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ABSTRACT

Serum phospholipids are the main environmental determinants
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Background and Objective. Numerous studies have
emphasized the role of triglyceride-rich lipoproteins
and of Factor VII (FVII) polymorphisms in determining
levels of FVII activity.

Design and Methods. This study was undertaken to
evaluate the role of other lipid fractions and the inter-
action between lipids and FVII in subjects with recog-
nised genotypes. Volunteer subjects (n=459) from 5
European countries were studied. Blood samples
were drawn irrespective of the time of day or fasting
status. Levels of FVII activity (FVIIc), activated FVII
(FVIIa) and FVII antigen (FVIIAg) were evaluated with
reference to a number of lipid parameters (HDL-, LDL-
and total cholesterol, triglycerides, phospholipids,
lipoprotein(a), and apoliproptein A1). The two most
common FVII polymorphisms were analyzed in com-
bination (353R/Q and 5’F7; alleles M1/M2 and
A1/A2, respectively).

Results. Homozygotes for the A1 and M1 alleles
(M11/A11) had significantly higher FVII levels. At
multiple regression analysis the strongest predictor
of FVIIa and FVIIc was the concentration of phos-
pholipids. This interaction was confined to the
A11M11 genotype subjects.

Interpretation and Conclusions. These data indicate
that lipids contribute mainly to FVIIa levels through
their phospholipid content, and that the degree of
this contribution is strictly dependent on FVII geno-
types.
©1999, Ferrata Storti Foundation
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It is now widely accepted that both atheroma and
thrombosis play a key role in ischemic heart dis-
ease (IHD). 

Abnormal lipid levels are considered of great
importance in the pathophysiology of atheroma and
are believed to be important risk factors for IHD.1 A
number of metabolic variables affecting these levels
and the distribution of lipids among lipoprotein sub-
fractions should also be taken into account in deter-
mining IHD risk. Total cholesterol (CHL), high- and
low-density lipoproteins (HDL-C and LDL-C) and
triglycerides (TriG)1-3 have been extensively studied
and CHL, LDL-C and TriG are now widely accepted
as risk factors for IHD. 

Among the hemostatic IHD risk variables, factor VII
(FVII) has attracted attention because of its associa-
tion with CHL and TriG.4-14 Recent technical devel-
opments allow direct assay of the active form of FVII
(FVIIa) in human plasma.15,16 The study of FVII poly-
morphisms14,17-23 has also led to the identification of
genotypes associated with different FVII levels and has
thrown light on the relation between FVII and TriG.
Furthermore, in a very recent work by our group, a
strong contribution of FVII genotype to FVIIa was
illustrated.24

Our aim was to evaluate the interactions between
lipids and FVII in cohorts of apparently healthy sub-
jects with a wide age range focusing on FVII geno-
types and FVIIa in such interactions.

Design and Methods

Study population
Four hundred and fifty-nine volunteer subjects

from 5 European countries (France, Italy, The
Netherlands, Norway and Spain) were examined.
Blood samples were taken irrespective of the time of
day or subjects’ fasting status. The study population
was divided into three age groups: 19-35, 36-50, 51-
75. All participants declared themselves to be in



good health and free from cardiovascular disease,
diabetes and cancer. Exclusion criteria were preg-
nancy and treatment with anticoagulant drugs.

Blood sampling
Blood for coagulation studies was taken in 5 mL

Vacutainer tubes (Becton Dickinson Vacutainer Sys-
tems Europe, Meylan Cedex, France) containing 0.5
mL of 0.129 M buffered sodium citrate. Tubes with-
out anticoagulant were used for the lipid assays.
Serum was prepared by incubating blood for ≥ 2
hours at 37°C. All samples were centrifuged at 2,000
g for 15’. Sera and plasmas were harvested and
aliquoted in plastic tubes (Sorenson BioScience, Salt
Lake City, USA). Samples were frozen to –80°C in
cryo-tubes and -boxes (CryoStore Systems, Nunc Inc.
Naperville, IL, USA) and subsequently sent in dry-ice
to the central repository in the co-ordinating institu-
tion (Thrombosis Center, University of Rome) for
redistribution. For the genetic evaluations, pellets
from the citrated blood samples were harvested in
plastic tubes and frozen to –10°C.

Assay procedures
FVIIc and FVIIAg assays were carried out as previ-

ously reported.36 FVIIa was assayed with a commer-
cial kit (Staclot VIIa-rTF, Diagnostica Stago, Asnières,
France). Values were expressed in mU/mL, 30 mU
being equivalent to 1 ng of FVIIa.

For FVIIa the standard was a recombinant protein
and for FVIIc and FVIIAg assays, the standard was a
home-made, pooled plasma (20 males and 20
females in a fasting state).

FVII genetic markers were evaluated as previously
reported.23 Comparisons were made between the
most frequent FVII genotypes. The alleles of the poly-
morphism in the promoter region (5’F7) were
denominated A2 (single decamer insertion) and A1
(absence of decamer) and the alleles of the 353R/Q
polymorphism, characterized by a mutation in the
second position of the 353 codon, were denominat-
ed M1 (codon for arginine) and M2 (codon for glu-
tamine). Tight linkage disequilibrium between the A1
and M1 alleles as well as between the A2 and M2
alleles was found (D values ranging from 0.85 to
0.93), whatever the population. Genotype distribu-
tions were in Hardy-Weinberg equilibrium.24

Total CHL was determined with a commercial kit
(Cholesterol, Du Pont, Wilmington, USA) based on
the production of stoichiometric amounts of hydrogen
peroxide generated by cholesterol-esterase and -oxi-
dase.25 HDL-C was determined by the same procedure
after the precipitation of the other CHL-containing
lipoprotein fractions by a phosphotungstate solution
buffered to pH 5.726 (HDL-CHOL Du Pont, Wilming-
ton, USA). LDL-C was evaluated by the indirect pro-
cedure as proposed by Friedewald et al.27 TriG were
assayed by a kinetic NAD-coupled procedure28 (Trigly-
cerides, Du Pont, Wilmington, USA). Choline-con-
taining PhL were evaluated by a choline oxidase deter-

mination of the amount of choline liberated by phos-
pholipase D (Phospholipids, SGM Italia, Rome,
Italy).29 ApoA1 was determined by a turbidimetric
end-point measurement using a specific polyclonal
antibody and 10 mM polyethylene glycol30 APO A1,
Du Pont, Wilmington, USA). Lp(a) was determined
by an enzyme immunoassay using a monoclonal anti-
body anti-kringle IV, and a polyclonal anti-Lp(a) anti-
body conjugated with horseradish peroxidase31

(Macra Lp(a), Strategic Diagnostic, Newark, USA).

Statistical analysis
The procedures used were from the BMDP soft-

ware. The distribution of variables was assessed for
deviation from normality, and the appropriate nor-
malizing (logarithmic) transformation was used in
order to analyze data using parametric methods.
Tables were computed on untransformed data. Para-
metric analyses of variance (one-way, two-way) and
of co-variance (using age as co-variate) were used,
including main effects and interactions in the mod-
els. Pearson’s linear correlation coefficients were used
to detect any association between variables. A fixed
multiple linear regression model was fitted to the
data, to estimate the effect of high concentrations of
each independent lipid variable (after adjustment for
age, sex and country effects) on the dependent one,
in the overall population and in the most frequent
FVII genotypes. Problems due to colinearity were
checked and ruled out during the analysis. The
appropriate Student’s t-tests were performed to
assess the significance of correlation and regression
coefficients, and of differences in coefficients between
subgroups.

Results

Basic characteristics of the study group
Of the 459 subjects, 219 (47.7%) were females and

240 males. Subjects were evenly distributed over the
three age groups: 19-35 y (n=155, 33.8%), 36-50 y
(n=137, 29.8%) and 51-75 y (n=167, 36.4%) and
among the populations studied. Mean values and SD
for the study population are set out in Table 1, whilst
Table 2 shows the age- and sex-specific mean values
(SD), and the percentage change in the variables for
a 10-year increase in age.

Age and sex effects
Age exerted an important effect on most variables:

highly significant (p <0.0001) increases in the levels of
FVII (all assays), CHL, LDL-C, TriG, PhL, ApoA1 were
found whereas no significant changes were detected
for HDL-C and Lp(a). Sex-related differences were
highly significant (p <0.0001) for HDL-C, TriG, PhL
and ApoA1, and were also found, to a lesser degree (p
<0.02) for FVIIc levels. Females had higher levels of
FVIIc, FVIIAg, HDL-C and ApoA1 as well as, but only
in the third age group, FVIIa and PhL levels. There were
no sex significant differences among the remaining
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variables. A significant (p <0.0001), positive interac-
tion between age and sex was found only for LDL-C,
TriG and PhL.

Correlation coefficients for the associations between
FVII and lipid variables were calculated and Table 3
shows those with p <0.01. Partial correlation coeffi-
cients adjusted for sex and age did not differ between
the five ethnic groups (data not shown).

Associations
Between FVII variables. The strongest association

found was that between FVIIc and FVIIa (0.72), fol-
lowed by that between FVIIc and FVIIAg (0.66). 

Between FVII and  lipids. The strongest association
between FVIIc and lipids was that with PhL (0.32)
and the lowest with HDL-C (0.14). These associa-
tions were more evident in the fasting subjects (n=88)
where the correlation coefficients with PhL were 0.43
for FVIIc, 0.44 for FVIIa, and 0.30 for FVIIAg. 

Between lipids. The lipid parameter having the widest
spectrum of strong associations with the other ones
was PhL, which correlated most strongly with CHL
and LDL-C, and somewhat less with ApoA1, TriG and
HDL-C (Table 3). When assessed individually, the
highest correlation coefficients were those between

CHL and LDL-C and between HDL-C and ApoA1
(both ≥ 0.90).

Influence of FVII genotypes on FVIIc, FVIIAg
and FVIIa levels

There was a clear difference in FVIIc, FVIIAg and
FVIIa levels in the genotypes studied: homozygotes
for the A1 and M1 alleles displayed significantly high-
er mean values than those of the heterozygotes or the
homozygotes for the rarer A2 or M2 alleles, and even
more so for FVIIa and FVIIc than for FVIIAg (Table 4).

Multiple regression analyses of the effect of
high lipid concentrations on FVII levels; influ-
ence of the genotypes

High PhL concentrations were associated with high
FVIIa and FVIIc levels (Table 5). High concentrations
of TriG or CHL were found not to be independent
predictors of high FVII levels. When genotypes were
evaluated separately, very high FVIIa and FVIIc levels
were found to be associated with high PhL concen-
trations, but only in the A11M11 genotype (Table
6). The difference between genotypes was not signif-
icant when TriG were considered as the independent
variable (Table 6).

G. Mariani et al.

Table 1. Phenotypic characteristics of the subjects (age-
adjusted data, when necessary).

Centiles
Variable U. of measure Mean SD 2.5 97.5

FVIIc (%PNP) 122.8 29.7 72 186
FVIIAg (%PNP) 102.7 18.0 70 144
FVIIa (mU/mL) 77.1 35.7 23 163
CHL (mmol/L) 5.5 1.1 3.6 8.0
LDL-C (mmol/L) 3.6 1.0 2.0 5.9
HDL-C (mmol/L) 1.3 0.4 0.8 2.2
TriG (mmol/L) 1.1 0.8 0.4 3.5
PhL (mmol/L) 3.0 0.5 2.1 4.1
ApoA-I (mmol/L) 47.0 9.1 33.6 66.1
Lp(a) (mmol/L) 0.7 0.7 0.1 2.5

Table 2. Age- and sex-specific mean values and (SD) of the variables studied and analysis of the percentage variation corre-
sponding to a 10-year increase in age  (same units of measure as in Table 1).

age 19-35 age 36-50 age 51-75

men women men women men women % var./10y.
(n= 89) (n=66) (n=72) (n=65) (n=79) (n=88) men women

FVIIc 107.4 (22.3) 115.2 (27.4) 120.6 (26.8) 121.5 (26.9) 128.2 (31.9) 141.9 (31.9) +5.1 +5.3
FVIIAg 97.3 (15.5) 98.5 (14.7) 103.1 (16.0) 106.1 (20.6) 102.9 (18.1) 108.3 (20.0) +2.0 +2.2
FVIIa 65.5 (27.3) 63.1 (23.0) 74.4 (33.8) 75.9 (30.0) 84.5 (36.0) 94.9 (45.7) +8.5 +9.6
CHL 4.9 (1.0) 4.9 (0.9) 5.7 (1.1) 5.2 (0.8) 5.7 (1.0) 6.4 (1.1) +4.6 +8.0
LDL-C 3.3 (0.9) 3.1 (0.8) 3.9 (1.0) 3.3 (0.7) 3.8 (0.9) 4.3 (1.0) +4.9 +9.3
HDL-C 1.2 (0.3) 1.4 (0.4) 1.2 (0.3) 1.5 (0.4) 1.3 (0.3) 1.5 (0.4) +2.4 +0.2
TriG 1.0 (0.5) 0.7 (0.3) 1.3 (0.7) 0.8 (0.6) 1.4 (0.9) 1.5 (0.9) +8.9 +20.8
PhL 2.7 (0.4) 2.7 (0.4) 3.0 (0.4) 3.0 (0.4) 3.0 (0.5) 3.4 (0.5) +3.1 +5.9
ApoA1 42.0 (6.1) 46.7 (8.7) 43.4 (6.5) 50.5 (9.3) 46.4 (8.8) 52.3 (9.7) +2.6 +2.4
Lp(a) 0.7 (0.7) 0.6 (0.6) 0.5 (0.6) 0.5 (0.5) 0.7 (0.8) 0.8 (0.8) +6.2 +6.7

Table 3. Associations (as partial correlation coefficients)
between hemostatic and lipid variables in the general pop-
ulation, after adjustment for age, sex and country effects.

FVIIAg FVIIa CHL HDL–C LDL–C TriG ApoA1 PhL

FVIIc .66 .72 .27 .18 .14 .21 .25 .32
FVIIAg – .50 .19 .17 .15 .20
FVIIa – .15 .16 .13
CHL – .16 .92 .35 .25 .82
HDL –C – –.41 .90 .38
LDL –C – .21 .62
TriG – –.23 .39
ApoA1 – .49

p<0.01 for correlation coefficients  |r| .12 –.18; 
p<0.001 for correlation coefficients |r| ≥ .19.
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Discussion
There is increasing evidence of the important role

played by the tissue Factor-FVII pathway in the initi-
ation of blood coagulation. Population-based stud-
ies have provided evidence that elevated FVIIc levels
may be involved in the pathogenesis of IHD.32-39 The
clinical impact of elevated FVII levels has given rise to
controversy because of the different forms of FVII that
exist in plasma15,34,40,41 and the different methods
employed for measuring FVIIc.23,32,34,41 Further com-
plexity stems from the genetic and environmental
determinants of FVII levels. Very recently, the impor-
tance of FVII genotype was stressed in the analysis of
a large cohort of subjects with a personal and fami-
ly history of IHD.42 On the other hand, numerous
studies have analyzed the impact of lipids and, in par-
ticular, of TriG.5-16,19,20

The most important features of this study are the
wide array of lipid and genetic assays carried out, and
the fact that the subjects were enrolled irrespective of
time of day and fasting status. The fact that subjects

were analyzed irrespective of their fasting status, has
certainly meant that overall correlations are weaker,
but description of the variables and their interactions
is closer to reality, since it is made up of diverse ele-
ments which may be present during the course of
acute ischemic events.

Effect of age and sex
FVIIc and FVIIAg levels were, as previously report-

ed,23,33,43-45 influenced by age and this influence was
more pronounced in females than in males. This was
even more evident as regards the increase of FVIIa
(9%/10 years). The overall evaluation of the changes
in lipid levels with respect to sex and age, can be
ascribed to menopausal hormonal changes.46,47

FVII genotypes
Polymorphic markers within the FVII gene (the 5’F7

and the 353R/Q polymorphisms) contribute to deter-
mining FVII levels.17,23 Members of this group23 have
calculated that these markers are associated with
about 1/3 of the total FVIIc variation, a finding which
has been extended, more recently, also to FVIIa.24 In
this study, two groups were characterized: one
including the homozygotes for the A1 and the M1
alleles, and the other one made up of the heterozy-
gotes and the homozygotes for the rarer A2 and M2
alleles. Our data not only provide new and strong
evidence that FVIIa levels are significantly different in
the genotypes examined, but also that a significant
part of the variation is due to particular lipid con-
stituents.

Phospholipids and FVIIa

Table 4. Influence of the most common genotypes on FVII-
related parameters (mean[SD]) (same units of measure as
in Table 1).

Genotypes n. FVIIa FVIIc FVIIAg

A11M11 330 84.4 (3.2) 128.7 (25.3) 104.9 (17.7)

A12M12 +
A22M22 88 51.0 (2.4) 103.2 (25.6) 95.8 (18.2)

Difference between genotypes
F 122.0 F 84.0 F 21.9

p <.00001 p <.00001 p <.00001

Table 5. Multiple regression analysis concerning the effect
of PhL, TriG and CHL concentrations on FVII levels as depen-
dent variable (age, sex and center included in the regres-
sion model). The values of the standardized regression coef-
ficients (SRC) are shown, together with the effect caused
by a hypothetical 50% and 100% increase of the lipid vari-
ables.

Increase FVIIc FVIIa FVIIAg

SRC +0.25° +0.20* +0.10
PhL +50% +16.9% +26.1% +4.2%

+100% +30.7% +48.7% +7.3%

SRC +0.12* +0.07 +0.10
TriG +50% +2.4% +2.8% +1.3%

+100% +4.2% +4.8% +2.3%

SRC +0.04 –0.14 +0.09
CHL +50% +2.2% –12.8% +3.2%

+100% +3.7% –20.9% +5.5%

Slope significantly different from 0: *p<.05; °p<.01.

Table 6. Multiple regression analysis concerning the effect
of PhL on FVII levels (dependent variable) in a population
selected by genotype. Age, sex, center, TriG, and CHL were
included in the regression model. The values of the stan-
dardized regression coefficients (SRC) are shown, together
with the effect caused by a hypothetical 50% and 100%
increase of the lipid variables.

Genotype increase FVIIa FVIIc FVIIAg

SRC +0.34** +0.47** +0.27**
A11M11 +50% +41.0% +27.6% +11.4%

+100% +79.9% +51.6% +20.4%

SRC –0.17 –0. 11 –0.14
A12M12+ +50% –16.2% –6.8% –5.7%
A22M22 +100% –26.1% –11.4% –9.5%

Slope significantly different from 0:* p<.05 ;** p<.01.

Differences between genotypes:
a) PhL as independent variable FVIIc  t=5.82, p <0.001

FVIIa  t=5.09, p <0.001
FVIIAg t=4.50, p <0.001

b) TriG as independent variable (data not shown in the table)
FVIIc t=0.47, n.s.
FVIIa t=0.12, n.s.
FVIIAg t=0.58, n.s.



Lipids and FVII
The multiple regression analysis demonstrated that

the major determinants of FVII are the PhL, whose
high concentrations were associated with significant
increases of FVIIa, FVIIc and FVIIAg. Equally high con-
centrations of other lipid fractions were associated
with insignificant changes in FVII levels (Table 5).
When focused on the effect of high PhL concentra-
tions on FVII levels in subjects characterized by geno-
type, the analysis confirmed that the highest FVII lev-
els were indeed associated with increased PhL con-
centrations, but only in the A11-M11 genotype
(Table 6). In subjects with the A2 and/or M2 alleles
FVII levels were lower, regardless of the PhL concen-
trations. The genetic analysis highlighted an impor-
tant association that would have been missed if the
phenotype, alone, had been considered. It is impor-
tant to note that in previous studies the association
between FVIIa and TriG was reported to be weak or
absent.14,40,48,49

For methodological reasons, namely to use a repro-
ducible and standardized procedure, our investiga-
tion was limited to choline-containing PhL. The non-
choline-containing PhL were previously reported to
make up a small part (<30%) of these serum lipid
constituents.50 We have checked this aspect in an
appropriate number of subjects (n=91) and found
that non-choline-containing PhL average less than
10% of the whole PhL concentration (ranging from
3.6 to 13). This does not exclude that the rare PhL
compounds (in particular the acidic ones) could play
a role in the interaction with FVII.

It is important to note that Berliner et al.51 have
indicated substantial roles for oxidized PhL in athero-
genesis, namely the stimulation of the monocyte-
endothelial interaction and the production of
platelet-derived growth factor by smooth muscle
cells. These interactions may have some connections
with the presence of increased levels of activated FVII.

Our findings may revive interest in the so-called
phospholipase C (PLC)-sensitive FVII complex.41,52-55 The
most accredited hypothesis concerning the nature of
this form of FVII is that of a complex made up of acti-
vated FVII and phospholipids.54 Our data supports
this hypothesis, which, nonetheless, is still in need of
further experimental corroboration.

The nature of the association of FVII with PhL may
be different from that with TriG. Under physiological
conditions, TriG in chylomicrons increase sharply 3-
5 hours after meals and then rapidly decrease (half-
life of 5 min.);56 the same rapid change holds for FVII.
In sustained hypertriglyceridemia, on the other hand,
FVIIc remains elevated.9,57,58 It is this chronic increase
of FVII levels that may be associated with high PhL
levels.

One may wonder whether the weak association we
found between FVII and TriG is related to method-
ological issues (the non fasting status of the majori-
ty of the subjects). We ruled out this possibility by

analyzing the fasting subjects separately and found
that the association between FVII and PhL was much
stronger than that with TriG (data not shown).

The most important findings of this study indicate
that PhL are the main environmental determinants
of FVII and that the interaction between these ubiq-
uitous lipid components and FVII is confined to the
subjects homozygous for the A1 and M1 alleles of
the 5’F7 and 353R/Q polymorphisms. Further studies
are needed to understand the molecular basis of the
interaction between the FVII molecules expressed
under the control of the A11/M11 genotype and PhL.

In conclusion, the interaction between FVII and
lipids is complex, since many lipid fractions are
involved. Clarification of these interactions will allow
us to understand better the mechanisms underlying
thrombosis in the atherosclerotic vessel. 

Contributions and Acknowledgments
This work was carried out within the framework of the

European Union Concerted Action BMH1-CT94-1202
“The Role of the FVII-Tissue Factor Pathway in Ischemic
Heart Disease” (Clotart). The authors wish to thank Mr.
David Holmes for his work in amending the text and Mr. P.
Ferraresi for his skilful technical assistance. GM is the co-
ordinator of the EU Concerted Action. FB, RB, VVG, HP,
MS and PMS are principal investigators of the CA. FC con-
tributed to the statistical analysis of the data. All the authors
contributed to the conception, analyses and interpretation of
the data, as well as to the writing of the article.

Disclosures
Conflict of interest: none.
Redundant publications: no substantial overlapping with

previous papers.

Manuscript processing
Manuscript received December 23, 1998; accepted March

18, 1999.

References

1. Grundy SM. Lipids, Nutrition and Coronary Heart Dis-
ease. In: Fuster V, Ross R, Topol EJ, eds. Atheroscle-
rosis and Coronary Artery Disease. Lippincott-Raven
Publishers 1996:45-68.

2. Davignon J, Cohn JS. Triglycerides: a risk factor for
coronary heart disease. Atherosclerosis 1996; 124
(suppl.):57-64.

3. Lamarche B, Despres JP, Moorjani S, Cantin B, Dage-
nais GR, Lupien PJ. Triglycerides and HDL-cholesterol
as risk factors for ischemic heart disease. Results from
the Quebec cardiovascular study. Atherosclerosis
1996; 119:235-45.

4. Simpson HCR, Mann JL, Meade TW, Chakrabarti R,
Stirling Y, Woolf L. Hypertriglyceridaemia and hyper-
coagulability. Lancet 1983; 2:786-90.

5. Scarabin PY, Bara L, Samama M, Pastier D, Orssaud
G. Further evidence that activated factor VII is related
to plasma lipids. Br J Haematol 1985; 61:186-7.

6. Miller GJ, Martin JC, Webster J, et al. Association
between dietary fat increase and plasma factor VII
coagulant activity - A predictor of cardiovascular mor-

624

Haematologica vol. 84(7):July 1999

G. Mariani et al.



tality. Atherosclerosis 1986; 60:269-77.
7. Bruckert E, Carvalho de Sousa J, Giral P, et al. Inter-

relationship of plasma triglyceride and coagulant fac-
tor VII levels in normotriglyceridemic hypercholes-
terolemia. Atherosclerosis 1989; 75:129-34.

8. Carvalho de Sousa J, Soria C, Ayrault-Jarrier M, et al.
Association between coagulation factors VII and X
with triglyceride rich lipoproteins. J Clin Path 1988;
41:940-4.

9. Carvalho de Sousa J, Bruckert E, Giral P, et al. Coag-
ulation factor VII and plasma triglycerides. Haemosta-
sis 1989; 19:125-30.

10. Miller GJ, Martin JC, Mitropoulos KA, et al. Plasma
factor VII is activated by post-prandial triglyceridemia,
irrespective of dietary fat composition. Atherosclero-
sis 1991; 86:163-71.

11. Wright D, Poller L, Thomson JM, Gowland E, Burrows
GE. The inter-relationship of factor VII and its activi-
ty state with plasma lipids in healthy male adults. Br J
Haematol 1993; 85:348-51.

12. Folsom AR, Ma J, Eckfeldt JH, Shahar E, Wu KK. Plas-
ma phospholipid fatty acid composition and factor
VII coagulant activity. Atherosclerosis 1994; 111:199-
207.

13. Salomaa V, Rasi V, Pekkanen J, et al. The effect of sat-
urated fat and n-6 polyunsaturated fat on post-pran-
dial lipemia and hemostatic activity. Atherosclerosis
1993; 103:1-11.

14. Moor E, Silveira A, van’t Hooft F, et al. Coagulation
factor VII mass and activity in young men with myocar-
dial infarction at a young age. Role of plasma lipopro-
teins and factor VII genotype. Artherioscl Thromb Vasc
Biol 1995; 15:655-64.

15. Morrissey JH, Macik BG, Neuenschwander PF, Comp
PC. Quantitation of activated factor VII levels in plas-
ma using a tissue factor mutant selectively deficient in
promoting factor VII activation. Blood 1993; 81:734-
44.

16. Hubbard AR, Barrowcliffe TW. Measurement of acti-
vated factor VII using soluble mutant tissue factor - pro-
posal for standardization [letter]. Thromb Haemost
1994; 72:649-50. 

17. Green F, Kelleher C, Wilkes H, Temple A, Meade T,
Humphries S. A common genetic polymorphism asso-
ciated with lower coagulation factor VII levels in
healthy individuals. Arterioscler Thromb 1991; 11:
540-6.

18. Lane A, Cruickshank JK, Stewart J, Henderson A,
Humphries S, Green F. Genetic and environmental
determinants of factor VII coagulant activity in differ-
ent ethnic groups at differing risk of coronary heart
disease. Atherosclerosis 1992; 94:43-50.

19. Humphries SE, Lane A, Green FR, Cooper J, Miller GJ.
Factor VII coagulant activity and antigen levels in
healthy men are determined by factor VII genotype
and plasma triglyceride concentration. Arterioscler
Thromb 1994; 14:193-8.

20. Silveira A, Green F, Karpe F, Blomback M, Humphries
S, Hamsten A. Plasma factor VII antigen and activity
levels are determined by factor VII genotype and post-
prandial triglyceride-rich lipoprotein levels. Thromb
Haemost 1994; 72:734-9.

21. Lane A, Green F, Scarabin PY, et al. Factor VII Arg/Gln
353 polymorphism determines factor VII coagulant
activity in patients with myocardial infarction (MI)
and control subjects in Belfast and in France but is
not a strong indicator of MI risk in the ECTIM study.
Atherosclerosis 1996; 119:119-27.

22. Humphries S, Temple A, Lane A, Green F, Cooper J,
Miller G. Low plasma levels of factor VIIc and antigen
are more strongly associated with the 10 base pair
promoter (-323) insertion than the glutamine 353

variant. Thromb Haemost 1996; 75:567-72.
23. Bernardi F, Marchetti G, Arcieri P, et al. Factor VII

gene polymorphisms contribute about one third of
the factor VII level variation in plasma. Arterioscler
Thromb Vasc Biol 1996; 16:72-6.

24. Bernardi F, Arcieri P, Bertina RM, et al. Contribution
of FVII genotype to activated FVII levels. Differences in
genotype frequencies between Northern and South-
ern European Populations. Arterioscler Thromb Vasc
Biol 1997; 17:2548-53.

25. Rautel GS, Liedtke RJ. Automatic enzymatic measure-
ment of total cholesterol in serum. Clin Chem 1978;
24:108-14.

26. Grove TH. Effect of reagent pH on determination of
high-density lipoprotein cholesterol by precipitation
of sodium phosphotungstate-magnesium. Clin Chem
1979; 25:560-4.

27. Friedewald WT, Levy RI, Fredrickson DS. Estimation of
the concentration of low-density lipoprotein choles-
terol in plasma without the use of a preparative ultra-
centrifuge. Clin Chem 1972; 8:499-502.

28. Stinshoff K, Weisshar D, Staehler F, Hesse D, Gruber
W, Steier E. Relation between concentrations of free
glycerol and triglycerides in human sera. Clin Chem
1977; 23:1029-32.

29. Takayama M, Itoh S, Nagasaki T, Tanimizu I. A new
enzymatic method for the determination of serum
choline-containing phospholipids. Clin Chim Acta
1977; 79:93-8.

30. Marcovina S, Curtiss LK, Milne R, Albers JJ. Interna-
tional Federation of Clinical Chemistry (IFCC) Scien-
tific Division. Committee on Apolipoproteins, Work-
ing Group on Antibody Reagents, Selection and char-
acterization of monoclonal antibodies for measuring
plasma levels of apolipoproteins A-I and B. Ann Biol
Clin 1990; 48:597-600.

31. Genest J Jr, Jenner JL, McNamara JR, et al. Prevalence
of lipoprotein(a) [Lp(a)] excess in coronary artery dis-
ease patients. Am J Cardiol 1991; 67:1039-45.

32. Meade TW, Mellows S, Brozovich M, et al. Hemosta-
tic function and ischemic heart disease: principal
results of the Northwick Park Heart Study. Lancet
1986; 2:533-7.

33. Meade TW, Ruddock V, Stirling Y, Chakrabarti R,
Miller GJ. Fibrinolytic activity, clotting factors, long-
term incidence of ischemic heart disease in the North-
wick Park Heart Study. Lancet 1993; 342:1076-9.

34. Heinrich J, Balleisen L, Schulte H, Assmann G, Van de
Loo J. Fibrinogen and FVII in the prediction of coro-
nary risk: results of the PROCAM Study in healthy
men. Arterioscler Thromb 1994; 14:54-9.

35. Broadhurst P, Kelleher C, Hughes L, Imeson JD,
Raftery EB. Fibrinogen, factor VII clotting activity and
coronary artery disease severity. Atherosclerosis 1990;
85:169-73.

36. Cortellaro M, Boschetti C, Cofrancesco E, et al. The
PLAT Study: hemostatic function in relation to athero-
thrombotic events in vascular disease patients: princi-
pal results. Arterioscler Thromb 1992; 12:1063-70.

37. Hoffman CJ, Shah A, Sodums M, Hultin MB. Factor
VII activity state in coronary artery disease. J Lab Clin
Med 1988;111:475-81.

38. Hoffman CJ, Miller RH, Lawson WE, Hultin MB. Ele-
vation of factor VII activity and mass in young adults
at risk for ischemic heart disease. J Am Coll Cardiol
1989; 14:941-6.

39. Suzuki T, Yamauchi K, Matsushita T, et al. Elevation
of factor VII activity and mass in coronary artery dis-
ease of varying severity. Clin Cardiol 1991; 14:731-6.

40. Scarabin PY, Vissac AM, Kirzin JM, et al. Population
correlates of coagulation factor VII. Importance of
age, sex and menopausal status as determinants of

625

Haematologica vol. 84(7): July 1999

Phospholipids and FVIIa



626

Haematologica vol. 84(7):July 1999

activated factor VII. Arterioscler Thromb Vasc Biol
1996; 16:1170-6.

41. Prydz H. An activated form of factor VII in plasma, a
new link between lipids and clotting. In: Shearer MJ
and Seghatchian JM, eds. Vitamin K and vitamin K-
dependent proteins. Analytical, physiological and clin-
ical aspects. Boca Raton: CRC Press 1993; 111-24.

42. Jacoviello L, Di Castelnuovo A, De Knjif P, et al. Poly-
morhisms in the coagulation FVII gene and the risk of
myocardial infarction. N Engl J Med 1998; 338:79-
85.

43. Balleisen l, Bailey J, Eppinf PH, Schulte H, van den Loo
J. Epidemiological study on factor VII, factor VIII and
fibrinogen in an industrial population. I: baseline data
on the relation to age, gender, body weight, smoking,
alcohol, pill using and menopause. Thromb Haemost
1985; 54:475-9.

44. Folsom AR, Wu KK, Davis CE, Conlan MG, Sorlie PD,
Szklo M. Population correlates of plasma fibrinogen
and FVII, putative cardiovascular risk factors. Athero-
sclerosis 1991; 91:191-205.

45. Henkens CMA, Bom VJJ, van der Schaaf W, et al. Plas-
ma levels of protein S, protein C and factor X: effect
of sex, hormonal state and age. Thromb Haemost
1995; 74:1271-5.

46. Kannel WB, Hjortland MC, McNamara PM, Gordon
T. Menopause and risk of cardiovascular disease. The
Framingham Study. Ann Intern Med 1976; 85:447-
52.

47. Gordon T, Castelli WP, Hjortland MC, Kannel WB,
Dawber TR. High density lipoprotein as a protective
factor against coronary heart disease. The Framing-
ham Study. Am J Med 1977; 62:707-14.

48. Negri M, Arigliano PL, Talamini G, Carlini S, Manza-
to F, Bonadonna G. Levels of plasma factor VII and
factor VII activated forms as a function of plasma
triglyceride levels. Atherosclerosis 1993; 99:55-61.

49. Kario K, Narita N, Matsuo T, et al. Genetic determi-

nants of plasma factor VII in the Japanese. Thromb
Haemost 1995; 73:617-22.

50. Schwarz HP, Dahlke MB, Dreisbach L. Phospholipid
composition of blood plasma, erythrocytes and ghosts
in sickle cell disease. Clin Chem 1977; 23:1548-50.

51. Berliner J, Leitinger N, Watson A, Huber J, Fogelman
A, Navab M. Oxidised lipids in atherogenesis: forma-
tion, destruction and action. Thromb Haemost 1997;
78:195-9.

52. Dalaker K, Skartlien AH, Prydz H. A new form of coag-
ulation factor VII in plasma. Scand J Hematol 1986;
36:430-8.

53. Dalaker K, Smith P, Arnesen H, Prydz H. Factor VII-
phospholipid complexes in male survivors of acute
myocardial infarction. Acta Med Scand 1987; 222:
111-6.

54. Skartlien AH, Lyberg Beckmann S, Holme I, Hjermann
I, Prydz H. Effect of alteration in triglyceride levels on
factor VII-phospholipid complexes in plasma. Athero-
sclerosis 1989; 9:798-801.

55. Delaker K, Ingebretsen OC, Rasmussen S, Nordba
Berge L, Prydz H. Phospholipase C-sensitive factor VII
activity in normal pregnancy. Acta Obstetr Gynecol
Scand 1990; 69:111-4.

56. Grundy SM, Mok HYI. Chylomicron clearance in nor-
mal and hyperlipidaemic men. Metabolism 1976; 25:
1225-39.

57. Miller GJ, Cruickshank JK, Ellis LJ, et al. Fat consump-
tion and factor VII coagulant activity in middle-aged
men. An association between a dietary and thrombo-
genic coronary risk factor. Atherosclerosis 1989; 78:
19-24.

58. Bladbjerg EM, Tholstrup T, Markmann P, Sandstrom
B, Jesperson J. Dietary changes in fasting levels of FVII
coagulant activity (FVII:C) are accompanied by
changes in factor VII protein and other vitamin K-
dependent proteins. Thromb Haemost 1995; 73:239-
42.

G. Mariani et al.




