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Summary. Background: The association of plasma fibrinogen
with myocardial infarction (MI) may (like that of C-reactive
protein, CRP) be a marker of subclinical inflammation,
mediated by cytokines such as interleukin-6 (IL-6). There
are well-recognized discrepancies between commonly per-
formed fibrinogen assays. Increased ratio of clottable fibrinogen
to intact fibrinogen (measured by a recently developed immuno-
assay) has been proposed as a measure of hyperfunctional
fibrinogen, and is elevated in acute MI. Objective: To compare
the associations of intact fibrinogen and four routine fibrinogen
assays (two von Clauss assays; one prothrombin-time derived;
and one immunonephelometric) in a case—control study of
previous MLI. Patients/methods: Cases (n =399) were recruited
3-9 months after their event; 413 controls were age- and sex-
matched from the case—control study local population. Intact
fibrinogen was measured in 50% of subjects. Results: All
routine fibrinogen assays showed high intercorrelations
(r=0.82-0.93) and significant (P <0.0001) increased mean
levels in cases vs. controls. These four routine assays correlated
only moderately with intact fibrinogen (r =0.45-0.62), while
intact fibrinogen showed only a small, nonsignificant increase in
cases vs. controls. Consequently, the ratio of each of the four
routine assays to the intact fibrinogen assay was significantly
higher (P < 0.0003) in cases vs. controls. Each fibrinogen assay
correlated with plasma levels of CRP and IL-6 (which were also
elevated in cases vs. controls). Each routine fibrinogen assay
remained significantly elevated in cases vs. controls after
further adjustment for C-reactive protein and interleukin-6.
Conclusions: These data provide evidence for acquired, in-
creased hyperfunctional plasma fibrinogen in MI survivors,
which is not associated with markers of inflammatory reactions.
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The causes and significance of these results remain to be
established in prospective studies.
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Introduction

Epidemiological studies and meta-analyses have shown that
plasma fibrinogen levels are associated with both prevalent and
incident coronary heart disease (CHD), including myocardial
infarction (MI) [1-7]. Although there is evidence for heritability
of plasma fibrinogen levels [8], there is little evidence that the
association of plasma fibrinogen with CHD is due to increased
prevalence of genetic polymorphisms associated with higher
plasma fibrinogen levels [9,10]. It is therefore possible that the
association of plasma fibrinogen with CHD is instead caused by
modifications to intact fibrinogen following its synthesis in the
liver and release into circulating plasma [11], as a plasma
protein marker of subclinical inflammation (like C-reactive
protein, CRP), mediated by cytokines such as interleukin-6
(IL-6) [7].

Plasma fibrinogen heterogeneity is due to heterogeneities in
all three constituent chains of fibrinogen, which result from
different transcriptional/translational products and post-transla-
tional modifications (e.g. partial digestion by thrombin, plasmin
and leukocyte elastase) [11]. Based on molecular weights, the
fibrinogen molecules can be subdivided in three main groups:
high molecular weight (HMW), low molecular weight (LMW)
and low molecular weight prime (LMW’). Normally these
comprise, respectively, 70%, 25% and 5% of total fibrinogen.
HMW fibrinogen clots much faster than LMW, and conse-
quently, relative increases in HMW (at constant total fibrino-
gen) will lead to apparent increases in fibrinogen as assessed by
the routine clotting rate assay of von Clauss [12], in which both
initial rate (F1) and final extent (F2) measures can be derived by
waveform analysis [13]. Other routine fibrinogen assays include
the prothrombin time-derived assay (PTF) [14]; and the im-
munonephelometric assay [15]. When the ratio of values found
with the von Clauss assay and those obtained using a recently
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developed ELISA for the total of high molecular weight
(HMW) and low molecular weight (LMW) fibrinogen (intact
fibrinogen, ITF) was calculated, normal donors had a ratio close
to 1, whereas patients with acute MI had a mean ratio of 1.6
before thrombolytic therapy, rising to 2.1 at 24-72h after
therapy [16-19]. It was suggested that this increased ratio
represents ‘hyperfunctional’ fibrinogen (i.e. faster than normal
clotting) in acute MI, perhaps because of a shift in the ratio of
HMW : LMW fibrinogen [11,20]. It was also suggested that this
ratio should be evaluated in epidemiological studies of MI, as a
potentially more sophisticated marker of fibrinogen activity
than routine assays such as the von Clauss assay [11].

We therefore performed a comparison of the association with
previous MI (and its major risk factors) of four different routine
fibrinogen assays [12-15], as well as the ELISA for intact
fibrinogen [15]. (Intact fibrinogen in this assay is defined as the
sum of HMW and LMW fibrinogen, and excludes early de-
gradation products such as fragments X and Y. HMW is a family
of fibrinogen molecules comprising newly synthesized mole-
cules with fully intact Aa chains (610 amino acids long), and
partly proteolyzed molecules in which up to 10% of the Aa
chains are missing at their carboxyterminal ends. LMW fibri-
nogen is a family of molecules in which one Ao chain is
proteolyzed as described above, and the other Aa chain for
up to 60%). We compared these assays with each other, studied
the ratios of each of the four routine assays to the intact
fibrinogen assay, and investigated their relationships to age,
sex, smoking habit, and the inflammatory markers, CRP and
IL-6, and to MI status.

Subjects and methods

The aim of the Glasgow Myocardial Infarction Study (GLA-
MIS) is to establish associations of plasma hemostatic and
inflammatory variables with previous MI and conventional risk
factors in a case—control study, and with incident CHD events in
a subsequent follow-up study. This study overlaps with the
Glasgow extension of the ECTIM study of genetic polymorph-
isms associated with MI [21]. The aim was to recruit all men
and women with MI in the North Glasgow MONICA study [22],
diagnosed by MONICA criteria [23] from July 1994, between 3
and 9 months after the event when acute-phase protein reactions
in acute MI had settled. Cases were patients with MI in this
population survey who were still alive, contactable and gave
consent (75% response rate). Controls were selected from a
random sample of the same north Glasgow population, obtained
from general practice registers, and frequency-matched for sex
and age (within 1 year), who had no history or electrocardio-
graph evidence of MI. Written informed consent was obtained
from all participants, and the study was approved by the local
research ethics committee.

Participants completed a general health questionnaire includ-
ing the Rose chest pain questionnaire, a drug and past medical
history, a smoking and alcohol history, and a detailed family
history [23]. Weight and height were measured for calculation
of body mass index (weight/height®); and an ECG and blood
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pressure were also recorded [23]. A forearm venous sample
was taken after a full overnight fast. Lipid assays were mea-
sured as previously described [23]. For assay of fibrinogen and
inflammatory variables, blood was anticoagulated with triso-
dium citrate (0.11molL™", 9:1 v/v). Anticoagulated samples
were centrifuged at 2000 x g for 10 min at room temperature
within 2h of sampling, and aliquots stored at —70°C until
assay.

Fibrinogen assays were performed in citrated plasma. The
von Clauss assay was performed on an MDA-180 analyzer
(Organon Teknika, Cambridge, UK) using the manufacturer’s
reagents and standards, and two endpoints recorded: the initial
rate (F1) and final extent (F2) [13]. The prothrombin-derived
fibrinogen assay [14] was performed on an ACL 300 Research
Coagulometer (Instrumentation Laboratory, Warrington, UK)
using the manufacturer’s reagents and standards. The immuno-
nephelometric fibrinogen assay [15], and an ultra-sensitive
assay for CRP [24], were performed on a nephelometer
(Dade-Behring, Marburg, Germany) using the manufacturer’s
reagents and standards. For logistic reasons, the ELISA for
intact fibrinogen [16] was only performed in a random 50%
subsample. IL-6 was assayed in citrated plasma using a sensi-
tive ELISA assay (R & D Systems, Abingdon, Oxon, UK) [25].

Statistical analysis

Since all fibrinogen assays gave highly skewed results, cases
and controls were compared on the logarithmic scale (back-
transforming for presentation). Ratios of assay values were
reasonably symmetrical in distribution and so did not require
such treatment. Kappa statistics [26] were used to compare the
assay results according to rank-order thirds.

Results

The total number of subjects potentially available for analysis
was 995 (490 cases and 505 controls). Of these, 399 cases and
413 controls had suitable blood samples for measurement of
fibrinogen and inflammatory variables, and thus entry to GLA-
MIS. As noted, above, intact fibrinogen was assayed in 50% of
subjects.

Table 1 shows demographic data and conventional risk fac-
tors in MI cases and controls. Cases were well-matched for age
and sex; had similar percentages of current smokers but a
significantly higher percentage of ex-smokers; had lower blood
pressure and HDL cholesterol; and had higher levels of LDL
cholesterol, triglycerides, diabetes, and body mass index.

Table 2 shows age-and sex-adjusted plasma levels of fibrino-
gen assays, ratios and inflammatory markers in cases and
controls. The von Clauss (extent, F2) and nephelometric assays
gave lower means than the other assays. Fibrinogen assays were
higher in cases than controls by each assay; however, the intact
fibrinogen assay showed the least distinction between cases and
controls, and, alone, was not statistically significant (P =0.10).
In consequence, the ratios of all three assays of clottable
fibrinogen to intact fibrinogen were significantly higher in cases
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Table1 Demographic data and conventional risk factors in cases and
controls

Cases Controls P-value

n 399 413
Males (%) 74.4 72.6 0.56
Age (years) 54.6+7.5 55.0+7.4 0.45
Smoker (%)

Current 46.9 46.5

Ex- 42.6 28.0

Never 10.6 25.6 < 0.0001
Blood pressure (mmHg)

Systolic 12324+219  130.6£20.1 < 0.0001

Diastolic 78.4+12.9 83.0+11.4  <0.0001
Cholesterol (mmol L)

Total 5.82+1.18 5.73£1.05 0.23

HDL 1.10£0.29 1.35+£043 < 0.0001

LDL 373 +£1.07 3.65+£0.96 0.03
Triglyceride (mmol L") 224+1.44 205£129  <0.0001
Diabetes (%) 11.5 22 < 0.0001
Body mass index (kg m?) 27.5+4.85 26.34+4.58 0.0004

Data given as (%) or mean + SD.

than controls (P < 0.0003); as was the ratio of the nephelo-
metric assay to intact fibrinogen (P=0.02). CRP and IL-6
levels were also significantly higher in cases than controls
(P <0.0001).

As expected, the three clottable fibrinogen assays showed
high intercorrelations (Spearman r = 0.90-0.92); while each of
these showed lower correlations with the immunonephelo-
metric assay (Spearman r = 0.82—0.85). These four assays each
showed markedly lower correlations with the intact fibrinogen
assay (Spearman r = 0.45-0.62). CRP and IL-6 assays showed
similar correlations with each other and with the four routine
fibrinogen assays (r=0.43-0.58); and lower correlations with
intact fibrinogen (r=0.31-0.36) and with fibrinogen ratios
(r=0.10-0.28). Age showed weak correlations with all five

fibrinogen assays (r=0.17-0.18), but not with fibrinogen ra-
tios. Correlations of fibrinogen assays and ratios with age, blood
pressure, lipids and body mass index were generally weak (data
not shown).

After age-adjustment, women had consistently higher fibri-
nogen assays than men, except for the intact fibrinogen assay
(data not shown). There were no consistent differences in the
sex effect on fibrinogen assays between cases and controls.
Current smokers had the highest values for all four routine
fibrinogen assays, but not for intact fibrinogen, both in cases and
controls (data not shown). Ex- and non-smokers (never smoked)
had similar values, with no consistent differences between
them, save that PTF was higher for ex-smokers for both cases
and controls. Cases had higher values than controls in all
subgroups of fibrinogen assay and smoking habit. Age-adjusted
Spearman correlations with expired-air carbon monoxide (an
objective measure of tobacco inhalation) were significant for all
four routine fibrinogen assays (» for F1 0.14, F2 0.20, PTF 0.17,
NF 0.13). Overall, there were no significant correlations be-
tween fibrinogen ratios and smoking habit.

The effects of CHD risk factors and inflammation markers
on the relationships between fibrinogen assays, fibrinogen
ratios and previous MI were examined by multiple regression
analysis, adjusting for a range of cardiovascular risk factors
(systolic and diastolic blood pressures, total and high-density
lipoprotein cholesterol, triglycerides, body mass index, dia-
betes, smoking status, CRP and IL-6; Tables 1 and 2). The
results differed little from those adjusted only for age and sex
(Table 2). All four routine fibrinogen assays remained signifi-
cantly associated with MI (P < 0.0001), as did the three ratios
of clottable to intact fibrinogen (P <0.002). The ratio of
nephelometric to intact fibrinogen became nonsignificant after
this further adjustment. After such adjustment, CRP was no
longer significantly associated with MI, whereas IL-6 retained
a significant association.

Table 2 Fibrinogen assays, ratios and inflammation markers (C-reactive protein and interleukin-6) in cases and controls

Cases Controls Mean *P-value
increase for extra
n Mean (95% CI) n Mean (95% CI) P-value (%) adjustment
Fibrinogen assays (gL ")
Clauss rate (F1) 387 4.60 (4.48-4.71) 378 4.13 (4.02-4.23) < 0.0001 11.4 < 0.0005
Clauss extent (F2) 387 3.43 (3.36-3.51) 378 3.11 (3.04-3.18) < 0.0001 10.3 < 0.0001
Prothrombin time (PTF) 365 4.58 (4.44-4.72) 363 4.03 (3.92-4.16) < 0.0001 11.4 < 0.0001
Nephelometric (NF) 302 3.57 (3.48-3.65) 277 3.25 (3.17-3.33) < 0.0001 9.8 < 0.006
Intact (ITF) 200 4.52 (4.37-4.67) 184 4.35 (4.20-4.50) 0.10 3.9 0.60
Fibrinogen ratios
F1/ITF 194 107.4 (104.4-110.4) 164 98.6 (95.5-101.8) < 0.0001 8.9 0.005
F2/ITF 195 77.3 (75.1-79.6) 163 71.6 (69.2-74.0) 0.0003 8.0 0.001
PTF/ITF 178 110.8 (106.5-115.1) 150 96.1 (91.5-100.7) < 0.0001 15.3 0.0003
NF/ITF 155 81.9 (79.2-84.5) 114 77.2 (74.2-80.1) 0.02 6.1 0.07
Inflammation markers
C-reactive protein (gL ") 391 3.20 (2.84-3.62) 370 1.98 (1.75-2.24) < 0.0001 61.6 0.11
Interleukin-6 (ngmL ") 379 2.14 (2.00-2.29) 360 1.56 (1.45-1.67) < 0.0001 37.2 < 0.0001

Data adjusted for age and sex; and *additionally for systolic and diastolic blood pressure, total and high density lipoprotein cholesterol, triglyceride, body
mass indes, diabetes status, smoking status, C-reactive protein, and interleukin-6 (Table 1).
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Discussion

In this case—control study of previous MI, we report for the first
time that, while four routine assays of plasma fibrinogen (three
of clottable fibrinogen [12-14], and an immunonephelometric
assay for total fibrinogen [15]) showed significant increases in
MI cases compared with controls (as in previous studies [6]) a
recently developed immunoassay for intact fibrinogen [16] did
not. The latter assay [16] is specific for the total of HMW and
LMW fibrinogen released into the circulation by the liver and is
insensitive to shifts in the relative amounts in HMW and LMW,
whereas functional assays are sensitive to such changes. Our
finding that intact fibrinogen is not associated with previous MI
is consistent with the lack of an association of genetic poly-
morphisms for fibrinogen with MI in case—control studies
[9,10]. We therefore suggest that the consistent association
between routine assays of plasma fibrinogen and prevalent or
incident CHD [1-7] may not have a genetic basis; but instead
results from an acquired, apparent hyperfibrinogenemia in
which intact fibrinogen released into the circulation by the
liver undergoes modification to a different extent in persons
with CHD than in persons without CHD.

The three routine assays of clottable fibrinogen used in the
present study were the initial rate (F1) and final extent (F2) of
clotting in the von Clauss assay [12,13]; and the prothrombin
time derived assay [14]. As in previous reports [13,27,28], these
three assays were highly correlated, and each showed signifi-
cant and similar mean increases (10.3-11.4%) in MI cases
compared with controls (Table2). The ratio of each of these
assays of clottable fibrinogen to intact fibrinogen was also
increased, being higher for the prothrombin-time assay (mean
increase 15.3%) than for the von Clauss assay (rate 8.9%, extent
8.0%) (Table 2). While smaller than the increase in von Clauss :
intact fibrinogen ratio in acute MI (baseline median ratio 1.6
[16]) these increased ratios of clottable to intact fibrinogen
suggest that hyperfunctional fibrinogen (faster than normal
clotting) is also present in chronic MI. As in acute MI, this
change may reflect an increased percentage of HMW fibrinogen
(without significant changes in HMW and LMW fibrinogen)
[20] in patients with chronic MI: this hypothesis requires further
study. The cause of such a shift is unknown. In inflammatory
conditions, fibrinogen synthesis rate increases, whereas the
conversion rate of newly synthesized fibrinogen molecules to
LMW stays at the same level; consequently, the relative amount
of HMW increases. However the increased fibrinogen ratios in
patients with chronic MI in the present study were not explained
by CRP or IL-6 levels.

The immunonephelometric assay of fibrinogen [15] employs
a non-specific antibody against fibrinogen, resulting in an assay
of total rather than intact fibrinogen. This assay correlated less
strongly with the three assays of clottable fibrinogen than with
the intercorrelations of the clottable fibrinogen assays, while all
four of these routine fibrinogen assays correlated much less
strongly with the intact fibrinogen assay.

Age showed weak correlation with all five fibrinogen assays,
consistent with previous reports [3—7], but not with fibrinogen
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ratios. Women had higher fibrinogen levels than men for all four
routine assays, consistent with previous reports [3—7], but not
higher intact fibrinogen. There were no significant sex differ-
ences in fibrinogen ratios among controls. We confirmed the
reports of previous studies [3-7] that current smokers had
higher levels of fibrinogen (by all four routine assays) than
ex-smokers, or those who had never smoked. Cases had higher
values than controls in all subgroups of fibrinogen assays and
smoking habit. These correlations with self-reported smoking
habit were confirmed by significant correlation with carbon
monoxide as an objective measure of smoke exposure. Overall,
we observed no significant correlation between smoking and
fibrinogen ratios.

We observed that MI cases had higher levels of CRP and IL-6
than matched controls. These results are unlikely to be con-
sequences of recent MI, because cases were studied 3—-9 months
after the event. They are more likely to reflect chronic low-
grade inflammation in persons with chronic vascular disease
[5,7,25,29]. We confirmed significant correlations of CRP and
IL-6 with age, smoking and other cardiovascular risk factors
[29-33], and fibrinogen [5,7,25]. CRP, and IL-6 showed similar
correlations with each other, and with all four routine fibrinogen
assays, most likely reflecting the role of IL-6 as a key mediator
of inflammatory reactions including hepatic synthesis and
release of CRP and fibrinogen. The correlations of CRP and
IL-6 were weaker for intact fibrinogen and for fibrinogen ratios,
suggesting that these are less strong acute-phase reactants, and
that the associations of previous MI with increased fibrinogen
ratios were not due to inflammatory reactions. Indeed, after
adjusting for major CHD risk factors, CRP and IL-6, the
associations with previous MI of all four routine fibrinogen
assays, and all three ratios of clottable fibrinogen to intact
fibrinogen, remained statistically significant (Table2). After
multiple adjustment, the association of CRP with MI was
substantially reduced, as in prospective studies [24,29,33]. In
contrast, IL-6 retained a significant association with MI. To-
gether with prospective studies that indicate that IL-6 is an
independent predictor of CHD [34], these data suggest that IL-6
has a central role in the association of inflammatory markers
(including fibrinogen and CRP) with CHD [24,25].

We conclude that patients with previous MI do not have
significant increases in plasma levels of intact fibrinogen.
Rather, they have increased levels of hyperfunctional throm-
bin-clottable fibrinogen (assayed by routine methods). These
associations are not explained by markers of inflammatory
reactions or major cardiovascular risk factors. They may reflect
increases in HMW fibrinogen, which clots faster than LMW
fibrinogen, as in acute MI. The causes and significance of the
acquired, hyperfunctional increased plasma fibrinogen in MI
survivors remain to be established in future studies.

Acknowledgements

We thank the British Heart Foundation for funding of this part of
the MONICA Study, and Organon Teknika Ltd (Cambridge,
UK) for supply of intact fibrinogen assay Kkits.



2316 G. D. O. Lowe et al

Sources of support: British Heart Foundation, Organon Te-

knika Ltd.

References

1

10

11

12

14

16

17

Meade TW, North WRS, Chakrabarti R, Stirling Y, Haines AP, Thomp-
son SG, Brozovie M. Haemostatic function and cardiovascular death;
early results of a prospective study. Lancet 1980; i: 1050—4.

Lowe GDO, Drummond MM, Lorimer AR, Hutton I, Forbes CD,
Prentice CRM, Barbenel JC. Relationship between extent of coronary
artery disease and blood viscosity. BMJ 1980; i: 673-4.

Ernst E, Resch KL. Fibrinogen as a cardiovascular risk factor. a meta-
analysis and review of the literature. Ann Intern Med 1993; 118: 956-63.
Woodward M, Lowe GDO, Rumley A, Tunstall-Pedoe H. Fibrinogen as
arisk factor for coronary heart disease and mortality in middle aged men
and women — The Scottish Heart Health Study. Eur Heart J 1998; 19:
55-62.

Danesh J, Collins R, Appleby P, Peto R. Association of fibrinogen, C-
reactive protein, albumin, or leukocyte count with coronary heart
disease: Meta-analysis of prospective studies. JAMA 1998; 279:
1477-82.

Maresca G, Di Blasio A, Marchioli R, Di Minno G. Measuring plasma
fibrinogen to predict stroke and myocardial infarction. An update.
Arterioscler Thromb Vasc Biol 1999; 19: 1368-77.

McCallum PK, Meade TW. Haemostatic function, arterial disease and
the prevention of arterial thrombosis. Bailliére’s Clin Haematol 1999;
12: 577-99.

Humphries SE, Henry JA, Montgomery HE. Gene—environment inter-
action in the determination of levels of haemostatic variables involved in
thrombosis and fibrinolysis. Blood Coagul Fibrinol 1999; 10: S17-S21.
Lane DA, Grant PJ. Role of hemostatic gene polymorphisms in venous
and arterial thrombotic disease. Blood 2000; 95: 1517-32.
Youngman L, Keavney B, Palmer A, Parish S, Clark S, Danesh J,
Delepine M, Lathrop M, Peto R, Collins R. Plasma fibrinogen and
fibrinogen genotypes in 4685 cases of myocardial infarction and in 6002
controls: test of causality by ‘Mendelian’ randomisation. Circulation
2000; 102 (Suppl. II):31-2.

Nieuwenhuizen W. Biochemistry and measurement of fibrinogen. Eur
Heart J 1995; 16 (Suppl. A): 6-10.

Von Clauss A. Gerinnungsphysiologische schnellmethode zur bestim-
mung des fibrinogens. Acta Haematol 1957; 17: 237-46.

Givens T, Fischer TJ, Swan R. MDA™180 Methods for the Determina-
tion of Fibrinogen Concentration. Durham, NC: Organon Teknika,
1995.

Rossi E, Mondonica P, Lombardi A, Preda L. Method for the determi-
nation of functional (clottable) fibrinogen by the new family of ACL
coagulometers. Thromb Res 1988; 52: 452-68.

Cremer P, Nagel D, Labrot B, Mann H, Muche R, Elster H, Seidel D.
Lipoprotein Lp (a) as predictor of myocardial infarction in comparison
to fibrinogen, LDL cholesterol and other risk factors: results from the
prospective Gottingen Risk Incidence and Prevalence Study (GRIPS).
Eur J Clin Invest 1994; 24: 444-53.

Hoegee-de Nobel E, Voskuilen M, Briét E, Brommer EJ, Nieuwenhui-
zen W. A monoclonal antibody-based quantitative enzyme immuno-
assay for the determination of plasma fibrinogen concentrations.
Thromb Haemost 1988; 60: 415-8.

Seifried E, Oethinger M, Tanswell P, Hoegee-de Nobel E, Nieuwen-
huizen W. Studies of the functionality of fibrinogen during rt-PA
therapy: results of three different methods of fibrinogen determination.
Blood Coagul Fibrinolysis 1992; 3: 81-7.

18

19

20

21

22

23

24

25

26

27

28

29

30

32

33

34

Oethinger M, Tanswell P, Hoegee-de Nobel E. Verleuaf von zirkulier-
endem Fibrinogen beim akuten Myokardinfarkt unter trombolytischer
Therapie mit rt-PA. Lab Med 1994; 18: 62-71.

Hofmann JIML, Vijgen M, Nieuwenhuizen W. Comparison of the
specificity of four fibrinogen assays during thrombolytic therapy.
Fibrinolysis 1990; 4 (Suppl. 2): 121-3.

Reganon E, Vila V, Aznar J, Lacueva V, Martinez V, Ruano M. Studies
on the functionality of newly synthesized fibrinogen after treatment of
acute myocardial infarction with streptokinase, increases in the rate of
fibrinopeptide release. Thromb Haemost 1993; 70: 978-83.

Parra HJ, Arveiler D, Evans AE, Cambou JP, Amouyel P, Bingham A,
McMaster D, Schaffer P, Douste-Blazy P, Luc G. A case control study
of lipoprotein particles in two populations at contrasting risk for
coronary heart disease. The ECTIM Study. Arterioscler Thromb 1992;
12: 701-7.

Morrison C, Woodward M, Leslie W, Tunstall-Pedoe H. Effect of socio-
economic group on incidence of, management of, and survival after
myocardial infarction and coronary death: analysis of community
coronary event register. BMJ 1997; 314: 541-6.

Tunstall-Pedoe H, for the WHO MONICA Project. The World Health
Organisation MONICA Project (Monitoring Trends and Determinants
in Cardiovascular Disease): a major international collaboration. J Clin
Epidemiol 1988; 41: 105-13.

Lowe GDO, Yarnell JWG, Rumley A, Bainton D, Sweetnam PM. C-
reactive protein, fibrin D-Dimer, and incident ischemic heart disease in
the Speedwell Study. Are inflammation and fibrin turnover linked in
pathogenesis? Arterioscler Thromb Vasc Biol 2001; 21: 603-10.
Woodward M, Rumley A, Tunstall-Pedoe H, Lowe GDO. Associations
of blood rheology and interleukin-6 with cardiovascular risk factors and
prevalent cardiovascular disease. Br J Haematol 1999; 104: 246-57.
Cohen J. Weighted kappa: nominal scale agreement with provision for
scaled disagreement or partial credit. Psychol Bull 1968; 70: 213-20.
Palareti G, Maccaferri M, Manotti C, Tripodi A, Chantarangkul V,
Rodeghiero F, Ruggeri M, Mannucci PM. Fibrinogen assays; a colla-
borative study of six different methods. Clin Chem 1991; 37: 714-9.
Chitolie A, Mackie 1J, Grant D, Hamilton JL, Machin SM. Inaccuracy of
the ‘derived’ fibrinogen measurement. Blood Coagul Fibrinolysis 1994;
5: 955-7.

Danesh J, Whincup P, Walker M, Lennon L, Thomson A, Appleby P,
Gallimore JR, Pepys MB. Low grade inflammation and coronary heart
disease: prospective study and updated meta-analyses. BMJ 2000; 321:
199-204.

Danesh J, Muir J, Wong Y-K, Ward M, Gallimore JR, Pepys MB. Risk
factors for coronary heart disease and acute-phase proteins. A popula-
tion-based study. Eur Heart J 1999; 20: 954-9.

Yudkin JS, Stehouwer CDA, Emeis JJ, Coppack SW. C-reactive protein
in healthy subjects. associations with obesity, insulin resistance,
and endothelial dysfunction. Arterioscler Thromb Vasc Biol 1999;
19: 972-8.

Hak AE, Stehouwer CDA, Bots ML, Polderman KH, Schalkwijk CG,
Westendorp IC, Hofman A, Witteman JC. Associations of C-reactive
protein with measures of obesity, insulin resistance, and subclinical
atherosclerosis in healthy, middle-aged women. Arterioscler Thromb
Vasc Biol 1999; 19: 1986-91.

Mendall MA, Strachan DP, Butland BK, Ballam L, Morris J, Sweetnam
PM, Elwood PC. C-reactive protein. relation to total mortality, cardio-
vascular mortality and cardiovascular risk factors in men. Eur Heart J
2000; 21: 1584-90.

Ridker PM, Rifai N, Stampfer MJ, Hennekens CH. Plasma concentra-
tion of interleukin-6 and the risk of future myocardial infarction among
apparently healthy men. Circulation 2000; 101: 1767-72.

© 2003 International Society on Thrombosis and Haemostasis



