level of RDW in the first 

stroke population was 12.87%, which was significantly 

lower (P<0.001) than that of the recurrence of the 

ischemic stroke group (RDW: 13.44%). 

 

The patients were divided into four groups based on the 

quartiles of RDW. Compared with patients showing low 

RDW (quartile 1–2), those with a high RDW (quartile 

3–4) were significantly older (P <0.001) and had higher 

BMI values (P=0.011) (Table 2). In addition, the levels 

of white blood cell count (WBC), urea nitrogen (BUN), 

creatinine (CREA), and glucose (GLU) were 

significantly higher (P<0.05) in the high RDW (quartile 

3–4) group than low RDW (quartile 1–2) group  

(Table 2). However, the levels of red blood cell count 

(RBC) and hemoglobin (HGB) were significantly lower 

(P<0.05) in the high RDW (quartile 3–4) group than the 

low RDW (quartile 1–2) group (Table 2). 

 

Association between RDW and the recurrence of 

ischemic stroke 

 

A GAM model was used to identify the relationship 

between the risk of ischemic stroke recurrence and 

baseline RDW. Figure 1 shows a nonlinear smoothing 

curve (solid line) and 95% CI (dashed lines) between 

RDW and the HR of stroke recurrence, with 

adjustments for covariables. 

 

Consistently, when RDW was assessed as quartiles, 

compared with the reference group (quartile 1, RDW 

≤12.4%), the HRs of recurrence of ischemic stroke was 

1.372 (95% CI=0.671–2.805, P=0.386) in quartile 2 

(12.8%≥RDW>12.4%), 1.835 (95% CI=1.222–2.755, 

P=0.003) in quartile 3 (13.3%≥RDW>12.8%), and 

1.732 (95% CI=1.114–2.561, P<0.001) in quartile 4 

(RDW>13.3%), with a significant trend test (P<0.001) 

after adjusting for covariables. When quartiles 3 and 4 

were combined, the adjusted HR of recurrence of
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Table 1. Baseline characteristics of all participants by ischemic stroke and recurrent. 

Variables All Ischemic stroke Recurrent P value 

Number, n 6402 6197 205  

Age (y) 74.41±11.20 74.41±11.79 74.36±11.72 0.943 

Male/Female 3259/3143 3155/3042 104/101 0.960 

Hypertension (Yes/No) 3074/3328 2981/3216 93/112 0.440 

Diabetes mellitus (Yes/No) 1422/4980 1373/4824 49/156 0.554 

Smoking (Yes/No) 383/6019 370/5827 13/192 0.826 

Drinking (Yes/No) 205/6197 198/5999 7/198 0.861 

BMI (Kg/m2) 22.74±2.89 22.74±2.89 22.73±2.93 0.972 

CHD (Yes/No) 429/5973 416/5781 13/192 0.834 

mRS (≥3/<3/missing) 3908/1836/658 3776/1781/640 132/55/18 0.447 

NIHSS, median (IQR) 6 (3-18) 6 (3-17) 7 (3-18) 0.156 

NIHSS, n (missing) 598 572 26 - 

WBC (109/l) 6.16±2.29 6.15±2.31 6.18±1.51 0.850 

RBC (1012/l) 4.08±0.60 4.08±0.60 4.13±0.62 0.194 

HGB (g/l) 124.81±18.07 124.78±18.03 125.45±19.06 0.589 

PLT (109/l) 198.21±62.20 198.15±61.24 199.86±84.81 0.687 

AST (u/l) 21.26±9.63 21.25±9.65 21.41±9.07 0.809 

ALT (u/l) 19.82±14.99 19.80±15.07 20.17±12.58 0.722 

GGT (u/l) 28.38±32.91 28.27±32.23 31.41±48.08 0.160 

BUN (mmol/l) 5.86±1.95 5.86±1.97 5.79±1.51 0.586 

CREA (umol/l) 76.74±41.71 76.69±42.16 78.16±26.23 0.607 

GLU (mmol/l) 6.15±1.90 6.14±1.92 6.36±1.45 0.028 

RDW (%) 12.89±0.86 12.87±0.82 13.44±1.54 <0.001 

BMI, body mass index; CHD, coronary heart disease; WBC, white blood cell count; BUN, urea nitrogen; CREA, 
creatinine; GLU, glucose; RBC, red blood cell count; HGB, hemoglobin; AST, aspartate aminotransferase; ALT, 
alanine aminotransferase; GGT, gamma-glutamyl transpeptidase. 

 

ischemic stroke was 1.439 (95% CI=1.330–1.556, 

P<0.001) compared with the combined quartiles 1 and 2 

subgroups (Table 3).  

 

The impact of baseline RDW levels on ischemic stroke 

recurrence was analyzed using Kaplan–Meier analysis 

(Figure 2). Participants with RDW (Q4) in the highest 

quartile had a high rate of recurrence events (4.54% vs. 

2.50% vs. 1.66% vs. 1.62%, P<0.0001, Figure 2A) 

compared with those with RDW in the higher quartile 

(Q2), followed by the lower quartile (Q3) and then the 

lowest quartile (Q1). When quartiles 3 and 4 were 

further combined, the rate of recurrence events was 

3.45% (Figure 2B, P<0.0001) compared with quartiles 1 

and 2 (1.64%). 

 

Furthermore, our results also found that risk factors for 

recurrent stroke were age (HR, 1.221 [95% CI, 1.01-

1.51; P=0.012] and smoking (HR, 1.121 [95% CI, 1.02-

1.31]; P=0.046) (Table 3). 

Sensitivity analysis 

 

Sensitivity analysis was performed to assess if the results 

would change when lost follow-up patients (n=175) were 

included. First, all the lost follow-up patients (n=175) 

were considered stroke recurrence. Similar results 

(Supplementary Table 1) were observed with the above 

results (Table 3). Second, all the lost follow-up patients 

(n=175) were considered as non-stroke recurrence. 

Similar results (Supplementary Table 1) were observed 

with the above results (Table 3).  

 

DISCUSSION 
 

The RDW is calculated by automated equipment during 

a complete blood count to reflect variations in the size 

of circulating red cells (anisocytosis) [15]. Despite 

mounting evidence that RDW increases the risk of 

cardiovascular and cerebrovascular disease, including 

stroke, until now, there has been no definitive link 
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Table 2. Comparison of baseline characteristics, stratified according to 
median baseline RDW level. 

 RDW (Q1-Q2) RDW (Q3-Q4) P value 

Number, n 3475 2927  

Age (y) 72.74±10.95 76.40±11.15 <0.001 

Male/Female 1750/1725 1509/1418 0.341 

Hypertension (Yes/No) 1666/1809 1408/1519 0.898 

Diabetes mellitus (Yes/No) 767/2708 655/2272 0.769 

Smoking (Yes/No) 209/3266 174/2753 0.907 

Drinking (Yes/No) 109/3366 96/2831 0.746 

BMI (Kg/m2) 22.66±2.88 22.84±2.90 0.011 

CHD (Yes/No) 241/3234 188/2744 0.404 

mRS (≥3/<3/missing) 2010/966/499 1898/870/159 0.403 

NIHSS, median (IQR) 6 (3-18) 6(3-18) 0.457 

NIHSS, n (missing) 312 286 - 

WBC (109/l) 6.05±2.11 6.28±2.47 <0.001 

RBC (1012/l) 4.11±0.54 4.04±0.67 <0.001 

HGB (g/l) 127.28±16.27 121.85±19.60 <0.001 

PLT (109/l) 198.92±58.10 197.38±66.76 0.323 

AST (u/l) 21.22±8.63 21.30±10.70 0.763 

ALT (u/l) 19.70±12.53 19.95±17.48 0.496 

GGT (u/l) 28.42±30.84 28.33±35.23 0.913 

BUN (mmol/l) 5.78±1.77 5.95±2.14 <0.001 

CREA (umol/l) 74.11±28.97 79.89±52.89 <0.001 

GLU (mmol/l) 6.10±1.92 6.20±1.87 0.024 

RDW (%) 12.35±0.34 13.53±0.85 <0.001 

BMI, body mass index; CHD, coronary heart disease; Q, quartile; WBC, white 
blood cell count; BUN, urea nitrogen; CREA, creatinine; GLU, glucose; RBC, red 
blood cell count; HGB, hemoglobin; AST, aspartate aminotransferase; ALT, 
alanine aminotransferase; GGT, gamma-glutamyl transpeptidase. 

 

between RDW and recurrent stroke. This study is the 

first to report the prospective association between 

baseline RDW levels and recurrent ischemic stroke in a 

large-sample, population-based cohort study. We found 

that higher baseline RDW levels were graded and 

independently associated with a higher risk of recurrent 

stroke. Furthermore, the association between higher 

RDW levels and recurrent ischemic stroke was 

attenuated but not eliminated by adjusting for multiple 

potential confounders. 

 

The results of this study in patients with a previous 

stroke whose treatment followed international 

guideline recommendations showed a rate of recurrent 

ischemic stroke events of 3.20%. The rate is 

consistent with previous results from randomized 

controlled trials: 2.83% in the ENGAGE AF-TIMI 48 

[16]; 2.32% in RELY [17]; and 2.79% in ROCKET 

AF [18]. 

Increased RDW levels and adverse cerebrovascular 

outcomes have received considerable attention in 

various patient populations. A comprehensive meta-

analysis of 31 studies with 3,487,896 patients found that 

elevated RDW was a risk factor in ischemic stroke 

(OR/RR 1.528; 95% CI = 1.372-1.703) [19]. A previous 

analysis of 25,992 subjects participating in the fourth 

survey of the Tromsø Study found that a 1% increment 

in RDW yielded a 13% higher risk of stroke [12]. In 

addition, one retrospective cohort study showed that the 

risk of 1-year mortality and shorter survival was higher 

in patients with RDW values over 14.5% [20].  

 

In the present study, higher levels of RDW were 

associated with an increased risk of recurrent ischemic 

stroke, even after adjustment for confounding factors. 

He et al. [21] reported that higher mean RDW level 

from prior intravenous thrombolysis to 72 h after 

intravenous thrombolysis was associated with an 
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increased risk of hemorrhagic transformation and 

recurrent stroke. Furthermore, Xue et al. [22] reported 

that RDW is related to stroke severity and adverse 

functional outcomes in individuals with ischemic stroke 

at three months. RDW and serum levels of neuron-

specific enolase had a strong correlation (r=0.275, 95% 

CI: 0.187-0.359, P<0.001), which indicated a 

substantial positive relationship between RDW and 

neuronal damage in individuals with acute ischemic 

stroke [23]. Our study confirms and extends these 

findings that higher baseline RDW is associated with an 

increased risk of recurrent ischemic stroke. 

 

The underlying mechanisms of RDW are not 

examined in this study, but previous studies suggest 

that inflammation and oxidative stress may play an 

important role in ischemic stroke [24]. As a result of 

inflammation, red blood cells have a lower survival 

rate, and erythropoietin production is inhibited, 

leading to a high level of RDW [25]. An imbalance of 

oxidative stress will damage nucleic acids, proteins, 

and lipids, affecting the survival of red blood cells. 

Consequently, the red blood cell membrane may be 

damaged [26], red blood cells may become more 

fragile, maturation and longevity may be reduced, and 

RDW may rise [27]. The cascade of cerebral ischemic 

injury involves oxidative stress and inflammatory 

activity [28]. Thus, we speculate that an imbalance in 

oxidative stress and an underlying inflammatory state 

may be reflected in higher levels of RDW, which is 

associated with adverse clinical outcomes. Future 

studies will be required to confirm this hypothesis, 

and further research is required to investigate the 

determinants of RDW in populations with recurrent 

ischemic stroke. 

 

Hyperglycemia is frequent in acute ischemic stroke and 

is linked to a greater ultimate infarct volume and a 

poorer clinical prognosis [29, 30]. Compared to 

individuals with normal fasting glucose levels, those 

with impaired fasting glucose had a poorer functional 

outcome (OR=2.77; 95% CI=1.54-4.97) [30]. In this 

study, we also found that the levels of GLU were 

significantly higher (P=0.028) in the recurrent group 

than first stroke group. The Cox regression analysis 

showed that a high level of GLU was a risk factor for 

recurrent stroke (HR=1.056, P=0.087). Moreover, Peng 

et al. [31] found that both low and high levels of BUN 

were associated with higher risks of total and ischemic 

stroke. However, in the present study, both low and 

high levels of BUN were not associated with an 

increased risk of recurrent ischemic stroke. 

 

The strengths of our study include its relatively large 

sample size and all assays being conducted in one 

laboratory. In addition, all RDW measurements were 

performed the same way. Our analyses are based on 

real-life experiences and may contribute to reducing the 

incidence of recurrent stroke by monitoring RDW 

levels. 

 

 
 

Figure 1. Smoothing curves derived from generalized additive models illustrating the association between RDW levels (as a 
continuous variable) and recurrent ischemic stroke. The median follow-up period was 62 months (1–115 months). 
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Table 3. Association of baseline RDW levels with recurrent ischemic stroke. 

 Crude model Adjusted model* 

 HR (95%CI) P value HR (95%CI) P value 

Age 1.450 (1.152-1.845) <0.001 1.221 (1.01-1.51) 0.012 

Sex 1.006 (0.765-1.323) 0.966 1.015 (0.77-1.34) 0.919 

BMI 0.999 (0.952-1.048) 0.970 1.001 (0.95-1.05) 0.986 

Smoking 1.267 (1.108-1.671) 0.022 1.121 (1.02-1.31) 0.046 

Drinking 1.067 (0.502-2.267) 0.867 1.073 (0.41-2.82) 0.887 

Diabetes mellitus 1.100 (0.798-1.516) 0.561 1.170 (0.81-1.70) 0.410 

Hypertension 0.897 (0.681-1.181) 0.439 0.864 (0.64-1.17) 0.344 

CHD 0.942 (0.537-1.652) 0.836 0.924 (0.51-1.68) 0.795 

mRS (≥3/<3) 1.035 (0.794-1.349) 0.801 1.015 (0.903-1.118) 0.829 

NIHSS 1.001 (0.961-1.043) 0.947 1.002 (0.961-1.045) 0.919 

WBC 1.015 (0.954-1.079) 0.641 1.001 (0.937-1.070) 0.973 

RBC 1.151 (0.902-1.470) 0.258 1.414 (0.768-2.650) 0.266 

HGB 1.003 (0.995-1.011) 0.508 0.994 (0.974-1.015) 0.568 

PLT 1.001 (0.999-1.004) 0.206 1.001 (0.999-1.004) 0.229 

AST 1.004 (0.992-1.016) 0.552 1.004 (0.979-1.029) 0.772 

ALT 1.002 (0.994-1.010) 0.638 0.998 (0.982-1.014) 0.800 

GGT 1.003 (1.000-1.006) 0.086 1.002 (0.998-1.006) 0.262 

BUN 0.961 (0.885-1.044) 0.344 0.919 (0.832-1.014) 0.091 

CREA 1.001 (0.998-1.003) 0.666 1.003 (0.999-1.006) 0.159 

GLU 1.051 (0.989-1.117) 0.109 1.056 (0.992-1.123) 0.087 

RDW     

Quartile     

Q1 (<12.4) Ref  Ref  

Q2 (12.4 to 12.8) 1.472 (0.730-2.966) 0.280 1.372 (0.671-2.805) 0.386 

Q3 (12.8 to 13.3) 1.773 (1.192-2.638) 0.005 1.835 (1.222-2.755) 0.003 

Q4 (>13.3) 1.724 (1.118-2.238) <0.001 1.732 (1.114-2.561) <0.001 

P for trend  <0.001  <0.001 

Categories     

Q1-Q2 (<12.8) Ref  Ref  

Q3-Q4 (>12.8) 1.442 (1.341-1.551) <0.001 1.439 (1.330-1.556) <0.001 

*Adjusted for age, sex, hypertension, diabetes mellitus, smoking, drinking, body mass index, 
and coronary heart disease. Q, quartile. 

 

 
 

Figure 2. Kaplan–Meier estimates of recurrent ischemic stroke according to baseline RDW levels. (A) RDW was assessed as a 

categorical variable based on quartile: quartile 1, RDW≤12.4%; quartile 2, 12.8%≥RDW>12.4%; quartile 3, 13.3%≥RDW>12.8%; quartile 4, 
RDW>13.3%. (B) Quartiles 1 and 2 were combined into one group, and quartiles 3 and 4 were combined into one group. 
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In this study, several limitations must be highlighted. 

First, the results were not externally validated since all 

data came from the same source. In other populations, 

more studies are needed to confirm the association 

between RDW and recurrent stroke. Second, although 

oral anticoagulation followed international guideline 

recommendations, pharmacological treatments other than 

oral anticoagulation were not investigated. In addition, 

the dose of oral anticoagulation may be modified based 

on the situation of the disease. Third, during the follow-

up period, 578 (8.28%) patients (voluntary with-

drawal=95, missing data=171, lost to follow-up=175, 

surgical treatment=63, death but not owing to stroke 

recurrence =74) were excluded from the study. The 

reason for 403 patients dropping out of the study was 

apparent, which was not because of having a recurrent 

stroke. However, the reason for 175 patients dropping out 

of the study was poor communication between the patient 

and provider, changes in contact information, and having 

a recurrent stroke may be one reason for not being able to 

make follow-up appointments. This may lead to biases in 

our results, as the patients lost to follow-up may have 

different outcomes than those who remained in the study. 

However, the sensitivity analysis showed no obvious bias 

when the lost follow-up patients (n=175) were excluded. 

Finally, in this study, the recurrent stroke was self-

reported through follow-up interviews. Therefore, we 

reviewed the patient’s medical records to confirm the 

diagnosis of recurrent stroke, which requires magnetic 

resonance imaging or a computed tomography scan. If 

the patients could not provide their medical records, a 

family member or caretaker could provide information. 

Furthermore, having a recurrent stroke is likely related to 

being unable to make follow-up appointments and 

therefore dropping out of the study. 

 

In this population-based cohort, despite being on oral 

anticoagulation following international guidelines, 

patients who suffer a stroke are at high risk of recurrent 

ischemic stroke. In addition, we found that a higher 

RDW at baseline was associated with an increased risk 

of recurrent ischemic stroke. An imbalance of oxidative 

stress and inflammatory response will increase the level 

of RDW. Based on the level of RDW, the clinician can 

identify the ischemic stroke patients who were 

appropriate for anti-inflammatory and antioxidant 

treatment. Therefore, routine clinical blood index 

(RDW) can provide a new perspective for managing 

recurrent ischemic stroke. 

 

MATERIALS AND METHODS 
 

Study design 

 

The Ethics Committee of the Institute of Shanghai 

Xuhui Central Hospital, Shanghai, China, approved 

the parent study. Informed consent was obtained from 

all subjects. In this population-based retrospective 

cohort study performed from January 2007 to 

December 2017, acute ischemic stroke patients were 

prospectively collected from the Stroke center of 

Shanghai Xuhui Central Hospital, Fudan University. In 

this study, the diagnosis of ischemic stroke was 

according to the 2013 update of the American Heart 

Association/American Stroke Association’s definition 

of stroke [32]. 

 

Study population 

 

A total of 9125 patients with the first stroke were 

enrolled. Patients with a prior stroke before 2007 were 

excluded. Of these, 2145 patients were excluded based 

on inclusion and exclusion criteria, resulting in a sample 

size of 6980. A total of 578 patients were excluded from 

the study during the follow-up period, leaving 6402 

subjects (Figure 3). Magnetic resonance imaging or 

computed tomography scan was required for all the 

patients to exclude intracranial hemorrhage. No patients 

with missing data were included in this study. 

 

The inclusion criteria were: (1) age >18 years; (2) a 

diagnosis of ischemic stroke following the 2013 update 

of the American Heart Association/American Stroke 

Association’s definition of stroke [32]; (3) arrival 

within 24 h of stroke onset; (4) first ischemic stroke 

(large-artery atherosclerosis, cardioembolism, small-

vessel occlusion, etc.); (5) having detailed clinical, 

laboratory, and follow-up data. 

 

The exclusion criteria were as follows: (1) Patients with 

hemorrhagic stroke were excluded from the study, as this 

type of stroke is distinct from the ischemic stroke that 

was the focus of the study; (2) Patients who had 

undergone surgical treatment were excluded, as this 

could potentially influence the patient’s risk of 

recurrence; (3) Patients who had taken medications such 

as vasoactive drugs within one week of the study were 

excluded, as they could influence the RDW levels; (4) 

Patients with hematologic diseases and acute infectious 

diseases were excluded, as these conditions could also 

influence the RDW levels; (5) Patients with neurological, 

psychiatric, and malignant diseases, were excluded, as 

these conditions are related to not being able to make 

follow-up appointments; (6) Any patient with missing 

data on the baseline was excluded, as this could lead to 

an incomplete analysis. 

 

Outcome evaluation 

 
After the first stroke, patients have interviewed 

annually face-to-face at three and twelve months after 

the stroke. The duration of follow-up was at least five 
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years. Patient follow-ups started at the moment of the 

first ischemic stroke events. In this study, the recurrent 

stroke was self-reported through follow-up interviews. 

Survival status, cause of death, recurrence status, 

period of recurrence, therapy method, and medical 

records were recorded. We reviewed the patient’s 

medical records to confirm the diagnosis of recurrent 

stroke, which requires magnetic resonance imaging or 

a computed tomography scan. If the patients could not 

provide their medical records, a family member or 

caretaker could provide information. Following 

international guidelines, oral anticoagulation was 

initiated after the first ischemic stroke [33]. 

 

During the study, ischemic stroke recurrence was the 

primary outcome measure. Recurrent ischemic stroke 

has been defined as the sudden onset of a new focal 

neurological deficit caused by a vascular origin in the 

territory of a major cerebral artery [34]. 

 

Laboratory assays 

 

Laboratory examinations were performed at the 

Department of Clinical Laboratory, Shanghai Xuhui 

Central Hospital. Blood samples were collected within 

24 h of admission. Blood samples (2 mL) for routine 

blood examination were collected in an EDTA 

anticoagulant tube. WBC, RBC, HGB, blood platelet 

count (PLT), and RDW were measured with the 

Sysmex series automated blood counting system (Kobe, 

Japan) within 0.5 h after blood collection.  

 

In the meanwhile, measurements of aspartate amino-

transferase (AST), alanine aminotransferase (ALT), 

gamma-glutamyl transpeptidase (GGT), BUN, CREA, 

and GLU were made using a 4 ml blood sample that 

was taken in the morning after the individuals had 

fasted for 8 hours. Within three hours of blood 

collection, the serum levels of AST, ALT, GGT, BUN, 

CREA, and GLU were determined by enzymatic 

colorimetry using a commercially available kit 

(Mindray, Shenzhen, China). Daily analysis of internal 

controls was conducted for ten years, and there were no 

significant changes in the coefficients of variation. 

 

Sample size calculation 

 

We used an open-source calculator to calculate the 

minimum total sample size (http://www.powerand 

samplesize.com/). Sample size calculation was  

based on a two-group comparison – the hazard ratio 

(HR): Cox PH, 2-Sided Equality. The HR is the ratio 

of the hazards between two groups. The input 

parameters were HR = 1.5, the overall probability of 

event = 0.04, proportion of the sample in group 

‘A’=0.5, type I error rate = 0.05, power, 1-β=0.8. 

Based on this calculation, the minimum sample size 

required was 4765. 

 

 
 

Figure 3. Flow chart of enrollment of participants in the study. 

http://www.powerandsamplesize.com/
http://www.powerandsamplesize.com/


www.aging-us.com 3060 AGING 

Statistical analysis 

 

Data were analyzed using SPSS 23.0 (SPSS, Chicago, 

IL, USA), and figures were rendered using GraphPad 

Prism 6. A Kolmogorov-Smirnov test was used to 

determine normality. Chi-square tests performed 

comparisons of categorical variables, and independent 

sample t-tests conducted comparisons of continuous 

variables. The relationship between pretreatment RDW 

levels and recurrent ischemic stroke HR was determined 

using a generalized additive model (GAM). We 

calculated HRs and 95% confidence intervals using Cox 

proportional hazard models. Kaplan-Meier curve was 

also used to calculate the clinical endpoints of the 

patients, and a log-rank test was used to compare them. P 

< 0.05 (two-sided) was considered statistical significance. 
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SUPPLEMENTARY MATERIALS 

 

Supplementary Table 
 

Supplementary Table 1. Sensitivity analysis: association of baseline RDW levels with 
recurrent ischemic stroke. 

 Crude model Adjusted model* 

HR (95%CI) P value HR (95%CI) P value 

Model A     

Quartile     

Q1 (<12.4) Ref  Ref  

Q2 (12.4 to 12.8) 1.003 (0.937-1.073) 0.932 1.003 (0.936-1.075) 0.927 

Q3 (12.8 to 13.3) 1.169 (1.069-1.285) 0.076 1.166 (1.066-1.286) 0.050 

Q4 (>13.3) 1.222 (1.091-1.369) 0.001 1.211 (1.075-1.364) 0.002 

P for trend  <0.001  <0.001 

Categories     

Q1-Q2 (<12.8) Ref  Ref  

Q3-Q4 (>12.8) 1.305 (1.142-1.491) <0.001 1.313 (1.144-1.506) <0.001 

Model B     

Quartile     

Q1 (<12.4) Ref  Ref  

Q2 (12.4 to 12.8) 1.003 (0.938-1.073) 0.921 1.003 (0.937-1.074) 0.932 

Q3 (12.8 to 13.3) 1.225 (1.006-1.505) 0.044 1.248 (1.011-1.541) 0.039 

Q4 (>13.3) 1.289 (1.130-1.470) <0.001 1.293 (1.127-1.485) <0.001 

P for trend  <0.001  <0.001 

Categories     

Q1-Q2 (<12.8) Ref  Ref  

Q3-Q4 (>12.8) 1.548 (1.319-1.818) <0.001 1.581 (1.340-1.864) <0.001 

*Adjusted for age, sex, hypertension, diabetes mellitus, smoking, drinking, body mass index, and 
coronary heart disease. Q, quartile. Model A: all the lost to follow up patients (n=175) were 
considered as stroke recurrence. Model B: all the lost to follow up patients (n=175) were 
considered as non-stroke recurrence. 

 


