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                     Abstract 
  Background     Essential hypertension is associated with increased risk for atherothrombotic disease. 

   Objective     The aims were to determine and compared the plasma concentration of von Willebrand Factor (vWF) and Plas-

minogen Activator Inhibitor type 1 (PAI-1) in hypertensive patients with and without atherothrombotic disease and the 

infl uence of antihypertensive treatment on those biomarkers. 

   Methods     Total of 341 individuals were included, 83 normotensive subjects and 258 hypertensive patients (43 with and 215 

without atherothrombotic disease). The vWF and PAI-1 were measured by ELISA technique. Multivariate linear and quantile 

regression analysis were performed. 

   Results     There was higher vWF concentration ( p  < 0.001) and PAI-1 ( p  < 0.001) in hypertensive compared with normoten-

sive individuals. The vWF level was correlated with hypertension, older age and glucose, explaining 26%, 70% and 86% of 

vWF variability. Increased PAI-1 levels were correlated with glucose, triglycerides, HbA1c, explaining 66%, 73% and 90% 

of variability. In contrast, lower PAI-1 concentration was determined by older age. 

   Conclusions     We found higher levels of vWF and PAI-1 in hypertensive patients, with highest concentration of vWF in 

patients with hypertension and thrombotic disease and the highest of PAI-1 in hypertensive patients without atherothrombotic 

disease. The lowest level of vWF was determined in patients with angiotensin II receptor blocker, and for the PAI-1 level 

in patients with calcium channel blocker medication. The lowest concentration of both biomarkers was present in patients 

who were treated with 3 or more drugs. Hypertension, older age, disorders in glucose and lipid metabolism were the main 

determinants of vWF and PAI-1 variability. 

  Highlights   
1. We demonstrated increased levels of vWF and PAI-1 in 

hypertensive patients compared to normotensive individuals. 
  2. The highest level of vWF was found in hypertensive patients with 

atherothrombotic disease compared to patients with hypertension or 

normotensive individuals. The lowest concentration was registered in 

patients with angiotensin II receptor blocker monotherapy treatment. 

Meanwhile, the highest level of vWF was found with monotherapy 

of calcium channel blocker. 

  3. Moreover, the highest concentration of PAI-1 was determinated 

in patients with hypertension before atherothrombotic disease 

compared to hypertensive patients with atherothrombotic disease 

or controls. The lowest level of PAI-1 was observed in hypertensive 

patients with calcium channel blocker medication and it was similar 

to the level obtained from the control group. 

  4. The lowest concentration of vWF and PAI-1 was found in patients 

with 3 or more antyhypertensive drugs. 

  5. Hypertension, age and FPG determine up to 86% of variability 

of vWF plasma levels, while FPG, HbA1c, triglycerides and age 

determine up to 90% of the variability of PAI-1 plasma concentration 

in this group of hypertensive patients without T2 Diabetes Mellitus. 

Our results, demonstrated that in hypertensive patients the vWF 

concentration could be positive regulated by glucose levels, even 

without the presence of T2 diabetes mellitus. 

  6. The increased levels vWF are associated with endothelial 

damage/dysfunction and high levels of PAI-1 are associated with 

hypofi brinolytic activity. Therefore, we consider that hypertensive 

patients with uncontrol of blood pressure, as well as elevated vWF 

and PAI-1 concentration, body mass index, glucose and lipid 

parameters are in high risk to develop thrombosis complication such 

myocardial infarction and/or ischemic stroke. 

  7. Therefore, we propose that vWF and PAI-1 determination 

should be included as part of the monitoring and control in 

hypertensive patients and more relevant in those with a difficult 

blood pressure and metabolic components control which can 

generate endothelial damage and hypofibrinolytic state which 

are an important mechanism in atherothrombotic disease in this 

type of patients. 

  8. Also, we consider that combination of two or more 

antihypertensive drugs should be consider as a treatment for patients 

with hypertension, instead as a monotherapy and most important in 

patients with no good control of blood pressure.  

 Extended author information available on the last page of the article
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      Introduction 

 Essential hypertension is a major health problem, and it rep-

resents an important risk factor for atherothrombotic disease 

[ 1 ]. Approximately a quarter of the world’s population has 

hypertension and only a third of those receiving pharmaco-

logical treatment for this disease have blood pressure con-

trolled, and this lack of control could be associated with long 

time exposure of high vascular pressure [ 1 ]. 

 Endothelial dysfunction and alterations in the fi brinolytic 

system are present in patients with hypertension, which is 

associated with myocardial infarction and stroke [ 2 ]. The 

vWF is a large, circulating glycoprotein that is synthe-

sized by and stored in endothelial cells and platelets. The 

vWF mediates platelet adhesion to the vascular wall and 

platelet aggregation. The increased plasma concentration 

of vWF has been associated with endothelial cell damage/

dysfunction, [ 3 ] which plays an important role in the hyper-

tension development and is associated with coronary risk 

and adverse prognosis [ 4 ]. Previous studies had proposed 

that vWF plasma levels can be lowered by antihypertensive 

medication, [ 5 ] but results are still unclear. 

 Also, it has been documented the presence of hemostatic 

disturbance such impaired fibrinolysis in patients with 

hypertension. Plasminogen activator inhibitor type-1 (PAI-

1) is the principal inhibitor of t-PA and u-PA, it is synthe-

sized by endothelial cells, platelets, hepatocytes, smooth 

muscle and macrophages. PAI-1 is a physiologic inhibitor 

of fi brinolysis and it reduces clot lysis by preventing the 

t-PA from acting on its substrate plasminogen. The plasma 

concentrations of PAI-1, are infl uenced by age, gender, 

body mass index (BMI), circadian rhythm, obesity, levels 

of insulin and angiotensin [ 6 ]. Increased plasmatic levels 

of PAI-1 are present in patients with hypertension [ 7 ] and 

atherothrombotic disease [ 8 ]. There are some reports about 

the possible infl uence of the antihypertensive treatment on 

the PAI-1 plasma levels, but results are still controversial in 

diff erent population worldwide [ 9 ]. 

 The von Willebrand factor is a major marker for endothe-

lial dysfunction and increased level of PA-1 is associated 

with a hypofi brinolytic state, and both mechanisms are rel-

evant in the pathophysiology of hypertension, which repre-

sent a risk factor for atherothrombotic disease. Moreover, 

there are contradictory results about the possible eff ect of 

antihypertensive therapy on those biomarkers in patients 

with essential hypertension, probably due by genetic back-

ground. The aims of the present study were: 1) To determine 

and compared the plasma concentration of vWF and PAI-1 

between normotensive individuals and hypertensive patients 

with and without atherothrombotic disease, 2) To identify 

the variables of study are associated with the variation of 

the plasmatic levels of vWF and PAI-1, and 3) To evaluate 

the infl uence of antihypertensive treatment on the vWF and 

PAI-1 plasma concentration. 

    Materials and methods 

 We performed a study in a secondary care level hospital at 

Mexico City from March 2018 to March 2019. We screened 

258 consecutive patients with diagnosis of EH and ≥ 20 years 

old without Type 2 Diabetes Mellitus or dyslipidemia, who 

came for routine follow-up medical consultation. The refer-

ence group was formed by a total of 83 apparently healthy 

individuals (clinical and normal laboratory parameters), 

without history of hypertension, who were interested to 

know their cardiovascular risk. The recruitment was made 

by invitation through printed announcements and personal 

appeal to people to participate in the survey. We included all 

individuals who accepted to participate by informed written 



197International Journal of Diabetes in Developing Countries (January–March 2025) 45(1):195–206 

consent. However, only 90% of the subjects who received 

the invitation accepted to participate. The study protocol was 

reviewed and approved by the Human Ethical Committee, 

and conforms to the ethical guidelines of the 1975 Declara-

tion of Helsinki. 

 Demographic and clinical data such as age, sex, smoking, 

and history of dyslipidemia, diabetes mellitus, hypertension 

and atherothrombotic disease as well as pharmacological 

treatment were collected during an interview performed by 

a physician. After the interview anthropometric parameters 

such as body weight, height, BMI, and blood pressure (BP) 

were also taken. Also, biochemical parameters were meas-

ured 8 h fast and included: fasting plasma glucose (FPG), 

glycosylated hemoglobin (HbA1c), total cholesterol, high-

density lipoprotein cholesterol (HDL-c), low-density lipo-

protein cholesterol (LDL-c), and triglycerides. The plasma 

concentration of vWF (Diagnostica Stago, Inc. NJ) and 

PAI-1 (Biopool International, Ventura, CA) were determined 

immunoenzymatically by enzyme-linked immunosorbent 

assay (ELISA). 

    Operational defi nitions 

 Diagnosis of EH was made when 1) it was referred during 

the interview, 2) subject had medication for hypertension, or 

3) BP at the interview and one week later was ≥ 140 mmHg 

systolic BP (SBP) or ≥ 90 mmHg diastolic BP (DBP). A pre-

vious myocardial infarction or stroke, were considered has 

history of atherothrombotic disease. Myocardial infarction 

was based on history of electrocardiogram, clinical data and 

laboratory accordance with the European Society of Cardiol-

ogy guidelines. Stroke was considered in all patients with 

history of focal neurological defi cit with duration greater 

than 24 h followed by confi rmation with brain-computed 

tomography or magnetic resonance; those with history of 

cardiac, carotid or vertebral artery sources of emboli were 

discharged. Dyslipidemia was considered if they had cho-

lesterol ≥ 200 mg/dL, or triglycerides ≥ 150 mg/dL, or if 

they were being already treated. Smokers were considered 

if they were currently smoking or had ceased within the last 

12 months. Patients with Type 2 Diabetes Mellitus (T2DM) 

or under hypoglycemic treatment were not included at the 

time they were enrolled. 

    Statistical analysis 

 Normality tests were carried out for quantitative variables 

using the Kolmogorov Smirnoff  test. Numerical variables 

with normal distribution were expressed as mean ± stand-

ard deviations (SD), those with non-normal distribution 

were expressed as median and interquartile range (IQR). 

Categorical data were expressed in the number of observa-

tions (n) and percentages (%). Biomarkers of endothelial 

dysfunction (vWF), hypofi brinolysis (PAI-1), the meta-

bolic syndrome components (BMI, FPG, HbA1c, total 

cholesterol, LDL-c, HDL-c, triglycerides) and age were 

compared between the reference group (normotensive sub-

jects) and hypertensive patients with and without history of 

atherothrombotic disease. A one-way analysis of variance 

(ANOVA) or Kruskal Wallis test was used for comparison 

between groups for variables with normal and non-normal 

distribution, respectively. Categorical variables (gender, 

dyslipidemia, smoking) were compared using Chi square 

test. A Pearson correlation analysis was performed between 

continuous variables (age, BMI, SBP, DBP, FPG, HbA1c, 

total cholesterol, LDL-c, HDL-c, triglycerides) with vWF 

and PAI-1 plasma levels. A Spearman correlation analysis 

was performed between categorical variables (gender, dys-

lipidemia, and smoking status) with vWF and PAI-1 plasma 

levels. A multivariate linear regression (MLR) analysis was 

performed to estimate the independent contribution of each 

feature to the conditional mean variation in vWF and PAI-1 

plasma levels, represented by a β-coeffi  cient with a 95% 

confi dence interval (95% CI). Only variables with statisti-

cal signifi cance in the bivariate analysis were included in 

the model, a  p  value ≤ 0.05 (two-tailed) was considered 

statistically signifi cant. Subsequently, a quantile regression 

model was performed to explore the relationship between 

independent variables and conditional quantiles of the 

dependent variable, by a two-step analysis, fi rst we iden-

tify the quantiles for which the coeffi  cients of the quantile 

regression are quite far from those of the analysis of covari-

ance (ANCOVA), then we analyzed the selected quantiles 

to know the goodness of fi t coeffi  cients of the model for a 

specifi c quantile. Finally, pharmacological antihypertensive 

therapy was compared between subjects with hypertension 

vs. hypertension plus atherothrombotic disease using a Chi 

squared test. 

 We enrolled 341 subjects, with a mean age of 

58 ± 13 years, predominantly woman (64.2%). From total 

sample, 24.3% ( n  = 83) had not hypertension, 63% ( n  = 215) 

had hypertension, and 12.6% ( n  = 43) had hypertension 

with history of atherothrombotic disease. Demographic, 

clinical, and biochemical data were compared between all 

three groups (Table  1 ). We observed statistical diff erence in 

age ( p  < 0.0001), gender ( p  = 0.03), SBP ( p  < 0.0001), DBP 

( p  < 0.0001), dyslipidemia ( p  = 0.01), FPG ( p  = 0.03), total 

cholesterol ( p  = 0.01), and LDL-c ( p  = 0.02).  

 When we compared the vWF and PAI-1 antigen plasma 

levels, we observed higher vWF plasma levels in the group of 

patients with hypertension with history of atherothrombotic 

disease 102 ± 71.7 ng/mL ( p  < 0.0001), followed by patients 

with hypertension alone 89.9 ± 53.7 ng/mL ( p  < 0.0001), in 

comparison with the reference group 50.4 ± 33 ng/mL. The 
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PAI-1 plasma levels were higher in patients with hyperten-

sion alone 356.1 ± 275.8 ng/mL ( p  = 0.04), and similar in 

patients with hypertension and history of atherothrombotic 

disease 296.7 ± 288.9 ng/mL ( p  = 0.84) when compared with 

the reference group 286.9 ± 231.9 ng/mL (Fig.  1 ).         

 The metabolic syndrome components that signifi cantly 

correlated with vWF were hypertension ( p  ≤ 0.001), age 

( p  ≤ 0.0001), FPG ( p  ≤ 0.0001), and SBP ( p  = 0.006) 

and those signifi cantly correlated with PAI-1 were FPG 

( p  ≤ 0.0001), triglycerides ( p  ≤ 0.0001), BMI ( p  = 0.003), 

HbA1c ( p  = 0.006) and age  (  p   = 0.0001)  (Table  2 ). There 

was no correlation between gender and vWF ( p  = 0.59) and 

PAI-1 ( p  = 0.89) levels (Table  2 ).  

 An ANCOVA was performed to explain the variation in 

vWF plasma levels with hypertension, age, FPG, and SBP 

as explanatory variables. The model explained only 18% 

of variability in vWF plasma levels (F-statistic < 0.0001). 

Hypertension ( p  = 0.0001), age ( p  < 0.0001) and FPG 

( p  = 0.001) demonstrated statistical signifi cance (Table  3 ). 

Moreover, the eff ect of hypertension, age and FPG increased 

for individuals with higher vWF plasma levels at 0.25, 0.50 

and 0.75 quantiles. Hypertension, age and FPG allow us to 

explain more than 26%, 70% and 86% of the variability of 

vWF plasma levels at 0.25, 0.50 and 0.75 quantiles, respec-

tively (Table  3 ). The vWF plasma values levels observed of 

each of those quantiles were as followed: 0.25 (40.7 ng/mL), 

0.50 (64.9 ng/mL), 0.75 (106.8 ng/mL).  

 An MLR analysis was performed to explain the varia-

tion of PAI-1 plasma levels attributed to variation in FPG, 

triglycerides, BMI, HbA1c, and age. The model explained 

only 11% of variability in PAI-1 plasma levels (F-statis-

tic < 0.0001). FPG, triglycerides, BMI, HbA1c and age 

showed statistical signifi cance, with an inverse relationship 

between age and PAI-1 (Table  4 ). Moreover, the eff ect of 

FPG, triglycerides and HbA1c increased for individuals with 

higher PAI-1 plasma levels at 0.25, 0.50 and 0.75 quantiles, 

while the eff ect of age decreased for individuals with higher 

PAI-1 plasma concentration at 0.25 and 0.50 quantiles. FPG, 

triglycerides, HbA1c and age allow us to explain more than 

66%, 73% and 90% of the variability of PAI-1 plasma lev-

els for 0.25, 0.50 and 0.75 quantiles, respectively (Table  4 ). 

The PAI-1 plasma levels observed of each of those quantiles 

were as followed 0.25 quantile (130.1 ng/mL), 0.50 quantile 

(238.9 ng/mL), 0.75 quantile (468.8 ng/mL).  

 When we performed a MLR analysis, the variables 

included in the model explained a small fraction of the vari-

ability in vWF and PAI-1 plasma levels. However, when 

a quantile regression approach was applied, the model 

explained up to 86% of the variability of vWF from 0.75 

quantiles, and up to 90% of the variability of PAI-1 from 

0.75 quantiles. 

  Table 1       Clinical and Epidemiological characteristics between controls, subjects with hypertension, and subjects with hypertension plus history 

of atherothrombotic disease  

  ATD  atherothrombotic disease,  BMI  body mass index,  DBP  diastolic blood pressure,  FPG  fasting plasma glucose,  HbA1c  glycated hemoglobin, 

 HDL-c  high density lipoprotein cholesterol,  LDL-c  low density lipoprotein cholesterol,  PAI-1  plasminogen activator inhibitor type 1,  SBP  sys-

tolic blood pressure,  SD  standard deviations,  vWF  von Willebrand Factor 

  Variable    Total sample 

  n  = 341  

  Reference group 

  n  = 83  

  Hypertension 

  n  = 215  

  Hypertension plus ATD 

  n  = 43  

   p  value  

  Demographic            

    Age, years ± SD    58 ± 13    48 ± 14    61 ± 10    63 ± 12     < 0.0001  

    Woman, n (%)    219 (64.2)    54 (65)    145 (67.4)    20 (46.5)    0.03  

  Clinical            

    BMI, kg/m 2  ± SD    28.9 ± 4.7    29.1 ± 5.7    28.8 ± 4.3    29.2 ± 5.2    0.97  

    SBP, mmHg ± SD    130.6 ± 19.6    115 ± 13.2    136.1 ± 19.2    132.7 ± 18.3     < 0.0001  

    DBP, mmHg ± SD    81.2 ± 11.4    75.8 ± 9.1    83.4 ± 11.1    80.3 ± 13.7     < 0.0001  

    Dyslipidemia, n (%)    181 (53)    36 (43.9)    74 (61.6)    11 (37.9)    0.01  

    Smoking status, n (%)    74 (21.7)    21 (25)    43 (20)    10 (23)    0.58  

  Biochemical            

    FPG, mg/dL ± SD    88.7 ± 9.3    85.9 ± 9.2    89.4 ± 9.4    90.3 ± 10.6    0.03  

    HbA1c, % ± SD    5.6 ± 0.4    5.5 ± 0.4    5.6 ± 0.4    5.7 ± 0.3    0.16  

    Total Cholesterol, mg/dL ± SD    187 ± 37    184.8 ±44.2    190.7 ± 35.8    172.2 ± 42.8    0.01  

    LDL-c, mg/dL ± SD    108.2 ± 32.7    107.7 ± 37.7    110.9 ± 32.1    95.7 ± 36.8    0.02  

    HDL-c, mg/dL ± SD    47 ± 10.1    46.4 ± 10.7    47.7 ± 10.7    44.9 ± 9.7    0.18  

    Triglycerides, mg/dL ± SD    161.1 ± 91.8    157.5 ± 96.2    163.7 ± 98.2    154.7 ± 78.5    0.80  

    vWF, ng/mL ± SD    81.8 ± 55.4    50.4 ± 33    89.9 ± 53.7    102 ± 71.7     < 0.001  

    PAI-1, ng/mL ± SD    331.8 ± 269.4    286.9 ± 231.9    356.1 ± 275.8    296.7 ± 288.9     < 0.001  
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 When a quantile regression model was performed to 

explore the relationship between independent variables and 

conditional quantiles of vWF (Fig.  2 ), the quantile coeffi  -

cients for hypertension, age and FPG on vWF plasma lev-

els were signifi cantly diff erent from the MLR coeffi  cients. 

When a quantile regression model was performed (Fig.  2 ), 

the quantile coeffi  cients for FPG, triglycerides, HbA1c and 

age on PAI-1 plasma levels were signifi cantly diff erent from 

the MLR coeffi  cients.         

 Table   5  shows the antihypertensive treatment charac-

teristics in subjects with hypertension vs. hypertension 

plus atherothrombotic disease. The angiotensin II receptor 

blocker (ARB) antihypertensive treatment was the most 

frequently used in both groups of patients with and with-

out atherothrombotic disease (56.2% and 46.5%,  p  = 0.24) 

and the less frequent was calcium channel blocker 14.3% 

vs. 27.9% ( p  = 0.04), respectively. In the group of hyper-

tensive patients, the monotherapy was used in more than 

51.6% of cases, whereas in the group of hypertension plus 

atherothrombotic disease only one antihypertensive medi-

cine was administrated in 46.5% of the cases ( p  = 0.61). The 

combination of antihypertensive drugs was used in 37.2% 

and 46.5% in the group of hypertension and hypertension 

and atherothrombotic disease, respectively (Table  5 ). There 

was a statistically signifi cant higher frequency of calcium 

channel blocker (27.9% vs. 14.4%,  p  = 0.04) and  β  - blocker 

(34.8% vs. 17.6%,  p  = 0.02) therapy in the group of patients 

with hypertension plus atherothrombotic disease vs. hyper-

tension only, respectively.  

 Table  6  shows the comparison of vWF and PAI-1 antigen 

plasma levels according to type of antihypertensive pharma-

cotherapy and number of antihypertensive drugs in hyperten-

sive subjects with and without ATD. We observed the lowest 

plasma levels of vWF in patients with ARB´S monotherapy 

treatment, and the lowest levels of PAI-1 plasma antigens in 

patients who received calcium channel blocker monotherapy 

treatment. The lowest levels of both vWF and PAI-1 were 

identifi ed in the group of patients who were treated with the 

combinations of three antihypertensive drugs.  

  Graphical Abstract , vWF and PAI-1 levels are elevated 

in patients with hypertension, probably due to uncontrolled 

blood pressure and inadequate antihypertensive therapy. 

    Discussion 

 Endothelial dysfunction is present in patients with hyper-

tension, which is a risk factor for atherothrombotic disease. 

Earlier studies had demonstrated that von Willebrand Fac-

tor (vWF) represents a biomarker for endothelial damage/

dysfunction [ 10 ]. In our knowledge, this is the fi rst study 

in Mexican population 1) To determine and compared the 

  Fig. 1       vWF and PAI-1 antigen 

plasma levels comparison 

between controls ( A ), subjects 

with hypertension ( B ), and 

patients with hypertension plus 

history of atherothrombotic 

disease ( C ). p:  p  value; PAI-1: 

plasminogen activator inhibitor 

type 1; vWF: von Willebrand 

factor + : mean  

  Table 2       Correlation coeffi  cients between vWF and PAI-1 plasma lev-

els with components of the metabolic syndrome in a sample of 341 

subjects  

  ATD  atherothrombotic disease,  BMI  body mass index,  DBP  diastolic 

blood pressure,  FPG  fasting plasma glucose,  HbA1c  glycated hemo-

globin,  HDL-c  high density lipoprotein cholesterol,  LDL-c  low den-

sity lipoprotein cholesterol,  PAI-1  plasminogen activator inhibitor 

type 1,  SBP  systolic blood pressure,  vWF  von Willebrand Factor 

  Variable    vWF     p  value    PAI-1     p  value  

  Continuous          

    Age    0.34     < 0.0001    -0.13    0.0001  

    BMI    0.07    0.21    0.16    0.003  

    SBP    0.15    0.006    0.02    0.67  

    DBP    0.06    0.25    0.11    0.06  

    FPG    0.23     < 0.0001    0.20     < 0.0001  

    HbA1c    -0.008    0.88    0.15    0.006  

    Total cholesterol    0.06    0.30    0.09    0.11  

    LDL-c    0.05    0.32    0.02    0.64  

    HDL-c    0.01    0.85    -0.07    0.17  

    Triglycerides    -0.04    0.49    0.19     < 0.0001  

  Categorical          

    Woman    -0.03    0.59    -0.008    0.89  

    Smoking status    -0.07    0.21    0.005    0.93  

    Dyslipidemia    -0.08    0.14    0.05    0.32  

    Hypertension    0.38     < 0.0001    0.08    0.13  

    Hypertension + ATD    0.10    0.06    -0.10    0.08  
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plasma concentration of vWF and PAI-1 between normo-

tensive individuals and hypertensive patients with and with-

out atherothrombotic disease, 2) To identify the variables 

of study are associated with the variation of the plasmatic 

levels of vWF and PAI-1, and 3) To evaluate the infl uence 

of antihypertensive treatment on the vWF and PAI-1 plasma 

concentration. vWF and PAI-1 levels between normotensive 

subjects and hypertensive patients with and without athero-

thrombotic disease, and to evaluate the infl uence of antihy-

pertensive medication on those biomarkers. We found the 

highest concentration of vWF in hypertensive individuals 

with atherothrombotic disease (102 ± 71.7 ng/mL) compared 

to patients with hypertension without atherothrombotic 

disease (89.9 ± 53.7 ng/mL) or normotensive individuals 

(50.4 ± 33 ng/mL) ( p  < 0.0001), (Table  1 ). The increased 

vWF plasma level was signifi cantly correlated with SBP 

(r = 0.15,  p  = 0.006), (Table  2 ) but not with DBP (r = 0.06, 

 p  = 0.25) (Table  2 ). Our results are in line with those pub-

lished by Blann et al., [ 11 ] whom demonstrated that high 

vWF levels correlated with SBP (r = 0.42,  p  < 0.0002), but in 

contrast to our results, they also found a correlation between 

vWF and DBP (r = 0.25,  p  < 0.05). Moreover, Lip et al., 

demonstrated higher vWF in patients with hypertension, 

compared with normotensive healthy controls [ 12 ]. Previ-

ous studies found that a hypercoagulable state is present 

in patients with hypertension and this state was associated 

with increased blood pressure and endothelium-dependent 

vasodilation impairment [ 13 ]. Our results indicate a possible 

association between vWF and endothelial damage, which 

precedes a vascular thrombotic complication in this type of 

patients, with long time high blood pressure exposure. We 

propose that a good control of blood pressure is needed to 

avoid chronic exposure of high pressure on vessels. 

 In our study, hypertension, age and FPG allow us to 

explain more than 26%, 70% and 86% of the variability 

of vWF plasma levels at 0.25, 0.50 and 0.75 quantiles, 

respectively, being hypertension the variable with the 

highest β-coeffi  cient to determine the variability of vWF, 

  Table 3       Model explaining variation in vWF plasma levels attributed to variation in explanatory variables using two diff erent approaches: 

ANCOVA and quantile regression analysis  

  β  standardized correlation coeffi  cient (95% confi dence interval),  FPG  fasting plasma glucose,  R   2   determination coeffi  cient represents percentage 

of variance explained by the explanatory variables of the model,  SBP  systolic blood pressure,  vWF  von Willebrand factor 

  Explanatory Variables    ANCOVA    Quantile Regression  

   β  (95% CI)     p  value     β  (95% CI)  

  at 0.25 quantile    at 0.50 quantile    at 0.75 quantile  

  Hypertension    0.22 (0.34 to 0.11)    0.0001    19 (17 to 21)    32 (31 to 34)    35 (34 to 37)  

  Age    0.2 (0.1 to 0.3)     < 0.0001    0.5 (0.4 to 0.6)    0.6 (0.5 to 0.6)    1.0 (1 to 1.1)  

  FPG    0.2 (0.08 to 0.28)    0.001    0.2 (0.08 to 0.24)    0.7 (0.68 to 0.78)    1.5 (1.4 to 1.5)  

  SBP    -0.07 (-0.19 to 0.04)    0.19    -0.2 (-0.28 to -0.2)    -0.09 (-0.1 to -0.06)    -0.2 (-0.28 to -0.2)  

   R   2      0.18    0.26    0.70    0.86  

   F -statistic     < 0.0001     < 0.0001     < 0.0001     < 0.0001  

  Table 4       Model explaining variation in PAI-1 plasma levels attributed to variation in explanatory variables using two diff erent approaches: MLR 

and quantile regression analysis  

  β  standardized correlation coeffi  cient (95% confi dence interval),  BMI  body mass index,  FPG  fasting plasma glucose,  HbA1c  glycated hemo-

globin,  MLR  multivariate linear regression,  PAI-1  plasminogen activator inhibitor type 1,  R   2   determination coeffi  cient represents percentage of 

variance explained by the explanatory variables of the model 

  Explanatory variables    MLR    Quantile Regression  

   β  (95% CI)     p  value     β  (95% CI)  

  at 0.25 quantile    at 0.50 quantile    at 0.75 quantile  

  FPG    0.14 (0.03 to 0.25)    0.01    3.9 (3.4 to 4.5)    3.4 (3 to 3.7)    7 (6.8 to 7.2)  

  Triglycerides    0.15 (0.05 to 0.26)    0.004    0.2 (0.17 to 0.3)    0.33 (0.3 to 0.36)    0.7 (0.65 to 0.69)  

  BMI    0.09 (-0.01 to 0.20)    0.08    3 (2 to 4)    4 (3.5 to 4.7)    12 (11 to 12)  

  HbA1c    0.12 (0.01 to 0.23)    0.02    35 (24 to 46)    56 (49 to 63)    71 (66 to 75)  

  Age    -0.15 (-0.25 to -0.04)    0.006    -2 (-2.5 to -1.7)    -3 (-3.2 to -2.7)    -3 (-3.2 to -2.9)  

   R   2      0.11    0.66    0.73    0.90  

   F -statistic     < 0.0001     < 0.0001     < 0.0001     < 0.0001  
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even more than any other biochemical parameter (Table  3 ). 

Therefore, our study demonstrated that hypertension is 

associated with increased levels of vWF and endothelial 

damage, which play an important role in the pathophysi-

ology of atherothrombotic disease [ 14 ]. Previous studies 

in vivo and in vitro showed that haemodynamic forces sig-

nifi cantly infl uence the gene expression and phenotype of 

vascular cells that induce functional changes in response 

to mechanical stress, which can produce: infl ammation, 

changes in the vascular cell adhesion, endothelial cell pro-

liferation and apoptosis, vascular smooth muscle cell dif-

ferentiation, proliferation and migration, oxidative stress, 

endothelial cell procoagulant properties and promoting 

atherogenesis [ 15 ,  16 ]. 

 Moreover, we found a signifi cantly correlation between 

older age and increased vWF plasma levels (r = 0.34, 

 p  < 0.0001) (Table  2 ). Our results are similar to those dem-

onstrated by Lip et al., with a positive correlation between 

high levels of vWF and age (r = 0.31,  p  <0.001) [ 12 ]. The 

association between increased levels of vWF and older 

hypertensive individuals might suggest a longtime exposure 

of blood vessels to high hemodynamic forces indicating a 

progressive endothelial cell damage/dysfunction [ 17 ]. 

 In the present study, we evaluate hypertensive individ-

uals without T2 Diabetes Mellitus. However, we found a 

positive correlation between vWF plasma levels and FPG 

(r = 0.23,  p  < 0.0001) (Table  3 ). It has been shown an asso-

ciation between high concentration of vWF and increasing 

insulin levels suggesting a relationship of vWF with insulin 

resistance and the metabolic syndrome [ 18 ]. Earlier stud-

ies proposed that endothelial damage/dysfunction maybe 

a central component of the metabolic syndrome, possibly 

  Fig. 2       Quantile process charts 

for vWF ( A ) and PAI-1 ( B ). 
Gray dotted line: 95% confi -

dence interval; HbA1c: glycated 

hemoglobin; horizontal axis: 

quantiles; red line: multivariate 

linear regression coeffi  cient  
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preceding or even causing its development [ 19 ]. However, 

Lim et al., [ 20 ] demonstrated in hypertensive patients who 

developed metabolic syndrome that vWF plasma levels were 

higher and independently associated with the presence of 

established metabolic syndrome and increased with the num-

ber of components. Their results suggested that endothelial 

damage/dysfunction may be a consequence, rather that the 

cause of the metabolic syndrome. Our results, demonstrated 

that in hypertensive patients the vWF concentration could 

be positive regulated by glucose or lipids levels, even with-

out the presence of Type 2 diabetes mellitus or metabolic 

syndrome. Therefore, a point of interest will be to explore 

the endothelial mechanism and possible interaction between 

hypertension and Type 2 diabetes or other metabolic com-

ponents in the same individual to prevent the disease 

development. 

 When we analyzed the vWF plasma levels, we observed 

the highest concentration in patients with calcium channel 

  Table 5       Antihypertensive 

treatment characteristics in 

subjects with hypertension 

vs. hypertension plus 

atherothrombotic disease  

  ACE  angiotensin converting enzyme,  ARB  angiotensin II receptor blocker,  ATD  atherothrombotic disease, 

 BB  β-blocker,  CCB  calcium channel blocker,  IQR  interquartile range 

  Characteristic    Hypertension 

  n  = 215  

  Hypertension 

plus ATD 

  n  = 43  

   p  value  

  Time from diagnosis, years [IQR]    8 [3–15]    10 [6–17.5]    0.04  

  Antihypertensive action mechanism, n (%)        

    ARB    121 (56.2)    20 (46.5)    0.24  

    ACE inhibitor    51 (23.7)    13 (30.2)    0.43  

    Diuretic    50 (23.2)    7 (16.2)    0.42  

    BB    38 (17.6)    15 (34.8)    0.02  

    CCB    31 (14.4)    12 (27.9)    0.04  

  Number of antihypertensive drugs, n (%)        

    0    24 (11.2)    3 (6.9)    0.58  

    1    111 (51.6)    20 (46.5)    0.61  

    2    60 (27.9)    14 (32.5)    0.58  

    3    20 (9.3)    5 (11.6)    0.58  

    4    0 (0)    1 (2.3)    -  

  Type of antihypertensive pharmacotherapy, n (%)        

    None    24 (11.2)    3 (6.9)    0.58  

    ARB monotherapy    60 (27.9)    10 (23.2)    0.57  

    ACE inhibitor monotherapy    37 (17.2)    3 (6.9)    0.10  

    CCB monotherapy    7 (3.2)    4 (9.3)    0.09  

    BB monotherapy    7 (3.2)    3 (6.9)    0.37  

    Combined    80 (37.3)    20 (46.5)    0.30  

  Table 6       Comparison of vWF and PAI-1 antigen plasma levels according to type of antihypertensive pharmacotherapy and number of antihyper-

tensive drugs in hypertensive subjects with and without atherothrombotic disease  

  ACE  angiotensin converting enzyme,  ARB  angiotensin II receptor blocker,  BB  β-blocker,  CCB  calcium channel blocker,  PAI-1  plasminogen acti-

vator inhibitor type 1,  vWF  von Willebrand factor 

    Type of antihypertensive pharmacotherapy     p  value  

    Monotherapy    Combined    

    ACE inhibitors 

  n  = 40  

  ARBs 

  n  = 70  

  CCB 

  n  = 11  

  BB 

  n  = 10  

   n  = 100    

   vWF  (ng/mL)    68 [47–112]    64 [46–95]    85 [61–153]    83 [53–99]    95 [56–137]     0.09   
   PAI-1  ng/mL    329 [177–656]    236 [128–502]    163 [114–189]    226 [166–329]    232 [148–459]     0.37   
     Number of antihypertensive drugs     

    0 

  n  = 27  

  1 

  n  = 131  

  2 

  n  = 74  

  3 

  n  = 25  

  4 

  n  = 1  

  

   vWF     74 [46–113]    69 [47–104]    96 [61–138]    66 [54–114]    131    0.07  

   PAI-1     262 [149–515]    236 [140–518]    268 [147–498]    198 [149–285]    177    0.44  
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blockers treatment (85 [61–153 U/dL]) (Table  6 ). Clinical 

studies had demonstrated that plasma levels of vWF possi-

ble be diminished by some antihypertensive medication [ 9 , 

 21 ]. Although, we found the lowest plasma levels of vWF 

in patients who were treated with angiotensin II receptor 

blocker medication (64 [46–95 ng/mL]) (Table  6 ), the levels 

where higher to those observed in normotensive individu-

als (50.4 ± 33 ng/mL). Therefore, our results suggest that 

antihypertensive monotherapy has not enough infl uence on 

lowering vWF, which was increased by long time high blood 

pressure exposure and this refl ects endothelial damage dys-

function, which play an important role in the thrombosis 

development. Therefore, we consider that earlier diagnosis 

and adequate control of blood pressure is essential to avoid 

endothelial damage and thrombotic complications. We pro-

pose that plasma levels of vWF should be determined in this 

type of patients with specifi c focus in those with no good 

control or resistance blood pressure. 

 In the present study, there was no signifi cant correlation 

between gender (woman) and vWF (r = 0.03,  p  = 0.59). Our 

results are in contrast to those published by Mansfi eld et al., 

[ 22 ] who demonstrated that high levels of vWF were higher 

in women than in male  p  < 0.001. 

 Plasminogen antigen inhibitor type 1 (PAI-1) is a major 

regulator of the fi brinolytic system, and high level is associ-

ated with atherothrombotic disease. Increased PAI-1 levels 

were correlated with glucose, triglycerides, HbA1c, explain-

ing 66%, 73% and 90% of variability. In contrast, lower 

PAI-1 concentration was determined by older age (r = 0.13, 

 p  = 0.0001) (Table  3 ). 

 We found a higher PAI-1 plasma levels in hypertensive 

patients without atherothrombotic disease (356.1 ± 275.8 ng/

mL), and similar in patients with hypertension and athero-

thrombotic disease (296.7 ± 288.9) when compared with the 

reference group (286.9 ± 231.9 ng/mL) (< 0.001) (Table  1 ). 

A possible explanation for similar PAI-1 levels between 

hypertensive patients with hypertension and atherothrom-

botic disease and reference group, might be the eff ect of 

pharmacotherapy, adherence to treatment as well as dietary 

hygiene measures on reduction of PAI-1 concentration, 

which were beyond the aim of the present research. Our 

results demonstrated no correlation between gender (female) 

and PAI-1 plasma levels (r = 0.13,  P  = 0.89). In contrast, 

Mansfield and coworkers demonstarted, an association 

between increased levels of PAI-1 and gender (female) [ 22 ]. 

 Contrary to the eff ect of high blood pressure on vWF, we 

observed that SBP (r = 0.02,  p  = 0.67) and DBP (r = 0.11, 

 p  = 0.06) were not correlated with PAI-1 levels. In contrast, 

Jacobs et al., [ 7 ] found that PAI-1 activity correlates with 

SBP and DBP and this represented an increased risk for 

thrombotic complications. Also, Lip et al., [ 12 ] demon-

strated higher PAI-1 levels in patients with hypertension, 

compared with normotensive healthy controls. 

 Moreover, we found a signifi cantly correlation between 

glucose (r = 0.20,  p  < 0.0001), HbA1c (r = 0.15,  p  = 0.006) 

and triglycerides (r = 0.19,  p  < 0.001) and increased PAI-1 

plasma levels (Table  2 ). 

 PAI-1 levels can be regulated by several factors and two 

of them are relevant in modifying cardiovascular risk such 

the activity of the renin–angiotensin–aldosterone system 

(RAAS) and insulin resistance [ 23 ]. Moreover, aldoster-

one stimulates PAI-1 expression in vitro, and PAI-1 levels 

correlate closely with aldosterone levels in normal human 

subjects. Injured/damage endothelial cells and an activated 

RAAS accompanied by high blood pressure could contrib-

ute to the hypercoagulable status and in the promotion of 

thrombosis in hypertensive patients [ 24 ]. 

 When we analyzed the PAI-1 plasma levels related 

with the antihypertensive medication, we found the high-

est level of PAI-1 in patients with angiotensin convert-

ing enzyme inhibitors therapy (329 [177–656 ng/mL]) 

and the lowest plasma levels of PAI-1 (163 [114–189 ng/

mL]) in patients who were treated with calcium channel 

blocker. (Table  6 ) Some studies have shown that group 

of calcium channel blockers, the dihydropyridines aff ect 

the fi brinolytic system by increasing plasma t-PA activity 

[ 25 ]. Because both PAI-1 and t-PA are synthetized in the 

vascular endothelium and endothelial dysfunction induces 

an imbalance in fi brinolysis, improving endothelial func-

tion might reverse the fi brinolytic imbalance. The calcium 

channel blocker had been shown to improve endothelial 

function through their antioxidative properties and eff ects 

on nitric oxide synthase expression and activity [ 25 ]. More 

studies are needed to evaluate the eff ect of calcium chan-

nel blocker on reduction of PAI-1 plasma levels. 

 When we analyzed the antihypertensive therapy, we 

found that angiotensin II receptor blocker treatment was 

the antihypertensive drug more frequently used and the 

calcium channel blocker was the less common indicated 

in patients with and without atherothrombotic disease 

complications. (Table  5 ) Our results are similar to those 

published by Yang et al., in a meta- analysis that included 

1.1 million patients who received angiotensin II receptor 

blocker prescription for antihypertensive therapy in China, 

[ 26 ] but calcium channel blocker also was the other drug 

most frequently used for treatment. In the present study the 

combination of two or more drugs was the most frequent 

therapeutic used (Table  5 ). 

 When we analyzed the vWF and PA1-1 plasma lev-

els and the number of antihypertensive drugs, we found 

the lowest plasma levels of vWF 66 [54–114 ng/mL] and 

PAI-1 196 [149–286 ng/mL] (Table   6 ) in patients who 

were treated with three or more antihypertensive drugs. In 

contrast the highest level of PAI-1 was observed in patients 

with no treatment or only one drug medication. Although, 

there was no diff erences related to vWF and PAI-1 plasma 
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levels between the type of antihypertensive pharmaco-

therapy [vWF  p  = 0.09, PAI-1 ( p  = 0.37)], or number of 

antihypertensive drugs [vWF  p  = 0.07, PAI-1 ( p  = 0.44)] 

(Table  6 ), we consider that should be evaluate two or more 

drug antihypertensive treatment not only to obtain a good 

control blood pressure, but as well vWF and PAI-1 plasma 

concentration to avoid thrombotic complications. 

 One limitation was the size of the sample. However, the 

number of the patients and controls included in this study 

allowed us to demonstrated the highest plasma levels of 

vWF in patients with hypertension and atherothrombotic 

disease, meanwhile the highest concentration of PAI-1 was 

present in hypertensive patients without thrombotic dis-

ease, and those fi ndings could be correlated with endothe-

lial dysfunction and an hypofi brinolytic state respectively 

in those patients. More studies with larger number of 

patients are needed to corroborate our results. 

    Conclusions 

 This is the fi rst study in Mexican population to compare the 

vWF and PAI-1 levels in hypertensive patients without T2 

Diabetes Mellitus and evaluate the eff ect on the antihyper-

tensive medication on the regulation of those biomarkers. 

In the present study, the highest plasma levels of vWF were 

found in hypertensive patients with atherothrombotic disease 

and for PAI-1 levels were in hypertensive patients without 

thrombotic complications. Hypertension, age and FPG deter-

mine up to 86% of variability of vWF plasma levels, while 

FPG, HbA1c, triglycerides and age determine up to 90% 

of the variability of PAI-1 plasma concentration. Although, 

hypertensive patients treated with angiotensin II receptor 

blocker had the lowest levels of vWF and the patients treated 

with calcium channel blocker therapy had the lowest levels 

of PAI-1, none had normal levels of those biomarkers. The 

highest PAI-1 concentration was observed in hypertensive 

patients, whom were treated with only one drug or no medi-

cation. In contrast, we observed the lowest levels of vWF 

and PAI-1 concentration in patients who were treated with 

3 or more antihypertensive drugs. Those results reinforce 

the importance of good blood pressure and metabolic com-

ponents control, as well as to fi nd the right combination of 

two or more drugs in patients with hypertension at earlier 

stages of the disease to avoid thrombotic complications such 

as myocardial infarction or stroke. In the present study, we 

demonstrated that endothelial dysfunction and hypofi brino-

lytic state are two mechanisms that contribute to the patho-

physiology of thrombosis in patients with hypertension. 

Therefore, we consider an important to obtain a good blood 

pressure control, to fi nd the right therapeutic drug combina-

tion and to determine the vWF and PAI-1 levels to detect a 

possible endothelial dysfunction and a decreased fi brinolytic 

activity to avoid thrombotic complications. 

  Future Perspectives:  We demonstrated that monotherapy 

is not suffi  cient to obtain a good control of blood pressure 

and normal levels of vWF and PAI-1. Therefore, we con-

sider that more studies with greater number of patients are 

needed to evaluate the specifi c contribution of angiotensin 

II receptor blocker and calcium channel blocker medica-

tion on lowering vWF and PAI-1 levels respectively, and 

to determine the specifi c combination of two or more drugs 

for each hypertensive patient to control those parameters. 

We suggest that vWF and PAI-1 determination should be 

included in patients with hypertension to monitoring a pos-

sible endothelial damage as well as hypofi brinolytic stage to 

avoid thrombotic complications such myocardial infarction 

and/or stroke. 
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