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Abstract: Background: Plasma von Willebrand factor (vWF), a key player in hemostasis and thrombosis, is released 
from endothelial cells during inflammation. Hypertension, a progressing in chronic inflammation and cardiovascular 
syndrome with various causes, results in functional and structural changes of heart and arterial vessels. However 
little information is available on LA changes during hypertension. Left atrial (LA) enlargement is associated with 
significant cardiovascular morbidity and mortality. The aim of this study was to explore the relationship between LA 
enlargement and thromboembolic risk in essential hypertensive patients with Af without any signs of clinical throm-
botic disease or previous stroke. Methods: The relationship between Plasma vWF, ADAMTS13 and left atrial diam-
eter (LAD), left atrial volume (LAV), left atrial volume index (LAVi) were evaluated in essential hypertensive group 
included 105 patients (55 patients with nonvalvular atrial fibrillation (AF) and 50 patients with normal sinus rhythm 
(NSR)). Results: The study demonstrated that vWF, vWF/ADAMT13, LAD, LAV and LAVi were increased significantly (P 
< 0.01) but ADAMTS13: Ag was decreased significantly (P < 0.01) in the hypertensive with AF group compared with 
NSR group. Conclusion: vWF/ADAMTS13 were positively correlated with LAD, LAV and LAVi (P < 0.01). Increased 
vWF and vWF/ADAMTS13 is associated with LAD, LAV and LAVi in essential hypertension. The study suggests it 
played a positive role of vWF and vWF/ADAMTS13 in the progressing major adverse cardiovascular events (MACE) 
in essential hypertensive patients with LA enlargement.
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Introduction

Left atrial (LA) enlargement is a common find-
ing in hypertensive patients, it is a predictor of 
cardiovascular outcomes such as AF, stroke, 
and death. Chronic hypertension induces 
important functional and geometrical changes 
in left size of heart, involving both ventricle and 
atrium [1].

The risk for left atrial appendage thrombus 
(LAAT) development and stroke increases with 
left atrium mechanical function deterioration 
that is reflected by reduction in progression of 
left atrial distension [2-5]. However, the under-
lying mechanism behind the relationship 
between atrial distension, AF and thrombotic 
propensity is complex and poorly understood.

The von Willebrand factor (vWF) is essential for 
platelet adhesion and arterial thrombosis. It is 
degraded into less active multimers by ADA- 

MTS13. vWF, the only known substrate of 
ADAMTS13, is secreted from vascular endothe-
lial cells as disulfide bonded polymer of an 
enormous size (> 20 × 106 Daltons). Endothelial 
vWF or the plasma large multimers derived 
from endothelial vWF after cleavage by 
ADAMTS13 support platelet adhesion and 
aggregation at sites of vessel injury [6]. 

How does severe ADAMTS13 deficiency lead to 
microvascular thrombosis? Prior studies com-
paring vWF levels between left atrial enlarge-
ment patients and subjects in normal sinus 
rhythm (NSR) were limited by small sample size 
[7-9]. The association between vWF and LAE 
therefore remains largely unexplored. 

The thrombogenic potential of vWF is directly 
proportional to vWF activity (vWF: Act) deter-
mined by both plasma concentration and multi-
mer size [10], which is regulated by vWF-specific 
protease ADAMTS13 [11]. Atrial distension is 
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Table 1. Basic characteristics (
_
x  ± s) 

Hypertension (AF)  
(n = 55)

Hypertension (NSR)  
(n = 50) 

Age 59 ± 12 57 ± 13
Sex distribution (M/F) 41/14 35/15
Crmg/dl 0.85 ± 0.18 0.93 ± 0.24
FPG (c/mmol.L-1) 5.79 ± 1.42 5.82 ± 1.23
TC (c/mmol.L-1) 5.30 ± 1.05 5.23 ± 0.98
HDL (c/mmol.L-1) 1.42 ± 0.38 1.33 ± 0.28
LDL (c/mmol.L-1) 2.94 ± 0.92 3.03 ± 0.89
TG (c/mmol.L-1) 1.80 ± 1.29 2.02 ± 1.34
BUN (c/mmol.L-1) 5.46 ± 1.22 5.67 ± 2.08
BMI (kg/m2) 26.16 ± 2.72* 27.92 ± 3.04
SBP (p/mmHg) 157.03 ± 16.90* 169.74 ± 24.28
DBP (p/mmHg) 95.87 ± 10.76* 103.18 ± 20.53
PP (p/mmHg) 59.75 ± 17.18 66.13 ± 20.24
Data are presented as mean ± SD or number. Cr: serum creatinine; 
FPG: fasting blood glucose; TC: total cholesterol; HDL: high density 
lipoprotein cholesterol; LDL: low density lipoprotein cholesterol; TG: 
triglyceride; BUN: blood urea nitrogen; BMI: body mass index; SBP: 
systolic pressure; DBP: diastolic pressure; PP: pulse pressure; *P < 
0.05 vs Hypertension (NSR).

associated with overexpression of vWF multim-
ers [12], and blood stasis has been shown to 
downregulate ADAMTS13 activity [13]. 

We hypothesized that atrial distension in essen-
tial hypertension (EHP) are associated with the 
higher vWF and increased proportion of large 
multimers that lead to the development of 
LAAT. To address this hypothesis, echocardiog-
raphy measures of these index of atrial disten-
sion and measures of vWF antigen (vWF: Ag) 
and ADAMTS13 antigen (ADAMTS13: Ag) were 
compared in EHP. To our knowledge, this con-
cept has not previously been tested in these 
patients. 

To this aim, we related changes in vWF and 
vWF-ADAMTS13 and LA tested whether these 
relationships are independent of baseline left 
atrial diameter (LAD), left atrial volume (LAV) 
and left atrial volume index (LAVi) previous car-
diovascular events, and a series of traditional 
and nontraditional risk factors in patients with 
EHP. 

Methods

Subjects 

One hundred five essential hypertensive with 
left atrial enlargement and ant-coagulation 

pressure (DBP) was 95.9 ± 10.8 mmHg (range 
69-113 mmHg).

Clinical data 

Blood pressures were obtained from the right 
arm of each subject using the floor stand model 
mercurial sphygmomanometer (YUTU, Shang- 
hai, China) in a sedate environment after rest-
ing for 15 min. Blood pressures were repeated 
twice, at two minute intervals, and the mean 
value calculated. Mean pulse pressure (PP = 
SBP-DBP) was calculated for each subject. 
Anthropometric measurements were obtained, 
and body mass index (BMI) was calculated by 
the following function: BMI = weight (kg)/
height2 (m2). Venous blood samples were 
obtained in the morning after a 12 hour fast. 
Tests were performed by Autonomic Bioch- 
emical Analyzer (DVI1650, BAYER, GERMANY), 
The clinical information for all the subjects was 
collected include, fasting blood glucose (FBG), 
total triglyceride (TG), total cholesterol (TC), 
high density lipoprotein cholesterol (HDL), low 
density lipoprotein cholesterol (LDL), blood 
urea nitrogen (BUN), serum creatinine (Cr), 
heart rate, height, weight, etc. (Tables 1, 2). 
This belongs in the results: The clinical informa-
tion of the three groups have no difference, so 
the three groups have comparability. This study 

therapy were untreated subjects in The 
Second Hospital of Shandong University 
were enrolled in this study. The diagnosis 
was made in accordance with the 2013 
Practice guidelines for the management 
of arterial hypertension of the European 
Society of Hypertension (ESH) and the 
European Society of Cardiology (ESC) [14]. 

Blood pressures were measured by three 
separate verifications. Subjects with sec-
ondary hypertension, diabetes, chronic 
nephrosis, hyperlipemia, cardiovascular 
diseases and/or autoimmune diseases 
were excluded from the study.

The essential hypertensive group includ-
ed 105 patients (55 patients with nonval-
vular AF, age 59 ± 12 years; 25% women 
and 50 patients with normal sinus rhythm 
(NSR), age 57 ± 13 years; 29% women). 
The mean systolic blood pressure (SBP) 
was 157.0 ± 16.9 mmHg (range 115-200 
mmHg) and the mean diastolic blood 



vWF/ADAMTS13 in essential hypertension

5638 Int J Clin Exp Med 2014;7(12):5636-5642

Table 2. Changes in indexes of ultrasound of atrial parameter 
among different groups (_x ± s)

Hypertension (AF)
(n = 55)

Hypertension (NSR) 
(n = 50) P-value

LAD (mm) 43.89 ± 4.45* 41.02 ± 2.11 P = 0.000
LAV (ml) 80.76 ± 11.70* 74.98 ± 9.08 P = 0.002
LAVi (ml/cm2) 48.53 ± 6.28* 34.63 ± 5.00 P = 0.000
LVEF (%) 65.86 ± 6.66 64.84 ± 4.47 P = 0.660
Data are presented as mean ± SD. LAD: left atrial diameter; LAV: left atrial 
volume; LAVi: left atrial volume index; LVEF: left ventricular ejection fraction; 
*P < 0.01 vs Hypertension (NSR).

was approved by ethics committee of the 
Second Hospital of Shandong University. All 
subjects provided written consent.

Ultrasound measurement

LAD (mm) and LAV (ml) were measured with by 
2-dimensional echocardiography. Left LAVi (ml/
m2) was obtained by indexing LAV to body sur-
face area. The left ventricular EF was measured 
from the standardized apical 4-chamber view 
with Simpson’s method. All measures were 
repeated 3 times from 3 beats and a mean 
value was taken. One experienced reader who 
was unaware of the case control status of the 
subjects performed all measurements, using a 
diagnostic ultrasound system (iE33, PHILIPS 
Ultrasound, Washington, US) with a L11-3 
probe of 3-11MHz.

Assays of plasma vWF: Ag and ADAMTS13: Ag 

Blood samples were centrifuged at 3000 rpm 
for 5 min after being left under room tempera-
ture for 30 min. The supernatant was removed, 
placed in Eppendorf tuber respectively and rap-
idly stored at -80°C. vWF: Ag in plasma was 
determined using HemosIL von Willebrand 
Factor Antigen latex immunoassay kits 
(Instrumentation Laboratory, Lexington, MA) 
with 2 ACL TOP coagulation system analyzers 

coefficients, and trend analysis was performed 
by Spearman rank correlation. P < 0.01 for the 
difference was statistically significant.

Results

Comparison of common clinical data 

There was no significant difference between 
the AF subjects and NSR for the following vari-
ables: age, gender, fasting blood glucose (FBG), 
triglycerides (TG), and blood urea nitrogen 
(BUN). The AF patients were significantly more 
likely to have an elevated creatinine (Cr), total 
cholesterol (TC), low density lipoprotein choles-
terol (LDL), body mass index (BMI), systolic 
pressure (SBP), diastolic pressure (DBP) and 
pulse pressure (PP) (P < 0.05) (Table 1). 

Echocardiographic data

The echocardiography variables of left atrial 
size are summarized. These LAD (43.89 ± 4.45 
mm versus 41.02 ± 2.11 mm, P = 0.000), LAV 
(80.76 ± 11.70 ml versus 74.98 ± 9.08 ml, P = 
0.002), and LAVi (48.53 ± 6.28 versus 34.63 ± 
5.0 ml/cm2, P = 0.000) in LA enlargement 
(LAE) of AF group were higher than those in the 
NSR group. LVEF (65.86 ± 6.66 versus 64.84 ± 
4.47, P = 0.660) was no significant difference in 
two groups (P < 0.01) (Table 2).

Table 3. Changes in indexes of vWF-ADAMTS13 among differ-
ent groups (

_
x ± s)

Hypertension  
(AF) (n = 55)

Hypertension  
(NSR) (n = 50) P-value

vWF: Ag (IU/dl) 166 ± 46* 141 ± 24 P = 0.000
ADAMTS13: Ag (ng/ml) 602 ± 108* 659 ± 733 P = 0.002
vWF/ADAMTS13 0.30 ± 0.13* 0.22 ± 0.05 P = 0.000
Data are presented as mean ± SD. *P < 0.01 vs Hypertension (NSR).

(Beckman Coulter, Brea, CA). All fol-
lowing the manufacturer’s instruc-
tions. The lower limit of normal level 
for vWF: Ag is 55 IU/dL.

ADAMTS13: Ag was measured using 
the Imubind ADAMTS13 enzyme-
linked immunosorbent assay (ELISA) 
kit (American Diagnostica, Stamford, 
CT, USA) according to the manufac-
turer’s instructions.

Statistical analysis

Statistical analyses were performed 
using SPSS 17.0 statistical software 
package. The normally distributed 
quantitative variables were expre- 
ssed as mean + standard deviation. 
Comparisons among the 2 groups 
were done by ANOVA. The associa-
tion of each variable with vWF, 
ADAMTS13, LAD, LAV and LAVi was 
assessed by Pearson correlation 

_
X
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Table 5. Correlation analysis between vWF/AD-
AMTS13 and the correlated indexes (n = 105)
Items Correlation coefficient (r) P-value
LAD (mm) 0.73 0.000
LAV (ml) 0.65 0.000
LAVi (ml/cm2) 0.60 0.000
Correlation analysis between vWF/ADAMTS13 and the cor-
related indexes. P < 0.01 vs Hypertension (NSR).

VWF-ADAMTS13 system evaluation 

Overall, vWF (Ag) concentration and vWF/
ADAMTS13 had significantly higher between 
left atrial distension patients in EHP. (AF and 
NSR) AF patients had higher vWF: Ag (166 ± 46 
IU/dl versus 141 ± 24 IU/dl, P = 0.000) and 
vWF/ADAMTS13-ratio (0.30 ± 0.13 versus 0.22 
± 0.05, P = 0.000). In contrast, ADAMTS13 (Ag) 
level was significantly lower in hypertensive 
patients with Af than in those with sinus rhythm 
(602 ± 108 ng/ml versus 659 ± 73 ng/ml, P = 
0.002) (Table 3). 

Correlation analysis between vWF and vWF/
ADAMTS13 and the correlated indexes

Significant positive correlations were noted 
between vWF (Ag) and LAD (r = 0.64, P = 
0.000), LAV (r = 0.56, P = 0.000) and LAVi (r = 
0.53, P = 0.000), vWF/ADAMTS13 was positive-
ly correlated with LAD (r = 0.73, P = 0.000) LAV 
(r = 0.65, P = 0.000,) and LAVi (r = 0.60, P = 
0.000) (Tables 4, 5; Figure 1).

Discussion

The major finding was that patients with EHP 
had a more dilated LA and elevated vWF had 
significantly higher in AF patients. Nowadays 
LAV has been suggested as a marker of the 
severity and duration of diastolic dysfunction 
[15]. 

Up to now there were several indexes, which 
include LAD, LAV and LAVi had been used to 

reflect left atrial size [16]. Several studies found 
that chronic hypertension induced functional 
and anatomical remodeling in left atrium. 
Isolated diastolic dysfunction very often accom-
panies hypertensive heart disease, which may 
induce left atrial enlargement [17-19].

This means the change of LV in hypertension 
cannot be distinctly changed or decreased a 
little but the left atrial volume may be increased. 
So we considered using LAVi as a parameter to 
evaluate the left atrial size in hypertensive 
patients may be more reasonable and logical. 

We use this cut-off because Moller and cowork-
ers found that a LA volume index > 32 ml/m2 
was a powerful predictor of mortality after 
acute myocardial infarction and provided prog-
nostic information incremental to clinical data 
[1].

The present study evaluated the relationships 
between LA size and plasma levels of vWF, 
ADAMTS13 in essential hypertension.

Malignant hypertension is a condition charac-
terized by severe hypertension and acute isch-
emic complications and frequently complicated 
by a thrombotic microangiopathy (TMA). TMA is 
characterized by thrombosis of small vessels, 
intravascular hemolysis with fragmentation of 
red blood cells (schistocytes), elevated lactic 
dehydrogenase (LDH) levels, and consumption 
of platelets [20].

We find EHP patients with left atrial distension 
have significantly higher vWF levels. A direct 
relationship was observed between the degree 
of left atrial distension (LAD, LVA and LVAi) and 
elevated vWF. Furthermore, vWF: Ag and vWF /
ADAMTS13 are independent predictors for left 
atrial distension.

VWF is integral in both the initiation and propa-
gation of thrombus formation, these findings 
may help explain the association between atrial 
distension and thrombotic propensity. Atrial 
distension both injures local endothelium and 
stimulates endothelial release of ultralarge 
VWF multimers [21]. Under laminar blood flow 
conditions, ultralarge VWF is rapidly degraded 
by ADAMTS13 [22]. Under static conditions, 
proteolysis is retarded 1000-fold [23, 24]. 
Therefore, within the fibrillating left atrial 
appendage, excess VWF secretion and inade-
quate ADAMTS13 cleavage result in elevated 

Table 4. Correlation analysis between vWF and 
the correlated indexes (n = 105)
Items Correlation coefficient (r) P-value
LAD (mm) 0.64 0.000
LAV (ml) 0.56 0.000
LAVi (ml/cm2) 0.53 0.000
Correlation analysis between vWF and the correlated 
indexes. P < 0.01 vs Hypertension (NSR).
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Figure 1. Scatter diagram of vWF, vWF/ADAMTS13 and LAD, LAV and LAVi in essential hypertensives. A. vWF and LAD in essential hypertension; B. vWF/ADAMTS13 
and LAD in essential hypertension; C. vWF and LAV in essential hypertension; D. vWF/ADAMTS13 and LAV in essential hypertension; E. vWF and LAVi in essential hy-
pertension; F. vWF/ADAMTS13 and LAVi in essential hypertension. Spearman correlation vWF, vWF/ADAMTS13 and LAD, LAV, LAVi. Significant positive correlations 
were noted between vWF (Ag) and LAD (r = 0.64, P = 0.000), LAV (r = 0.56, P = 0.000) and LAVi (r = 0.53, P = 0.000), vWF/ADAMTS13 was positively correlated 
with LAD (r = 0.73, P = 0.000) LAV (r = 0.65, P = 0.000) and LAVi (r = 0.60, P = 0.000). 
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local concentrations of ultralarge VWF multim-
ers, thus favoring thrombus formation. Within 
the flow conditions of the fibrillating atrium, 
laminar flow is abolished, velocity (implying 
both direction and speed) is chaotic, and one 
might envision undulating unfolding, refolding, 
and chaotic bending and twisting of the 
released ultralarge multimer, in turn activating 
the protein while simultaneously inducing and 
then inhibiting ADAMTS13 cleavage. Combining 
variable degrees of atrial endothelial injury fur-
ther complicates the localized propensity for 
thrombus formation. We now provide evidence 
that measures of atrial remodeling and stasis 
are strongly associated with vWF levels.

VWF concentrations was independently associ-
ated with LAVi in a previous study of 105 
patients Moreover, a significant correlation has 
been observed between the endocardial vWF 
expression, platelet adhesion, and thrombus 
formation in the left atrial appendage [25], 
These combined data corroborate the relation-
ships between atrial whole blood stasis, vWF 
levels, and thrombotic propensity found in our 
study.

vWF levels rise with inflammation and repre-
sent acute phase reactivity. This raises con-
cerns of reproducibility. However, we found the 
vWF reproducibility is similar to blood pressure 
and serum cholesterol [26]. This suggests that 
vWF is sufficiently stable for potential use in 
the long-term prediction of cardiovascular dis-
ease in EHP. 

Conclusions

In summary, we now provide evidence support-
ing a direct relationship between vWF and mea-
sures of left atrial distension. The direct corre-
lation between vWF levels and the severity of 
left atrial distension may help to explain and 
evaluate the thrombotic propensity and further 
predict complication among EHP. Similar para-
digms have been proposed for hypertension 
and cholesterol. 
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