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Summary

Plasma clotting factor VII and plasma fibrinogen have been claimed
as ndependent 11k factors for occlusive caidiovascular disease The
aim of this study was to investigate whether these coagulation paia-
meters affect early atherosclelosis, additional to their possible effect on
artetial thrombosts

We used high-1esolution quantitative ultrasonography to measuie
carotid intima-media thickness 1n 121 healthy volunteers, aged 18 to 56
years It has pieviously been demonstiated that an incieased artery wall
thickness 1s seen in advanced athetosclerosis To validate our method
ology for relatively young ndividuals, we assessed the association of
ntima-media thickness with the risk-factor status of ow subjects, by
including classical cardiovascular risk factors, e g age, sex, serum
cholesterol, smoking habuts and blood pressure Theteafter, we studied
the effect of factor VII and fibrinogen plasma levels on carotid intima-
media thickness, as well as that of polymoiphisms of the factor VII and
fibrinogen genes

All classical 118k factors except smoking and famly history were
associated with mtima media thickness When adjusted for by multi-
variate linear regiession analysis, age, blood piessure and cholestetol
appeated to be independent detetminants of tima-media thickness
Factor VII and fibrinogen levels showed no association m multivariate
analysis with intima-media thickness We conclude that aitery wall
thickness measurement by ultrasound 1s a useful tool to mvestigate the
10le of clotting factots 1n early atherosclerosis Factor VII and fibuino-
gen levels 1 young and middle-aged volunteers have no association
with eaily artherosclerotic vessel wall changes

Introduction

A telation between high levels of coagulation factors as factor VII
and fibrinogen and the 11sk of 1schaemic heart disease has been shown
mn several studies Therefore, coagulation patameters have been sug-
gested to be independent 11sk factois for occlustve cardiovascular dis-
ease (1-4) Occlusive cardiovasculal disease generally otigimates fiom
thrombus formation on an atherosclerotic plaque 1t 1s the result of a
decades-long chronic atherosclerotic process, combined with the acute
phenomenon of arterial thiombosis (5) The clotting factor level may
have an elffect on the progression of atheioscleiosis, on aiterial thiom-
bosts, or on both
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The aim of this study was to assess recent methodology in the
evaluation of the 1ole of fibrinogen and clotting factor VII 1n the very
eatly stage of atherosclerosis, before progression to atherosclerotic
plaques ot thrombus formation Specifically, we sought for a non-in-
vastve, casy-to-use method to assess the role of clotting factors m
atherosclerosis We used high-resolution ultrasonography to measure
carotid attery intima-media thickness with the computer-based Cardio-
vascular Measurement System (CMS) Intima-media thickness meas-
uted with ulttasound has been shown to be a 1eliable ndicator of the
atherosclerotic process (6-8) with a high concordance of the ultrasound
measurement and pathologic evaluation (9) Most studies, however,
have been petfoumed 1n older subjects who either suffered from arteiial
disease or belonged to a specific risk group (e g hypeicholesterolemic
patients) We were interested 1n the use of this method m the earliest
stage of atheroscletotic vessel wall changes Therefore, as a validation,
we assessed the association between classic risk factors and intima-
media thickness 1n young and muddle-aged adults Only after this
yielded satisfactory results, did we proceed to mnvestigate the role of
clotting factor levels m these subjects

Furst, plasma Ievels of clotting factor VII and of fibrinogen were de-
termined to study then relation with carotid intima-media thickness
These clotting factor levels, however, may have been affected by extia-
neous factors that also enhance atherosclerosis, 1 e age, smoking hab-
its and lipids  Therefoie, we adjusted for these factors by multivariate
analysis Of course, this only allows adjustment for extraneous nflu-
ences that ate known and can be measured accmately

A second optron to adjust for confounding factors lies n the deter-
mination of polymorphisms of the factor VII and fibrinogen genes As
has been reported 1ecently, seveial of these polymoiphisms are associ-
ated with the plasma levels of the clotting factors These include a
Haelll polymorphusm (alleles H1 and H2) for the B-cham of fibrinogen
(10) and a Mspl polymorphism (alleles M1 and M2) 1n the factor VI
gene (11) The H2-allele was found to be associated with higher than
average fibunogen levels, and the M2-allele with lower than average
levels of factor VII Obviously, these polymoiphisms cannot be mflu-
enced by extraneous factors, and therefore they offer the possibility to
study the effect of clotting factor levels, unaffected by external factors
as smoking, lipid levels or even the atheroscleiotic process itself

Materials and Methods

Study Design

We studied 121 healthy volunteers, aged 19-56 years They were all free of
clinical signs of cardiovascular disease, diabetes mellitus or any other chiomic
disorder, and did not use anticoagulants o1 lipid-lowering drugs Use of oral



contraceptives was not an exclusion ctitetion We measuied ntima media
thickness (IMT) of the carotid arteries, classical cardiovascular 1isk factors and
plasma levels of factor VII and fibrinogen In addition, we determied poly-
morphisms of the factor VII and fibriiogen genes

Asscssment of Carotid Intima-media Thickness

Ultrasonographic scanning of the catotid arteries was petformed with the
Aloka Echo Camera SSD 650 equipped with a high density linear array probe
with 75 MH7 transducer fiequency m B mode The axial resolution was at
least 03 mm The subjects weie lying 1n a supine position with the head
shightly extended and 1otated 45 degrees away from the side which was
scanned Scanning was performed m the anteroposterior plane, 1maging the
carotid bifurcation and the common carotid artety Three B mode 1mages of
the left and right common carotid artery were frozen at peak diastole on sight,
and recorded on a SVHS video cassette tape Images were coded to ensure that
later intima media thickness (IMT) measurements were performed blinded for
subjects’ identity, coagulation factor Jevels or risk factor status

Intima media thickness was measured later on 1n one session for all sub
Jects with the Cardiovascular Measurement System (CMS) (12) Frozen images
weie digitized at a resolution of 512 X 512 pixels with 8 buts of grey levels Ca
libration of the images was performed by manually 1dentifying a 4 cm distance
on a cm scale 1n the image, typical pixel size in the nonmagnified mode was
01 mm A one centimeter traject of the posterior carottd wall one centimeter
proximal to the carotid bifurcation was enlarged four times by cubic spline 1n
terpolation Next six intima-media thickness measurements were performed
over this one centimeter range at 6 measurement sites 1n each recording The
thickness of the intima-media complex as defined by Pignoli (6) was measmed
as the distance between the lumen ntima interface and the media adventitia in-
terface on the B-mode 1mage The actual measurement at each of these six sites
was carried out with the digital caliper on the CMS The mtima-media thick
ness at each of the six measurement sites was determined by manually defining
one pair of points at each measuiement site and by averaging these six distance
measures This multiple measurement approach results i a high degree of ac
curacy and preciston In this way n each subject 36 intima media thickness
measurements (6 measurements X 6 images) were performed, the average val-
ue of these 36 measurements was defined as the mtima media thickness (IMT)
1 each subject

Other Measurements

Information on subject’s smoking habts (cutrent smoking, package years of
cigarette smoking) and presence of cardiovascular disease in first-grade rela
trves before the age of 60 years (lustory of myocardial nfarction, intermittent
claudication) were obtamned by means of a questionnaire Famuly history was
coded as erther negative or positive Body mass index was calculated as Quete-
let index (wt/ht? in kg/m?) Systolic and diastolic blood piessure were measured
three times n each subject before venepuncture with a Hawksley random zero
mercury sphygmomanometer after a mmmmum of ten minutes of rest The
mean was used 1n the analysts

In tiesh blood samples total serum cholesterol and HDL serum cholesterol
concentration were determined by standard enzymatic assays, agamst the WHO
standard Plasma fibrinogen concentration and plasma clotting factor V1T
activity were determined by the methods according to Clauss (13) (fibrinogen,
g/l) and Owren (14) (factor VII, % of standard) Polymorphisms of the 3-chain
of fibrmogen and of factor VII were deternuned with the use of Haelll and
Mspl restriction enzymes as reported by Thomas (10) and Green (11) The
alleles with the restriction site were designated H1 (fibrinogen) and M1
(factor VII), and the non-cleavable alleles were designated H2 and M2

Statistical Analysis

We analysed the relation of the factors of mterest with carotid wall thick-
ness by linear regression techniques The regression coefficient obtamned by this
method, indicates the increase (or decrease, dependent on the sign of the coef

ficient) m mtima media thickness per umt crease n the factor studied All
continuous vartables (e g blood pressure, cholesterol, age) were entered nto
the 1egiession equation as such, and therefore the coetficients indicate the
change 1 wall thickness (in wm) per one mmHg 1ncrease m blood piessure one
mmol/l mctease m cholesterol and one year increase n age To facilitate inter-
pretation and comparison between variables we calculated the change n mtt
ma media thickness for meanimgful mcrements of the independent variables,
1 ¢ 10 mmHg for blood piessure I mM for cholesterol, 10 yeats for age and 10
package-years for smoking The original regression coefficients can easily be
derived by dividing the change m IMT by 10 for blood pressure, age and pack
age-years Discrete vauiables were coded as O or | In this instance the 1egres-
sion coefficient indicates the difference m intima media thickness between the
Lwo categoties

Since several of the variables may be associated, we subsequently set up a
multivariate model which yields mutually adjusted regression coefficients

Results
Baseline Values and Relations between Determuinants

Baseline characteristics 1n our study showed the expected mean
values for healthy subjects, with a broad range that facilntated the
evaluation of possible effects of risk factors (Table 1)

The average carotid mtima media thickness was 519 pm (SD 72,
1ange 397-781 pwm) Left and right intima media thickness showed a
Pearson correlation coefficient of r = 0 83, with average values of 521
pm and 517 wm, respectively

Several of the determmants were mterrelated Factor VII plasma
level was associated with sex (mean 99 4% m men, and 111 4% m
women), and was positively cotielated with the total cholesterol level
(regression coefficient 6 4% FVII per mmol/l cholesterol) and fibrino-
gen level (regression coefficient 158% FVII per g/l fibrinogen)
Fibrmogen showed, m addition (o 1ts association with the factor VII
level, increasing values with age (regression coefficient 0 13 g/l pet
10 yr) Systolic and diastolic blood pressure were higher in men than 1n
women (mean SBP [24 mmHg mn men, and 117 mmHg i women,
mean DBP 81 mmHg m men, and 76 mmHg 1n women), and n the
obese (regression coefficient 1 8 mmHg systolic and | 6 mmHg diasto
lic per kg/m?)

Cloting Factor Gene Polymorphism
and Clotting Factor Plasma Levels

The Mspl polymorphism of factor VII had an allele-fiequency for
the M2 allele of ten percent, [8 percent of the individuals were carriers

Table I General charactenstics of 121 healthy volunteers

Vanable n Mean (SD) Range
Sex male 64

female 57
Age (yrs) 345 92) 19-56
Plasma fibrimogen (g/1) 29 06) 1844
Plasma factor VII act (%) 1051 (26 3) 51-196
Systolic BP (mmHg) 1203 (14 4) 89-167
Diastolic BP (mmHg) 786 (105) 51-106
Serum cholesterol (mM) 54 (rn 30-90
Serum HDL-cholesterol (mM) 15 04) 07-26
Smoking (package years) 31 (84) 0-65
Quetelet index (kg/m?) 236 29 176-336
Fam history neg 100
Fam history pos 21
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Table 2 Factor VII and tibimogen polymoriphisms and plasma levels

n Perc of Mean clottng  (SD)
subjects factot level
Factot VI MIM1 99 (82%) 109 6% (260
MIM2 19 (16%) 85 1% (175)
M2M2 3 (2%) 82 3% ©4)
Fibrinogen HIHI 86 (71%) 288 g/l (58)
HIH2 33 (27%) 286 g/l (55)
H2H2 2 2%) 360 g/ (74)

Table 3 Univauate regression analysis of risk factors

Variable Change n 95%-confidence
IMT (um) mterval

Age (10 y1s) 3717 25410502
Sex(m=0,{=1) -286 ~540t0-32
Systolic BP (10 mmHg) 179 95t0263
Diastolic BP (10 mmHg) 216 98t0338
Serum cholestetol (1 mM) 232 122t0342
Serum HDL-cholesterol (I mM) =210 ~517t097
Cholesterol/HDL-cholesterol ratio 175 90t0260
Smoking (10 package yeats) 66 880220
Quetelet index (1 kg/m?) 66 2210110
Fam history (neg =0, pos = 1) -138 47910203
Plasma fibunogen (1 g/l) 2070 -16t0430
Factor VII activity (10%) 20 291069
Fibrinogen polymotphism HIH2/H2H2! 256 -537t026
Factor VII polymorphism MIM2/M2M2? - 78 41410257

'Inciement compared to HIH] genotype
Uncrement compated to MIM1 genotype

of an M2-allele Those who carried this allele had about 20 petcent less
factor VI activity (Table 2)

The Haelll polymoiphism of fibtinogen had an allele-fiequency foi
the H2-allele of 15 peicent, 29 peicent cariied a H2-allele Contiary to
the findings of Thomas et al (10), cautiets of the H2-allele did not have
higher plasma fibinogen levels than those homozygous for the HI-
allele (the level appeaied higher m individuals who were homozygous
for the H2-allele, but this included only two individuals)

Based on these data, we concluded that the Mspl factor VII poly-
moiphism was a valuable indicator of the “genetic factor VII level”
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The Haelll fibinogen polymorphism did not fulfili our expectations m
this respect

Relation of Determnants and Vessel Wall Thickness

The intima-media thickness of the caiotid artery (mean of 18 meas-
wiements at each side), was higher for men than for women, and n-
creased with age, blood pressuie (both systolic and diastolic), total
serum cholesterol, cholesteiol/HDL ratio and Quetelet-index, whereas
1t decteased with HDL-cholesterol (Table 3) No relation with package-
years of smoking, nor with a positive family history of cardiovascular
disease was found

The intima-media thickness increased with higher levels of fibrino-
gen, whereas the fibtinogen polymorphism showed a strong trend of as-
soctatton with intima-media thickness, albeit 1n the unexpected direction
(lower IMT for cairters of the H2-allele) Intima-media thickness was
not 1elated to factor VII actwvity, not to the factor VII polymorphism
genotype (Table 3) Scatterplots of factor VII and fibrinogen versus -
tima-media thickness with the regression hnes are depicted mn figure 1
It may be noted that the association of IMT with fibrinogen levels
(207 pm per 1 g/l mcrease 1 fibrinogen) was to a high extent deter-
mined by one outlymng observation Leaving out this pomt (fibrinogen
426 g/l, IMT 752 wm) 1educed the slope of the 1egression Ime to
137 pm per 1 g/1 (CI95 -8 5to 36 0 wm per g/l increase 1n fibrinogen)

Multvariate Analysis

Since several of the determinants appeared to be interrelated, we per-
formed a multivariate regression analysis The regression coefficients
of this analysis ate to be mterpreted similaily to those of a simple uni-
variate regression, but now the effects of other vaiiables aie adjusted
for

When all classical determimants weie enteted mto the model, age,
blood pressuie, total cholesterol and HDL-cholesterol emeiged as mde-
pendent determinants of mtima-media thickness When drastolic blood
pressure was enteted i the analysis mnstead of systolic blood pressure,
the diastolic tegression coefficient became 110 wm/10 mmHg (95%
CI-0901t0 22 9) The effect of sex was attenuated as was that of fibri-
nogen, wheteas the Quetelet index had no dependent effect, nor had
factor VII plasma levels In this analysis, as in unrvauate analysts,
no effect of smoking or a positive family history could be observed
(Table 4)
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Fig 1 Scatterplot of fibunogen (left) and tactor VII (1ight) with ntima-media thickness The regiesston lime 15 indicated n the figues (fibimogen

459 + 20 7 X fibunogen level, factor VII 498 + 20 X tfactor VII level)
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Discussion

We performed a cross sectional study to assess whether ultrasound
measurement of carotid artery wall thickness could be of value n 1n-
vestigatg the role of clotting factor levels i the development and
progression of atherosclerosis

Intima-media thickness was clearly associated with several classical
cardiovacular risk factors like age, sex, systolic and diastolic blood
pressure, total and HDL serum cholesterol All these associations were
positive or negative according to the expected (15) effect of the risk-
factor on atherosclerosis Although the effects themselves are small, the
associations are more than striking, since they were observed m a small
study of a heterogeneous group of mostly young individuals We there-
fore conclude that ultrasonographic assessment of carotid intima-media
thickness offers 1tself as a valuable research tool for non-invasive
measurement of early atherosclerosis i healthy young and middle-
aged subjects, as 1t 1s applied m studies with elderly or symptomatic
subjects

It 1s notable that at the relative young age of our subjects, alterations
were already visible 1 the arterial vessel wall, n a clear association
with the presence or absence of cardiovascular risk factots

Information fiom the literature about IMT 1n young healthy 1ndivi-
duals 1s very scarce When we compare our results to those of the
healthy control groups m two other studies (7, 16), the mean mtima-
media thicknesses are very similar (about 0 5 mm), as 1s the age rela-
tion compared to two studies that also included young subjects (6, 17)
Interestingly, a much higher mean IMT of | mm was found m the Kuo-
pto Ischaemic Heart Disease Risk Factor Study (8), which 15 conducted
1n an area with a very igh incidence of coronary artery disease (eastein
Finland) No comparison can be made on the effects of risk factors on
intima-media thickness 1n young subjects, as no such studies could be
found 1 the literature

We did not find associations of artery wall thickness with cardiovas-
cular family history, nor with smoking, which s not in accordance with
several other studies in which an effect of smoking on IMT had been
found (7, 16) Although 1t has to been borne 1n mind that most studies
on IMT, including ours, have been quite small which may easily have
led to differences due to chance variation, 1t cannot be ruled out that
these well-established risk factors for atherosclerosis may have a de-
layed effect, which will therefore not yet be apparent m young mndivi-
duals

Our study showed no association of the level of factor VIL, or 1ts po-
lymorphism with tima-media thickness Even m view of the limited
number of subjects, an important effect of factor VII seems unlikely
fiom these data This 15 less clear for fibrinogen Univariate analysis in-
dicated a relation of fibrinogen with mtima-media thickness that was
(per 1 g/1) of about the same magnitude as for serum cholesterol (per
1 mM) This assoctation largely disappeared m the muluvauate
analysis, which may be the result of correlations with other variables,
especially age, on the other hand, 1t cannot be ruled out that part of the
effect of age 1s mediated by fibrinogen Finally, the confidence inter-
vals for the association of fibrinogen levels and artery wall thickness
remained wide, and do not allow firm conclusions

The fibrinogen polymorphism had no relation with plasma fibimo-
gen levels in these 121 Dutch volunteers, whereas 1t was a clear predic-
tor of fibrinogen levels in two studies among British and Fiench mdivi-
duals (9, 18) Recently, we also failed to find this association 1n an in-
dependent sample consisting of 199 patients with deep venous throm-
bosis and 199 healthy contiols (19) Apparently, the association be-
tween this polymorphism and fibrinogen levels 1s not universal We did

Table 4 Multivariate regression analysis

Variable Change 1n 95%-confidence
IMT (jum) interval
Age (10 yrs) 302 17310430
Sex (m=0,f=1) -118 388t 152
Systolic BP (10 mmHg) 110 26t0194
Cholesterol (1 mM) 140 3010250
HDL-cholesterol (1 mM) =215 ~532t0103
Smoking (10 package-years) -0 64 ~-138t0 125
Quetelet index (1 kg/m?) -13 -59t033
Fam history (neg = 0, pos = 1) -154 -451to 143
Plasma fibrinogen (1 g/l 96 -113t0305
Plasma factor VII act (10%) -032 -53t047

find a 1elation between the Haelll polymorphism and IMT, which was
1n the unexpected direction (1 ¢ lower IMT 1 carriers of the H2-al-
lele) Obviously, since the polymorphism and the {ibrinogen level were
not associated, this effect cannot be terpreted as mediated by the plas-
ma level Sull, this finding provokes thought, especially given owt pie-
vious study on venous thrombosis (40 percent reduction of 11sk in H2-
carriers) (19), and the results of the ECTIM study (10-20% reduction of
myocardial mfarction risk for those who cariled the H2-allele) (18)

These findings suggest that factor VII and fibrinogen have no detect-
able nfluence on early atherosclerosis Obviously, our study offers no
iformation of the effect of clotting factor levels in advanced athero-
sclerosts with plaque formation We have studied healthy volunteers
with clotting factor levels that generally were in the usual 1ange We
cannot exclude therefore, that extreme values of factor VII or fibrino-
gen (either at the lower o1 upper extieme of the spectrum) may have a
noticeable and relevant effect on atherosclerosts

Our method of measuring athetoscletosis can be extended to other
superficial arteries such as the femoral or popliteal, although 1t 1s hkely
that for reseatch purposes measurements at the carotid aiteries ate suf-
fictent for an adequate overall picture (20) We believe that automatic
(off-lme) detection of intima-media boundaries and contours could
further improve the accuracy and precision of our measuements In ad-
dition, arterial vessel wall compliance may offer additional nformation
1n descuibing atherosclesosis

Intima-media measurements are valuable 1n young and middle-aged
subjects, to study the determinants of atheroscletosis in 1ts eatliest
stages Our study offers no support for the hypothesis that the clotting
factor system 1s 1nvolved m the development and progiess of early
atherosclerosis
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