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Genetics of fibrin clot structure: a twin study
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Coronary artery thrombosis following
plaque rupture is an important feature of
myocardial infarction, and studies have
highlighted the role of coagulation in this
condition. Although genetic and environmental influences on the variance in coagulation protein concentrations have
been reported, there are no data on the
heritability of structure/function of the
final phenotype of the coagulation cascade, the fibrin clot. To assess genetic
and environmental contributions to fibrin
structure, permeation and turbidity stud-

ies were performed in 137 twin pairs (66
monozygotic, 71 dizygotic). The environmental influence (e2) on pore size (Ks)
(e2 ⴝ 0.61 [95% confidence interval (CI),
0.45-0.80]) and fiber size (e2 ⴝ 0.54 [95%
CI, 0.39-0.73]) was greater than the heritability (h2 ⴝ 0.39 [95% CI, 0.20-0.55] and
0.46 [95% CI, 0.27-0.62], respectively). After correction for fibrinogen levels, the
environmental effect persisted for Ks
(e2 ⴝ 0.61), but genetic influence assumed
a greater importance in determining fiber
size (h2 ⴝ 0.73). Multivariate analysis re-

vealed an overlap in the influence of
genetic and environmental factors on fibrinogen levels, Ks, and fiber size. Factor
XIII B subunit showed environmental and
genetic correlation with fibrinogen and
fiber size and a genetic correlation with
Ks. The results indicate that genetic and
environmental influences are important
in determining fibrin clot structure/function. (Blood. 2004;103:1735-1740)
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Introduction
Studies from the Scandinavian twin registries report an increased
concordance of risk for death from coronary heart disease (CHD) in
monozygotic (MZ) compared with dizygotic (DZ) twins.1 This
supports an important role for shared genetic factors in determining
mortality from CHD that is not explained by the recognized
familial trends seen in conventional cardiovascular risk factors,
such as diabetes mellitus, hypertension, smoking, and obesity.1
Coagulation/fibrinolysis proteins have been studied in several
prospective studies of CHD risk, and elevated plasma concentrations of fibrinogen, factor VII (FVII), von Willebrand factor, and
plasminogen activator inhibitor 1 (PAI-1) have been reported to
relate to vascular risk and cardiovascular outcome.2-5 Variation in
the genes coding for components of the coagulation and fibrinolytic
system provides a potential mechanism to explain the heritable
nature of interindividual susceptibility to atherothrombotic disease.
However, although some genetic factors have been shown to have a
major effect on the variance in plasma levels of a number of
hemostatic cardiovascular risk factors,6-9 the relationship between
individual polymorphisms in coding genes and risk of CHD has
been inconsistent.10
Although the structure of the fibrin clot does not have a specific
coding gene, because it is generated by the fluid phase of an
activated coagulation cascade, the sum total of genetic and
environmental influences on the component proteins will be
integrated into those that affect fibrin structure/function. The
structure of the fibrin clot has been studied in vitro using a variety
of techniques,11 and it has been shown to be influenced by several
factors including fibrinogen concentration12 and common polymor-

phisms in genes encoding A␣-fibrinogen (Thr312Ala)13 and the
factor XIII (FXIII) A subunit (Val34Leu).14
Although genetic factors have been shown to influence plasma
concentrations of hemostatic proteins6-9 and individual polymorphisms have been found to influence fibrin clot structure, no studies
have assessed the overall influence of genetic factors on the fibrin
clot. In this study, we used a sample of female twin pairs to apply
quantitative genetic model fitting to estimate and contrast genetic
and environmental effects on the structure of ex vivo fibrin clots.
As both fibrinogen and FXIII are intimately involved in the
production of the fibrin clot, we further investigated potential
associations between fibrinogen, FXIII, and measures of fibrin
structure/function and examined whether these were attributed to
shared genes, environment, or both.

From the Academic Unit of Molecular Vascular Medicine, General Infirmary,
Leeds; the Twin Research and Genetic Epidemiology Unit, St Thomas’
Hospital, London, United Kingdom; and the Georgia Prevention Institute,
Department of Pediatrics, Medical College of Georgia, Augusta.

Reprints: P. J. Grant, Academic Unit of Molecular Vascular Medicine, G-Floor,
Martin Wing, The General Infirmary at Leeds, Leeds LS13EX, United Kingdom;
e-mail: p.j.grant@leeds.ac.uk.

Patients, materials, and methods
Subjects
One hundred thirty-seven female, white twin pairs (274 subjects), ranging
in age from 18 to 79 years, from the St Thomas’ UK Adult Twin Registry
participated in the study. Twins from the registry were recruited from the
general population through national media campaigns in the United
Kingdom. St Thomas’ Hospital research ethics committee approved the
study, and informed consent was obtained from participating twins.
Zygosity was established in all subjects by standardized questionnaire and
was confirmed by DNA fingerprinting. Subjects had no history of CHD or
diabetes mellitus and were not taking oral anticoagulants or aspirin.
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Blood sampling
Venous blood samples were taken between 8 and 10 AM after an overnight
fast. Within 5 minutes, blood was taken from the co-twin into 0.13
trisodium citrate containers (Becton Dickinson, Oxford, United Kingdom)
at room temperature. Within 1 hour of collection, samples were centrifuged
at 2560g for 20 minutes to obtain platelet-poor plasma, frozen in aliquots in
liquid nitrogen, and stored at ⫺40°C until analysis.
Biochemical assays
Fibrinogen levels were determined using the Clauss method.6 FXIII A and
B subunits were analyzed with in-house sandwich enzyme-linked immunosorbent assay (ELISA), and FXIII activity was analyzed with a 5
(biotinamido) pentylamine incorporation assay.15
Turbidity measurements of ex vivo fibrin clots
Turbidity measurements were performed as described previously.16 Lag
phase was recorded (in seconds) as the time taken for the absorbency (at
350 nm) of the plasma samples to increase by 0.01 from baseline (ie, time
zero reading) from addition of thrombin and calcium. Lag phase represents
the length of time required for fibrin protofibrils to grow to sufficient length
to allow lateral aggregation to occur, and it is sensitive to a variety of factors
including fibrinogen concentration and rate of fibrinopeptide A cleavage.17
Clot turbidity is directly proportional to the average cross-sectional area of
the fibers, and the maximum absorbency at 350 nm reflects the average size
of the fibrin fibers and the number of protofibrils per fiber.17 Maximum
absorbance was recorded as the absorbency value at 15 minutes minus the
baseline (time zero) reading. All turbidity curves reached a plateau within
15 minutes of analysis, and 2 replicate measurements were performed for
each sample. Only the results of maximum absorbance are reported here.
Whereas the inter- and intra-assay coefficients of variation (CV) for
measurement of maximum absorbance were acceptable (0.049 and 0.018,
respectively), lag-time measurement had a normal intra-assay CV (0.051)
but a large inter-assay CV (0.286), which introduced an erroneously large
common environmental factor into the genetic model-fitting analysis;
therefore, the results are not reported here.
Clot permeation measurements
Liquid permeation studies were performed as described previously,16 and
measure flow rates through fibrin clots formed from plasma samples. Two
replicate clots for each sample were analyzed. The technique enables
calculation of the permeation coefficient (Ks),12 which represents the
surface of the gel allowing flow through the network. This gives an
indication of the pore size within the fibrin clot and can indirectly provide
an estimation of the thickness of the fibrin fibers.
Statistical analysis
Raw data for maximum absorbance and the FXIII A subunit were normally
distributed, but data on fibrinogen levels, Ks, FXIII activity, and FXIII B
subunit needed log transformation to obtain normal distributions. All
variables were adjusted for age and body mass index (BMI; weight/height2
[kg/m2]) before genetic analyses, except for lag time and factor FXIII
activity, for which no influence of age or BMI could be detected.
Quantitative genetic model fitting of twin data
Twin methodology makes use of the fact that MZ twins share identical
genotypes, whereas DZ twins share on average 50% of their genes. It is
assumed that both types of twins share their common family environment to
the same extent,18 so any greater similarity between MZ compared with DZ
twins reflects genetic influences. A higher MZ than DZ intraclass correlation (r) provides a first impression of the magnitude of genetic influence as
reflected by the classic formula to estimate heritability: h2 ⫽ 2(rMZ ⫺ rDZ).19
Model-fitting analysis of twin data, however, has some major advantages
over the classic twin methodology and is now standard in twin research.20,21
The technique is based on the comparison of the covariances (or correlations) in MZ and DZ twin pairs and allows a more extensive separation of

the observed phenotypic variance into its genetic and environmental
components: additive (A) or dominant (D) genetic components and
common (C) or unique (E) environmental components. E also contains
measurement error. Dividing each of these components by the total variance
yields the different standardized components of variance. For example,
heritability (h2) can be defined as the proportion of the total variance
attributable to additive genetic variation.
Extension from univariate to multivariate models also allows exploration of the question whether the origin of the covariance between the
different variables is genetically and/or environmentally determined. Thus,
we used multivariate analysis to determine to what extent shared genes,
environment, or both can explain the relationship between fibrin structure
measurements (traits). These analyses are based on the comparison of
cross-trait/cross-twin correlations for MZ and DZ twins. If the correlation
between fibrinogen of one twin and Ks level in the co-twin is larger in MZ
than in DZ twins, it indicates that the genes influencing fibrinogen partly
overlap with the genes that influence Ks. The extent of the overlap is
reflected by the magnitude of the genetic correlation. When cross-trait/crosstwin correlations are absent for MZ and DZ twins, it suggests that
environmental factors specific to the individual (E) contribute to the
observed phenotypic correlation between fibrinogen and Ks. Thus, the
genetic contribution (rg) between 2 traits gives an indication of the amount
of overlap between (sets of) genes influencing those traits; rg is calculated as
the (additive) genetic covariance (COVA) between 2 traits divided by the
square root of the product of the total genetic variance components of each
of the traits. The genetic correlation between, for example, fibrinogen and
Ks therefore equals: [COVA (fibr ⫻ Ks)/公 (VA fibr ⫻ VA Ks)]. Shared and
unique environmental correlations are calculated in a similar fashion. All
quantitative genetic modeling was performed with Mx, a computer program
specifically designed for the analysis of twin and family data.22
Model-fitting procedure
The significance of variance components A, C, and D was assessed by
testing the deterioration in model fit after each component was dropped
from the full model (ACE or ADE), leading to a parsimonious model in
which the pattern of variances and covariances is explained by as few
parameters as possible. Standard hierarchic 2 tests were used to select the
best-fitting model. Estimates of the genetic and environmental variance
components and the appropriate 95% confidence interval (CI) were
obtained from the best-fitting model.

Results
Table 1 summarizes the general characteristics and mean (untransformed) results of the hemostatic parameters in the MZ and DZ
twin pairs. There was no significant difference for any of the
parameters between the MZ and DZ twins, nor was there any effect
of smoking, oral contraceptive, or hormone replacement therapy
use on any of the hemostatic measurements. Age and body mass
index (BMI) influenced some of the parameters measured (Table
2), and their effects were regressed out before genetic analysis.
The intraclass correlations of the MZ and DZ twins are shown
in Table 3. The MZ twin correlations are higher than those for DZ
twins, which suggests that genetic factors influence fibrin clot
structure and hemostatic factor concentrations.
Results of quantitative model fitting, based on comparisons of
observed and expected variance-covariance matrices using the
normal theory of maximum likelihood, are summarized in Table 4,
which contains the standardized variance components and 95% CI
for the best-fitting univariate models for each measured parameter.
For all the listed parameters, the data were best explained using a
model with an additive genetic and a unique environmental
component (AE models). The genetic component explained moderate to large proportions of the total variance in the parameters
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Table 1. General characteristics and hemostatic parameters of the
twin pairs
MZ twins

No. pairs

66

Age, y

49.2

Height, m
Weight, kg

1.63

SD
—
12.9

Mean
71
46.6

—

Ks

0.46

64

0.08

70

Maximum absorbance

0.45

64

0.27

68

10.4

0.90

66

0.28

71

0.70

66

0.47

71

4.9

25.6

4.7

FXIII B subunit

0.69

66

0.34

71

—

12.0

—

—

16.9

—

—

13.4

25.8
12.1

HRT, % current user

16.7

Smoker, % current

16.7

1.64

0.06

3.19

0.95

3.03

0.75

Ks, ⫻ 10⫺9 cm2

5.94

3.33

5.60

2.81

0.20
29.2

0.91
107.2

N indicates the number of complete twin pairs.

—

Fibrinogen, g/L

0.21
28.2

FXIII A subunit, U/mL

1.12

0.23

1.09

0.23

FXIII B subunit, U/mL

1.05

0.22

1.02

0.17

OCP indicates oral contraceptive pill; HRT, hormone replacement therapy; and
—, not applicable.

measured, ranging from 39% for Ks values to 89% for FXIII
activity levels. The unique environmental component was found to
explain substantial proportions of the total variance in fibrin clot
structure; Ks values (61%), which represents pore size, and
maximum absorbance, which is an indicator of fibrin fiber diameter
(54%). When Ks and maximum absorbance were adjusted for
fibrinogen levels in the univariate model fitting, the environmental
effect persisted for Ks (e2 ⫽ 0.61), but genetic influence assumed a
greater importance in determining maximum absorbance or fibrin
fiber size (h2 ⫽ 0.73).
Initial analysis showed a large common environmental component to the variance of lag time, with no detectable genetic
component. The intra-assay coefficient of variation for measurement of lag time was found to be within the range of that normally
acceptable for biologic assays (0.051), but the inter-assay coefficient of variation was much larger (0.286), introducing errors in the
genetic model-fitting procedures. The measurement of lag time in
fibrin polymerization was repeated, randomizing the twin pairs
over different assay plates. However, the large inter-assay variation
still led to spurious results in the genetic model-fitting analysis, and
the results from this analysis are not reported here.
Phenotypic correlations for fibrinogen with gel porosity (Ks)
and with maximum absorbance were ⫺0.37 and 0.66, respectively
(Table 5). A phenotypic correlation was also detected between
FXIII B subunit levels and both Ks (⫺0.22) and maximum
absorbance (0.34). Taking into account the nonindependence of the
data, regression analysis showed that variation in the level of
fibrinogen explained 18% of the variation in gel porosity (Ks) and
48% in maximum absorbance.
Multivariate (Cholesky decomposition) model-fitting techniques, including fibrinogen, FXIII activity, and subunit levels, and
Table 2. Influence of age and BMI on the variation in fibrin
clot parameters
Parameter

N
71

FXIII A subunit

OCP, % current user

0.97

DZ
0.20

FXIII activity

BMI, kg/m2

109.6

N
65

Fibrinogen

13.3

12.5

FXIII activity, %

MZ
0.57

SD

68.7

0.06

68.3

Maximum absorbance

Table 3. Intraclass correlations for MZ and DZ twins for the fibrin
structure variables

DZ twins

Mean

1737

Age

BMI

Fibrinogen levels

3.3 (⫹)

8.0 (⫹)

Ks

measures of fibrin structure were fitted to determine whether the
observed phenotypic correlations between fibrinogen and FXIII
subunit levels and the measures of fibrin clot structure could be
explained by shared genes, shared environment, or both (Table 6).
An AE model gave the best fit to the data. Significant overlaps were
found to exist between the genetic and environmental factors
influencing most variables. The negative genetic correlation of
⫺0.38 between fibrinogen and Ks indicates that the genes that
influence fibrinogen levels partly overlap with those that influence
gel porosity. In addition, a large positive genetic correlation was
seen between fibrinogen and maximum absorbance (0.48), reflecting an overlap in genes that influence fibrinogen and those that
influence maximum absorbance. Genetic correlations were also
seen for the FXIII B subunit with the fibrin structure measurements
of gel porosity (⫺0.47) and maximum absorbance (0.33). In
addition to the contribution of genetic factors, environmental
factors were found to contribute to the observed phenotypic
correlations between the parameters.
It is not possible to compare the genetic and environmental
correlations between the parameters shown in Table 6 directly;
therefore, path-tracing rules were used to break the phenotypic
correlation into genetic and environmental portions (Table 5). The
phenotypic correlation between fibrinogen and Ks was induced by
shared genetic and environmental factors (⫺0.16 vs ⫺0.21),
whereas that between fibrinogen and maximum absorbance was
induced mainly by shared environmental factors (0.42) and to a
lesser extent by shared genetic factors (0.24). The correlation
between FXIII B subunit levels and Ks resulted from shared
genetic factors alone, whereas shared genetic and environmental
factors between FXIII B subunit levels and maximum absorbance
made similar contributions (0.19 vs 0.15) to the correlation found
between these 2 parameters.

Discussion
In this study we quantified the impact of genetic and environmental
factors on the structure of the ex vivo fibrin clot, and we have
shown that environmental factors have a considerable influence on
Table 4. Estimates of the contribution of additive genetic variance
(A) and unique environmental variance (E) based on the best-fitting
univariate genetic models
A (95% CI)

E (95% CI)
0.50 (0.37-0.66)

4.0 (⫺)

6.0 (⫺)

Fibrinogen

0.50 (0.34-0.63)

Maximum absorbance

—

4.0 (⫹)

Ks

0.39 (0.20-0.55)

0.61 (0.45-0.80)

FXIII A subunit levels

7.8 (⫹)

3.0 (⫹)

Maximum absorbance

0.46 (0.27-0.62)

0.54 (0.39-0.73)

FXIII B subunit levels

9.9 (⫹)

11.0 (⫹)

FXIII activity

0.89 (0.84-0.93)

0.11 (0.07-0.16)

FXIII A subunit

0.72 (0.60-0.81)

0.28 (0.19-0.40)

FXIII B subunit

0.66 (0.52-0.76)

0.34 (0.24-0.48)

All values are percentages. Signs in parentheses indicate direction of influence.
— indicates that age did not influence maximum absorbance levels.
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Table 5. Phenotypic correlations among fibrinogen, FXIII activity and subunit levels, and fibrin structure/function parameters
Fibrinogen

Ks

Maximum absorbance

FXIII activity

FXIII A subunit

1.00

—

—

—

—

—

⫺0.37* (⫺0.16/⫺0.21)

1.00

—

—

—

—

0.66* (0.24/0.42)

⫺0.29* (all rE)

1.00

—

—

—

0.12 (NS)

⫺0.17 (NS)

0.01 (NS)

1.00

—

—

FXIII A subunit

0.22* (all rE)

⫺0.10 (NS)

0.19* (all rE)

0.29* (0.21/0.08)

1.00

—

FXIII B subunit

0.40* (0.23/0.17)

⫺0.22* (all rG)

0.34* (0.19/0.15)

0.24* (all rG)

0.66* (0.51/0.15)

1.00

Fibrinogen
Ks
Maximum absorbance
FXIII activity

FXIII B subunit

Multivariate analysis and path tracing rules were used to quantify the extent to which genetic (G) and environmental (E) factors contribute to the phenotypic correlations (G/E).
*Significant at P ⬍ .05.

fibrin clot structure, mediated in part by an influence on fibrinogen
levels. We have also shown that plasma levels of fibrinogen and
FXIII subunits correlate with fibrin clot pore size (Ks) and fiber
size (maximum absorbance) and that an overlap in genetic and
environmental influences between these parameters contributes to
these correlations. FXIII was included in the analysis because levels
have been shown to influence fibrin clot structure in vitro.13,14,23,24
Although studies using family data to estimate genetic influence
are confounded to some extent by cohort, age, and shared
environmental factors, twin studies are able to discriminate between genetic and shared environmental sources of familial
resemblance, and they have the advantage of matching for both age
and unknown cohort effects.25 Although this study was limited to
women because most twins in the St Thomas’ UK Adult Twin
Registry are women for historical reasons,26 there is no reason to
expect major differences to exist between men and women for the
traits assessed; hence, the results should be of relevance to both
sexes. However, strictly speaking, results of our study cannot be
generalized to men. Future twin studies, aimed at systematically
investigating sex differences in genetic and environmental influences on fibrin structure, should include opposite-sex twin pairs in
addition to same-sex male twins.27 There was no effect of smoking,
oral contraceptive use, or hormone replacement therapy on any of
the hemostatic measurements. However, we cannot completely rule
out that unmeasured environmental variables, such as dietary
intake and physical activity, might have had an effect. If so, any
increased sharing of such environmental variables between MZ and
DZ twins might have caused bias in our genetic and environmental
variance components.
The finding that levels of FXIII B subunit correlated with fibrin
clot structure to a greater extent than FXIII activity and A subunit
level (which contains the catalytic activity that cross-links fibrin)
was unexpected. There are 2 possible explanations for this finding.
First, the B subunit may interact with other proteins that influence
fibrin structure and function. Previous studies have found that
levels of FXIII B subunit associate with other CHD risk factors,
such as elevated fibrinogen levels and insulin resistance in persons
with diabetes.28 Correlations between B subunit and fibrin structure
measures could, therefore, reflect the impact of other cardiovascu-

lar risk factors, which associate with insulin resistance, on the
structure of the fibrin clot. A second explanation for our findings
may be that there is a direct effect of the B subunit itself on fibrin
structure and function. The B subunit is composed of 10 modular
domains, called Sushi domains,29 that are involved in protein–
protein interactions. It has been reported that a splice variant of the
␥-chain of fibrinogen, ␥⬘, which occurs in 8% to 15% of fibrinogen,
binds FXIII through its B subunit.30 Direct interaction between the
B subunit and ␥⬘31 may modulate the reported influence of
fibrinogen ␥⬘ on fibrin clot structure, providing an alternative
explanation for the observed effects. Each of these hypotheses,
however, needs further investigation.
Results of the turbidity experiments indicated that although the
measurement of maximum absorbance was a reliable test, the
measurement of lag time was not. The lack of interassay reliability
in its measurement resulted in the generation of bias in the
(unreported) estimates of the components of variation on statistical
analysis. This assay appears to be highly sensitive to environmental
or experimental procedure-related influences, which are so great
that they obscure the ability of the assay to detect true differences in
lag time that would be induced by differences in the samples
analyzed. In our study, the large inter-assay variability of the test
translated into the presence of an erroneously large common
environmental influence on variation in lag time, which explained
nearly half the variation in measurements and was, therefore,
not reported.
The structure of the fibrin clot is relevant in CHD because the
thrombus in a coronary artery is composed of a platelet-rich fibrin
mesh, and clinical studies have shown that differing structures
relate to CHD risk.16,32-34 Fatah et al34 report that patients who
experience first myocardial infarction (MI) before the age of 45
years form clots with tighter and less permeable fibrin networks
than control subjects. This type of clot structure is more resistant to
fibrinolysis,35 possibly because the small pores within the clot
restrict the access of fibrinolytic enzymes.35-37
Atherosclerotic cardiovascular disease is the leading cause of
morbidity and mortality in much of the industrialized world. The
coagulation cascade plays a key role in this disease. The formation
of a thrombus over a ruptured atheromatous plaque in a coronary

Table 6. Genetic and environmental correlations from the best-fitting multivariate model

Fibrinogen
Ks
Maximum absorbance

Fibrinogen

Ks

1.00

⫺0.38*

Maximum absorbance

⫺0.38*

1.00

0.48*

⫺0.33

1.00

FXIII activity

0.85*

0.17

⫺0.27*

⫺0.13
0.12

FXIII A subunit

FXIII B subunit

0.26*
⫺0.18
0.25*

0.41*
0.02
0.36*

FXIII activity

0.12

⫺0.23

⫺0.03

1.00

0.53*

0.20

FXIII A subunit

0.21

⫺0.06

0.17

0.25*

1.00

0.50*

FXIII B subunit

0.39*

⫺0.47*

0.33*

0.27*

0.73*

1.00

Genetic correlations are shown in the lower left hand corner of the table, and environmental correlations are shown in the upper right hand corner of the table.
*Significant at P ⬍ .05.
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artery is the precipitant of MI. Hemostatic and fibrinolytic protein
concentrations are associated with CHD risk 2-5 As a consequence,
there has been a great deal of interest in determining the influence
of genetic factors on hemostatic proteins and on CHD risk.
Associations have been found between some hemostatic gene
polymorphisms and plasma levels of the individual proteins, but
there is still no reproducible evidence for the role of any hemostatic
polymorphism in the development of CHD or MI.10 We have
demonstrated that polymorphisms in FXIII (Val34Leu), B␤, and
A␣ fibrinogen (B␤, Glu448Lys, and A␣ Thr312Ala) affect fibrin
structure/function in vitro,13,14,23 making these polymorphisms
candidates for a component of the genetic contribution to variance
in fibrin structure/function. However, a clinical study of the
first-degree relatives of subjects with severe coronary artery
disease demonstrated differences in fibrin structure/function in
relatives compared with controls that were not attributable to
classical risk factors or to possession of the FXIIIVal34Leu or the
A␣ Thr312Ala polymorphisms.16
The results of our current study make the lack of consistent
associations between individual genetic polymorphisms and CHD
less surprising. Polymorphisms in the PAI-1, FVII, and fibrinogen
genes were found to have a minimal impact on the overall total
genetic contribution to plasma levels, ranging from less than 0.01%
(fibrinogen) to 11% (FVII) in a recent study of healthy families.38
More intriguingly, the impact of genetic factors appears to be
reduced on progression through the coagulation cascade. The
greatest influence is on individual hemostatic protein concentrations (44%-75%),6-9 but this influence subsequently falls through
thrombin generation (as measured by fragment 1 ⫹ 2 and thrombinantithrombin complex levels) (40%-45%)39 and fibrin clot formation (39%-46%), with environmental factors having a progressively greater effect.
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Atherosclerosis is a complex disorder with multiple risk factors
influenced by environmental and genetic factors. Although genetic
polymorphisms are likely to have been present within populations
for thousands of years, atherosclerotic disease has only reached
epidemic proportions within the last century, suggesting that this
situation can only have arisen through the development of adverse
genetic or environmental interactions. The Framingham Study40
demonstrated a decline in CHD in the cohorts studied in sequential
decades from 1950 to 1970, reflecting changes in environmental
factors that influenced CHD over this time period (decline in
smoking, improvement in diet, and management of hypertension
and dyslipidemia).41 Studies demonstrate that migrants acquire the
risks associated with their country of destination, lending additional weight to the importance of environmental factors.42-44 It is
feasible that known vascular risk factors, including glycation,
oxidized lipoproteins, and inflammation, may contribute to the
environmental component of variance in the fibrin clot. This is an
area worthy of further study.
The development of CHD involves life-long interactions between genetic and environmental factors that influence a person’s
risk for disease. The fibrin clot plays an important role in the
development of the thrombotic complications of atherosclerotic
disease, and our results indicate environmental factors have a
significant influence on its structure. A key issue for future research
will be identifying factors that determine the structure/function of
the fibrin clot, particularly environmental factors, which can be
influenced via intervention, to reduce future atherothrombotic risk.
Multiple genes influence the phenotype of fibrin clot structure/
function, and our results show there is a modest genetic influence
on its variance. This combination indicates that simple gene
association studies of the thrombotic component of vascular
disease should be approached with circumspection.
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15. Ariëns RAS, Kohler HP, Mansfield MW, Grant PJ.
Subunit antigen and activity levels of blood coagulation factor XIII in healthy individuals: relation
to sex, age, smoking, and hypertension. Arterioscler Thromb Vasc Biol. 1999;19:2012-2016.
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M, Hamsten A. Proneness to tight and rigid fibrin
gel structures in men with myocardial infarction at
a young age. Thromb Haemost. 1996;76:535540.
35. Gabriel DA, Muga K, Boothroyd EM. The effect of
fibrin structure on fibrinolysis. J Biol Chem. 1992;
267:24259-25263.
36. Carr ME Jr, Alving BM. Effect of fibrin structure on
plasmin mediated dissolution of plasma clots.
Blood Coagul Fibrinolysis. 1995;6:567-573.
37. Collet JP, Park D, Lesty C, et al. Influence of fibrin
network conformation and fibrin fiber diameter on
fibrinolysis speed: dynamic and structural approaches by confocal microscopy. Arterioscler
Thromb Vasc. Biol. 2000;20:1354-1361.
38. Freeman MS, Mansfield MW, Barrett JH, Grant
PJ. Genetic contribution to circulating levels of
haemostatic factors in healthy families with effects of known genetic polymorphisms on heritability. Arterioscler Thromb Vasc Biol. 2002;22:
506-510.
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