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Decreased Coagulability Has No Clinically Relevant
Effect on Atherogenesis
Observations in Individuals With a Hereditary Bleeding Tendency

A Sramek, MD, JHC Reiber, PhD, W B J Gerrits, MD, F R Rosendaal, MD

Background—Hemostasis affects 1schemic cardiovascular disease through its role m formation of occluding arterial
thromb1 Several studies suggest that hemostasis also might play a role n atherogenesis We mvestigated whether
individuals with an inherited bleeding tendency are protected agamnst development of atherosclerosis

Methods and Results—A total of 76 mdividuals with an inherited bleeding tendency (hemophilia and von Willebrand
disease) and 142 healthy controls were included m the present study Early atherosclerotic vessel-wall changes were
quantified by measurement of intima-media thickness 1 the carotid and femoral arteries by B-mode ultrasonography
To validate intima-media thickness measurements, measuiements also were performed in 77 mdividuals with clinically
proven atherosclerosis and i 34 healthy, age-matched controls A large difference 1n intima-media thickness was found
between individuals with proven atherosclerosis and healthy controls, 1n particular for the femoral artery (difference for
carotid artery, 0 16 mm, femoral artery, 0 53 mm) Comparison between patients with a bleeding tendency and healthy
controls showed only mmumally reduced mntima-media in femoral artery m individuals with a bleeding tendency
(adjusted difference, —0 078 mm, 95% CI, —017 to 0 018 mm) Subgroup analysis revealed that i subjects with
moderate to severe hemophilia, vessel walls were thinnest (adjusted difference, —0 10 mm, 95% CI, —027 to

0061 mm)

Conclusions—Hypocoagulability caused by hemophilia or von Willebrand disease has at most a limted effect on

atherogenesis (Circulation. 2001;104:762-767.)

Key Words: atherosclerosis ® coagulation m carotid arteries m femoral arteries m ultrasonics

Results of studies concerning the role of hemostasis
1schemic cardiovascular disease indicate that hyperco-
agulability increases risk of 1schemic cardiovascular disease,
whereas hypocoagulability decreases that risk In many stud-
1es, high fibrinogen levels proved to be a risk factor for
myocardial infarction and stroke ! ¢ Results for other
clotting-factor levels, such as factor VII, are less consistent
In these studies, clotting-factor levels were in the normal or
subnormal range Patients with a hereditary deficiency of
clotting factors VIII and IX (hemophilia A and B, respec-
tively) have considerable protection agamnst myocardial -
farctions 7 & Furthermore, increased risk of myocardial infarc-
tions was found among carriers of & common prothrombin
variant (20210 G to A) that 15 associated with ncreased
prothrombin levels 9 19 Overall results of these studies idi-
cate that coagulability plays a role m 1schemic heart disease,
particularly when extremes of coagulability are considered
Myocardial infarction 1s the result of 2 processes slow and
chronic development of an atherosclerotic plaque and acute
formation of an occluding thrombus at the site of the

plaque ' 12 Obviously, hemostasis plays an important role n
formation of occluding artenal thromb:1 However, results of
a number of studies suggest that coagulability also might play
a role m atherogenesis Among patients who suffer from
severe peripheral arterial disease, hereditary thrombophilia
(caused by protem S deficiency) was more prevalent than in
the general population '3 Furthermore, experimental animal
studies showed that pigs with complete deficiency of von
Willebrand factor were protected against spontaneous devel-
opment of atherosclerotic plaques 415

In the present study, we examined whether hypocoagula-
bulity protects agamnst development of atherosclerotic plaques
Early atherosclerotic vessel wall changes were quantified by
measuring intima-media thickness in superficial arteries by
ultrasonography Measurements were performed n patients
with a hereditary bleeding tendency caused by a clotting-
factor deficiency and in healthy controls for comparison
Individuals with a bleeding tendency were patients with
hemophilia A or B or who suffered from mild von Willebrand
disease Because hemophiliacs are almost exclusively men,
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Figure 1. Schematic visual presentation of the measurement
areas in the carotid (left) and femoral (nght) arteries Areas in the
far wall at which measurements of intima-media thickness were
performed are indicated by a thick gray Iine BIF indicates
carotid bifurcation, CCA, common carotid artery, CFA, common
femoral artery, DFA, deep femoral artery, and SFA, superficial
femoral artery

the present study was restricted to men Established risk
factors of atherogenesis were determined to adjust for differ-
ences among groups

Methods
Study Design

To validate the methodology, measurements were performed 1n 77
men who had undergone coronary bypass surgery and i 34 healthy,
age-matched men To determime the role of hypocoagulability
atherogenesis, 76 men with congenital bleeding tendency caused by
a deficiency of clotting factors VIII or IX or von Willebrand factor
were mcluded All male patients =30 years of age who were treated
m the 2 participating centers (Leiden and Den Haag) were eligible
and asked to participate The group consisted of 17 patients with
heterozygous von Willebrand disease (mean factor VIII antigen, 45
TU/dL, range, 18 to 97 IU/dL, mean von Willebrand factor antigen,
36 IU/dL, range, 12 to 65 TU/dL) and 34 with muld (>5 IU/dL), 5
with moderate (1 to 5 IU/dL), and 20 with severe (<1 IU/dL)
hemophihia (52 with hemophilia A and 7 with hemophilia B) For
comparison, 108 individuals were mcluded who had recerved tem-
poranly prophylactic anticoagulant treatment because of an orthope-
dic condition such as surgery or fractures The 34 healthy individuals
from the validation study were added, which resulted 1n a total of 142
healthy male controls At the time of study, none of the controls was
using anticoagulant therapy The present study was approved by the
Medical Ethics Commuttee of Leiden University Medical Center, and
all subjects gave informed consent

Ultrasound

We used an Aloka SSD 1200 ultrasound machine with a 7 5-MHz
Imear transducer An elaborate description of the technique and
image analysis 1s given elsewhere !¢ In brief, 2 frozen images of the
ntima-media complex in the common carotid artery of both sides (4
images total) were saved on an S-VHS videotape Images were
frozen during the R phase of the heart cycle by use of an ECG
triggering module attached to the ultrasound machine Simuilarly, 4
mmages n the caiotid bifurcation and common femoral artery were
recorded At a later stage, images were digitized mn a personal
computer and saved on a recordable CD All images for each
individual were saved under a single, randomly allocated 1dentifica-
tion number to ensure matching of the subject’s identity during later
measurements Images were magnified 4 times to visuahze clearly
the mtima-media complex 1 the far wall as has been defined by
Pignoli et al 7 In every image, intuma-media thickness of the far wall
was measured 6 times at constant intervals and averaged by use of
dedicated software '8 Figure 1 1s a schematic that shows areas in the
carotid and femoral arteries at which measurements were performed
Mean mtima-media thickness m carotid artery was calculated by
averaging measurements of images of the common carotid artery and
carotid bifurcation Mean thickness m the femoral artery was based on
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Figure 2. Visual comparison of mean intima-media thickness in
carotid and femoral arteries between coronary bypass patients
and healthy, age-matched controls Mean and 95% confidence
intervals of iIntima-media thickness (in mm) are indicated by w=

measurements from images of the common femoral artery Image
acquisition and measurements were performed by 1 mdividual (A §)

Measurement of Risk Factors

Information about use of medication, smoking habits, and presence
of cardiovascular disease (myocardial infarction and stroke) before
the age of 65 years for first-degree relatives was obtamed by use of
a standardized questionnaire Smoking was categorized as number of
pack-years an individual had smoked Body-fat distribution was
determied by measurement of waist-to-hip ratio For each subject,
blood pressure was measured 3 times by use of a Hawksley
random-zero mercury sphygmomanometetr while the subject was m
a supme position and after =20 mmutes of rest From each
mndividual, we drew fasting blood samples (serum and plasma)
Fractions for VLDL, LDL, and HDL determiations were obtained
by ultracentrifugation of serum samples Total serum cholesterol,
HDL, LDL, VLDL, and triglyceride concentrations were determined
by use of an enzymatic colorimetric method

Statistical Analysis

Vessel-wall thickness of patients and controls was compared by
Student’s ¢ test for continuous variables and by x? test for discrete
variables, after log-transformation when appropriate Association of
all determinants studied with intima-media thickness was quantified
by linear regression For univariate regression analysis, including
blood pressure, we excluded 27 individuals who used antihyperten-
sive drugs, 7 indrviduals from the regression analysis of hipids were
excluded because they used lipid-lowering drugs Multivanate re-
gression analysis was used to correct for differences in exposure to
established risk factors

Results

Patients with coronary bypasses had substantially thicker
vessel walls both m the carotid and femoral artertes than
healthy, age-matched controls (Figure 2) For the carotid
artery, mean difference was 0 16 mm, for the femoral artery,
053 mm

Table 1 shows general characteristics and presence of
various risk factors for patients with a bleeding tendency and
healthy controls Mean age of patients was 49 years (range,
31 to 84) and was similar to mean age of controls (mean, 52
years, range, 30 to 76) Exposure to risk factors for athero-
sclerosis was similar Percentage of persons with a bleeding
tendency who used antithypertensive or cholesterol-lowering
drugs (16% and 5%, respectively) was slightly higher than in
controls (11% and 2%, respectively) Frequency of hyperten-
sion (etther drug-treated or high blood pressure) was simlar
for patients and controls (18% versus 17%, respectively)
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TABLE 1. General Characteristics of Patients With a Clotting Disorder and
Healthy Individuals
Bleeding Tendency Heaithy Controls 95% Cl of

Vanables (n=76) (n=142) Difference
Mean age y 488 515 —62-07
Smoking, pack y 16 12 1347 -~15-32*
Waist-to-hip ratio 097 097 —-0017-0015
Blood pressure, mm Hg

Systolic 1179 1190 -30-10*

Diastolic 766 770 —337-261
Total cholesterol, mmol/L 52 54 —-04-02
VLDL, mmolA. 090 089 —112-308*
LDL, mmol/L 33 33 —-02-02
HDL, mmol/L 094 098 —012-0 045
Triglycerides, mmol/L 12 11 -0 20-0 25*
Positive family history % 19 (25) 30 (21) -8-16
Cholesterol-lowering drugs, % 4(5) 3(2) —-2-8
Antihypertension drugs, % 12 (16) 15 (11} —4-15
Hypertension, % 14 (18) 24 (17) -9-12
Diabetes, % 34 2(1) —2-7

Hypertension was defined as systolic blood pressure =160 mm Hg, diastolic blood pressure

=90 mm Hg, or use of antihypertension drugs
*After logarthmic transformation

For the intima-media thickness in the carotid artery, we
observed no difference between healthy controls and patients
with a bleeding tendency (Figure 3) Figure 4 shows results
for the femoral artery Mean intima-media was shightly lower
for patients with a bleeding tendency, this effect appeared
restricted to those with hemophilia (mean difference after
logarithmic transformation, 0 11 mm, 95% CI, —0 0028 to
022)

In univariate hinear regression analysis, most of the estab-
lished risk factors for atherosclerosis showed a clear relation
to intima-media thickness in both arteries (Table 2) Except
for HDL, variables showed a more-pronounced effect on
thickness 1n the femoral artery than in the carotid artery This
applied particularly for smoking (coefficient, 0 022 versus
0 068), total cholesterol (coefficient, 0 035 versus 0 11), LDL,
(coefficient, 0 035 versus 0 14), and presence of hypercho-
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Figure 3. Visual comparison of mean intima-media thickness in
carotid artery between healthy individuals and subgroups of
individuals with a bleeding tendency Mean and 95% confidence
Intervals of the intima-media thickness (iIn mm) are indicated

by == VWD indicates von Willebrand disease

lesterolemia (coefficient, 0 070 versus 0 23) Univanate re-
gression analysis of inttma-media thickness between controls
and individuals with a clotting disorder showed results
stmilar to those shown i Figures 3 and 4 no difference m
mtima-media thickness of the carotid artery but a shightly
thinner femoral intima-media 1n individuals with a bleeding
tendency (—0091 mm, 95% CI, —020 to 0022 mm),
particularly 1n those with hemophilia (—0 11, 95% CI, —0 23
to 0 016 mmy)

Adjustment for established risk factors attenuated differ-
ences between controls and patients, but intima-media re-
mained thiner among patients with a coagulation disorder
compared with controls (Table 3) This occurrence was true
especially m the comparison between patients suffering from
moderate to severe hemophilia and controls (adjusted differ-
ence, —0 10 mm, 95% CI, —0 27 to 0 061)

Discussion

In the present study, we examined whether hypocoagulability
results 1n less atherosclerotic vessel wall changes than normal
coagulation As a model for hypocoagulability, we selected
patients suffermmg from a hereditary deficiency of clotting
factor VIII or IX or von Willebrand factor We observed no
clinically relevant effect of decreased coagulability on
atherogenesis

We used B-mode ultrasonography to quantify early athero-
sclerotic vessel wall changes In a recent study, we showed
that the ultrasound technique used m the present study is
accurate and reliable for determination of intima-media thick-
ness 1 the carotid and femoral arteries ¢ Numerous studtes
found a clear relation between intima-media thickness 1n the
carotid artery and most of the established risk factors, even n
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TABLE 2. Univariate Regression Analysis of Intima-Media Thickness in Carotid

and Femoral Arteries

Artery
Carotid Femoral

Vanables Coefficient 95% Cl Coefficient 95% C!
Age (10 y) 010 0087-012 016 012-019
Smoking (10 pack-y) 0022 00071-0 039 0068 0035-010
Waust-to-hip ratio 105 063-148 160 067-2 51
Blood pressure (10 mm Hg)

Systolic 0046 0033-0 060 0085 0055-0 11

Diastolic 0038 0014-0 061 0092 0042-014
Total cholesterol (mmol/L) 0035 0011-0 059 01t 0067-0 16
VLDL (mmol/L) 0065 0015-012 013 0026-0 23
LDL (mmol/L) 0035 00039-0 065 014 0075-020
HDL (mmol/L) -0 057 —015~0 033 0018 -017-020
Tnglycerides (mmol/L} 0036 00080-0 059 0070 0018-012
Positive family history 0054 —00064-0 12 011 —-0016-024
Hypertension 020 013-026 028 014-042
Hypercholesterolemia 0070 0015-013 023 012-035
All with bleeding tendency -00093 —0063-0044 —0091 —020-0 022
Hemophilia -0013 —0073-0046 —011 -023-0016
Moderate to severe hemophilia 00060 —0078-090 —0097 —028-0 084
Mild hemophihia and VWD -0017 —0077-0043 —0088 —022-0 043
VWD 00043 —0089-0098 —0033 —-025-018

VWD indicates von Willebrand disease Hypertension was defined as systolic blood pressure
=160 mm Hg, diastolic blood pressure =90 mm Hg, or use of antihypertension drugs Hypercho-
lesterolemia was defined as total cholesterol >6 or use of cholesterol-lowering drugs Regression
coefficient determined for subgroups with a bleeding tendency indicates difference in intima-media
thickness (mm) between subgroups and controls (ie intima-media thickness of subgroup minus

intima media thickness of controls)

young individuals °-22 Intima-media thickness in the carotid
and femoral arteries 1s a good indicator of presence of
atherosclerosis 1n coronary and other peripheral arteries 23 24
We also found a clear effect of established risk factors on
mtima-media thickness Furthermore, we found a large dif-
ference m intina-media thickness between patients with
clinically proven coronary atherosclerosis and healthy
controls

Numerous studies have been performed about the role of
coagulation and clotting factor levels 1n ischemic cardiovas-
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Figure 4. Visual comparison of mean intima-media thickness in
femoral artery between healthy individuals and subgroups of indi-
viduals with a bleeding tendency Mean and 95% confidence inter-
vals of the intma-media thickness (n mm) are indicated by ==

cular disease In particular, fibrinogen emerged as a risk
factor from these studies ! 625 However, mn these studies,
clinical end points of cardiovascular disease such as myocar-
dial infarction or stroke were used Therefore, these studies
do not clarify whether coagulation plays a role only 1n arterial
thrombosis or also 1n atherogenests Several studies used
carotid mttma-media thickness measurements as a surrogate
end point of 1schemic cardiovascular disease Results of these
studies show no consistent results with respect to association
of clotting factor levels with early atherosclerotic chang-
es 1926-28 A possible explanation for this inconsistency 1s that
clotting-factor levels in mdividuals studied were mainly 1n
the normal to subnormal range In the present study, we
maximized contrast by imcluding patients with hereditary low
clotting-factor levels Because patients were selected on the
basis of a genetic trait with high penetrance, selection and
confounding are unlikely

Our results suggest that highly decreased clotting-factor
levels may have a small protective effect against atheroscle-
rosts 1n the femoral artery and no effect i the carotid artery
Previous studies have suggested that different risk factor
patterns exist for the carotid and femoral arteries 293¢ This
variance might be caused by different hemodynamic condi-
tions within these artertes, such as differences in shear stress
of the wall and other factors 3! Another, perhaps more
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TABLE 3. Comparison of Intima-Media Thickness in Carotid and Femoral
Arteries of Subgroups of Patients With a Bleeding Disorder to Group of Controls

After Multivariate Regression Analysis

Artery
Carotid Femoral

Subgroup Coefficient 95% C! Coefficient 95% Ci
All with bleeding tendency 00091 —0030-0048 —0078 -017-0018
Hemaphilia 00047  —0040-0049 -0 087 ~020-0020
Moderate to severe hemophilia -0 016 —0081-0048 —-010 —027-0 061
Mild hemophilia and VWD -0017 —0077-0 043 —-0088 —022-0043
VWD 0028 —{044-0 099 —0068 —-025-011

VWD indicates von Willebrand disease Variables adjusted for in the regression analysis were age,
smoking habits, waist-to-hip ratio, systolic blood pressure, total cholesterol VLDL LDL, HDL,
triglycerides, family history of cardiovascular disease, use of cholesterol-lowering drugs, and use of
antihypertension drugs Regression coefficient determined for subgroups with a bleeding tendency
indicates adjusted difference in intima-media thickness (mm) between subgroup and controls

plausible, explanation 1s that measurements mn the femoral
artery are more sensittve than those 1n the carotid artery for
detection of early atherosclerotic changes In the comparison
between patients with proven coronary atherosclerosis and
healthy controls, we found a larger difference in intima-media
thickness 1n the femoral artery than in the carotid artery This
finding suggests that minor changes are detected better in the
femoral than carotid artery

Our results mndicate mimor effects on atherosclerosis 1n
mdividuals with extreme hypocoagulability In a recently
published study, presence of advanced atherosclerotic lesions
mn the carotid artery between patients suffering from hemo-
philia A and von Willebrand disease were compared with
healthy controls 32 Results suggested considerable protection
in the patients with a clotting-factor deficiency, even in those
suffering from mild von Willebrand disease However, mn that
study, the selection procedure and a general characteristic of
the study groups (1e, age) were not documented Furthermore,
only crude data were presented and no adjustments were
performed In experimental animal studies with pigs, protec-
tion against atherosclerosis was found 1n pigs with severe von
Willebrand disease, whereas no protection was found 1n pigs
suffering from the muld type of the disease 433 These results
are not 1n disagreement with our results, because we included
only subjects with mild von Willebrand disease (albeit in only
a small number of patients)

We studied hereditary deficiencies of clotting factor VIII
and IX and von Willebrand factor as a model for hypocoagu-
lability of blood Deficiencies of these clotting factor levels
will result 1n less formation of thrombin and fibrin (impaired
secondary hemostasis) or less platelet aggregation (1mpaired
primary hemostasis) The present model 1s valid only for the
hypotheses in which mcorporation of mural thrombi 1n the
vessel wall, mitogen, and other atherosclerotic effects of an
increased thrombin and fibrm production are a part of the
pathway to atherosclerosis Some studies suggest that fibrin-
ogen also might have an effect on atherogenesis through 1its
effect on the viscostty of blood In recent studies, viscosity of
blood emerged as an important risk factor for atherosclerotic
disease 3435

In the present study, patients with a bleeding tendency
were treated temporanly to correct the clotting disorder
during hemorrhages Some patients received prophylactic
treatment to avoid hemorrhages During periods of prophy-
laxis and treatment of hemorrhages, the coagulation levels of
these patients were increased A study concerning treatment
of hemophilia in the Netherlands®¢ showed that =~50% of
pattents who suffered from severe hemophilia (in particular,
younger individuals) recetve prophylactic treatment Prophy-
lactic dosage level 1s determined so that mean clotting-factor
VIII or IX level will be mcreased by 0 05 to 0 1 [U/mL Thus,
duning prophylactic treatment, severity of hemophilia 1s
“converted” from severe to mild Patients with mild hemo-
phiia usually receive no prophylactic treatment During
bleedings, treatment 1s aimed at a higher increase 1n clotting
factors However, treatment 1n these cases 1s given only for a
period of several days The same study showed that patients
with moderate or severe hemophilia experience a bleeding
episode every 3 to 4 weeks, whereas those with mild
hemophilia rarely bleed spontaneously Therefore, treatment
has only a limited effect on overall coagulability Even in
case of prophylactic treatment, a high contrast remamns 1n
Iifetime coagulability between individuals with a severe
bleeding disorder and individuals with normal coagulation

In conclusion, results of the present study suggest a
mimmal protective effect of extreme hypocoagulability on
atherogenesis Our results indicate that the protection against
myocardial infarctions that has been reported mn hemophilia
patients probably 1s primarily caused by a decreased tendency
to form occluding arterial thrombi Because we compared
early atherosclerotic changes between individuals with a high
contrast 1n coagulabulity, the protective effect 1s negligible n
individuals with coagulation m the normal or subnormal
range
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