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Background and aims: Past studies reported a significant contribution of a 
prothrombotic state to the development and progression of target organ damage 
in hypertensive patients. Stiffening of arterial vessels is associated with aging and 
hypertension, and additional factors could contribute to this process. This study 
was designed to examine the relationships between arterial stiffening and the 
hemostatic and fibrinolytic system.

Methods: In 128 middle-aged, nondiabetic, essential hypertensive patients 
without major cardiovascular and renal complications, we measured coagulation 
markers that express the spontaneous activation of the hemostatic and fibrinolytic 
system and assessed stiffness of the arterial tree by measurement of the carotid/
femoral pulse wave velocity (cfPWV) and pulse wave analysis with calculation of 
the brachial augmentation index (AIx).

Results: Levels of fibrinogen (FBG), D-dimer (D-d), and plasminogen activator-
inhibitor 1 (PAI-1) were significantly higher in patients with PWV and AIx above 
the median of the distribution. FBG, D-d, and PAI-1 were significantly and directly 
related with both cfPWV and AIx, and multivariate regression analysis indicated 
that the relationships of D-d and PAI-1 with both cfPWV and AIx and of FBG 
with AIx, were independent of age, body mass index, severity and duration of 
hypertension, use of antihypertensive drugs, blood glucose, and plasma lipids.

Conclusion: In middle-aged, uncomplicated, nondiabetic patients with essential 
hypertension, spontaneous activation of plasma hemostatic cascade and 
impaired fibrinolysis is significantly and independently associated with stiffening 
of the arterial tree.
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Introduction

Seminal work that was published in the early 1960s described the structural changes of aorta 
and other elastic vessels in response to blood pressure increase (1). Within the next two decades, 
assessment of arterial stiffness became relatively common in the clinical setting (2), and arterial 
stiffness was recognised as a predictor of cardiovascular mortality and morbidity both in the 
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general population (3–5) and in hypertension (6, 7). Currently, arterial 
stiffness can be  estimated by noninvasive and easily accessible 
methods including measurement of the carotid-femoral pulse wave 
velocity (cfPWV) and calculation of the augmentation index (AIx) 
obtained by the pulse wave analisys (PWA), that are accepted tools for 
evaluation of subclinical vascular damage in hypertension (8). High 
blood pressure, however, is not the only determinant of arterial 
changes, and many additional risk factors increase the propensity of 
hypertensive patients to develop subclinical and clinical vascular 
abnormalities (9). With regard to arterial stiffness, significant 
associations with overweight (10), smoking (11), increased plasma 
lipids levels (12, 13), and impaired glucose tolerance (14) 
were reported.

Intrinsic hyperactivation of the hemostatic system characterizes 
the prothrombotic states and is a well recognized risk factor for 
cardiovascular events in the general population (15, 16) and in 
patients with hypertension (17, 18) and early renal failure (19). In 
patients with hypertension, a prothrombotic state has been associated 
with subclinical changes of the carotid arteries (20, 21), left ventricular 
diastolic dysfunction (22), and intrarenal hemodynamic changes (23) 
associated with decreased glomerular filtration rate (24). Some of 
these adverse effects of the hypercoagulable state in hypertension 
appear to have a specific link with an activated renin-angiotensin-
aldosterone system (25, 26).

The possible relevance of coagulation factors for stiffening of large 
elastic arteries has been the subject of previous investigations. These 
investigations were almost exclusively focused on fibrinogen because 
its circulating levels affect plasma viscosity and, by affecting the 
rheological properties of blood, might contribute to arterial structural 
and functional changes (27). Inconsistent results were reported in 
population studies that examined the relationship of plasma fibrinogen 
levels with arterial stiffness both in cross-sectional (28, 29) and 
prospective (30) analyses. Conversely, a positive association of 
fibrinogen with arterial stiffness was suggested in initial studies that 
were conducted in healthy subjects (31) and patients with 
uncomplicated hypertension (32).

It is well known that thorough functional investigation of the 
hemostatic cascade and fibrinolytic system requires assessment of 
many other markers in addition to fibrinogen (33), and data on the 
possible association of these markers with arterial stiffness are 
completely lacking. For these reasons and for the relevance of arterial 
stiffening as a predictor of cardiovascular events in hypertension, 
we examined the relationship between aortic stiffness and extensive 
markers of hemostatic and fibrinolytic activity in a well characterized 
group of nondiabetic hypertensive patients who were free of 
cardiovascular and renal complications.

Methods

Patients

One-hundred-twenty-eight consecutive patients with grade 1/
grade 2 essential hypertension who presented at the outpatient service 
of our Clinic from January 2019 to December 2019 were included in 
a cross-sectional study. Patients seen at the Clinic are white, live in the 
North-East of Italy, and are representative of the hypertensive 
population of this regional territory (34). An automatic tool equipped 

with appropriately sized cuffs (Omron M6, OMRON Healthcare Co., 
Kyoto, Japan) was used to measure blood pressure in patients who had 
been supine for at least 15 min, obtaining 3 consecutive readings. 
According to current guidelines (35), diagnosis of hypertension was 
done after measurements obtained in at least 3 separate visits. 
Exclusion criteria were predefined as follows: age younger than 18 or 
older than 80 years; body mass index (BMI) greater than 35 kg/m2; 
pregnancy; secondary hypertension; 24-h creatinine clearance lower 
than 30 ml/min/1,73 m2; diabetes; use of lipid-lowering, antiplatelet, 
anticoagulant drugs and any type of drugs that could interfere with 
the hemostatic system; history of recent illness and acute or chronic 
inflammatory conditions; history of cerebrovascular, ischemic heart, 
or peripheral artery disease. Causes of secondary hypertension were 
ruled out according to current guidelines (35) after clinical, 
biochemical (urine analysis, creatinine clearance, plasma aldosterone, 
renin, and cortisol, free urinary cortisol and epinephrine, 
norepinephrine, and dopamine) and instrumental tests (ECG, 
echocardiography, renal ultrasound, and renal angio-CT and adrenal 
CT scan when indicated) (36). Diabetes was excluded by measurement 
of fasting blood glucose and glycated hemoglobin, and by a standard 
oral glucose tolerance test (37). Smokers were defined if they smoked 
for more than 5 years and did not quit more than 1 year before 
examination. Ethanol consumption (grams/day) was assessed by a 
standardized questionnaire (38). The leisure physical activity of all 
patients was estimated by a questionnaire, and patients that practiced 
at least 3 h of aerobic exercise in a week were defined as physically 
active. The study was conducted following the statements of the 
Declaration of Helsinki and was approved by the Institutional Review 
Board. All patients gave their informed consent.

Laboratory tests

Venous blood was collected in the early morning after an 
overnight fast. Plasma was separated and stored at −80°C until 
processing. Measurements of glucose, total and high-density 
lipoprotein cholesterol, triglycerides was performed with chemical 
methods in authomated devices, as previously reported (39). 
Low-density lipoprotein level was calculated by the Friedewald 
formula. Glomerular filtration rate was assessed by duplicate 
measurements of 24-h creatinine clearance. Coagulation parameters 
were measured in plasma as previously described (40). In brief, 
fibrinogen was assayed in an automatic coagulometer by a functional 
test, D-dimer was assayed immunoenzymatically, prothrombin 
fragment 1 + 2 (F1 + 2) and tissue-plasminogen activator (t-PA) by an 
enzyme-linked immunosorbent assay, plasminogen activator 
inhibitor-1 (PAI-1) by immunoassay, antithrombin III (ATIII), protein 
C, protein S, and von Willebrand factor (vWF) by functional 
chromogenic assays.

Arterial stiffness

All measurements were performed in the morning after fasted 
patients had rested supine in a noiseless room for a minimum of 
15 min. Measurements were performed by use of an automated device 
(AtCor Medical SphygmoCor Xcel Version 1.2.0.7, Sidney, Australia) 
by the same trained operator who, during examination, was unaware 
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of the patients’ clinical characteristics. Arterial stiffness was assessed 
by pulse wave analysis with calculation of the AIx and by measurement 
of the cfPWV.

Augmentation index

Continuous tracking of the brachial artery pressure waveform was 
obtained with standard methodology (41), and the average of 2 or 
more recorded profiles was used for PWA as previously reported (13). 
The AIx was calculated from the aortic pressure waveform as the 
difference in height between the first and the second systolic peaks 
that were expressed as a percentage of the pulse pressure. The 
intraobserver coefficient of variation of the AIx was 8.4%.

Pulse wave velocity

Assessment of the cfPWV implies the measurement of the delay 
between the upstroke of the carotid and femoral artery pulse waves as 
detected by tonometry (42). To this purpose, the distance between the 
more readily perceived pulsation of the common carotid artery and 
the sternal notch and between the sternal notch and the superior edge 
of the femoral cuff were measured and the sum of the distance carotid-
sternal notch + sternal notch-femoral was calculated. The delay 
between the upstroke of the common carotid and the femoral artery 
pulse wave was measured and the cfPWV was calculated and 
expressed in meters/s (m/s) as previously described (13). The 
intraobserver coefficient of variation of the cfPWV was 3.0%.

Statistical analysis

The Kolmogorov–Smirnov test was used to determine normality 
of distribution of the variables included in the study. Normally 
distributed variables are expressed as mean ± standard deviation and 
skewed variables as median (interquartile range). Categorical data are 
expressed as absolute number and percentage. The Student’s t-test for 
unpaired groups and the two-sample Wilcoxon rank-sum test were 
used for the comparison between 2 groups with normal or skewed 
variable distribution, respectively. The Pearson’s Chi-square test was 
used to compare frequency distributions. The relationships between 
different variables were examined by linear regression analysis, and 
correlation was expressed by the correlation coefficient r. In this 
analysis, variables with skewed distribution were log transformed. 
Multivariate regression analysis was performed to determine which 
variables were independently associated with the AIx and cfPWV.  
In this analysis, variables were sequentially entered in a stepwise 
model according to the statistical strenght observed in the univariate 
analysis. A p value of <5% was considered to indicate statistical 
significance. All data analyses were performed using Stata 12.1 
(StataCorp LP, College Station, TX, United States).

Results

Cross-sectional data of 128 hypertensive patients (age: 
52 ± 13 years; 60 men, 68 women) were included in analysis. 

Forty-seven (37%) of 128 patients had never been treated with anti-
hypertensive drugs. The remaining 81patients (63%) were treated with 
angiotensin-converting enzyme inhibitors or angiotensin II-receptor 
antagonists (37%), calcium-channel blockers (34%), diuretics (27%), 
beta-blockers (23%), and alpha-blockers (5%).

Table 1 shows the clinical characteristics and biochemical tests of 
hypertensive patients who, for statistical reasons, were grouped 
according to the median value of the AIx (28) and cfPWV (7.6 m/s). 
Patients with AIx above the median were significantly older and had 
significantly higher plasma levels of fasting glucose and total and 
LDL-cholesterol, while no differences were found in sex distribution, 
BMI, hypertension severity and duration, alcohol intake, frequency of 
smoking and exercising, and renal function. Patients with cfPWV 
above the median were also older than those with lower cfPWV and 
had higher BMI, longer duration of hypertension and higher fasting 
glucose, but no significant differences in sex distribution, hypertension 
severity, alcohol intake, frequency of smoking and exercising, renal 
function, and lipid levels. No significant differences in frequency of 
use of antihypertensive drugs nor in use of specific antihypertensive 
drug classes were found between patients with AIx above and below 
the median value of the distribution (Table  2). Conversely, 
hypertensive patients with cfPWV above the median were more 
frequently treated with hypertensive drugs than patients with cfPWV 
below the median and were more frequent users of renin-angiotensin 
system blockers and calcium-channel blockers (Table 2).

Coagulation parameters are summarized in Table 3. Hypertensive 
patients with AIx above the median had significantly higher plasma 
fibrinogen, D-dimer, and PAI-1, but no differences in F1 + 2, t-PA, 
ATIII, protein C and S, and vWf. Similarly, patients with cfPWV above 
the median had higher plasma fibrinogen, D-dimer, and PAI-1 than 
patients with cfPWV below the median, but no significant differences 
were observed in the remaining hemostatic variables. Plasma levels of 
fibrinogen, D-dimer, and PAI-1 that were measured in hypertensive 
patients who were grouped according to tertiles of AIx or cfPWV are 
shown in Figures 1, 2, respectively. Plasma fibrinogen, D-dimer, and 
PAI-1 levels increased significantly and progressively across both AIx 
and cfPWV tertiles.

Univariate correlation analysis showed that AIx was significantly 
and directly related with age, total and LDL-cholesterol, and plasma 
fibrinogen, D-dimer, and PAI-1 (Table 4). cfPWV was significantly 
and directly related with age, BMI, systolic blood pressure, duration 
of hypertension, fasting glucose, and plasma fibrinogen, D-dimer, and 
PAI-1, and inversely related with HDL cholesterol (Table 4).

Multivariate regression models were applied using either AIx or 
cfPWV as the dependent continuous variable and including variables 
identified in the univariate correlation analysis as covariates. In this 
analysis, plasma fibrinogen, D-dimer, and PAI-1 were included 
separately. As shown in Table 5, AIx was directly and independently 
related with age, LDL-cholesterol and fibrinogen, D-dimer, and PAI-1 
plasma levels. cfPWV was directly and independently related with age, 
body mass index, and plasma D-dimer and PAI-1, and inversely 
related with HDL-cholesterol (Table 6).

Discussion

Arterial stiffening anticipates major cardiovascular events in 
hypertension and many factors, in addition to high blood pressure, 
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TABLE 2 Use of antihypertensive drugs in the study hypertensive patients who were grouped according to the median value of the Augmentation Index 
(AIx) and carotid-femoral pulse wave velocity (cfPWV).

Variables
All 

patients 
(n = 128)

AIx 
≤median 

(n = 55)

AIx 
>median 
(n = 73)

p value
cfPWV 

≤median 
(n = 64)

cfPWV 
>median 
(n = 64)

p value

Antihypertensive drugs, n (%) 81 (63) 30 (54) 51 (70) 0.075 33 (52) 48 (75) 0.006

Renin-angiotensin system blockers, n (%) 48 (37) 17 (31) 31 (45) 0.181 18 (28) 30 (47) 0.028

Calcium-channel blockers, n (%) 44 (34) 19 (34) 17 (34) 0.972 16 (25) 28 (44) 0.026

Diuretics, n (%) 35 (27) 12 (22) 23 (32) 0.223 16 (25) 19 (30) 0.552

Beta blockers, n (%) 30 (23) 10 (18) 20 (27) 0.223 12 (19) 18 (28) 0.211

Alpha blockers, n (%) 6 (5) 4 (7) 2 (3) 0.230 3 (5) 1 (2) 1.000

Values are expressed as absolute numbers and percentages. The Pearson’s Chi-square test was used to compare frequency distributions. Reported p values for the comparison between patients 
with an Augmentation Index or carotid-femoral pulse wave velocity above or below the median value of the distribution (respectively: 28 and 7.6 m/s).

can contribute to vascular changes in hypertensive patients. This 
study was conducted in a highly selected population of hypertensive 
patients who were free of major cardiovascular and renal 
complications, testing the hypothesis that a prothrombotic state is 
associated with arterial stiffening. Results demonstrate that arterial 
stiffness, as assessed noninvasively by both PWA and cfPWV, is 
directly related with plasma fibrinogen, D-dimer, and PAI-1 levels. 

This relationship is independent of age, sex, BMI, hypertension 
severity and duration, use of antihypertensive drugs, smoking, and 
plasma lipid levels, suggesting that a prothrombotic state might 
contribute to functional arterial changes occurring in patients with 
high blood pressure. Alternatively, in hypertensive patients, stiffening 
of the arterial tree might activate the hemostatic system leading to a 
prothrombotic state.

TABLE 1 Clinical characteristics and biochemical variables of hypertensive patients who were grouped according to the median value of the 
Augmentation Index (AIx) and carotid-femoral pulse wave velocity (cfPWV).

Variables
All 

patients 
(n = 128)

AIx 
≤median 

(n = 55)

AIx 
>median 
(n = 73)

p value
cfPWV 

≤median 
(n = 64)

cfPWV 
>median 
(n = 64)

p value

Clinical characteristics

Age, year 52 ± 13 48 ± 14 54 ± 12 0.012 47 ± 12 57 ± 13 <0.001

Male sex, n (%) 60 (47) 29 (53) 31 (42) 0.249 26 (41) 34 (53) 0.156

Body mass index, kg/m2 26.7 ± 4.6 26.2 ± 5.2 27.0 ± 4.0 0.302 25.3 ± 4.5 28.0 ± 4.3 0.001

Heart rate, bpm 68 ± 12 68 ± 12 69 ± 12 0.969 68 ± 12 69 ± 12 0.852

Systolic blood pressure, mm Hg 145 ± 19 146 ± 16 144 ± 21 0.604 142 ± 16 148 ± 20 0.081

Diastolic blood pressure, mm Hg 89 ± 12 90 ± 11 89 ± 13 0.432 89 ± 12 89 ± 12 0.874

Duration of hypertension, year 8 ± 9 6 ± 9 9 ± 8 0.074 5 ± 7 10 ± 10 0.001

Smokers, n (%) 32 (25) 12 (22) 20 (27) 0.471 18 (28) 14 (22) 0.414

Alcohol intake, g/d 8 ± 12 6 ± 11 9 ± 13 0.251 6 ± 11 9 ± 13 0.166

Physically active, n (%) 34 (27) 19 (34) 15 (21) 0.076 19 (30) 15 (23) 0.423

Biochemical variables

Creatinine clearance, ml/min/1.73 m2 99 ± 23 97 ± 23 101 ± 21 0.308 97 ± 23 101 ± 21 0.352

Glucose, mg/dL 90 ± 12 86 ± 10 91 ± 13 0.028 87 ± 12 92 ± 12 0.034

Triglycerides, mg/dL 109 ± 58 104 ± 62 114 ± 52 0.372 102 ± 59 115 ± 56 0.247

Total cholesterol, mg/dL 198 ± 46 187 ± 45 210 ± 44 0.009 196 ± 44 199 ± 48 0.738

HDL-cholesterol, mg/dL 58 ± 16 58 ± 16 57 ± 16 0.997 60 ± 17 55 ± 14 0.101

LDL-cholesterol, mg/dL 119 ± 40 110 ± 39 129 ± 38 0.013 118 ± 38 120 ± 42 0.798

Arterial stiffness variables

Augmentation Index 26 ± 12 17 ± 7 38 ± 6 <0.001 24 ± 12 29 ± 11 0.003

Pulse wave velocity, m/s 7.8 ± 1.8 7.3 ± 1.6 8.2 ± 1.8 0.002 6.5 ± 1.0 9.2 ± 1.3 <0.001

Values are expressed as mean ± SD. Median and interquartile range in square brackets are shown for variables with skewed distribution. The Student’s t-test for unpaired groups and the two-
sample Wilcoxon rank-sum test were used for the comparison between 2 groups with normal or skewed variable distribution, respectively. Reported p values for the comparison between 
patients with an Augmentation Index or carotid-femoral pulse wave velocity above or below the median value of the distribution (respectively: 28 and 7.6 m/s). HDL, high-density lipoprotein; 
LDL, low-density lipoprotein.
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For a long time, arterial stiffening has been considered just a 
consequence of aging. This was because, during aging, 
unrelenting chopping and rearrangement of the elastic layers 
occurs in the large arterial vessels leading to vascular stiffening 
(43). Besides aging, however, additional factors were clearly 
demonstrated to decrease elasticity of the arterial wall, including 
smoking (11), obesity (10), dyslipidemia (12, 13), diabetes (14, 
44) and, last but not least, hypertension (8). Chronic blood 
pressure elevation is in fact associated with structural 
abnormalities of the vascular wall with a geometric remodeling 
that results from thickening of the muscular layer and increase in 
extracellular matrix (45). These structural changes result in 

functional abnormalities of the elastic arteries that are associated 
with an increased risk of hypertension-related cardiovascular 
complications (46).

Non-invasive methods are widely employed for definition of 
arterial stiffness. In the last decades, assessment of the cfPWV has 
become extensively popular and because of its capacity to define the 
distensibility of large conduit arteries it was considered a sort of gold 
standard. Additional methods that are based on recording and analysis 
of the blood pressure waveform such as the AIx explore the 
distensibility of the peripheral arterial tree (47) and are complementary 
to measurement of cfPWV. In this study, both cfPWV and AIx were 
measured and were found to be independently related with levels of 

TABLE 3 Hemostatic variables of hypertensive patients who were grouped according to the median value of the Augmentation Index (AIx) and carotid-
femoral pulse wave velocity (cfPWV).

Variables
All patients 

(n = 128)

AIx 
≤median 

(n = 55)

AIx >median 
(n = 73)

p value
cfPWV 

≤median 
(n = 64)

cfPWV 
>median 
(n = 64)

p value

Fibrinogen, mg/dL 322 ± 86 286 ± 59 355 ± 89 <0.001 301 ± 83 342 ± 84 0.013

D-dimer, ng/mL 212 [150–299] 206 [150–254] 225 [162–393] 0.028 206 [150–248] 230 [150–393] 0.010

F1 + 2, pmol/L 175 ± 73 179 ± 70 191 ± 76 0.546 193 ± 68 179 ± 80 0.491

PAI-1, ng/mL 12.1 [7.0–16.6] 9.7 [5.5–15.7] 13.4 [8.7–16.9] 0.006 9.2 [4.4–14.2] 13.9 [9.8–20.5] <0.001

t-PA, ng/mL 6.4 [4.3–9.0] 6.3 [3.7–9.5] 6.5 [4.7–8.2] 0.855 6.0 [3.7–8.3] 6.8 [5.2–9.6] 0.192

Antithrombin III, % 103 ± 19 100 ± 11 106 ± 27 0.202 102 ± 11 103 ± 26 0.802

Protein C, % 108 ± 17 106 ± 16 110 ± 17 0.179 107 ± 18 108 ± 16 0.730

Protein S, % 94 ± 17 95 ± 17 92 ± 18 0.476 90 ± 17 98 ± 18 0.054

von Willebrand 

factor, %

131 ± 47 130 ± 50 132 ± 45 0.870 127 ± 47 136 ± 46 0.458

Values are expressed as mean ± SD. Median and interquartile range in square brackets are shown for variables with skewed distribution. The Student’s t-test for unpaired groups and the two-
sample Wilcoxon rank-sum test were used for the comparison between 2 groups with normal or skewed variable distribution, respectively. Reported p values for the comparison between 
patients with an Augmentation Index or carotid-femoral pulse wave velocity above or below the median value of the distribution (respectively: 28 and 7.6 m/s). F1 + 2, prothrombin fragment 
1 + 2; PAI-1, plasminogen activator inhibitor-1; t-PA, tissue-plasminogen activator.

FIGURE 1

Bar graph showing the plasma concentrations of fibrinogen, D-dimer, and plasminogen-activator inhibitor-1 (PAI-1), across tertiles of Augmentation 
Index.
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TABLE 4 Univariate correlation of the study variables with the Augmentation Index (AIx) and carotid-femoral pulse wave velocity (cfPWV).

Variable
AIx cfPWV

r p value r p value

Age 0.308 <0.001 0.442 <0.001

Body mass index 0.125 0.159 0.200 0.024

Heart rate −0.118 0.188 0.005 0.954

Systolic blood pressure −0.041 0.647 0.223 0.012

Diastolic blood pressure −0.071 0.425 −0.061 0.494

Duration of hypertension 0.117 0.190 0.336 0.002

Alcohol intake 0.009 0.923 0.167 0.138

Creatinine clearance 0.044 0.621 −0.122 0.171

Glucose 0.079 0.375 0.345 <0.001

Triglycerides 0.135 0.132 0.094 0.295

Total cholesterol 0.201 0.024 0.037 0.680

HDL-cholesterol −0.133 0.138 −0.185 0.038

LDL-cholesterol 0.240 0.007 0.098 0.277

Fibrinogen 0.379 <0.001 0.344 <0.001

Log D-dimer 0.210 0.017 0.378 <0.001

F1 + 2 −0.014 0.910 0.053 0.674

Log PAI-1 0.309 0.005 0.352 <0.001

Log t-PA 0.134 0.288 0.163 0.134

Antithrombin III 0.060 0.592 −0.055 0.623

Protein C 0.096 0.389 0.072 0.520

Protein S −0.163 0.135 0.018 0.870

von Willebrand factor Ag 0.095 0.426 0.136 0.146

Variables with skewed distribution were log transformed for analysis. HDL, high-density lipoprotein; LDL, low-density lipoprotein; F1 + 2, prothrombin fragment 1 + 2; PAI-1, plasminogen 
activator inhibitor-1; t-PA, tissue-plasminogen activator.

FIGURE 2

Bar graph showing the plasma concentrations of fibrinogen, D-dimer, and plasminogen-activator inhibitor-1 (PAI-1), across tertiles of pulse wave 
velocity.
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hemostatic and fibrinolytic variables that suggest the existence of a 
prothrombotic state.

Increased intrinsic activity of the hemostatic cascade and 
impaired fibrinolysis were reported in patients with hypertension 
(48, 49) and result in a higher risk of thrombotic events. In these 
patients, a prothrombotic state was in fact associated with major 
cardiac and vascular events (17), but also with subclinical 
structural changes of the heart (22) and carotid arteries (20). The 
independent association of higher levels of fibrinogen, D-dimer, 
and PAI-1 with stiffening of the large conduit arteries and 
peripheral arterial tree reported in this study supports the 
contribution of a prothrombotic state also to hypertension-related 
functional changes of the entire vascular system. In addition to its 
role in multiple steps of the coagulation process, fibrinogen 
increases plasma viscosity and the shear stress of the vascular wall 
causing rheological changes in the systemic and local circulation 
(50). Moreover, fibrinogen promotes proliferation of vascular 
smooth muscle cells and fibroblast migration to the vascular wall 
(51), possibly leading to decreased arterial distensibility. D-dimer 
is the major product of fibrin breakdown and a reliable biochemical 
marker of the overall state of activation of the coagulation system. 
Higher plasma D-dimer levels together with increased plasma 
fibrinogen indicate the existence of a prothrombotic state that 
might adversely affect endothelial function with decreased 
generation of nitric oxide possibly contributing to arterial 
stiffening (52). On the other hand, independent association of 
cfPWV and AIx with higher PAI-1 levels suggest also a contribution 

of an impaired fibrinolytic system to the prothombotic state that is 
associated with arterial stiffening.

The relationship between coagulation variables and arterial 
stiffness was investigated in previous studies. Early observations 
obtained in healthy middle-aged women did not report any 
association between PWV and plasma fibrinogen (53). Higher 
concentrations of fibrinogen and D-dimer were subsequently reported 
in association with increased AIx in healthy volunteers (31), whereas 
another study observed an association of PAI-1 but not D-dimer with 
PWV (54). In a cross-sectional analysis of the Rotterdam Study, no 
significant associations were found between plasma fibrinogen 
concentration and aortic and carotid stiffness (28), and in 2,000 
participants of the Framingham Offspring Study neither fibrinogen 
nor PAI-1 were associated with either cfPWV or AIx (29, 55). In the 
Northern Ireland Young Heart Project, however, the association 
between the metabolic syndrome and aortic-iliac PWV was found to 
be mediated, among other factors, by plasma fibrinogen levels (56), 
and in the Caerphilly prospective study plasma fibrinogen 
concentrations predicted higher AIx values after a 20-year follow-up. 
In hypertensive patients, Vlachopoulos et al. reported that increased 
plasma fibrinogen was independently associated with the cfPWV but 
not AIx (32), suggesting a different contribution to functional changes 
of large elastic and more peripheral arteries. However, no relationship 
of plasma fibrinogen with AIx (57) and cfPWV (58) was found in two 
other studies conducted in patients with hypertension. Thus, results 
obtained previously in healthy subjects, in the general population, and 
in hypertensive patients are highly controversial as to the relationship 

TABLE 5 Multivariate regression models with Augmentation Index (AIx) as the dependent variable and separate inclusion of coagulation variables.

Variable β p value Variable β p value Variable β p value

Age 0.261 0.002 Age 0.223 0.013 Age 0.331 0.002

Body mass index −0.046 0.564 Body mass index −0.064 0.434 Body mass index −0.019 0.856

Systolic BP 0.119 0.126 Systolic BP 0.111 0.134 Systolic BP 0.158 0.069

HTN drugs 0.038 0.653 HTN drugs 0.068 0.425 HTN drugs −0.032 0.769

LDL-cholesterol 0.124 0.116 LDL-cholesterol 0.169 0.032 LDL-cholesterol −0.041 0.676

Fibrinogen 0.222 0.007 Log D-dimer 0.190 0.027 Log PAI-1 0.239 0.030

Age, body mass index, systolic blood pressure, LDL-cholesterol, and fibrinogen, or log D-dimer, or log PAI-1 were included in analysis as continuous variables. Antihypertensive treatment was 
included in analysis as a categorical variable (yes/no). BP, blood pressure; HTN, hypertension; LDL, low-density lipoprotein; PAI-1, plasminogen activator-inhibitor 1.

TABLE 6 Multivariate regression models with the carotid-femoral pulse wave velocity (cfPWV) as the dependent variable and separate inclusion of 
coagulation variables.

Variable β p value Variable β p value Variable β p value

Age 0.381 <0.001 Age 0.312 <0.001 Age 0.349 0.001

Body mass index 0.195 0.010 Body mass index 0.158 0.034 Body mass index 0.069 0.451

Systolic BP 0.087 0.291 Systolic BP 0.102 0.247 Systolic BP 0.072 0.299

HTN duration 0.080 0.302 HTN duration 0.076 0.308 HTN duration 0.010 0.921

HTN drugs 0.004 0.957 HTN drugs 0.015 0.839 HTN drugs −0.032 0.769

Glucose 0.091 0.251 Glucose 0.092 0.233 Glucose 0.150 0.127

HDL-cholesterol −0.233 0.002 HDL-cholesterol −0.250 <0.001 HDL-cholesterol −0.180 0.061

Fibrinogen 0.084 0.247 Log D-dimer 0.224 0.002 Log PAI-1 0.230 0.035

Age, body mass index, systolic blood pressure, hypertension duration, blood glucose, HDL-cholesterol and fibrinogen, or log D-dimer, or log PAI-1 were included in analysis as continuous 
variables. Antihypertensive treatment was included in analysis as a categorical variable (yes/no). BP, blood pressure; HTN, hypertension; HDL, high-density lipoprotein; PAI-1, plasminogen 
activator-inhibitor 1.
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between coagulation and arterial stiffness. The major strength of our 
study was that we examined a broad panel of hemostatic variables in 
a highly selected group of relatively young hypertensive patients, 
reporting a significant and consistent independent association 
between a prothrombotic state and both cfPWV and AIx.

Limitations to the present study should also be considered. The 
cross-sectional design limits the possibility to establish a causal 
relationship between the prothrombotic state and arterial stiffness 
or viceversa, although independence of this relationship from 
confounders in the multivariate analysis would suggest so. Also, the 
possibility that a prothrombotic state and arterial stiffening causally 
affect one another cannot be  excluded. Use of a selected clinic 
sample of hypertensive patients might limit the possibility to extend 
the present findings to a broader context. Inclusion of a significant 
proportion of patients who were treated with antihypertensive 
drugs might have affected the results although possible interference 
of treatments on the results were ruled out in the multivariate 
analysis. Last, calculation of the pulse wave travel distance as the 
sum of the distance carotid-sternal notch plus the distance sternal 
notch-femoral pulsation might have overestimated the aortic path 
length as compared to other suggested methods for PWV 
assessment (59).

Conclusion

Identification of conditions that in addition to high blood pressure 
could contribute to the development of subclinical arterial damage is 
crucial for effective prevention of major complications in patients with 
hypertension. Arterial stiffening is an unrelenting process related to 
aging that is accelerated in patients with high blood pressure and 
predicts cardiovascular morbidity and mortality. Because of previous 
evidence on a role of a prothrombotic state in the development and 
progression of hypertension-related organ damage, we examined the 
relationship between arterial stiffness and variables of the hemostatic 
and fibrinolytic systems. This is the first study to report an independent 
association of arterial stiffening with activated hemostatic cascade and 
impaired fibrinolytic system in nondiabetic hypertensive patients who 
were free of major organ complications. These results could have 
important clinical implications opening new paths to the possibility 
to prevent hypertensive vascular changes. Detection of changes in the 
hemostatic system could be useful to guide physicians toward more 
aggressive control of blood pressure and additional risk factors. Future 
studies will have to test the effects of interventions on the hemostatic 
system on the development and progression of hypertension-related 
vascular abnormalities.
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