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Abstract
Objective - To determine in healthy men:
(1) whether an extended genotype of the
fibrinogen gene cluster using the GIA"45
and the BclI polymorphism of the P fib-
rinogen gene and TaqI of the a fibrinogen
gene explains a significantly larger pro-

portion of variance in plasma fibrinogen
levels in either smokers or non-smokers
than a single polymorphism (G/A-455); (2)
whether there is any evidence for geno-
type-smoking interaction in the de-
termination of fibrinogen levels.
Design -A cross sectional study ofhealthy,
white men recruited at the screening for
entry into the Thrombosis Prevention
Trial.
Setting - The subjects were drawn from
four general practices in the United King-
dom.
Results - The frequency of the rare alleles
in the sample was 0l19 for the G/A-455 poly-
morphism (A 4-5), 0 l5 for BclI (B+), and
0-27 for TaqI (T+) alleles. BMI and age
made significant contributions to the vari-
ance in plasma fibrinogen levels only in
non-smokers of5 4% and 2 3% respectively
and, in the group as a whole, smoking
accounted for 6-6% of the variance. In
the non-smokers, of the individual poly-
morphisms only the G/A-455 showed a

significant association with plasma fib-
rinogen levels (p=0.03). The mean fib-
rinogen in non-smokers homozygous for
the G-455 allele was 2-54 gil v 2 85 g/l in
those homozygous for the A-455 allele, with
the polymorphism explaining 3-6% of the
variance in plasma fibrinogen levels in this
group. On investigation of the association
of fibrinogen levels with combined geno-

types, the most significant effect was seen

with the combination of the G/A-455 and
TaqI polymorphisms, with those with no

"fibrinogen raising alleles" having a mean
fibrinogen of 2 57gIl v 3 l0ggl for those
with four "fibrinogen raising alleles" (p =
0.0036), and this combination explained
8-9% of the variance in plasma fibrinogen
levels (p<0 005). Although the con-

tribution to variance was greater with the
GIA 4551TaqI combination than the GIA-455

polymorphism alone (8.9% v 3.6%), this
did not reach significance (p=0.09). By
contrast, in the smoking group, the only
significant contribution to the difference
in plasma fibrinogen levels was the G/A-455
genotype alone which, after adjustment
for BMI and age, contributed 3-8% to the
variance (p<0.05). No interaction was
shown between smoking and genotype.
Conclusion - These data suggest that in
non-smokers an extended genotype using
the G1A-45" P fibrinogen gene poly-
morphism and the TaqI a fibrinogen gene
polymorphism explains a larger pro-
portion of the variance in plasma fib-
rinogen levels than any one polymorphism
alone, but that smoking has an overriding
effect so that other variables such as age
and BMI make little additional con-
tribution.

(J Med Genet 1995;32:585-589)

Several prospective epidemiological studies
have shown that plasma fibrinogen level is an
important predictor of ischaemic heart disease
and stroke."- The risk of developing peripheral
vascular disease is also increased with in-
creasing plasma fibrinogen levels.79 Fibrinogen
is an acute phase protein whose levels rise
in response to infection, inflammation, and
trauma.'" Other factors which influence levels
include age, obesity, hormonal changes, and
diabetes."-5 Fibrinogen can be raised as a
result of a variety of environmental factors,
most particularly smoking."2"1"216 It is likely
that a substantial part of the relationship be-
tween smoking and ischaemic heart disease is
mediated through its effect on plasma fib-
rinogen levels.

Fibrinogen consists of two each of three
separate chains, Aoa, BP, and y,17 each encoded
by a separate gene.""'0 The fibrinogen gene
loci lie in a cluster spanning approximately
50 kb on the long arm of chromosome 4.2o22
The synthesis ofthe BP chain is the rate limiting
step for fibrinogen production212 and this has
prompted investigation of genetic variation at
these loci, especially the 3 fibrinogen promoter
region, for association between such variation
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and differences in plasma fibrinogen levels.
Several reports have shown such an associ-
ation,229 but this has not been seen in all
studies."031 More recently there has been a

report of a gene-environment interaction be-
tween smoking and fibrinogen genotype28 but
other studies have not shown this finding.2629

In this report, the role of genetic variation at
the fibrinogen gene locus has been studied in
more detail. Recently, detection offive different
polymorphisms involving both the ac and the

fibrinogen gene loci using PCR has been
described."2 It is therefore relatively quick and
simple when compared to Southern blotting to
elucidate the extended genotype of a person.
To what extent further information is gained
by using the different polymorphisms or an

extended genotype has been investigated. Pos-
sible gene-environment interaction has also
been sought.

Materials and methods
The 292 healthy men participating in this study
were from four general practices being screened
for entry into the Thrombosis Prevention
Trial" and the selection procedures have pre-

viously been described.26 Samples were col-
lected and DNA extracted as described by
Thomas et al.26 Three of the polymorphisms
described by Thomas et al,'2 G/A455, C/T- ,
and T/G+'689, are in complete linkage dis-
equilibrium (except one of 596 chromosomes
tested) and therefore just one of these, G/
A-455, was used. The other two polymorphisms
investigated were those detectable using the
restriction enzymes BclI and TaqI, of the
fibrinogen and a fibrinogen genes respectively.
The primers and conditions used for PCR
amplification are given in Thomas et al.'2

The data were analysed using the statistical
package SPSS.'4 Fibrinogen levels were logio
transformed to normalise the data. Combined
genotypes were devised by counting the num-
ber ofalleles in any given genotype combination
that were associated with higher fibrinogen
levels. Although some associations did not
reach significance in this study, the trend seen

was similar to that in a previous study27 and
the designated "fibrinogen raising alleles" de-
termined from this. These were the A-455, the
BclI cutting, and TaqI non-cutting alleles. Thus,
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A map of the a and ,B fibninogen genes (not to scale)
showing relative positions of the TaqI, BclI, and GIA-455
polymorphic sites and linkage disequilibrium coefficients.
The transcription of the two genes is indicated by arrows
above the text alpha and beta.

for an extended genotype involving two differ-
ent polymorphisms there are five categories
having 0, 1, 2, 3, or 4 "fibrinogen raising
alleles". For the extended genotype involving all
three polymorphisms there are seven possible
categories. A quadratic term was calculated for
each of the genotype groups and tested with
the linear term in a multiple regression analysis.
There was no evidence of non-linearity in any

ofthe genotype groups except for the combined
G/A-455/TaqI in non-smokers. The genotypes
were therefore entered into any regression ana-

lysis as n categories except for the G/A-455/TaqI
combination when dummy variables were used.
In order to evaluate the relative contribution
to the variance in plasma fibrinogen levels of
the genotypes and their combinations, multiple
regression analysis was used, first adjusting for
BMI and age which are known to affect plasma
fibrinogen levels and then entering the various
genotypes or their combinations to see if any
further significant effect was seen. The analysis
was performed separately in smokers and non-

smokers. Interaction terms were calculated be-
tween smoking and age, smoking and BMI,
and smoking and genotype and entered into
the multiple regression model.

Results
The locations within the fibrinogen gene cluster
of the three variable sites used in the study are
shown in the figure. The characteristics of the
PCR fragments of each of the polymorphisms
have been previously described.'2 The overall
frequencies of the polymorphic alleles in the
subjects were 081 and 019 for the G/A-455
polymorphism, 0-85 and 0 15 for the BclI non-
cutting (B-) and cutting (B +) allele re-

spectively, and 073 and 0O27 for the TaqI
non-cutting (T-) and cutting (T +) allele
respectively. These frequencies are similar to
those found in previous studies.27303 The over-
all genotype frequencies were compared with
those predicted from the Hardy-Weinberg equi-
librium and no significant differences were de-
tected.
The characteristics of the smokers and non-

smokers are given in table 1 and, as expected,
smokers have a significantly higher fibrinogen
than non-smokers (2-93 g/l v 2-61 g/l,
p<O0OOO1). Of the individual polymorphisms,
only the G/A-455 in the non-smokers showed a

significant association with unadjusted plasma
fibrinogen levels, with those homozygous for
the A-455 allele having 12-2% higher levels than
those homozygous for the G-455 allele (p=
003). In the smokers there was a trend, al-
though not significant, towards higher fib-
rinogen levels in those possessing the A-455

Table 1 Fibrinogen, age, and BMI by smoking status

Smoking status Fibrinogen (gil) Age (y) BMI
(No) (95% CI) (SD) (SD)

Non-smoker 2 61 55-5 25-4
(172) (2 53-2 69) (5-8) (2 8)
Smoker 2-93* 55-3 25-6
(120) (2-81-3-05) (5 8) (2-9)
* p<O-OOO1.
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Table 2 Unadjusted plasma fibrinogen levels according to genotype and smoking status

RFLP Smoking status Fibrinogen (gll) 95% CI (No) p value

GG GA AA

G/A-4"5 Smoker 2 84 3-07 3-28 0-13
2-70-2 98 284-3-33 1-60-6-76
(75) (42) (3)

Non-smoker 2-54 2-74 2-85 0-03
2-45-2-63 2-58-2-92 2-29-3-55
(115) (49) (8)

B-B- B-B+ B+B+

BclI Smoker 2-85 3-12 2-96 0-16
2-72-2-99 2-85-3-41 2-01-4-36
(83) (35) (2)

Non-smoker 2-55 2-77 2-61 0-10
2-46-2-64 2 57-2 98 1-92-3 57
(123) (37) (4)

T-T- T-T+ T+ T+

TaqI Smoker 2-93 2-97 2-67 0-52
2-77-3-10 2-78-3-18 2 26-3-15
(62) (48) (7)

Non-smoker 2-66 2-55 2-49 0-37
2-54-2-78 2-41-2-69 2-24-2-76
(88) (62) (9)

One way analysis of variance.

Table 3 Mean (geometric, unadjusted) plasma fibrinogen level by combined G/A455
and TaqI genotype and smoking status

G/A 455/TaqI genotype Fibrinogen (gll) 95% CI (No)
(No of '<fibrinogen raising
alleles") Smoker Non-smoker

3-28 3-10
AA/T-T- 2-17-4-98 2-20-4-36
(4) (3) (4)

AA/T-T+ 3-13 3-15 2-93 2-95
GA/T-T- 2-78-3-53 2-83-3-50 2-68-3-20 2-72-3-20
(3) (23) (26) (29) (33)

GG/T-T- 2-86 2-52
AA/T+T+ 2-70-3-03 2-43-2-62
GAIT-T+ (55) (74)
(2)
GG/T-T+ 2-95 2-87 2-52 2-52
GA/T+T+ 2-70-3-22 2-75-3-00 2-35-2-70 2-44-2-61
(1) (29) (91) (46) (126)

2-67 2-57
GG/T+T+ 2-62-3-15 2-20-3-00
(0) (7) (6)
p value* 0-35 0-07 0-0036 0-0001
* From analysis of variance on log transformed, unadjusted fibrinogen values.

Table 4 Contribution to variance in plasma fibrinogen levels using a multiple regression
model

Smoking Variable
status

Polymorphism

BMI Age BdI GIA-4 TaqI G/A-45/TaqI
(No) (No) (No) (No) (No) (No)

Non-smoker 5-4%t 2-3%t 2-4%t 3-6%t 1-4%* 8-9%§
(172) (172) (164) (172) (159) (159)

Smoker 0-1%* 1-5%* 2-5%* 3-8%t 0-3%* 4-4%*
(120) (120) (120) (120) (117) (117)

BMI and age were entered first into the regression model and then genotype entered and the
additional contribution shown in the table.
*Not significant, t p<0-05, t p<0-01, p=0-005.

allele, with those homozygous for this allele
having fibrinogen levels 15-5% higher than
those homozygous for the G-455 allele (table
2). For the Bcll polymorphism (J fibrinogen)
highest plasma fibrinogen levels were observed
in the heterozygotes and the lowest in those
homozygous for the non-cuffing allele for both
smokers and non-smokers (table 2). The num-
bers were small in those homozygous for the
cutting allele. This is similar to the trend seen
in a previous study.7 For the TaqI poly-

morphism (oa fibrinogen), no significant as-
sociation was shown with plasma fibrinogen
levels in smokers or in non-smokers. However,
in both groups a trend toward lower levels
in those with one or two cutting alleles was
observed, with those homozygous for T+ hav-
ing 8-9% lower levels than those homozygous
for T- in smokers and 6-4% lower levels in
non-smokers (table 2).
The association between plasma fibrinogen

levels and combined genotypes was in-
vestigated and the most significant effect was
seen with the combination of the G/A-455 and
TaqI genotypes (table 3). This reached sig-
nificance in the non-smokers but not in the
smokers. The number of categories of geno-
types was reduced to investigate whether the
presence of 3-4 "fibrinogen raising alleles"
compared with the presence of 0-2 "fibrinogen
raising alleles" showed a more significant
difference. In the non-smokers, fibrinogen
levels were 17% higher (2-95 g/l v 2-52 g/l, p=
0-000 1) and in smokers, levels were 10% higher
(3-15g/1 v 2-87g/1, p=O0-07).
A multiple regression analysis was performed

for all combinations of genotypes having first
entered BMI then age. In non-smokers, BMI
made a contribution to variance of 5-4% and
age a smaller contribution of 2-3% (table 4).
BMI and age made no significant contribution
in the smokers. In the non-smokers, genotype
explained 2-4% (p<005) and 3-6% (p<0-01)
of the variance in plasma fibrinogen levels for
the BclI polymorphism and the G/A-455 re-
spectively. The TaqI polymorphism made a
smaller contribution of 1-4% which did not
reach significance. However, the combination
of the G/A-4"' and TaqI polymorphisms to-
gether explained 8-9% of the variance
(p<0-005) (table 4). The combination of the
three genotypes together did not increase the
contribution.

In the smokers, using multiple regression
analysis, G/A-455 genotype explained 3-8% vari-
ance in plasma fibrinogen levels (p<005) but
no other genotype or combination made a sig-
nificant contribution. When the group was
analysed as a whole, the effect of smoking
contributed 6-6% of the variance in the plasma
fibrinogen levels. No statistically significant in-
teraction could be shown between genotypes or
their combinations and smoking in determining
plasma fibrinogen levels.

Discussion
Of the three polymorphisms, the G/A-455 was
associated with the greatest effect on plasma
fibrinogen level and accounted for 3-6% and
3-8% of the variance in non-smokers and
smokers respectively. The combination of the
GIA-455/TaqI polymorphisms in the non-
smokers accounted for 8-9% of the variance in
plasma fibrinogen levels but this did not differ
significantly from the G/A-455 alone (p = 0-09).
The G/A-455/Bcl combination did not con-
tribute any further to the variance in plasma
fibrinogen levels than the G/A-455 poly-
morphism alone. These results are not sur-
prising since the G/A-4"5 and the Bcll
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polymorphisms are in strong linkage dis-
equilibrium (A=085, p<0001), whereas the
G/A-455 and the TaqI polymorphisms are not
(A=-0-09, p>0 1).32 However, the TaqI poly-
morphism on its own was not associated with
a significant effect on plasma fibrinogen levels
although a trend of lower fibrinogen level with
the T + genotype was seen in both smokers
and non-smokers. A previous smaller study
using the TaqI and BclI polymorphisms showed
that the T + allele was associated with a low-
ering effect on plasma fibrinogen level and the
B + allele a raising effect, with these poly-
morphisms explaining 4-2% and 90% of the
phenotypic variance respectively.27 The effect
of the combination of these two genotypes on
fibrinogen level was additive explaining 14-7%
in total of the variance,27 which is similar to
the size of the effect seen here with the com-
bination of the G/A-455 and TaqI genotypes.
The studies by Connor et al30 and Berg and

Keirulf3' showed no significant effect of geno-
type on plasma fibrinogen levels but correction
for BMI was not made in either study; in this
study it made a significant contribution in the
non-smokers. In the smokers BMI made no
significant contribution and neither did age,
possibly because the effect of smoking is so
strong that it overrides lesser effects in studies
of this size and with a relatively narrow age
and BMI range. No statistically significant in-
teraction was seen between genotype and smok-
ing. In contrast, Green et at25 found a significant
interaction between smoking status and geno-
type in determining plasma fibrinogen levels in
healthy Swedish controls, but not in the patient
group, who consisted of young survivors of
myocardial infarction.

In this study, those who had a history of
coronary artery disease were excluded. Since a

high fibrinogen level has consistently been
shown to be a predictor of coronary events it
seems likely that a disproportionate number
of people with higher fibrinogen levels would
have been excluded. This would decrease the
chances of showing an association between
genotype and plasma fibrinogen level and might
explain why the fibrinogen level is lower than
expected in the BclI B + B + group, which has
previously been shown to be associated with
higher fibrinogen levels.27 There is also a sig-
nificantly lower percentage of smokers in the
oldest age group, 19% in those .65 years v

47% in the 55<65 year olds and 38% in the
45<55 year olds (likelihood ratio x2 = 5X86, p =
004) which would decrease the likelihood of
showing a smoking-genotype interaction.

Detection of these fibrinogen genetic poly-
morphisms using PCR rather than Southern
blotting is both technically simpler and more

rapid, enabling large population samples to

be genotyped easily and quickly. Using the
extended genotype G/A-455 and TaqI explains
a greater proportion of the sample variance in

plasma fibrinogen levels than G/A-4" alone,
but extending the genotype to include the BclI
polymorphism does not contribute any further
information. Further study in a younger popu-
lation before the onset of ischaemic heart dis-
ease should help to clarify the relationship

between genetic variation and plasma fib-
rinogen levels. Gene-environment interaction
needs further investigation, paying attention to
different age groups and with a detailed history
of smoking characteristics.
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