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A B S T R A C T

Background: Arterial hypertension is associated with greater risk of cardiovascular diseases and thrombotic
complications, suggesting that hypertension is a prothrombotic state.
Objectives: To investigate the relationship between arterial hypertension and thrombin generation, and between
blood pressure level and thrombin generation in hypertensive patients.
Methods: A total of 165 hypertensive patients and 47 healthy adults controls were include in the study.
Thrombin generation was assessed in both groups by the Calibrated Automated Thrombogram (CAT) method.
Ambulatory blood pressure monitoring (ABPM) was also performed for all patients in the hypertensive group.
Results: Hypertensive patients had significantly higher levels of ETP and peak heights compared to healthy
controls; means of ETP 1720.6 ± 267 and 1544.7 ± 302, respectively (P < 0.001) and means of peak height
were 297.26 ± 48 and, 273 ± 53, respectively (P < 0.001). On multivariate linear regression analysis, hy-
pertension remained independently associated with increased ETP (β= 0.185, P=0.047). Analysis restricted to
the hypertensive group with ABPM measurement showed statistically significant correlations between all
measures of diastolic blood pressure (DBP) and ETP, and multivariate analysis showed that awake DBP was
significantly associated with ETP (β= 0.194 for each 1-mmHg increase in awake DBP, P=0.012).
Furthermore, hypertensive patients with cardiovascular complications had statistically elevated levels of peak
height compared to hypertensive patients without cardiovascular complications.
Conclusions: Hypertensive patients possess enhanced thrombin generation compared healthy controls. Diastolic
blood pressure level is independently correlated with increased thrombin generation in hypertensive patients.
These findings suggest that arterial hypertension is a prothrombotic state.

1. Introduction

Arterial hypertension is highly prevalent in adult populations and
affects almost one billion people worldwide [1]. According to the
Global Burden of Disease Study, elevated arterial blood pressure is the
leading risk factor for death and disability-adjusted life years lost [2].
Although blood vessels are exposed to high pressure in arterial hy-
pertension, the main complications of arterial hypertension (i.e. myo-
cardial infarction and stroke) are, paradoxically, thrombotic in nature
rather than hemorrhagic [3]. While much attention has been focused on
the renin-angiotensin system, catecholamines and other neurohormonal
mechanisms involved in the pathogenesis of arterial hypertension, the

study of the prothrombotic state in arterial hypertension has been re-
latively neglected. Nevertheless, a growing body of evidence suggests
that arterial hypertension confers a hypercoagulable state [4].

The capacity of blood to form thrombin is generally considered the
most important blood-borne determinant of hemostasis and thrombosis.

According to a previous study, patients with essential hypertension
demonstrate elevated levels of prothrombin fragments (F1+2) com-
pared to normotensive individuals. This elevation was predominant in
patients with higher blood pressure and vascular complications [5].

In recent years the assessment of thrombin generation, an indicator
of overall thrombotic activity, has become readily available with the
calibrated automated thrombogram (CAT), yielding reasonably
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consistent results when the same individuals are tested over time [6–9].
A recent study has demonstrated association between CAT para-

meters and acute ischemic stroke; ETP and peak height were in-
dependent predictors of acute ischemic stroke. [10].

This study aim was to investigate whether plasma from patients
with arterial hypertension has increased thrombin generation com-
pared to healthy adults, and whether a positive correlation exists be-
tween thrombin generation and the level of arterial blood pressure
(systolic or diastolic) in hypertensive cohort as measured by 24-h
ABPM. Such correlation will further support the hypothesis that hy-
pertension is a prothrombotic state.

2. Materials and methods

2.1. Study population

The study included consecutive ambulatory hypertensive patients
referred for the performance of 24-h ABPM in the hypertension clinic at
Emek Medical Center (EMC) in Afula, Israel between April 1 and August
31, 2015. Exclusion criteria were age under 18 years, pregnancy, in-
ability to give informed consent, use of anticoagulants (vitamin K an-
tagonists, factor Xa inhibitors, or direct thrombin inhibitors), diagnosis
of chronic renal failure, and previous diagnosis of hypercoagulability.
In addition we included a group of healthy adults as control group. The
local ethics committee approved the study.

2.2. Study procedure

After giving informed consent, participants were interviewed per-
sonally, with a detailed questionnaire that included demographic in-
formation, previous diagnoses, smoking history, and medication. Blood
samples for thrombin generation were collected at the time of enroll-
ment in the control group, while in the study group they were collected
after the ABPM devices had been returned. All in all, 165 hypertensive
patients were enrolled in the study (hypertension group). Five patients
were excluded from the analysis: three because of missing blood sam-
ples, and two because of technically unsatisfactory ABPM results. Forty-
seven healthy participants from the healthy adult laboratory registry
were included as a control group.

2.3. 24 h ABPM

24-h ABPM was performed with the use of an Oscar II device,
(Suntech, California). All studies were performed during weekdays.
Patients were asked to conduct a normal schedule, but refrain from
exercise. The devices were programmed to measure the blood pressure
every 20min during awake hours and every 30min during sleep hours.
In each case, the awake and asleep time was based on patient predic-
tions at the time of the ABPM programming. However, on retrieval of
the devices the awake and asleep hours were adjusted according to the
actual awake and asleep times the patients reported. Cutoffs for hy-
pertension were 130/80mmHg for 24 h, 135/85mmHg for the awake
period, and 120/70mmHg for the asleep period [11]. A technically
satisfactory ABPM study had to include at least 20 measurement during
the awake period and 7 measurements during the asleep period [11].

2.4. Thrombin generation assay

Six mL of blood were collected using a butterfly needle with tubing
of 21 or 23 gauge on sodium citrate into two tubes. The samples were
centrifuged twice, first for 15min at 2500 RPM and then for 10min at
2000 RPM, within one hour of blood collection to obtain platelet free
plasma and stored the plasma at −70 °C for later analysis.

Calibrated automated thrombogram: Thrombin generation was
measured on platelet-poor plasma with the CAT technique and the use
of 5 pmol/L TF and 4 μmol/L phospholipids. The thrombogram

generated 4 parameters by dedicated software (Thrombinoscope™ B.V.,
Maastricht, the Netherlands): (1) lag time, (2) endogenous thrombin
potential (ETP), (3) peak height, and (4) time to peak. Short lag time/
time to peak and high ETP/peak height point at hypercoagulable
(prothrombotic) state and prolonged lag time/time to peak and de-
creased ETP/peak height indicate a hypocoagulable (prohemorrhagic)
state [9].

2.5. Statistical analyses

Categorical variables were presented with the use of frequencies and
percentages and compared with a Chi-squared test; continuous vari-
ables were presented via mean standard deviation scores. For each
patient, the mean 24-h ABPM was calculated. Thrombin generation
parameters were compared between the study group (hypertensive
patients) and control group (healthy participants) with the unpaired
Student's t-test.

One-way ANOVA was used to compare more than two groups. Post-
hoc analyses by the Scheffe method was used to assess the differences
between the groups.

The correlation between the thrombin generation measurements
and the mean 24-h ABPM measurements was estimated by means of the
Pearson or Spearman correlation. The associations between categorical
or continuous variables and each of the thrombogram parameters (lag
time, ETP, peak height, and time to peak) were examined with multi-
variate general linear model (GLM). The multivariate analysis was
performed with the stepwise algorithm (the final model included only
variables with P < 0.05).

The patients were classified into two groups according to ETP levels.
The classification was made according to the sample median ETP. In
order to demonstrate the 24-h ABPM trends in both ETP groups, non-
parametric local regression (LOESS) was implemented. The graphical
presentation included the LOESS trend along with the 95% confidence
interval (CI). The statistical analyses were performed with SAS 9.3.

3. Results

3.1. Descriptive statistics

A total of 165 hypertensive patients were enrolled in the study
group and 47 healthy participants in the control group.

The baseline characteristics of the study population and the control
group are summarized in (Table 1). The mean age of the hypertensive
group was 60 ± 13.4 years versus 40 ± 7.5 in the control group, with
a significant difference of 19.1 years between the two groups
(P=0.0001). The mean BMI was 28.9 ± 5.5 kg/m2 in the hyperten-
sive group versus 25.66 ± 3.6 in the control group (P=0.0002).

Seventy-five (45.5%) patients were male in the hypertensive group
versus 22 (48%) in the control group (P=0.9), 45 (27.3%) were dia-
betic, 18 (10.9%) suffered from ischemic heart disease, 16 (9.7%) had
suffered an ischemic stroke in the past, and 8 (4.9%) suffered from
peripheral arterial disease, 22 (13.6%) had at least from one cardio-
vascular disease (stroke, ischemic heart disease or peripheral arterial
disease). Of all patients, 129 (78.2%) had a previous diagnosis of ar-
terial hypertension. Of hypertensive patients, 77.6% had received
medication for the reduction of arterial blood pressure. The average
number of hypertension drugs per patient was 2.3 ± 1.1 (maximum 5).
Forty six percent of hypertensive patients were on one or two hy-
pertensive drugs; 31.5% were on three or more drugs. The most pre-
valent class of hypertension medication were calcium channel blockers
(CCB), taken by 39.4% of hypertensive patients. Forty-six patients
(27.9%) received an angiotensin converting enzyme inhibitor (ACEI)
and 63 (32.1%) patients received an angiotensin receptor blocker.
Other blood pressure lowering drugs included beta-blockers (38.2%),
thiazide diuretics (17.6%), alpha-blockers (10.9%), spironolactone
(6%), and furosemide (3.6%). Sixty-six patients (44%) were treated
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with either aspirin or clopidogrel. Seventy-five patients (45.5%) re-
ceived a statin. The average 24-h systolic blood pressure (SBP) was
136.6 ± 18.3mmHg. The average 24-h diastolic blood pressure (DBP)
was 76 ± 11.1mmHg. The average awake SBP was 139.5 ±
18.5mmHg. The average awake DBP was 78.7 ± 11.7mmHg. The
average asleep SBP was 130.1 ± 20.6mmHg. The average asleep DBP
was 70 ± 11.3mmHg. The average 24-h pulse rate was 68.8 ± 9.4
beats per minute (BPM). 37.7% of patients were defined as dippers,
meaning that there was a decrease of> 10% in SBP during sleep.

3.2. Association of hypertension (binary variable) and thrombogram
parameters

Table 2 compares thrombogram parameters performed by cali-
brated automated thrombogram between hypertensive study cohort
and control group: respectively a) hypertensive patients versus b)
healthy participants.

The mean lag time (in minutes) was 3.6 ± 0.58 versus 3.59 ±
0.72 (P=0.06). The mean ETP (nmol/Lmin) was 1720.6 ± 267.1
versus 1588.7 ± 314 (P < 0.005). The mean peak height (nmol/L)

was 297.26 ± 48.25 versus 281.1 ± 55.1 (P=0.02). The time to
peak (in minutes) was 6.44 ± 0.89 versus 6.6072 ± 1 (P=0.81).
Thrombin generation (ETP and peak height) was significantly enhanced
in hypertensive patients compared to healthy participants.

To overcome the age differences between the cohort and the control
group, hypertensive patients were subdivided into two groups:
age≤ 45 (n=35) and age > 45 (n=125). Their age, ETP, and peak
height were compared to those of the control group using One-way
ANOVA. Fig. 1A compares the mean age between the control group and
the two hypertensive groups. The mean ages were 40.87 ± 7.5 (con-
trol group) 40.36 ± 7.9 and 65 ± 8.5 (hypertensive patients). The
first two groups were of a similar age, significantly lower age than that
of the third group (P < 0.001). Fig. 1B compares the mean ETP be-
tween the three groups, with mean ETP 1588 ± 314,1765 ± 279, and
1708 ± 263 respectively. Both hypertensive groups had statically
significant elevation in mean ETP, compared to healthy adults
((P < 0.05). Fig. 1C compares the peak height between the groups. The
mean peak height was 281 ± 52, 286 ± 52, 304 ± 46 respectively.
Hypertensive patients older than 45 demonstrated a significant eleva-
tion of peak height compared to the control group (P < 0.001); the rest

Table 1
Baseline demographic and clinical characteristics of hypertensive patients and controls, and ABPM measurement results in hypertensive patients.

Hypertension (N=165) Control (N=47) P Values CI (95%)

Demographic characteristics
Age (years) 60 ± 13.4 40.87 ± 7.5 P < 0.0001 −22.1 to −16.1
Gender (male) 75 (45.5%) 22 (46%) P=0.91 −16% to 17%
BMI (kg/m2) 28.9 ± 5.5 25.66 ± 3.74 P=0.0002 −1.51 to −4.87
History of hypertension 129 (78.8%) 0 (0%) – –
Current smoker 30 (18.8%) 23 (48%) P < 0.0001 12.9% to 45.2%
Ischemic heart disease 18 (10.9%) 0 (0%) – –
Peripheral arterial disease 8 (4.85%) 0 (0%) – –
History of ischemic stroke 16 (9.7%) 0 (0%) – –
Diabetic 45 (27.3%) 0 (0%) – –
Cardiovascular disease 22 (13.6%) 0 (0%)

Medications
ACE-I 46 (27.9%) 0 (0%)
ARB 53 (32.1%) 0 (0%)
Beta blockers 63 (38.2%) 0 (0%)
CCB 65 (39.3%) 0 (0%)
Spirolactone 10 (6.1%) 0 (0%)
Thiazide 29 (17.6%) 0 (0%)
Furosemide 6 (3.6%) 0 (0%)
Alpha blockers 18 (10.9%) 0 (0%)
Anti-platelet 66 (45%) 0 (0%)
Statins 75 (45%) 0 (0%)

Mean 24-h blood pressure measurements
Mean awake SBP (mmHg) 139.5 ± 18.5

[138.5, 92–210]
N/A – –

Mean awake DBP (mmHg) 78.7 ± 11.7
[78, 53–119]

N/A – –

Mean asleep SBP (mmHg) 130.1 ± 20.6 N/A – –
Mean asleep DBP (mmHg) 70 ± 11.3 N/A – –
Mean overall SBP (mmHg) 136.6 ± 18.3 N/A – –
Mean overall DBP (mmHg) 76 ± 11.1 N/A – –

BMI (body mass index); SBP (systolic blood pressure); DBP (diastolic blood pressure); ETP (endogenous thrombin potential). ACE-I (angiotensin converting enzyme
inhibitors); ARB (angiotensin receptor blocker); CCB (calcium channel blockers); Cardiovascular disease (Peripheral artery disease, Ischemic heart disease or Stroke),
anti-plaetelets (aspirin or clopidogrel). Categorical variables are presented as frequencies; continuous variables are presented as mean ± standard deviation, CI
(confidence interval of the difference).

Table 2
Comparison of the thrombogram parameters between patients with hypertension and healthy controls.

Variables Hypertension (N=162) Control (N=46) P-Value CI (95%)

Thrombin generation ETP (nM∗min) 1720.6 ± 267.1 1588.7 ± 314 P < 0.005 −223.5 to −40.4
Peak height 297.26 ± 48.25 281.1 ± 55.1 P=0.02 −35.4 to −2.9
Lag time 3.61 ± 0.58 3.59 ± 0.72 P=0.06 −0.17 to 0.23
Time to peak 6.44 ± 0.89 6.6072 ± 1 P=0.81 −0.34 to 0.26

ETP (endogenous thrombin potential). Continuous variables are presented as mean ± standard deviation. CI: Confidence interval of the difference.
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of the groups had similar peak heights.
Similarly, hypertensive patients were subdivided into two groups:

BMI≤30 (n=91) and age>45 (n=69). Their BMI, ETP, and peak
height were compared to those of the control group. Fig. 2A compares
the mean BMI between control group, hypertensive groups with
BMI≤30 and BMI > 30 respectively. The mean BMI was
25.66 ± 3.7, 25.2 ± 2.4 and 33.7 ± 4.6 respectively. The BMI of the
first two groups was similar, but significantly lower than that of the
third group (P < 0.0001). Fig. 2B compares the mean ETP between the
groups with mean ETP 1588 ± 314, 1671 ± 256, 1786 ± 268 re-
spectively. Hypertensive patients with BMI above 30 had statically

significant elevation in mean ETP compared to hypertensive patients
with BMI≤30 (P < 0.05) and healthy adults (P < 0.0001). Fig. 1C
compares the peak height between the same groups. The mean peak
height was 281 ± 52, 288 ± 47, 316 ± 45 respectively. Hyperten-
sive patients with BMI above 30 had statically significant elevation in
the mean peak height compared to hypertensive patients with
BMI≤30 (P < 0.0001) and healthy adults (P < 0.0001).

As shown in Table 3, hypertension remained independently asso-
ciated with increased ETP (β=0.185, P=0.047) on multivariable
linear regression analysis that accounted for relevant potential con-
founders.

Fig. 1. Comparison of age, ETP and peak height according to age groups, statistically significant differences between groups are connected by a line (P < 0.05).

Fig. 2. Comparison of BMI, ETP and peak height according to BMI groups, statistically significant differences between groups are connected by a line (P < 0.05).
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3.3. Association of blood pressure level and thrombogram measurements
among hypertensive patients

The correlation between the thrombogram parameters, age, BMI
and blood pressure are depicted in Table 4. BMI had a statistically
significant, positive but weak, correlation with ETP and peak height;
the correlation coefficients were 0.22 and 0.273 respectively. Age also
had a significant, positive but weak, correlation with peak height and
time to peak, the correlation coefficients were 0.159 and 0.231 re-
spectively.

Diastolic blood pressure and 24-h pulse had a significant, positive
but weak, correlation with ETP. The correlation coefficients of mean
awake DBP, mean asleep DBP, mean 24-h DBP and ETP were 0.21, 0.22,
and 0.24, respectively. The correlation coefficient of mean 24-h pulse
and ETP was 0.174 (Table 4).

In addition, systolic blood pressure and 24-pulse pulse had a sig-
nificant, positive albeit very weak, correlation with peak height. The

correlation coefficients of mean SBP, mean asleep SBP, mean 24-h DBP
and peak height were 0.17, 0.194, and 0.203, respectively. The corre-
lation coefficient of mean 24-h pulse and ETP was 0.174. The number of
hypertension drugs had a significant, positive but weak, correlation
with peak height; the correlation coefficient was 0.204. No significant
correlation was detected between pulse pressure and the thrombogram
parameters (Table 4).

Multiple linear regression analysis was conducted to assess the in-
dependent relationship between the levels the different blood pressure
measurements and ETP. After adjustment for age, sex, BMI, smoking
status, comorbid condition and medications only awake-diastolic blood
pressure positively and significantly correlated with ETP with
β=0.194 and P-value=0.012. However, awake-diastolic blood pres-
sure was not independently associated with other thrombogram mea-
surements (Table 5).

The equation that describes the model was
ETP=1084+ (9.921 ∗ BMI)+ (4.472 ∗mean DBP-AW) For each in-
crease of one unit in BMI the ETP increased by 9.921 units on average.
For each increase of one mmHg in awake DBP, the ETP rose by 4.472
points on average.

In order to demonstrate the DBP trends over time, local regression
(LOESS) curves were performed for patients with high and low ETP
(classified by using the sample median ETP cutoff-point), showing
higher DBP levels among patients with higher ETP (Fig. 3).

Thrombogram parameters were compared according to the presence
or absence of cardiovascular diseases. Only peak height demonstrated a
significant difference between the two groups, the mean peak height
was 333.4 (nM) in cardiovascular patients versus 295.75 (nM) in later
group (P=0.001). In addition, patients with cardiovascular diseases
were significantly older (P=0.001).

The remaining thrombogram parameters showed no significant
difference between the two groups; ETP (P=0.292), lag time
(P=0.086), time to peak (P=0.719). (Table 6).

A multiple linear regression analysis was conducted to assess the
relationship between the thrombogram parameters and the presence of
cardiovascular disease. After adjustment for age, sex, diabetes mellitus,
smoking status, patients with cardiovascular disease had significantly
higher peak height and prolonged lag time than patients without car-
diovascular disease (Table 7, model 1). Similar coefficients were

Table 3
The association of hypertension (binary variable) and thrombogram measurements (N=212).

Model adjustments ETP Peak height Lag time Time to peak

β P β P β P β P

Crude 0.194 0.05 0.16 0.021 0.022 0.758 −0.016 0.819
Age and sex 0.27 0.001 0.084 0.307 0.061 0.455 0.11 0.173
Age, sex, BMI, smoking 0.188 0.032 0.032 0.712 0.035 0.688 0.084 0.346
*Multivariable model 0.185 0.047 0.001 0.993 0.063 0.508 0.121 0.21

β; the standardized regression coefficients are shown, BMI (body mass index), ETP (endogenous thrombin potential), * Adjusted for age, sex, BMI, smoking status,
diabetes mellitus, ischemic heart disease, stroke, peripheral artery disease, ACE-I, ARB, CCB, spirolactone, alpha blockers, thiazides anti-platelet and statins.

Table 4
Pearson correlation coefficient for the relationship between the thrombogram
parameters and blood pressure (24-ABPM) values among patients with hy-
pertension (N=160).

Lag-time ETP Peak Time to peak

Age −0.079 −0.110 0.159⁎ −0.231⁎⁎

BMI 0.214 0.220⁎⁎ 0.273⁎⁎ 0.079
No. of drugs 0.035 −0.017 0.204⁎⁎ −0.092
PP 0.087 −0.037 0.102 −0.024
SBP-AW 0.103 0.103 0.147 0.031
DBP-AW 0.056 0.206⁎⁎ 0.118 0.076
SBP 24H 0.113 0.109 0.170⁎ 0.025
DBP 24H 0.070 0.235⁎⁎ 0.147 0.075
SBP-ASL 0.131 0.081 0.194⁎ 0.010
DBP-ASL 0.103 0.219⁎⁎ 0.175⁎ 0.062
P 24H 0.117 0.174⁎ 0.203⁎ 0.033

ETP (endogenous thrombin potential); PP (pulse pressure); SBP-AW (awake
systolic blood pressure); DBP-AW (awake diastolic blood pressure); SBP 24H
(overall SBP); DBP 24H (overall DBP); SBP-ASL (asleep SBP); DBP-ASL (asleep
DBP); P 24H (overall pulse).

⁎ P < 0.05.
⁎⁎ P < 0.01.

Table 5
The association between awake-diastolic blood pressure values and thrombogram measurements.

Model adjustments ETP Peak height Lag time Time to peak

β P β P β P β P

Crude 0.206 0.009 0.128 0.137 0.056 0.482 0.076 0.342
Age and sex 0.2 0.018 0.194 0.021 0.013 0.879 −0.008 0.925
Age, sex, BMI, smoking 0.185 0.027 0.174 0.033 −0.004 0.962 −0.014 0.864
*Multivariable model 0.194 0.012 0.133 0.077 0.044 0.576 0.011 0.992

Β; standardized regression coefficients for 1-point increase in diastolic blood pressure. * Adjusted for age, sex, BMI, smoking status, diabetes mellitus, ischemic heart
disease, stroke, peripheral artery disease, use of ACE-I, ARB, CCB, spirolactone, alpha blockers, thiazides, anti-platelet and statins. BMI (body mass index), ETP
(endogenous thrombin potential).
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demonstrated after adjusting for diastolic or systolic blood pressure and
in the multivariable model (Table 7, model 2–4).

4. Discussion

Arterial hypertension is one of leading risk factors for thrombotic

complications such as myocardial infarction and stroke [3]. Our study
demonstrated that hypertensive patients have elevated levels of
thrombin generation (ETP and peak height) compared to healthy young
individuals. This is further evidence that arterial hypertension is a
prothrombotic state.

Furthermore, we studied whether a correlation exists between 24-h

Fig. 3. Local regression of the DBP trends over 20 h, stratified by endogenous thrombin potential (ETP) levels in nM ∗ min, based on the sample ETP median
(1716 nM ∗ min).

Table 6
Comparison of the thrombogram parameters in hypertensive patients according to the presence of cardiovascular disease.

Thrombogram parameters Cardiovascular disease
(n= 21)
Mean ± SD

Non-cardiovascular disease
(n=139)
Mean ± SD

P value CI (95%)

Age 68.90 ± 3.51 58.66 ± 10.54 0.001 4.195 to 16.291
BMI 28.8176 ± 3.51 28.9804 ± 5.78 0.900 −2.729 to 2.4
ETP (nM ∗ min) 1780.02 ± 305.39 1713.90 ± 261.3 0.292 −57.47 to 189.720
Peak height (nM) 333.40 ± 49.68 295.75 ± 46.11 0.001 16.11 to 59.19
Lag time (min) 3.833 ± 0.62 3.595 ± 0.58 0.086 −0.034 to 0.51
Time to peak (min) 6.502 ± 0.897 6.579 ± 0.906 0.719 −0.494 to 0.342

BMI (body mass index); ETP (endogenous thrombin potential). Continuous variables are presented as mean ± standard deviation, CI (Confidence Interval) of the
difference.

Table 7
Multiple linear regression analyses for the presence of cardiovascular disease.

Model Model adjustments ETP Peak height Lag time Time to peak

β P β P β P β P

0 Crude 0.086 0.276 0.67 0.001 0.134 0.089 −0.03 0.668
1 Age, sex, BMI, smoking, DM 0.131 0.1 0.254 0.001 0.176 0.03 0.031 0.69
2 Model 1+DBP 0.132 0.095 0.255 0.001 0.172 0.03 0.034 0.67
3 Model 1+ SBP 0.123 0.124 0.247 0.002 0.173 0.033 0.033 0.688
4 *Multivariable model 0.112 0.146 0.248 0.001 0.125 0.111 0.036 0.655

β; the standardized regression coefficients are shown, BMI (body mass index), DM (diabetes melitus) ETP (endogenous thrombin potential), SBP (systolic blood
pressure), DBP (diastolic blood pressure). * Adjusted for age, sex, BMI, smoking status, diabetes mellitus, use of ACE-I, ARB, CCB, spirolactone, alpha blockers,
thiazides anti-platelet and statins.
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ABPM and CAT parameters and found that awake DBP and BMI were
independently associated with ETP. This positive correlation between
the level diastolic blood pressure and ETP suggests that elevated dia-
stolic blood pressure is associated with a prothrombotic state. Which, to
our knowledge, is the first time such findings have been presented.
Surprisingly, such correlation did not exist with systolic blood pressure.

Previous research has shown that among hypertensive patients,
rheological and hemostatic factors — such as plasma viscosity, hema-
tocrit, red cell rigidity, red blood cell aggregation, fibrinogen, von
Willibrand factor (vWF), plasminogen activator inhibitor type 1 (PAI-1)
level and tissue plasminogen activator (tPA) activity — are increased
[12]. In addition, raised fibrinogen and vWF levels in hypertensive
patients are associated with respectively left ventricular hypertrophy
and microalbuminuria, which are established markers of target organ
damage and predictors of increased cardiovascular risk [13,14]. Several
epidemiological studies have related hemostatic and rheological factors
to the incidence of ischemic heart disease and stroke in patients with
hypertension [15–18].

Endothelial dysfunction may also play a role in the pathogenesis of
thrombosis in arterial hypertension. A defective endothelial L-arginine/
nitric oxide (NO) pathway characterizes arterial hypertension. This
leads to the decreased bioavailability of NO in the vasculature of pa-
tients with arterial hypertension. Reduced NO bioavailability leads to
the expression of proinflammatory, proatherosclerotic, and pro-
thrombotic state in the vasculature [19]. These consequences are di-
rectly connected with complications of arterial hypertension, such as
increased platelet activation and increased thrombotic risk [20].

The renin angiotensin aldosterone (RAAS) system may also play a
role in inducing a prothrombotic state in hypertension. Numerous de-
leterious effects of angiotensin II — including vasoconstriction, sym-
pathetic nervous activation, smooth muscle cell growth and prolifera-
tion, vascular inflammation, generation of reactive oxygen species and
endothelial dysfunction — are mediated through the angiotensin II type
1 (AT1) receptor. Angiotensin II opposes the effect of NO, stimulates the
production of adhesion factors and plasminogen activator inhibitor-1
(PAI-1), thus promoting the risk of thrombosis. It has been suggested
that treating hypertensive patients with ACEI may reverse the pro-
thrombotic state [21]. In our study, 99 patients (60%) were treated
with either an ACEI or an angiotensin receptor blocker (ARB). However,
we did not find a correlation between use of either ACEI or ARB and
ETP. Experimental data also demonstrated that statins may exert a di-
rect antithrombotic effect in models of arterial and venous thrombosis
via a mechanism unrelated to cholesterol-lowering activity. This sug-
gests that statins could inhibit several pathways of hemostasis, in-
cluding platelet activation and coagulation cascade [22]. Tripodi et al.
showed that treatment with statins over a period of two months re-
sulted in a significant reduction of median ETP [23]. In our study, 75
patients (45.5%) were on statin therapy. However, we did not find a
correlation between statin treatment and ETP.

This study demonstrated significant independent correlation be-
tween obesity and increased ETP and peak height. Beijers et al. showed
that body fat mass, particularly a central pattern of fat distribution, was
associated with higher levels of TG in elderly women, but not in men
[24]. Ay et al. demonstrated a significant decrease in TG parameters in
morbidly obese patients after bariatric surgery [25]. Finally, Sonnevi
et al. showed that obesity correlated with increased TG in women with
venous thromboembolism and that the main determinants of this hy-
percoagulable state were increased levels of fibrinogen and pro-
thrombin [26].

In our study diabetes mellitus had no association with ETP, Our
findings regarding diabetic patients are incongruous with previous
studies by Tripodi et al. and Beijers et al., which demonstrated in-
creased TG in patients with DM [27,28]. Furthermore, Kim et al. de-
monstrated that patients with DM have increased TG, accompanied by
high levels of coagulation factors and a low level of protein C [29].
Nevertheless, our findings regarding diabetic patients should be

interpreted with caution, because our study was not designed to assess
diabetic patients.

The multivariate analysis we performed demonstrated that DBP and
increased BMI are independently associated with ETP. Our results de-
monstrate a significant, positive, correlation between cardiovascular
disease and peak height (Table 7), with a significant increase in mean
peak height in hypertensive patients with cardiovascular complications,
compared to hypertensive patients without cardiovascular complica-
tions (Table 5). According to Carcaillon et al. thrombin generation and
peak height were associated with acute ischemic stroke [10]. Future
studies should investigate whether peak height can be used as a bio-
marker to predict future cardiovascular events in patients with hy-
pertension.

Unfortunately, our study suffered from several limitations. One of
the study limitations was age and BMI, comorbidities and medications
differences between hypertensive patients and the healthy control
group. Age has been shown to correlate positively with CAT para-
meters, age-related thrombin-generation differences has predominantly
been demonstrated between adult and children populations [30,31].
However, we demonstrated in Fig. 1B that hypertensive patients with
similar mean age had statistically significant elevation in ETP compared
to the control group. In addition, BMI was significantly higher in the
hypertensive group, as shown in Table 1. hypertensive patients with
low BMI had 83.2 mean difference from the healthy adults, however
without reaching statistical significance (P=0.266) probably due to
low statistical power (β=0.48). Therefore, our results regarding ETP
differences between hypertensive patients and healthy individuals
should be interpreted with caution.

However, the association between hypertension and ETP remained
positive and statistically significant after adjusting for all potential and
available confounders such as; age, BMI, gender, smoking status, co-
morbid conditions and medications (Table 3).

Another limitation of our study is lack of information regarding;
waist circumference, lipid profile, insulin levels, markers of in-
flammation, other markers of thrombosis, or markers of endothelial
dysfunction. In addition, no markers of target organ damage, such as
urine albumin/creatinine ratio or left ventricular hypertrophy. Most
importantly, we did not measure the effect of reducing arterial blood
pressure on ETP, so that we cannot prove that increased DBP is the
cause of increased ETP. Furthermore, despite the correlation between
DBP and ETP being statistically significant, the correlation coefficient
was only 0.2, which is relatively weak.

In conclusion, patients with arterial hypertension have elevated
thrombin-generation parameters compared to healthy adults. Diastolic
blood pressure level positively correlated with ETP among hypertensive
patients. In addition, hypertensive patients with cardiovascular com-
plications demonstrated increased peak height, compared to hy-
pertensive patients without cardiovascular complications. Our study
suggests that arterial hypertension points to a prothrombotic state.
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