ANNALS OF MEDICINE Tavior & F .
2022, VOL. 54, NO. 1, 1167-1177 e aylor & Francis
https://doi.org/10.1080/07853890.2022.2059558 Taylor & Francis Group

RESEARCH ARTICLE 8 OPEN ACCESS | Gheck forupdates)

Red cell distribution width: a novel predictive biomarker for stroke risk after
transient ischaemic attack

Ke-Hang Xie®*, Ling-Ling Liu®*, Yun-Ru Liang“*, Chu-Yin Su?, Hua Li% Run-Ni Liu?, Qing-Qing Chen?,
Jia-Sheng He® Yong-Kun Ruan® and Wang-Kai He?
Department of Neurology, Zhuhai Hospital of Integrated Traditional Chinese and Western Medicine, Zhuhai, China; "Department of

Nephrology, The Fifth Affiliated Hospital of Sun Yat-Sen University, Zhuhai, China; “Reproductive Endocrine Center, Yangjiang
Hospital of Traditional Chinese Medicine, Yangjiang, China

ABSTRACT ARTICLE HISTORY
Objective: Predicting the prognosis of transient ischaemic attack (TIA) is difficult for many front- Received 5 November 2021
line clinicians. The purpose of this study was to determine whether subsequent stroke in TIA Revised 4 February 2022
patients can be predicted via red blood cell distribution width (RDW). Accepted 24 March 2022

Material and methods: A total of 360 consecutive patients with new-onset TIA in our stroke
centre, were enrol!ed over the period studi.ed. The patients were di'vided into threg groups: 103 Transient ischaemic attack:
TIA patients, 206 ischaemic stroke (IS) patients and 51 patients with haemorrhagic stroke (HS) stroke; red blood cell
within 7 days after TIA. Complete blood count, biochemical parameters and brain imaging were distribution width;
performed on all patients. predictor; biomarker
Results: The mean RDW values of patients with IS and HS after TIA were significantly higher

than patients with TIA (13.35+1.59 vs 12.84+1.19, 13.32+£1.08 vs 12.84+1.19, respectively, all

p <.001). In a multivariate model, RDW was independently associated with stroke after TIA (IS:

odds ratio (OR) = 2.52, 95% confidence interval (Cl) = 1.46-3.35, p=.002; HS: OR = 1.511, 95%

Cl = 1.101-2.074, p=.011). Compared to ABCD? scores, the diagnostic power of RDW in the dif-

ferentiation of patients with IS after TIA was better (area under curve (AUC): 0.731 vs 0.613,

p=.015). When an RDW cut-off value of 13.95% was accepted for differentiating patients with

IS from TIA, the sensitivity and specificity were 73.7% and 74.3%, respectively. However, the

AUC for the ability of the RDW to predict HS was 0.653 (95% Cl = 0.589-0.716; p <.001).

Conclusions: The early determination of RDW is a promising, rapid, easy and inexpensive bio-

marker to predict the subsequent stroke in TIA patients, especially for IS.
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e The most important result of our study is to show that (1) the higher RDW, the earlier the
stroke onset and (2) RDW >13.95% has a 2.52-fold risk of ischaemic stroke in TIA patients,
and RDW >12.85% has a 1.51-fold risk of haemorrhagic stroke.

e As an economic and accessible hematological marker, baseline RDW may serve as a useful
biomarker for risk stratification in TIA patients.

Abbreviations: RDW: red blood cell distribution width; TIA: transient ischaemic attack; IS: ischae-
mic stroke; HS: haemorrhagic stroke; ABCD2 score: age, blood pressure, the presence of clinical
weakness or speech disturbance, the duration of symptoms, and the presence or absence of dia-
betes; OS: oxidative stress; CT: computerized tomography; MRI: magnetic resonance imaging;
MRA: magnetic resonance angiography; DWI: diffusion weighted imaging; RBC: red blood cell;
IQR: inter-quartile range; Cl: confidence interval; ROC: receiver operating characteristic curve; OR:
odds ratio; MDA: malondialdehyde; TNF-o: tumour necrosis factor-o; ROS: reactive oxygen spe-
cies; RNS: reactive nitrogen species

Introduction stroke after TIA and selection of appropriate treatment

Up to 20% of patients with acute ischaemic stroke suf-  can reduce the risk of stroke by 80% and improve
fered from a previous transient ischaemic attack (TIA) prognosis [2]. Although several factors have been
[1]. Early identification of patients at high risk for  combined in different scores (such as ABCD? score:
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age, blood pressure, presence of clinical weakness or
speech disturbance, the duration of symptoms, and
the presence or absence of diabetes) in order to strat-
ify the risk after a TIA [3]. Recent data suggest that
their clinical value is controversial [4,5]. The National
Institute for Health and Care Excellence (NICE) guide-
lines, updated in 2019, no longer recommend clinical
classification using scoring systems such as the ABCD?
score [6].

Many studies have been devoted to finding factors
that predict subsequent strokes in TIA patients, such
as B-type natriuretic peptide [7], soluble CD40 ligand
[8], N-acetyl aspartate, glutamate, and taurine [9].
However, detection of the above-mentioned bio-
markers is time-consuming and expensive, and difficult
to monitor dynamically. In addition to improving risk
stratification, some researchers suggest that new prog-
nostic markers could further clarify the underlying
pathophysiology or timely adjustment of treatment
regimens [6,10,11]. Therefore, we need an inexpensive,
easy, available, and sensitive laboratory marker that
allows us to reliably predict the prognosis after TIA.

Cumulative evidence suggested that elevated red
blood cell distribution width (RDW) was an important
prognostic biomarker for predicting functional out-
comes and mortality in patients with cerebral infarc-
tion [12,13]. Recent studies have found that RDW may
reflect the underlying inflammatory state and oxida-
tive stress (OS) damage [14], and therefore is related
to the incidence, progression and prognosis of stroke
[15,16]. The complex pathophysiological mechanisms
behind TIA and stroke are similar [6]. Perhaps, RDW
can predict subsequent stroke in TIA patients.

For all we know, no studies have explored the rela-
tionship between RDW and TIA prognosis. Therefore,
we tested the hypothesis that whether TIA and stroke
after TIA can be predicted via the RDW.

Materials and methods
Study setting and participants

From January 2015 to December 2020, 360 patients
with TIA from our stroke centre were enrolled in this
study. All patients were hospitalized and classified into
three groups: TIA, ischaemic stroke (IS) and haemor-
rhagic stroke (HS) after TIA group. A study flow chart
is provided in Figure 1.

The inclusion criteria for this study were TIA aged
30-80years within 48h of symptom onset. Clinical
evaluation, brain CT (computerized tomography) and
MRI (magnetic resonance imaging) + MRA (magnetic
resonance angiography) + DWI (diffusion-weighted

imaging) were performed on each patient. The diag-
nosis of TIA was based on the clinical features of a
presumed vasogenic focal neurological deficit of less
than 24 h duration and absence of fresh brain infarc-
tion on DWI [17]. IS after TIA was defined as evidence
of acute neurological impairment or acute infarction
lasting 24 h within 7 days of a TIA based on abnormal-
ities in DWI. Patients with HS were confirmed by CT
or MRI.

The etiopathogenic diagnosis of TIA and IS after TIA
was classified according to the TOAST (Trial of ORG
10172 in Acute Stroke Treatment) system: large artery
atherosclerosis (LAA), cardioembolism (CE), small-ves-
sel occlusion (SVO), a stroke of other undetermined
aetiologies (SUE) [18].

Inclusion and exclusion criteria

Patients were excluded due to: (1) posterior circulation
stroke and TIA; (2) history of cardiovascular and cere-
brovascular disease, trauma, and surgery within
3months; (3) other central nervous systematic dis-
eases: epileptic seizure, migraine with aura, peripheral
vestibule disease, somatic form disorder, idiopathic
facial palsy, transient impaired vision, and brain
tumour; (4) severe renal, liver, or heart failure, infec-
tion, immunologic diseases, and cancer.

Clinical and laboratory parameters

Baseline information was collected for all patients,
including demographic data, vascular risk factors, time
from symptom onset to hospital, blood pressure,
ABCD? score, and National Institutes of Health Stroke
Scale (NIHSS) score at admission. Clinical outcomes
were assessed by MRS (Modified Rankin Scale) after
3 months. Complete blood counts were measured at
patients’ arrival at the emergency room using Toshiba,
with ethylene diamine tetraacetic acid blood samples.
RDW-CV has been extensively studied and calculated
according to the following formula: RDW-CV = (stand-
ard deviation of red blood cell (RBC) volume/mean
RBC volume) x 100 [19]. The normal reference values
for RDW in the laboratory are between 11% and 14%.
In the present research, we reported the RDW-CV and
represented it with RDW.

Serum albumin (ALB), alanine aminotransferase
(ALT), uric acid (UA), total bilirubin (TBIL) levels, homo-
cysteine (HCY), creatinine (CR), and fasting blood glu-
cose (FBG) were measured using the Hitachi LST008
analyzer (Hitachi High Technologies, Tokyo, Japan)
within the first 12 h after the onset of TIA and after
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Figure 1. Flow chart for enrollment of the retrospective cohort study.

fasting for 8-10h. Concentrations of total cholesterol
(TQ), triglyceride (TG), high-density lipoprotein choles-
terol (HDL), low-density lipoprotein cholesterol (LDL)
and C-reactive protein were measured by the same
method. Fibrinogen(FIB) was measured using the
Wolfen ACL-TOP-700 automatic coagulation ana-
lyzer (Spanish).

Data collection and outcome assessment

All participants were interviewed using a standardized
questionnaire to assess medical histories.
Neuroimaging studies were evaluated by two neurolo-
gists who were blinded to the clinical data and inde-
pendently identified TIA and IS or HS after TIA.
Disputes were resolved by consensus.

Statistical analysis

Normally distributed continuous variables were com-
pared by the Student’s t-tests and expressed as the
mean standard deviations. Continuous variables that

were not normally distributed were represented by
the inter-quartile range (IQR) and compared by the
Mann-Whitney U test. Categorical variables were
expressed as absolute and relative frequencies and
were compared using a chi-square test. Pearson’s
method was used for correlation analysis of normal
distribution materials, and Spearman’s method was
used for correlation analysis of non-normal distribution
materials. In order to identify determinants of stroke
after TIA, all possible variables with p <.05 in univari-
ate analysis were then input into a forward logistic
regression model. The results were expressed as
adjusted odds ratio (OR) with the corresponding 95%
confidence interval (Cl). If RDW was an independent
risk factor for stroke after TIA, the receiver operating
characteristic curve (ROC) for predicting TIA progres-
sion with RDW was drawn. When the Youden index
was the largest, the optimal diagnostic cut-off point
for RDW was calculated, and then the sensitivity and
specificity were calculated respectively. We compared
ABCD? scores and RDW levels under the ROC curve.
p <.05 was defined as statistically significant, and all
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statistical analyses were performed with IBM SPSS stat-
istical version 24 (SPSS Inc. Chicago, IL, USA).

Ethical considerations

This was a retrospective, cross-sectional study that did
not involve clinical or animal studies and would not
have had any effect on patient outcomes. According
to the statement on ethics approval by the ethics
committee composed of our hospital, the requirement

for ethics approval was exempted.

Results

General characteristics of the subjects

Patients’ baseline characteristics and clinical properties
are summarised in Table 1. A total of 360 patients were

of 58.88 + 1.33years (all p > .05).

Table 1. The clinical characteristics of the study samples.

included in the study: 103 patients with TIA (TIA group),
206 patients with IS (IS group) and 51 HS patients after
TIA (HS group). TIA and IS groups accounted for 57% of
males with a mean age of 58.94 + 10.54 years, while the
HS group accounted for 68% of males with a mean age

TIA IS HS

Characteristics (n=103) (n=206) (n=>51) p‘—VaIue pz—VaIue p3—VaIue
Age (years), mean (SD) 58. 94 (10.54) 58.94 (10.54) 58.88 (1.33) .895 .884
Male, n (%) 9 (57) 118 (57) 39 (68) 173 142
Alcohol consumption, n (%) 9(17) 42 (20) 9 (18) 461 554 444
Current smoking, n (%) 3 (22) 67 (33) 12 (24) .084 521 225
Hypertension, n (%) 4 (62) 145 (70) 39 (77) 157 258 409
Diabetes mellitus, n (%) 6 (25) 82 (40) 19 (37) .030%* 71 476
Coronary heart disease, n (%) 1(11) 28 (14) 5(10) .586 561 354
Time from onset to hospital (h) 19. 52 (8.00) 21.20 (12.00) 24.42 (9.00) 258 000%** 000%**
BMI, mean (SD) 24,97 (3.44) 25.36 (3.03) 24.42 (2.73) 155 485 .035*
SBP (mm Hg), mean (SD) 144,70 (23.46) 155.67 (25.09) 142.59 (20.12) .000*** 759 001%*
DBP (mm Hg), mean (SD) 89.43 (15.45) 96.22 (14.94) 91.57 (13.02) .000%** 195 041%*
WBC (109/U|), mean (SD) 7.20 (2.04) 7.49 (1.95) 7.63 (1.86) 130 .099 593
N/L, mean (SD) 2.70 (1.46) 2.72 (1.47) 2.76 (1.38) .016* 283 431
HGB (109/L), mean (SD) 141.06 (13.34) 141.79 (15.66) 143.92 (14.48) 715 178 229
RBC (10%/L), mean (SD) 4,68 (0.56) 4.74 (0.47) 4.71 (0.40) .082 364 749
PLT (109/L), mean (SD) 232. 56 (54.74) 236.11 (61.30) 208.45 (53.06) 615 .038* 009**
ALT (U/L), median (IQR) 9 (14-23) 18 (13-27) 19 (14-25) 970 557 .600
TBIL (umol/L), mean (SD) 13. 72 (4.92) 12.31 (5.91) 13.05 (5.35) .038* .029* 574
CR (umol/L), mean (SD) 70.56 (20.60) 68.66 (17.59) 67.28 (15.71) .068 011%* 002%*
CRP (mg/L), median (IQR) 2.80 (1.10-4.70) 3.90 (1.70-7.20) 3.50 (1.60-6.70) .002* 048* AR
FIB (g/L), median (IQR) 2.59 (2.18-2.93) 2.57 (2.31-3.12) 2.67 (2.30-3.03) A1 207 945
ALB (g/L), median (IQR) 42.01 (40.0-43.8) 40.80 (39.18-42.65) 41.50 (38.80-43.3) .001** .038* 950
UA (umol/L), mean (SD) 365.24 (102.49) 344.44 (91.79) 352 (90.27) 187 216 017%*
HCY (mmol/L), mean (SD) 10.36 (4.50) 12.28 (6.96) 13.05 (8.19) .040* 044* .589
TG (mmol/L), mean (SD) 1.53 (0.76) 1.65 (0.87) 1.79 (1.41) 193 250 .856
TC (mmol/L), mean (SD) 4,98 (1.05) 5.07 (1.17) 4.71 (0.89) .660 .077 023*
LDL (mmol/L), mean (SD) 3.04 (0.89) 3.20 (1.03) 2.93 (0.72) 259 562 A1
HDL (mmol/L), mean (SD) 1.29 (0.27) 1.24 (0.27) 1.18 (0.20) 179 018* 164
FBG (mmol/L), mean (SD) 6.09 (1.79) 7.22 (2.97) 6.20 (1.95) .000*** 934 010*
RDW (%) 12.84 (1.19) 13.35 (1.59) 13.32 (1.08) .000*** 001** 255
Medication history, n (%)

Antihypertensive therapy 50 (49) 117 (57) 18 (35) 184 138 077

Antiglycemic therapy 12 (11) 45 (22) 8 (16) 573 .867 367

Antiplatelet therapy 36 (35) 94 (46) 26 (51) .095 143 .389

Statin therapy 5(5) 16 (8) 6 (12) 713 133 279

Thrombolysis treatment 29 (28) 92 (45) .007%*
Stroke scale

ABCD? scores median (IQR) 5 (4-6) 6 (4-7) 6 (5-7) .007%* 000%** 253

NIHSS scores median (IQR) 3 (3-5) 6 (3-7) 6 (4-8) .000*** .000*** 665

MRS scores median (IQR) 0 1 (0-1) 1(0-2) 000%** 000%** 614
Aetiology classification, n (%)

LAA 20 (19) 45 (22) 404

SVOo 28 (27) 89 (43) .038*

CE 16 (16) 35 (17) 459

SUE 39 (38) 37 (18) .003**
Mortality, n (%)

Number of deaths after 30 days 0 (0) 2 (0.009) 1 (0.019) 489

BMI: body mass index, defined as weight in kilograms divided by the square of height in metres; SBP: systolic blood pressure; DBP: diastolic blood pres-
sure; WBC: white blood cells; N/L:Neutrophilic/lymphocytes; HGB: haemoglobin; RBC: red blood cell; RDW: red blood cell distribution width; PLT: blood

platelet; ALT: alanine transaminase; TBIL: total bilirubin;

CR: creatinine; CRP: ¢ reactive protein; FIB: fibrinogen; ALB: albumin; UA: uric acid; HCY:

Homocysteine; TG: triglycerid; TC: total cholesterol; LDL: low-density lipoprotein cholesterol; HDL: high-density lipoprotein cholesterol; FBG: fasting blood-
glucose; ABCDz:Age, Blood Pressure, Clinical Features, Duration, and Diabetes; National Institutes of Health Stroke Scale: NIHSS; Modified Rankin Scale:

MRS; Values are expressed as Mean + SD, median (IQR). p: TIA vs. IS patients; p* TIA patients vs. HS patients; p*:

ces were considered significant if p-value < .05. ***p-Value < .001, **p-value < .01, *p-value < .05.

IS patients vs. HS patients. The differen-



No differences were found in age, BMI, history of
smoking and drinking, hypertension, coronary heart
disease, medication history (antihypertensive, antigly-
cemic, antiplatelet, and statin therapy) in the three
groups (all p > .05). In contrast, systolic and diastolic
blood pressure (p =.000) in IS group were significantly
highest in the three groups. IS group had more
patients with diabetes than TIA group (p=.030). Of
the three groups, the HS group had the longest time
from onset to hospitalization (all p=.000). IS patients
had better compliance than TIA when it came to
thrombolysis treatment (28% vs 45%, p =.116). ABCD?,
NHISS, and MRS scores were significantly higher in IS
and HS patients than in TIA patients (all p <.05), but
there were no differences between IS and HS groups
in all three scores (all p > .05).

For haematologic and metabolic indicators, serum
levels of CRP, TB, ALB and HCY in patients with stroke
(both IS and HS group) were lower than those in the
TIA group (all p<.05). As compared with the TIA and
IS group, serum levels of CR in HS were significantly
lower (both p <.05). N/L and FBG levels were higher
in IS than in the TIA group (p =.000). When compared
with IS, serum levels of UA in HS were higher (p <.05).
RDW values in IS and HS groups were significantly
higher than in the TIA group (13.35% vs 12.84%,
p =.000; 13.32% vs 12.84%, p=.001) (Figure 3(A)).

Spearman’s or Pearson’s correlation analysis
between RDW and inflammatory and OS markers

Figure 2(AB) shows the results of the correlation
between RDW and inflammatory markers in stroke
patients, suggesting RDW was positively correlated
with CRP and N/L (both p <.05). UA, TB, ALB and CR
were considered as antioxidant status biomarkers [20].
RDW was negatively correlated with ALB (p <.05).
However, RDW had no correlation with UA, TB, and CR
(all p>.05) (Figure 2(C-F)).

Multiple logistic regression analysis

Our multivariable regression analysis model suggested
that RDW (p=.002; OR = 2.52; 95%Cl = 1.46-3.35)
could independently predict IS in TIA patients, and

elevation in serum RDW was associated with HS
(p=.011;, OR = 1511; 95% Cl = 1.101-2.074)
(Table 2).
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Distribution characteristics of RDW value in age,
stroke onset time and stroke aetiology

RDW increases with age

In terms of age segmentation, our results showed
RDW values in the three groups increased with age
(although not all p were significant) (Figure 3(B)).

The higher RDW, the earlier the stroke onset
after TIA

By categorizing the time from TIA to stroke, it can be
concluded that the higher the baseline RDW, the
shorter the stroke onset (all p <.05) (Figure 3(Q)).
Distribution characteristics of RDW value in
stroke aetiology

Higher serum levels of RDW in IS group than in the
TIA group were observed among LAA and SUE sub-
groups (p=.017 and .002, respectively) (Table 3 and
Figure 3(D)). No difference was found in SUA and CE
subgroup (p > .05).

Efficacy of RDW in predicting stroke

The ROC curve analysis of RDW values for predicting
the risk of stroke after TIA revealed that RDW can pre-
dict IS better than HS after TIA (Figure 4). (1) The area
under the ROC curve for IS was 0.731 (95% Cl,
0.648-0.814; p=.000), and the best predictive RDW
value was 13.95% (73.7% sensitivity and 74.3% specifi-
city). Meanwhile, the AUC for ABCD? score was 0.613
(95% Cl, 0.547-0.678; p=.001). RDW was better than
ABCD? score in predicting IS after TIA (Z=2.19,
p=.015). (2) The AUC for the ability of the RDW to
predict HS was 0.653 (95% Cl, 0.589-0.716; p <.001),
and the optimal cut-off value was 12.85%.

Efficacy of RDW in predicting aetiology

To identify stroke aetiology, the AUC for LAA, SUA, CE
and SUE were 0.598 (0.496-0.699), 0.612 (0.532-0.692),
0.548 (0.441-0.656) and 0.644 (0.562-0.726), respect-
ively (p=.059, .007, .396 and .001, respectively). The
cut-off value of SUA and SUE was 12.95% (sensitivity
60%, specificity 66.02%) and 12.86% (sensitivity
58.43%, specificity 64.08%) (Figure 5).

Discussion

The result of our study showed that RDW was signifi-
cantly higher in the stroke group than TIA group and
elevated RDW was associated with an increased risk of
IS and HS in TIA patients. The current study is, so far
as we know, the first to clarify the predictive value of
elevated baseline RDW levels in patients with TIA.
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Previous studies found an association between
RDW and incident stroke in the general population,
which was independent of anaemia [21]. The higher
RDW values measured in stroke patients were associ-
ated with adverse functional outcomes and mortality
[12]. Moreover, increased RDW has proven to be a
potent predictor of neuronal damage [22], haemor-
rhagic transformation [23], higher mortality after intra-
venous thrombolysis [24], and atrial fibrillation [25] in
IS patients.

The mechanism by which high RDW is associated
with stroke progression and poor prognosis is not fully
understood. OS and subsequent subclinical inflamma-
tion may play important pathophysiological mecha-
nisms for this clinical phenomenon, due to increased
RDW comprehensively representing higher levels of
OS damage [14,26]. Lorente et al. [27] found that
patients with malignant middle cerebral artery infarc-
tion (MMACAI) and eventual death showed higher
RDW, blood malondialdehyde (MDA) levels, and
tumour necrosis factor-a. (TNF-o) levels than survivors
and these parameters are correlated. They suggested
that the association between mortality and RDW in
MMACAI patients may be due to higher OS and higher
inflammatory status [27]. Sequentially, we hypothesize

Table 2. Risk factors for stroke wusing multiple logis-
tic regression.
OR 95% Cl p-Value
Risk factors for IS
RDW 2.523 1.464-3.345 002**
CRP 1.098 1.035-1.164 007*
ALB 0.844 0.766-0.930 001**
HCY 1.062 1.010-1.116 019*
GLU 1.240 1.062-1.449 .007*
Risk factors for HS
RDW 1.511 1.101-2.074 011*
B 1.079 1.006-1.156 032*

The differences were considered significant if p-value <.05. ***p-Value
<.001, **p-value < .01, *p-value < .05.
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that patients with TIA are more prone to stroke if
accompanied by higher RDW.

As mentioned above, elevated RDW was associated
with the potential inflammatory state and OS damage,
and may predict the incidence and prognosis of TIA
patients. The explanation of the correlation between
increased RDW level and stroke after TIA may be
as follows.

First, higher OS status in stroke patients after TIA

Cumulative evidence indicated that serum levels of OS
increased with RDW. A 24-month follow-up study of
786 women with moderate and severe disabilities
found that their serum oxidant levels increased as
RDW increased [28]. And UA, TB, ALB and CR were
found to comprehensively reflect the antioxidant sta-
tus [20]. In this study, we found that the stroke
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Figure 4. The ROC curve analysis of admission RDW for pre-
dicting the stroke after TIA.

Table 3. Distribution characteristics of RDW value in age, stroke onset time and stroke aetiology.

TIA IS HS
(n=103) (n=206) (n=51) p'-Value p*Value p*-Value

Age distribution of RDW

>30 to <45years, median (SD) 12.71 (0.64) 13.16 (1.77) 12.76 (0.79) .863 .819 975

>45 to <60 years, median (SD) 13.07 (1.54) 13.21 (1.31) 13.09 (0.83) 384 824 453

>60 to <80 years, median (SD) 13.26 (0.83) 13.55 (1.79) 13.90 (1.22) 184 .023* .064
Time of stroke after TIA

1day, median (SD) 14.11 (1.43) 14.29 (1.63) 749

2 days, median (SD) 13.57 (1.39) 13.66 (1.08) .390

3-7 days, median (SD) 13.00 (0.89) 13.03 (0.64) 423
Stroke aetiology

LAA (SD) 12.53 (0.87) 13.45 (1.73) 017%*

SVO (SD) 13.20 (1.43) 13.13 (0.95) .682

CE (SD) 12.59 (0.68) 12.90 (0.89) 259

SUE (SD) 12.77 (1.26) 13.57 (1.99) .002*

p": TIA vs. IS patients; p* TIA patients vs. HS patients; p>: IS patients vs. HS patients. The differences were considered significant if p-value < .05. ***p-
Value < .001, **p-value < .01, *p-value < .05.
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Figure 5. The ROC curve analysis of admission RDW for pre-
dicting the stroke aetiology.

patients had higher RDW than TIA patients.
Furthermore, UA, TB, ALB and CR were lower in the
stroke group than in the TIA group, and RDW values
were inversely correlated with the levels of these four
markers (although not all findings were statistically
significant, Figure 2(C-F)). These results suggested that
stroke patients with higher RDW had lower antioxi-
dant capacity.

Ischaemia and reperfusion injury can induce OS
through the production of reactive oxygen species
[29]. The TIA animal model suggested that oxygen
free radicals produced during reperfusion of ischaemic
brain injury might be the main cause of reperfusion
injury [30]. OS damage and antioxidant levels have
been shown to be associated with neuronal damage/
protection during cerebral ischaemic and reperfusion,
which play a role in functional outcome and mortality
[31]. Thus, the imbalance between antioxidant and
oxidant will cause oxidative damage, which can lead
to stroke. From a metabolic point of view, anaerobic
glucose metabolism and hyperglycolysis after cerebral
ischaemia produced lactic acid, exacerbating brain tis-
sue injury through enhancement of free radical forma-
tion and mitochondrial failure [32].

Many studies have shown that the incidence of
stroke is higher with increasing age [33,34], which also
proves from another perspective that the aetiology of
a stroke may be the result of long-term OS accumula-
tion [35]. Consistent with previous research [36], our
study showed that RDW values in the three groups
increased with age (Figure 3(C)). In our study,
increased RDW with higher OS was associated with

stroke after TIA, suggesting an important role of OS in
pathogenesis. The reasons behind this interesting
result deserve further investigation.

Second, higher inflammation status in stroke
patients after TIA

The role of inflammation in the ischaemic cascade
after TIA is well known. Inflammatory mechanisms are
central to the pathogenesis and progression of athero-
sclerosis, plaque rupture [37], thrombosis [38], and
stroke [39]. A rich body of literature demonstrates that
inflammation is associated with increased stroke risk
and may be an important determinant of outcomes
[40]. Inflammatory biomarkers such as P-selectin have
been considered to be predictors of stroke after
TIA [41].

OS can reduce RBC lifespan, and inflammation is
closely related to suppressed RBC production, both of
which may increase RDW levels [42,43]. Researchers
have found that serum levels of inflammation
increased with RDW [28]. A study of 3845 adult out-
patient subjects further supported this hypothesis,
demonstrating a strong, hierarchical and independent
relationship between RDW and hsCRP levels [44]. In
addition, some scholars have found that RDW and CRP
are positively correlated, which further confirmed the
hypothesis that RDW is an inflammation marker [45].
Moreover, another study revealed that older women
in the higher quartile of RDW were associated with a
higher concentration of interleukin-6, suggesting the
predictive value of RDW in serum antoxidants and
inflammation [46]. To some extent, our results are con-
sistent with the conclusion of their research. In our
study, both the values of RDW, N/L and CRP were sig-
nificantly higher in stroke patients. Moreover, RDW
was positively correlated with CRP and N/L, suggesting
that RD patients suffered from a more severe inflam-
matory response.

In all, our study suggested that patients with stroke
had upregulated inflammation, and the OS-related
inflammation may be a possible mechanism in the
pathogenesis of stroke after TIA.

Third, microcirculation disturbance in stroke
patients after TIA

OS is a critical factor causing microcirculation disturb-
ance [47]. With the increase of RDW, the size of RBC is
not uniform, and its deformation causes changes in
peripheral blood circulation function. This may be an
independent or synergistic factor for increasing



circulatory resistance and vascular occlusion [48].
Increased RBC aggregation and reduced deformability
were observed in the pathophysiology of circulatory
disorders, including myocardial infarction, inflamma-
tion, and stroke [49]. These hemorheological parame-
ters interrupt microcirculation through narrow
capillaries in ischaemic tissue [50]. The present study
revealed that FIB levels were elevated in RD group,
indicating higher procoagulant status and worse
microcirculation of RD. This was in agreement with a
previous study focussed on microcirculation, which
found that elevated RDW leads to slow coronary flow.

RDW and its aetiology

Some scholars found that elevated RDW could lead to
poor collateral flow and increased final infarct volume
in LAA-related stroke patients [51]. In our stroke sub-
group classification, it was found that the LAA sub-
group in the IS group had higher RDW values. The
RDW was positively correlated with the cholesterol
content of the erythrocyte membrane, which increases
the volume of the necrotic lipid core and leads to the
rupture of atherosclerotic plaque [52]. This may be the
reason for the higher RDW value in the LAA group.

More importantly, the comparison of different AUC
(Figure 4, 1S:0.731 vs 0.613; HS:0.653 vs 0.613) sup-
ported that RDW values could improve predictive
power when compared with the ABCD? score. To fur-
ther investigate the necessity of the addition of RDW
to a scoring system, larger-sample studies are needed.

In conclusion, our findings found the prognostic
value of RDW in patients with TIA. Increased RDW
likely reflected the presence of OS, inflammation and
poor microcirculation. Based on the above evidence,
we look forward to more studies confirming that RDW
is a powerful predictor of subsequent stroke in
TIA patients.

Limitations

One limitation of our study was that several markers
of inflammation and OS, such as TNF-a and MDA,
were not adequately evaluated. Another limitation was
that the RDW was measured only once, which may
increase the possibility of analyzing defects. Thirdly,
the sample of this retrospective study was small,
which may lead to biases in the results of the study.
Fourth, this study was lack of genetic data that
explains the low values of the antioxidant factor. This
may be considered in our future study.
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Conclusions

In summary, this study was the first to reveal that ele-
vated RDW was an independent predictor of subse-
quent stroke in TIA patients. As an economic and
accessible hematological marker, baseline RDW may
serve as a useful biomarker for risk stratification in
TIA patients.
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