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Background: Blood viscosity (BV) is the intrinsic resistance of blood to flow and is a measure of blood stickiness. Several clinical and 
epidemiologic studies have demonstrated an association between BV and the occurrence of major thromboembolic events. Although 
BV is significantly higher in cases of lacunar or cardioembolic strokes, its relationship with demographic and laboratory parameters 
during the acute stage of ischemic stroke is unknown. We investigated the relationship between baseline characteristics of acute isch-
emic stroke and BV within 24 hours of symptom onset in patients with acute ischemic stroke. 
Methods: We enrolled patients aged 40 years or older with documented histories of ischemic stroke or transient ischemic attack 
within 24 hours of symptom onset. A scanning capillary-tube viscometer was used to assess whole BV. 
Results: The mean age was 69.6±12.03 years and 44.4% of the patients were female. Of 189 patients, 68.3% had a history of hyper-
tension; 27%, diabetes; 42.9%, hypercholesterolemia; 3.7%, coronary artery disease; and 18%, stroke. Additionally, 40.7% were cur-
rent smokers. Sixty-one patients (32.3%) were regularly taking antithrombotics. Multiple linear regression analysis revealed that he-
matocrit was positively corelated with increased BV and prior antithrombotic use was corelated with decreased BV. Hematocrit-ad-
justed partial correlation demonstrated that prior antithrombotic use was significantly associated with decreased BV.  
Conclusion: Prior antithrombotic use is significantly associated with decreased BV within 24 hours of symptom onset in patients with 
acute ischemic stroke. Our findings indicate that antithrombotic medications may change the hemorheological profile in these patients. 
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INTRODUCTION 

Blood viscosity (BV) is defined as the intrinsic resistance of blood 
to flow and serves as a measure of blood “stickiness” [1-3]. BV is an 
essential hemorheological factor and is determined by hematocrit, 

plasma viscosity (PV), and properties of red blood cells (RBCs) 
[4]. Increases in these factors correspond to increases in BV. High 
aggregation and low deformability of RBCs can also increase BV. 
High BV, in turn, increases thromboembolic risk and plays an im-
portant role in cerebro- cardiovascular diseases [2,3,5-7]. Several 
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clinical and epidemiologic studies have demonstrated an associa-
tion between BV and the occurrence of major thromboembolic 
events [8,9]. BV can also be altered during various physiopatho-
logical conditions including obesity, cigarette smoking, chronic 
heart failure, hypertension, and diabetes [10]. Furthermore, BV 
can be modified using medical treatments such as antithrombot-
ics or statins. Although high BV is known to contribute to stroke 
occurrence, few studies have examined BV in acute ischemic 
stroke [1,3,10,11]. There is evidence to show that BV is signifi-
cantly higher in cases of lacunar or cardioembolic strokes [1,3,12]. 
However, the relationship between BV and biochemical parame-
ters during the acute stage of ischemic stroke have not yet been 
elucidated. Therefore, we investigated the relationship between 
baseline characteristics of acute ischemic stroke and BV within 24 
hours of symptom onset in such patients. 

METHODS 

Patients 
We enrolled patients aged 40 years or older with documented his-
tories of ischemic stroke or transient ischemic attack (TIA) within 
24 hours of symptom onset between January 2018 and December 
2018. In order to be eligible for inclusion in the study, the symp-
tom complex of TIA patients had to encompass weakness, speech 
disturbance, dysarthria or dysphasia for greater than 5 minutes 
[13]. Patient demographics, clinical information including vascu-
lar risk factors, and medical histories were assessed during hospital 
admission. A skilled pharmacist checked the medications each pa-
tient took regularly during the week preceding their admission. 
The laboratory findings affecting BV, including hemoglobin, he-
matocrit, white blood cells, platelets, random plasma glucose, and 
prothrombin time-international normalized ratio (PT-INR) were 
examined during initial blood sampling in the emergency room 
(ER). Blood protein, fasting blood sugar, and lipid profiles were 
obtained after a 12-hour fast. All patients underwent systemic in-
vestigations of brain magnetic resonance imaging and at least one 
vascular imaging study, such as conventional angiography, mag-
netic resonance angiography, or computed tomographic angiogra-
phy. Echocardiography and 24-hour Holter monitoring were 
done in a patient with embolic stroke of undetermined etiology to 
detect the cardioembolic source. Stroke subtypes were assigned 
according to the Trial of ORG 10172 in the Acute Stroke Treat-
ment classification system, and the criteria for classification were 
strictly enforced. We excluded patients diagnosed with stroke sub-
types of other determined etiologies, such as nonatherosclerotic 
vasculopathy, hypercoagulable states, and hematologic disorders.  

BV measurement 
A scanning capillary-tube viscometer (SCTV) (Hemovister, 
Pharmode Inc., Seoul, Korea) was used to assess the whole blood 
viscosity (WBV). The SCTV assesses systolic WBV (SBV) and 
diastolic WBV (DBV). SBV and DBV characterize viscosities at 
high and low shear rates, respectively. A WBV measured at a shear 
rate of 300 second−1 was selected as the SBV and at 1 second−1 as 
the DBV [3]. A 3 mL of whole blood from each patient was col-
lected in an ethylenediaminetetraacetic acid anticoagulant-coated 
tube and stored at 4°C. All BV levels were obtained before hydra-
tion therapy in the ER, and measurements were taken within 24 
hours of collection.

Statistical analysis 
Variables were tested for normality using the Kolmogorov-Smirn-
ov test. The baseline parameters of each group were analyzed using 
one-way analysis of variance (ANOVA) with a Tukey post hoc test 
for continuous variables wherever applicable. Univariate analyses 
of demographics, vascular risk factors, and medical history were 
performed using an independent sample t test or the Mann-Whit-
ney U test for continuous variables and the chi-square test for cate-
gorical variables. Multivariate linear regression models were used 
to investigate the relationship between significant univariate vari-
ables. A multivariate analysis was performed using all variables with 
P < 0.05 in the univariate analysis. Descriptive data were expressed 
as number (percent) or mean ± standard deviation. Statistical anal-
yses were performed using SPSS version 25.0 for Windows (IBM 
Co., Armonk, NY, USA). 

Institutional Review Board/Institutional Animal Care and 
Use Committee approval
The Research Ethics Committee of Inje University Sanggye Paik 
Hospital approved the present study (2018-08–025). The re-
quirement for informed consent was waived because the database 
was accessed only for purposes of analysis; personal information 
was not used.

RESULTS 

The patient profile and reasons for exclusion from the study have 
been outlined in Fig. 1. Of 189 patients, 22 had TIA (11.6%). The 
most frequent stroke subtype was lacunar stroke (n = 65, 34.4%), 
followed by stroke of undetermined etiology, negative workup 
(n = 43, 22.8%), large artery atherosclerosis (n = 32, 16.9%), and 
cardioembolism (CE) (n = 27, 14.3%). The baseline characteris-
tics of the study population are shown in Table 1. The mean age 
was 69.6 ± 12.03 years, and 44.4% were female. Of these, 68.3% 
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475 Consecutive acute ischemic stroke or TIA patients

200 Eligible patients for the study

189 Enrollment patients for the study

128 No antithrombotics use61 Prior antithrombotics use 
34 Aspirin
20 Clopidogrel
7 Warfarin

235 More than 24 hours after symptom onset 
40 No informed consent

7 Stroke etiology incomplete work-up 
4 Stroke of other determined etiology

Fig. 1. Trial profile. TIA, transient ischemic attack.

had a history of hypertension; 27%, diabetes; 42.9%, hypercholes-
terolemia; 3.7%, coronary artery disease; and 18%, stroke. Addi-
tionally, 40.7% were smokers at the time of the study. Sixty-one 
patients (32.3%) were regularly taking antithrombotics (aspirin, 
56%; clopidogrel, 33%; warfarin, 11%). There were no patients 
taking dual antiplatelet therapy or a new oral anticoagulant. Older 
age was highly correlated with antithrombotic use (r = 0.324, 
P < 0.0001). Though INR was higher in patients with prior anti-
thrombotic use (1.09 vs. 1.01, P = 0.045), there was no difference 
in INR between antiplatelet and anticoagulant user groups (1.09 
vs. 1.14, P = 0.645). Patients with CE were older, had higher INR, 
lower smoking rates, and lower low-density lipoprotein cholester-
ol (LDL-C) levels, likely related to the higher number of female 
patients and higher use of antithrombotics among patients in this 
category (Table 1). Table 2 shows the difference in BV based on 
the history of prior antithrombotic use. Prior antithrombotic use 
was positively associated with decreased BV but no significant dif-
ferences in BV were observed among treatment groups. 

Univariate linear regression analyses were performed on base-
line characteristics relative to SBV and DBV. SBV and DBV were 
significantly associated with age, smoking, hemoglobin, hemato-
crit, white blood cell count, platelet count, total cholesterol level, 
LDL-C level, and prior antithrombotic use. Prior statin use did 
not influence BV levels (SBV, P = 0.485 vs. DBV, P = 0.766). Mul-
tiple linear regression analysis revealed that hematocrit, platelet 

count, and prior antithrombotic use were associated with SBV 
and DBV (Table 3). Hematocrit was positively related with in-
creased SBV, and hematocrit and platelet count were positively as-
sociated with increased DBV. Prior antithrombotic use was sig-
nificantly related with decreased SBV and DBV. Hematocrit-ad-
justed partial correlation revealed that prior antithrombotic use 
was significantly associated with decreased SBV and DBV (r = –
0.227, P = 0.014 vs. r = –0.231, P = 0.013) (Fig. 2). 

DISCUSSION 

BV reflects frictional interactions between RBCs and other blood 
components within the systemic vascular system [2]. The major 
determinants of BV are the aggregation and deformability of 
RBCs, hematocrit, and PV. BV can provide important informa-
tion regarding stroke risk and can be modified by therapeutic mo-
dalities. In this study, we investigated the relationship between pa-
tient characteristics and BV within 24 hours of symptom onset in 
acute ischemic stroke. We found that prior antithrombotic use 
was associated with decreased BV. 

As discussed earlier, aggregation and deformability of RBCs are 
some of the main factors that influence BV. Upon reaching the ar-
terioles, RBC aggregates are dispersed due to increased shear. 
Once they pass through the arterioles, RBCs flow as individual 
cells through the capillaries. After capillary passage, they again ag-
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Table 2. Differences in blood viscosity based on prior use of antithrombotics

Variable SBV (cP) P value DBV (cP) P value
No antithrombotics (n=128) 4.5±0.96 14.1±3.39
Prior antithrombotics (n=61) 4.1±0.56 0.001a) 12.6±2.13 0.003a)

  Antiplatelets (n=54) 4±0.58 0.002a) 12.5±2.17 0.003a)

    Aspirin (n=34) 4±0.54 0.001a) 12.5±2.37 0.002a)

    Clopidogrel (n=20) 4.1±0.59 0.002a) 12.5±2.04 0.003a)

  Warfarin (n=7) 4.1±0.47 0.363 13±1.98 0.447
Antiplatelets vs. Warfarin 0.709 0.603
Aspirin vs. Warfarin 0.725 0.804
Clopidogrel vs. Warfarin 0.734 0.826
Aspirin vs. Clopidogrel 0.897 0.872

Values are presented as mean±SD.
SBV, systolic whole blood viscosity; cP, centipoise; DBV, diastolic whole blood viscosity.
a)Significant P values.

Table 1. Baseline characteristics of the study population

Characteristic Total (n=189) LAA (n=32) Lacune (n=65) SUDn (n=43) CE (n=27) TIA (n=22) P value
Demographic
  Age (yr) 69.6±12.03 71.9±11.28 66.7±10.87 71.1±12.32 76.9±9.51 62.8±13.32 <0.001a)

  Female sex 84 (44.4) 11 (34.4) 27 (43.5) 20 (35.8) 14 (51.9) 12 (54.5) 0.538
Medical history
  Hypertension 129 (68.3) 20 (62.5) 44 (67.7) 30 (69.8) 24 (88.9) 11 (50) 0.056
  Diabetes mellitus 51 (27) 11 (34.4) 21 (32.3) 8 (18.6) 9 (33.3) 2 (9.1) 0.113
  Hypercholesterolemia 81 (42.9) 13 (40.6) 29 (44.6) 15 (34.9) 15 (55.6) 9 (40.9) 0.545
  Stroke 34 (18) 7 (21.9) 11 (16.9) 6 (14) 9 (33.3) 1 (4.5) 0.097
  Coronary artery disease 7 (3.7) 1 (3.1) 1 (1.5) 0 (0) 4 (14.8) 1 (4.5) 0.087
  Smoking 77 (40.7) 18 (56.2) 32 (49.2) 15 (34.9) 5 (18.5) 7 (31.8) 0.017
  Antithrombotic use 61 (32.3) 10 (31.2) 17 (26.2) 9 (20.9) 20 (74.1) 5 (22.7) <0.001a)

  Stain use 62 (32.8) 9 (28.1) 20 (30.8) 15 (55.6) 11 (26.2) 7 (31.8) 0.150
Laboratory finding
  Hemoglobin (g/dL) 13.7±2.05 13.7±2.45 13.9±1.69 13.7±2.05 13.2±2.24 14±1.85 0.745
  Hematocrit (%) 40.8±5.73 40.9±6.27 40.9±4.6 41±5.73 39.5±6.29 41.4±5.12 0.828
  White blood cells (103/μL) 8.01±3.09 9.21±4.02 7.07±2.23 8.14±3.11 9.08±3.04 7.34±2.95 0.316
  Platelets (103/μL) 238±70.5 269±86.23 234±66.43 234±58.51 223±75.77 228±61.39 0.300
  Random plasma glucose (mg/dL) 145±60.04 137±48.64 153±65.85 136±62.7 160±62.22 129±42.98 0.262
  Total cholesterol (mg/dL) 157±38.24 152±36.73 168±40.49 152±35.79 146±36.52 154±36.05 0.087
  LDL-C (mg/dL) 97±29.06 96±26.85 106±30.71 94±27.93 85±25.14 95±28.74 0.027a)

  HDL-C (mg/dL) 40±7.25 39±9.26 41±8.23 40±9.47 44±13.38 41±7.25 0.492
  Triglyceride (mg/dL) 121±113.59 106±39.01 129±68.77 119±59.45 116±114.8 132±62.59 0.684
  INR 1.04±0.18 1.03±0.65 0.99±0.64 1.02±0.79 1.18±0.4 1.04±0.64 <0.009a)

  SBV (cP) 4.39±0.91 4.47±1.02 4.49±0.77 4.23±0.87 4.42±1.11 4.26±0.94 0.574
  DBV (cP) 13.66±3.15 13.91±3.42 14.06±2.74 13.08±3.01 13.76±3.83 13.12±3.27 0.498

Values are presented as mean±SD or number (%).
LAA, large artery atherosclerosis; SUDn, stroke of undetermined etiology, negative work-up; CE, cardioembolism; TIA, transient ischemic attack; LDL-C, 
low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; INR, international normalized ratio; SBV, systolic whole blood viscosity; 
cP, centipoise; DBV, diastolic whole blood viscosity.
a)Significant P values.

gregate within collecting venules [2]. Factors that increase RBC 
aggregation also increase flow resistance in microcirculation. In 

this scenario hematocrit, the volume fraction of RBCs in whole 
blood, becomes a vital factor that affects BV. Changes in the he-
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matocrit significantly contributes to rheological discrepancies. A 
10% increase in hematocrit increases the SBV by 5%, whereas the 
same increase in hematocrit increases the DBV by 30% [14]. Due 
to the variations of hematocrit in small vessels, its influence on BV 
is more pronounced in the microcirculation [15]. One of the 
more conspicuous impacts of BV is on microcirculatory tissue 
perfusion. A hematocrit-induced increase in BV may lead to a de-
crease in tissue perfusion. 

BV can be modified using drugs such as vasodilators, statins, or 
antithrombotics [2,16,17]. A few studies have examined the effect 
of antithrombotics on BV [17-19] and found that warfarin, hepa-
rin, and argatroban can decrease BV [17,20]. Varying results have 

been observed with antiplatelets, depending on the experimental 
protocol used in the study. Aspirin and cilostazol do not change 
BV but dipyridamole and clodogrel decrease BV upon treatment 
[18,21,22]. Antithrombotics may decrease BV by inhibiting plate-
let aggregation and improving RBC deformability. Our results 
showed that prior antithrombotic use was significantly associated 
with decreased BV. The use of both anticoagulants and antiplate-
lets were related to a decrease in BV. Although we could not find 
plausible explanations for these discrepancies among studies, pa-
tient-specific differences may be a contributing factor. We studied 
patients with an ischemic stroke or TIA within 24 hours of symp-
tom onset. Informative studies of BV and acute ischemic stroke 

Table 3. Multivariate linear regression analyses of baseline characteristics with regard to SBV and DBV

Variable
SBV DBV

B (SE) Standardized β P value B (SE) Standardized β P value
Age 0.007 (0.005) 0.096 0.156 0.021 (0.016) 0.085 0.190
Smoking –0.01 (0.109) –0.006 0.924 –0.174 (0.368) –0.028 0.638
Hemoglobin 0.005 (0.037) 0.029 0.900 0.037 (0.124) 0.066 0.768
Hematocrit 0.329 (0.104) 0.758 0.002a) 1.147 (0.35) 0.749 0.001a)

White blood cells 0.029 (0.016) 0.106 0.072 0.089 (0.054) 0.093 0.099
Platelets 0.001 (0.001) 0.113 0.073 0.005 (0.002) 0.135 0.026a)

Total cholesterol –0.001 (0.005) –0.042 0.843 –0.001 (0.016) –0.011 0.955
LDL-C 0.003 (0.006) 0.101 0.633 0.005 (0.022) 0.048 0.812
Antithrombotic use –0.259 (0.109) –0.135 0.019a) –0.892 (0.368) –0.132 0.017a)

SBV, systolic whole blood viscosity; DBV, diastolic whole blood viscosity; SE, standard error; LDL-C, low-density lipoprotein cholesterol.
a)Significant P values.

Fig. 2. (A, B) Scatterplots of the relationship between prior antithrombotic use and blood viscosity (BV). Hematocrit-adjusted partial 
correlation shows that prior antithrombotic use is significantly associated with decreased systolic and diastolic whole BV (r=–0.227, 
P=0.014 vs. r=–0.231, P=0.013). cP, centipoise; r, Pearson’s partial correlation coefficient.
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are limited and previous studies have not examined this period 
[1,3,10]. Further studies focusing on this specific time period in 
ischemic stroke patients are required to assess the influence of pri-
or antithrombotic use and BV. An older study has demonstrated 
significantly lower cerebral blood flow (CBF) in patients with he-
matocrit in the range of 47% to 53% than in a group with 36% to 
46% [23]. In the former group, phlebotomy increased CBF, im-
plying that optimal hematocrit and BV levels may exist for CBF. 
Another factor that is possibly associated with increased BV is de-
hydration. One study showed that BV at admission was signifi-
cantly higher in patients with lacunar stroke but normalized after 
2 weeks of normal hydration [1]. In our study, all blood samples 
for BV measurement were collected before hydration therapy. 

The present study had several limitations. This was a small 
cross-sectional and observational study, implying the existence of 
concealed confounders. We could not measure plasma compo-
nents such as fibrinogen or C-reactive protein in all patients, both 
of which can affect BV. We enrolled only Korean patients, which 
limited our ability to generalize the inferences of the study to 
non-Korean patients. In concordance with our multivariate analy-
sis results, previous studies show that antithrombotics reduce the 
BV significantly in patients with acute ischemic stroke. However, 
the statistical power to support our conclusion is fairly weak, 
mainly due to the small sample size and lack of age-matched con-
trols. These limitations should be considered when interpreting 
our data.

In conclusion, we found that prior antithrombotic use is signifi-
cantly associated with decreased BV within 24 hours of symptom 
onset in patients with acute ischemic stroke. Our results indicate 
that antithrombotic medications may change the hemorheologi-
cal profile in acute ischemic stroke patients. Further studies are es-
sential to evaluate the role of BV plus antithrombotic therapy on 
the risk of stroke occurrence. 
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