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Since liver function is changed by chronic liver diseases, chronic liver disease can lead to
different hemorheological alterations during the course of the progression. This study aims
to compare alterations in whole blood viscosity in patients with chronic liver disease,
focusing on the gender effect. Chronic liver diseases were classified into three categories
by patient’s history, serologic markers, and radiologic findings: nonalcoholic fatty liver
disease (NAFLD) (n = 63), chronic viral hepatitis B and C (n = 50), and liver cirrhosis (LC)

(n = 35). Whole blood viscosity was measured by automated scanning capillary tube
viscometer, while liver stiffness was measured by transient elastography using FibroScan®.
Both systolic and diastolic whole blood viscosities were significantly lower in patients with
LC than NAFLD and chronic viral hepatitis (P < 0.001) in male patients, but not in female
patients. In correlation analysis, there were inverse relationships between both systolic and
diastolic whole blood viscosity and liver stiffness (systolic: r = -0.25, diastolic: r = -0.22).
Whole blood viscosity was significantly lower in male patients with LC than NAFLD or
chronic viral hepatitis. Our data suggest that whole blood viscosity test can become a
useful tool for classifying chronic liver disease and determining the prognosis for different
types of chronic liver diseases.
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INTRODUCTION

The liver is an organ that plays an important role in hemorheol-
ogy (1,2). It is widely known that the liver synthesizes plasma
proteins, lipids, and coagulation factors, and controls the cellu-
lar composition of the blood, all of which are important deter-
minants of hemorheology (1,3). In chronic liver diseases (CLDs),
liver function is adversely affected, leading to hemorheological
alterations (1,4). Since the blood vessels in the liver including
sinusoid are small, the altered hemorheology disturbs the mi-
crocirculation in the liver. Hence, it is not clear whether the al-
tered hemorheology is the cause or the result of the damaged
liver.

Blood viscosity is a physical property of blood, representing
the thickness or stickiness of blood. It is defined as the ratio of
shear stress to shear rate (5). The shear rate is determined by
the ratio of flow velocity to lumen diameter. Blood viscosity is
the inherent resistance of blood against the flow within blood
vessels, and is affected by factors such as hematocrit (Hct), de-
formability and aggregability of red blood cell (RBC), plasma
proteins (i.e., fibrinogen, globulins, albumin), lipids, and plas-
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ma viscosity (5-8). Traditionally, a rotational cone-and-plate
viscometer was used to measure blood viscosity, but this has
not been widely used in clinical practice because of the risk of
blood contamination and the need to calibrate the spring sen-
sor. Recently, a new scanning capillary tube viscometer with
disposable U-tubes is introduced, which measures blood vis-
cosity over a wide range of shear rates (i.e., 1-1,000 1/s) (9-12).
A number of studies have reported the hemorheology in var-
ious liver diseases. In alcoholic liver cirrhosis (LC) patients, both
whole blood viscosity (WBV) and plasma viscosity as well as Het
and fibrinogen concentration were significantly lower compared
to the controls (1,2,13). On the other hand, in patients with non-
alcoholic fatty liver disease (NAFLD), WBV was significantly
higher than those in the control group (1,14-17). In addition,
the WBV and RBC aggregation index were significantly higher
in hepatitis B patients than those in the control group (13).
Although the previous studies clearly reported that WBV in
the NAFLD and hepatitis B was significantly higher than those
in the control, whereas WBYV in the LC was significantly lower
than those in the control (1,2,13-17), these studies did not in-
vestigate the effect of gender. Since the effect of gender on the
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WBV is one of the most important variables, it is not clear whe-
ther or not the conclusions from the previous studies are valid
for both genders. Thus, we aimed to examine WBV in patents
with CLDs including NAFLD, chronic viral hepatitis (CVH) B
and C, and LC using an automated scanning capillary tube vis-
cometer to identify any gender effect of WBV on the types of liv-
er diseases.

MATERIALS AND METHODS

Study patients and collection of clinical data

A total of 425 patients who underwent assessment for WBV at
the clinic of liver disease, Seoul St. Mary’s Hospital, Catholic
University of Korea between July 2015 and May 2016 were in-
cluded by retrospective manner (Fig. 1). Patients without the
clinical data of rheological parameters, including unknown
Hct, mean corpuscular volume, lipid profile, and prothrombin
time were excluded (n = 134). Patients with hepatocellular car-
cinoma were also excluded (n = 143).

The baseline clinical history and laboratory data of the 148
patients from medical records review were obtained. The base-
line characteristics included age, gender, and body mass index
(BMI), as well as history of alcohol, smoking, diabetes, hyper-
tension, and cardiovascular disease. Diagnosis of CLD was based
on clinical and radiologic findings measured by ultrasonogra-
phy or CT and classified into three categories; NAFLD was de-
fined that there is evidence of hepatic steatosis by radiologic
tests and there are no causes for secondary hepatic fat accumu-
lation such as significant alcohol consumption or viral hepatitis
(n =63) (18), CVH was defined as irregular and coarse hepatic
parenchymal echogenicity with hepatitis B surface antigen or
antibody to hepatitis C virus positive (n = 50), and LC was de-
fined as nodular and very coarse hepatic parenchymal echo-
genicity (n = 35). Liver stiffness was measured by transient elas-

Total
425 cases with WBV test
Exclusion
Without rheological parameters
> (134 cases)
With hepatocellular carcinoma
(143 cases)

Chronic liver disease
148 cases

Clinical and radiological diagnosis

NAFLD
63 cases

Liver cirrhosis
35 cases

Chronic viral hepatitis
50 cases

Fig. 1. Classification of patients with chronic liver disease who underwent whole
blood viscosity test according to clinical and radiological diagnosis.
WBV = whole blood viscosity, NAFLD = nonalcoholic fatty liver disease.
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tography using FibroScan®, and expressed in kilopascals (kPa).
All included patients underwent blood sampling in the stable,
sitting position, and the blood was stored in sterile ethyl-enedi-
aminetetraacetic acid (EDTA)-treated plastic tubes. Hct; hemo-
globin (Hb); mean corpuscular volume (MCV); international
normalized ration (INR); Platelet (PLT) count; total/high/low
density cholesterol (TC/HDL/LDL); triglyceride (TG); and liver
function tests, including serum alanine aminotransferase (ALT),
aspartate aminotransferase (AST), and total bilirubin were de-
termined through blood tests.

Measuring whole blood viscosity

In addition to the baseline blood tests, we measured WBV by
using the automated scanning capillary tube viscometer (He-
movister, Ubiosis, Seongnam, Korea) at a low shear rate (5s)
and a high shear rate (300s™), respectively (9). WBV at a low shear
rate reflects hemodynamical status with very low velocity as in
microcirculation, in which RBCs can aggregate and thus incre-
ase the flow resistance at blood vessels. WBV at a high shear
rate reflects hemodynamical status with high velocity as in a
large artery. Therefore, WBV at a low shear rate indicate blood
viscosity at the diastolic status, and WBV at a high shear rate in-
dicate blood viscosity at the systolic status. The reference inter-
vals for WBV were 3.36-5.16 cP at 300s™ and 8.25-14.28 cP at 5s™
as previously described (9). Detail theory and operating princi-
ple of the automated scanning capillary tube viscometer are
given elsewhere (10).

Statistical analyses

All categorical factors were analyzed using the y’ test, and the
Fisher’s exact test. Continuous variables were analyzed using
the Mann-Whitney U-test, or the analysis of variance (ANOVA)
test. The linear regression analysis was used to identify correla-
tion between the value of transient elastography and WBV. Sta-
tistical significance was defined as a P value < 0.05. SPSS ver-
sion 19 software (SPSS Science, Chicago, IL, USA) was used for
all analyses.

Ethics statement

This study was approved by the institutional review board of
Seoul St. Mary’s Hospital (KC16RISI0532), and informed con-
sent was not required due to the retrospective nature of this
study.

RESULTS

Baseline characteristics according to the liver
parenchymal status and gender

The baseline characteristics of patients with CLDs are summa-
rized in Table 1. Among the 148 included patients, 63 patients
had NAFLD, 50 patients had CVH, and 35 patients had LC. The
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Table 1. Baseline characteristics according to diagnosis

. NAFLD Chronic viral 4 o1 cirhosis

Diagnosis (= 63) hepatitis (n = 35) P
(n=50)

Gender (male) 34 (54.0) 20 (40.0) 19 (54.3) 0.269
Age, yr 46.7 £ 166 525 £155 60.7 £ 9.4 0.000
Etiology 0.000

Alcohol 0(0.0) 0(0.0) 9(25.7)

HBV 0(0.0) 20 (40.0) 9(25.7)

HCV 0(0.0) 30 (60.0) 13(37.1)

NAFLD 63 (100.0) 0(0.0) 0(0.0)

Others 0(0.0) 0(0.0) 4(11.4)
BMI, kg/m? 26.5 + 4.2 231+ 35 238+ 3.2 0.000
HTN 13 (20.6) 10 (20.0) 5(14.3) 0.723
DM 8(12.7) 5(10.0) 7(20.0) 0.402
CVD 3.8 2 (4.0 2(.7) 0.935
TE, kPa 56 £2.0 72 +37 27.3 £ 18.2 0.000
TB, mg/dL 09+08 0.8+03 2.0+ 36 0.017
Alb, g/dL 44 +03 41103 34+ 06 0.000
INR 1.0+ 0.1 1.1£01 1.3+£03 0.000
Hb, g/dL 145+ 1.4 140+ 15 125 +1.7 0.000
Het, % 426 + 3.8 412+ 4.4 371+ 438 0.000
MCV, fL 89.6 £ 5.4 926 £ 7.8 946 £ 11.2 0.002
PLT, x 10%mm® 238.8 £ 545 197.4+688 1123 +525 0.000
TG, mg/dL 1622 £ 171.7 1238 £ 925 954 £ 482 0.011
TC, mg/dL 200.8 £ 36.7 180.7 £32.0 156.2 £ 40.8 0.000
AST, U/L 70.7 £ 205.0 58.7+973 704 +69.0 0928
ALT, U/L 84.8 £ 883 1005 + 246.2 43.2 £+ 32.1 0.292
GGT, UL 1111 +£260.2 665+ 827 1431 +£2735 0.671
Cr, mg/dL 09+02 08+02 09+02 0.867
ESR, mm/hr 8.3 £ 41 159 £ 20.2 41.0 + 341 0.011
CRP, mg/dL 03+0.3 04+ 21 0.7+16 0.466

All values are expressed as mean (% standard deviation) or number (%).

HBV = hepatitis B virus, HCV = hepatitis C virus, NAFLD = non-alcoholic fatty liver
disease, BMI = body mass index, HTN = hypertension, DM = diabetes mellitus, CVD =
cardiovascular disease, TE = transient elastography, kPa = kilopascals, TB = total
bilirubin, Alb = albumin, INR = international normalized ratio, Hb = hemoglobin, Hct =
hematocrit, MCV = mean corpuscular volume, PLT = platelet, TG = triglyceride, TC =
total cholesterol, AST = aspartate transaminase, ALT = alanine transaminase, GGT =
gamma-glutamyl transpeptidase, Cr = creatinine, ESR = erythrocyte sedimentation
rate, CRP = C-reactive protein.

148 CLD patients were composed of 73 males and 75 females.
Patients with LC tended to be older in age. Patients with NAFLD
had higher BMI than patients without NAFLD. Patients with LC
had lower levels of albumin, Hct and PLT, and higher INR than
patients without LC.

Whole blood viscosity in patients with chronic liver
disease

Next, we analyzed systolic and diastolic WBV according to the
diagnosis and gender (Fig. 2). Systolic and diastolic WBV was
significantly lower in total and male patients with LC than NAF-
LD and CVH. However, there were no statistically significant
differences in systolic and diastolic WBV between liver diseases
in female patients. Of note, systolic and diastolic WBV in patients
with CLD enrolled in this study tended to be higher than those
in healthy Koreans (systolic: median, 5.1 cP vs. 4.03 cP, diastolic:
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median, 15.8 cP vs. 10.63 cP) (9). These findings suggest that
patients with CLD have higher blood viscosity than healthy con-
trols, indicating the disturbance of microcirculation in liver;
however, WBV decreases with progression of liver fibrosis. This
change in blood viscosity was found to be affected by gender,
which have distinct clinical and rheological characteristics. For
example, in female patients, there was no significant difference
in both systolic and diastolic WBVs among NAFLD, CVH, and
LC. The significant difference in WBV between NAFLD/CVH
and LC reported by all the previous studies (1,2,9,14,16-19) was
only found in male patients, not in female patients in the pres-
ent study.

Correlation between transient elastography and whole
blood viscosity

The level of liver stiffness measured by transient elastography
using FibroScan® became higher in patients with CLD along
with the progression of the liver fibrosis (median, NAFLD: 5.6
kPa, CVH: 7.2 kPa, LC: 27.3 kPa). Using correlation analysis, we
found that there was statistically significant, inverse correlations
between both systolic and diastolic WBV and liver stiffness (Fig. 3).

DISCUSSION

In this study, we found that the WBV was highest in NAFLD pa-
tients, and it was relatively low in LC patients particularly in male
patients. WBV also observed to decrease in LC patients with
more severe fibrosis. Among the three groups, patients with
NAFLD had the highest blood viscosity, and this is consistent
with the results of previous studies (16,17,19-21). It is common-
ly known through many previous studies that increased blood
viscosity is related to increased incidence and mortality of car-
dio-cerebrovascular disease (22-29).

In this study, among the three different CLD, the LC group
had the lowest values for WBV. In addition, WBV negatively cor-
related with transient elastography using FibroScan®, and de-
creased as fibrosis progressed. As White blood cell, RBC, Hct,
PLT and albumin levels decrease in these patients, WBV is also
expected to decrease (30). Liu et al. (31) reported that Hct levels
and PLT count decreased in patients with advanced cirrhosis,
and cirrhosis patients with esophageal variceal hemorrhage ac-
companied by shock had lower WBV values than patients who
had hemorrhage without shock. Therefore, WBV values can be
used to classify the severity of cirrhosis (32), and also to make a
prognosis for esophageal hemorrhage.

In this study, men tended to have higher WBV values than
women for all types of CLD, and this is consistent with results of
previous studies (9,33-35). In a study by Jung et al. (9) involving
297 healthy Korean subjects, men showed higher WBV at all
shear rates than women, and showed a significant difference in
Hct levels. The big question is why both systolic and diastolic
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Total Male Female
Systolic WBV (cP) Diastolic WBV (cP) Systolic WBV (cP) Diastolic WBV (cP) Systolic WBV (cP) Diastolic WBV (cP)
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Systolic WBV (cP) Diastolic WBV (cP)
(median, range) (median, range)
NAFLD CVH LC NAFLD CVH LC
Total 5.2(3.6-8.2) 5(3.6-7.8) 4(3.3-6.4) Total 16.7 (10.8-26.7) 15.9 (10.2-21.5) 12.4(9.1-21.2)
Male 5.5(4.2-8.2) 5.4 (3.7-6.8) 4.1(3.3-5.6) Male 17.8 (13.1-26.7) 16.8 (10.4-21.5) 12.4(9.1-18.6)
Female 5(3.6-6.6) 4.3(36-7.8) 4(3.6-6.4) Female 14.0 (10.8-22.7) 13.4(10.2-13.4) 12.4(10.5-21.2) 0

Fig. 2. Total (A), male (B) and female (C) systolic and diastolic whole blood viscosity according to diagnosis. The boxplots show systolic and diastolic whole blood viscosity are
significantly lower in patients with liver cirrhosis than other patients. Median (range) values of total, male and female whole blood viscosity according to diagnosis; systolic and

diastolic whole blood viscosity (D).

cP = centipoises, NAFLD = nonalcoholic fatty liver disease, CVH = chronic viral hepatitis, LC = liver cirrhosis, WBV = whole blood viscosity.

*P<0.05; TP < 0.001.
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Fig. 3. Correlation between transient elastography and whole blood viscosity; systolic (A) and diastolic (B) whole blood viscosity. The linear regression analyses show that there
are weak inverse correlation between liver stiffness and whole blood viscosity, both systolic and diastolic.

WBV = whole blood viscosity, cP = centipoises, kPa = kilopascals.

WBVs in LC are not significantly different from those in NAFLD/
CVH in female patients. Conversely, one can ask why the WBVs
in LC are significantly lower with the progression of liver disease
than those in NAFLD/CVH in male patients. One can speculate
that in male NAFLD/CVH patients, WBV is significantly elevat-
ed (Fig. 2B), leading to the disturbance of microcirculation such
that the normal function of liver to generate plasma proteins
and lipids is compromised. Subsequently, with the progression
of disease to LC, the WBV significantly decreases. On the other

1946  http://jkms.org

hand, in female NAFLD/CVH patients, WBV is not significantly
elevated (Fig. 2C), such that the normal function of liver is not
compromised compared to male patients. Subsequently, with
the progression of disease to LC, the WBV does not significantly
decrease.

The limitations of this study are that the patient sample size
was small, and it is retrospective study. In addition, since we
did not measure the levels of plasma proteins, it was difficult to
evaluate the impacts of these proteins on blood viscosity. More-
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over, it was impossible to exclude bias since we did not include
healthy controls in our study.

In conclusion, WBV values varied across the CLD patients
depending on gender, the different types and etiologies of the
disease. We suggest that a WBV test can become a useful tool
for classifying CLD and determining the prognosis for different
types of CLD particularly in male patients.
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