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Background—Fibrinogen has been identified as an independent risk factor for cardiovascular disease and associated with
traditional cardiovascular risk factors. Also, the role of elevated fibrinogen in thrombosis suggests that it may be on the
causal pathway for certain risk factors to exert their effect. These associations remain incompletely characterized.
Moreover, the optimal fibrinogen assay for risk stratification is uncertain.
Methods and Results—In 2632 subjects from cycle 5 of the Framingham Offspring Population, fibrinogen levels were
determined with a newly developed immunoprecipitation test (American Biogenetic Sciences) and the functional Clauss
method. With the immunoprecipitation method, there were significant linear trends across fibrinogen tertiles (P⬍0.001)
for age, body mass index, smoking, diabetes mellitus, total cholesterol, HDL cholesterol, and triglycerides in men and
women. The Clauss method had significant results (P⬍0.030), except for triglycerides in men. Fibrinogen levels were
higher for those with compared with those without cardiovascular disease. After covariate adjustment, fibrinogen
remained significantly higher in those with cardiovascular disease with the use of the immunoprecipitation test
(P⫽0.035 and P⫽0.018 for men and women, respectively) but not with the Clauss method.
Conclusions—Fibrinogen was associated with traditional cardiovascular risk factors. Elevation of fibrinogen may provide
a mechanism for risk factors to exert their effect. Also, fibrinogen levels were higher among subjects with cardiovascular
disease compared with those without disease. The immunoprecipitation test showed a stronger association with
cardiovascular disease than the Clauss method, suggesting that it may be a useful screening tool to identify individuals
at increased thrombotic risk. (Circulation. 2000;102:1634-1638.)
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ibrinogen has been identified as a major independent risk
factor for cardiovascular disease.1,2 Fibrinogen has also been
associated with traditional cardiovascular risk factors,3– 6 suggesting that elevation of fibrinogen may be a pathway by which
these risk factors exert their effect. There are several mechanisms by which fibrinogen may increase cardiovascular risk.
First, it binds specifically to activated platelets via glycoprotein
IIb/IIIa, contributing to platelet aggregation. Second, increased
fibrinogen levels promote fibrin formation. Third, it is a major
contributor to plasma viscosity. Finally, it is an acute-phase
reactant that is increased in inflammatory states.
The objectives of this study were first to evaluate the
association between fibrinogen and several traditional risk
factors, including age, body mass index, cigarette smoking,
diabetes mellitus, total cholesterol, HDL cholesterol, and
triglycerides, and second to determine the association of

fibrinogen with prevalent cardiovascular disease. Because the
optimal fibrinogen assay for use in risk stratification remains
uncertain, we compared a newly developed immunoprecipitation test (functional intact fibrinogen, FiF; American Biogenetic Sciences) with the Clauss method.

Methods
Study Population
The study subjects were members of the Framingham Offspring Study,
a long-term evaluation of risk factors for cardiovascular disease. The
design and methodology of the Framingham Offspring Study have been
previously reported.7 The participants are either natural or adopted
children of the original Framingham Study Cohort or spouses of
participating children with a mean age of 55⫾10 years. During the fifth
offspring examination cycle administered between January 1991 and
January 1995, 3799 subjects visited the Framingham Heart Study. Of
these, only 2632 subjects had both fibrinogen measurements taken.
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Fibrinogen in the Framingham Offspring Population
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Association of Fibrinogen With Traditional Cardiovascular Risk Factors
FiF (R) Fibrinogen Tertiles
Low
(n⫽418)

Mid
(n⫽418)

Clauss (R) Fibrinogen Tertiles
High
(n⫽420)

Low
(n⫽422)

Mid
(n⫽421)

High
(n⫽413)

Men*
Age

52.3 (⫾0.50)

56.7 (⫾0.49)

58.6 (⫾0.46)

51.7 (⫾0.49)

56.2 (⫾0.48)

59.8 (⫾0.46)

Body mass index

27.2 (⫾0.18)

28.6 (⫾0.22)

29.0 (⫾0.22)

27.5 (⫾0.18)

28.6 (⫾0.21)

28.8 (⫾0.23)
25.5%

Smoking

13.4%

18.2%

24.8%

11.8%

19.2%

Diabetes mellitus

3.1%

9.3%

14.0%

4.5%

10.0%

12.1%

Total cholesterol

193.7 (⫾1.60)

201.9 (⫾1.55)

204.5 (⫾1.70)

196.6 (⫾1.64)

201.7 (⫾1.52)

201.8 (⫾1.73)

HDL cholesterol

46.5 (⫾0.56)

43.8 (⫾0.56)

38.3 (⫾0.48)

45.0 (⫾0.60)

42.9 (⫾0.53)

40.7 (⫾0.52)

116.3 (⫾3.53)

152.6 (⫾3.96)

213.2 (⫾7.10)

155.2 (⫾5.54)

161.0 (⫾5.88)

166.3 (⫾4.98)

Low
(n⫽459)

Mid
(n⫽459)

High
(n⫽458)

Low
(n⫽449)

Mid
(n⫽461)

High
(n⫽466)

Triglycerides

Women†
Age

51.4 (⫾0.45)

55.6 (⫾0.46)

58.3 (⫾0.43)

51.7 (⫾0.45)

55.4 (⫾0.45)

58.1 (⫾0.45)

Body mass index

24.5 (⫾0.19)

26.5 (⫾0.22)

29.5 (⫾0.30)

24.5 (⫾0.18)

26.7 (⫾0.22)

29.2 (⫾0.31)

13.1%

20.9%

22.9%

12.2%

20.4%

24.0%

Smoking
Diabetes mellitus

0.9%

3.3%

9.6%

3.1%

3.7%

6.9%

Total cholesterol

198.4 (⫾1.65)

207.7 (⫾1.75)

220.0 (⫾1.79)

201.9 (⫾1.77)

209.5 (⫾1.83)

214.3 (⫾1.69)

HDL cholesterol
Triglycerides

61.4 (⫾0.68)

56.2 (⫾0.70)

50.3 (⫾0.72)

59.8 (⫾0.72)

56.0 (⫾0.73)

52.2 (⫾0.71)

101.0 (⫾2.35)

130.0 (⫾2.96)

188.2 (⫾7.61)

125.2 (⫾4.43)

144.0 (⫾6.53)

149.3 (⫾4.19)
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Values given are mean (⫾SE) for continuous parameters, and percent prevalence for dichotomous parameters.
*For every risk factor, the linear trend across the FiF tertiles is significant (P⬍0.001). For every risk factor except triglycerides, the
linear trend across the Clauss tertiles is significant (P⬍0.030). Lower FiF tertile⫽109.6 to 286.4; mid FiF tertile⫽286.5 to 351.7;
upper FiF tertile⫽352.0 to 652.5. Lower Clauss tertile⫽172.0 to 276.0; mid Clauss tertile⫽277.0 to 326.0; upper Clauss
tertile⫽327.0 to 815.0.
†For every risk factor, the linear trend across the FiF tertiles and across the Clauss tertiles is significant (P⬍0.010). Lower FiF
tertile⫽104.8 to 280.2; mid FiF tertile⫽280.3 to 344.9; upper FiF tertile⫽345.0 to 742.0. Lower Clauss tertile⫽138.0 to 284.0; mid
Clauss tertile⫽285.0 to 335.0; upper Clauss tertile⫽336.0 to 598.0.

They were 1256 men, 175 of whom had known cardiovascular disease,
and 1376 women, 92 of whom had cardiovascular disease. For the
present analysis, cardiovascular disease included history or evidence of
coronary artery disease, myocardial infarction, stable and unstable
angina, stroke, intermittent claudication, and congestive heart failure.
Criteria of events have been reported elsewhere.8 Diabetes was defined
as either taking insulin or an oral hypoglycemic agent or having a fasting
blood sugar level of ⱖ140 md/dL on or before cycle 5. Smoking was
defined as currently smoking.

Blood Sample and Analysis
Blood samples were collected from an antecubital vein between 8 and 9
AM after an overnight fast. For determination of fibrinogen, blood
samples were anticoagulated with 3.8% trisodium citrate (9:1 vol/vol)
and kept on ice until centrifugation at 2500g for 30 minutes at 4°C.
Plasma samples were quickly frozen and stored at ⫺70°C for subsequent analysis. Fibrinogen levels were determined with the immunoprecipitation test (Functional Intact Fibrinogen, FiF) and Clauss9 method.
FiF uses a monoclonal antibody (45J) specific for the ␣-appendage on
the intact fibrinogen molecule.10 The calibration curve is created with
serial dilutions of standard lyophilized plasma of 273 mg/dL (Baxter
Laboratories) from 600 to 75 mg/dL. Both positive (lyophilized plasma
at a concentration of 235 mg/dL, Baxter Laboratories) and negative
(fibrinogen deficient) controls are run with each assay along with test
plasma to determine whether the assay is within the acceptable range.
The turbidity of the solution is read at a wavelength of 340 nm with a
Molecular Devices UV Max kinetic microplate reader first after 4
minutes of incubation. Then, 0.2 mg/mL of the 45J antibody is added,
and the absorbance is read again after 15 minutes of incubation. The
fibrinogen concentration is determined from a standard calibration

curve, and the change in absorbance at 340 nm is determined after the
addition of the 45J antibody.

Statistical Analysis
The analysis described below was performed for each sex and
fibrinogen assay.
The association between fibrinogen and traditional risk factors for
cardiovascular disease was determined by first grouping subjects into
sex-specific fibrinogen tertiles. Then, for age, body mass index, total
cholesterol, HDL cholesterol, and triglycerides, a test for linear trend
across the tertiles (based on a 1-way ANOVA) was performed for
each risk factor. For diabetes and smoking, a test for linear trend
across the tertiles (based on logistic regression) was performed for
each risk factor.
Mean fibrinogen levels within the 2 assays were calculated (unadjusted and least square means) for both prevalent cardiovascular disease
and no cardiovascular disease. The relationship of fibrinogen to prevalent cardiovascular disease was determined with a logistic regression
model; both univariate and multivariate models were used. Multivariate
models adjusted for age, body mass index, cigarette smoking, diabetes
mellitus, total cholesterol, and triglycerides.

Results
Assay Characteristics
The coefficient of variance for the FiF and Clauss assays, as
determined by analysis of a single pooled plasma sample 10
times consecutively, was 6.2% for FiF and 2.6% for Clauss. The
regression analysis for 10 plasma samples that were run on 2
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TABLE 2.

Association Between Prevalent Cardiovascular Disease and Fibrinogen
Unadjusted

Adjusted

CVD

No CVD

P

CVD

No CVD

P

FiF, mg/dL

354⫾5.46

319⫾2.32

⬍0.001

333⫾5.16

322⫾2.00

0.0348

Clauss, mg/dL

328⫾4.00

303⫾1.73

⬍0.001

313⫾3.98

305⫾1.54

0.1002

FiF, mg/dL

370⫾9.04

316⫾2.28

⬍0.001

336⫾7.25

319⫾1.89

0.0177

Clauss, mg/dL

338⫾6.62

313⫾1.63

⬍0.001

320⫾5.60

314⫾1.46

0.2529

Men

Women

CVD indicates cardiovascular disease. Values are mean⫾SE. Unadjusted probability value assesses
difference between CVD status with logistic regression with no covariates. Adjusted probability value
assesses difference between CVD status with logistic regression adjusting for age, body mass index,
smoking, diabetes mellitus, total cholesterol, and triglycerides.

consecutive days using FiF was 0.99. The linear regression
relationship (R) between the FiF and Clauss assays was 0.64.

Association With Traditional Risk Factors
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Traditional risk factors for cardiovascular disease were analyzed in relation to fibrinogen values obtained with both
methods (Table 1). With the FiF assay, for both men and
women, there was a significant linear trend across fibrinogen
tertiles (P⬍0.001) for the traditional cardiovascular risk
factors of age, body mass index, smoking, diabetes mellitus,
total cholesterol, HDL cholesterol, and triglycerides. For all
risk factors except HDL cholesterol, the risk factor increased
as FiF increased. For HDL cholesterol, the risk factor
decreased with increasing FiF. For women, risk factor relationships across Clauss fibrinogen tertiles were similar to

those seen across FiF tertiles (P⬍0.010). For men, relationships across Clauss fibrinogen tertiles were similar to those
seen across FiF tertiles for each risk factor (P⬍0.030) except
triglycerides. The trend for triglycerides in men, although not
significant (P⫽0.150), was still linear.

Association With Cardiovascular Disease
The two fibrinogen assays were evaluated for their association with cardiovascular disease (Table 2 and Figures 1 and
2). The unadjusted mean fibrinogen concentration for men
was higher among those with cardiovascular disease than
those without disease with both FiF (354⫾5.46 versus
319⫾2.32 mg/dL, P⬍0.001) and Clauss (328⫾4.00 versus
303⫾1.73 mg/dL, P⬍0.001). The unadjusted mean fibrinogen concentrations for women were also higher among those

Figure 1. Box-Whisker plots of fibrinogen levels in men with and without prevalent cardiovascular disease (CVD) as assessed by FiF
immunoprecipitation and Clauss methods. End points of plots are 2.5% and 97.5% percentiles. Probability values assess difference
across cardiovascular disease status with respect to fibrinogen levels after adjustment for covariates. With FiF, fibrinogen levels are
significantly higher among men with prevalent cardiovascular disease after adjustment for age, body mass index, smoking, diabetes
mellitus, total cholesterol, and triglycerides.
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Figure 2. Box-Whisker plots of fibrinogen levels in women with and without prevalent cardiovascular disease (CVD) as assessed by FiF
immunoprecipitation and Clauss methods. End points of plots are 2.5% and 97.5% percentiles. Probability values assess difference
across cardiovascular disease status with respect to fibrinogen levels after adjustment for covariates. With FiF, fibrinogen levels are
significantly higher among women with prevalent cardiovascular disease after adjustment for age, body mass index, smoking, diabetes
mellitus, total cholesterol, and triglycerides.
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with cardiovascular disease with both FiF (370⫾9.04 versus
316⫾2.23 mg/dL, P⬍0.001) and Clauss (338⫾6.62 versus
313⫾1.63 mg/dL, P⬍0.001). In both men and women, after
adjustment for age, body mass index, smoking, diabetes
mellitus, total cholesterol, and triglycerides, FiF (333⫾5.16
versus 322⫾2.00 mg/dL in men, 336⫾7.25 versus 319⫾1.89
mg/dL in women) and Clauss (313⫾3.98 versus 305⫾1.54
mg/dL in men, 320⫾5.60 versus 314⫾1.46 mg/dL in women)
remained higher in those with prevalent cardiovascular disease. In addition, FiF remained significantly associated with
prevalent cardiovascular disease after adjustment for all the
covariates listed above for both men (P⫽0.035) and women
(P⫽0.018); however, Clauss assay did not (Pⱖ0.100).

Discussion
The results from the present study show strong linear relationships between fibrinogen and traditional risk factors for
cardiovascular disease with the immunoprecipitation (FiF)
and functional (Clauss) methods. The significant relationships suggest a link between fibrinogen and traditional
cardiovascular risk factors. Fibrinogen levels were also
higher among men and women with prevalent cardiovascular
disease. The results obtained from this study are consistent
with and extend those of other studies linking fibrinogen to
prevalent cardiovascular disease11,12 and to traditional cardiovascular risk factors.13,14
Although the 2 assays are significantly correlated
(R⫽0.64), a considerable variation between the assays is
present, which may be due to the characteristics of fibrinogen

evaluated by each assay. FiF is a monoclonal antibody– based
assay that measures the amount of fibrinogen antigen present,
whereas Clauss is a clotting time– based method that measures the ability of fibrinogen to be enzymatically converted
to a fibrin clot. After adjustment for covariates, FiF remained
significantly correlated to prevalent cardiovascular disease in
men and women, whereas Clauss did not, suggesting that FiF
may be a better overall predictor of risk. Further planned
prospective analysis will help to elucidate which assay is
better at prospectively identifying people at increased risk.
The Caerphilly14 and Speedwell15 studies measured fibrinogen levels with both the nephelometric16 and Clauss clotting
time methods. In the Caerphilly study, fibrinogen was found
to be associated with ischemic heart disease with both
methods. However, in the Speedwell study, fibrinogen levels
were higher in subjects with ischemic heart disease with the
nephelometric but not the Clauss method. With Clauss,
fibrinogen levels were higher among the Speedwell study
subjects without ischemic heart disease. The different results
found in the Speedwell study show the need to determine the
optimal fibrinogen assay. Although further prospective studies are needed to determine which assay is the best predictor
of future events, FiF may be favored as a screening tool
because multiple samples may be run concurrently, whereas
samples must be run individually with the Clauss method. In
contrast to the Clauss method, FiF levels are unaffected by
anticoagulants or fibrin degradation products.
Fibrinogen may increase cardiovascular risk in several
ways. It plays an important role in platelet aggregation,
plasma viscosity, and fibrin formation. Fibrinogen is an
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acute-phase reactant that is increased in inflammatory states.
Elevations of fibrinogen and C-reactive protein have been
identified in patients with unstable angina, supporting the
hypothesis that inflammation may play an important role in
plaque rupture and thrombosis.17 C-reactive protein has also
been shown to be predictive of future myocardial infarction.18

Traditional Risk Factors
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The association of fibrinogen with traditional cardiovascular risk
factors shown in this and other studies3–5,12 suggests that it may
be a mechanism through which the risk factors exert their effect.
For example, the increased risk of cardiovascular disease19 and
stroke associated with smoking may be mediated in part through
fibrinogen. Fogari et al20 found that fibrinogen levels increased
with the number of cigarettes smoked. Fibrinogen levels also
quickly fall after smoking cessation, suggesting that this rapid
fall in level may be a mechanism for the reduction in cardiovascular risk after smoking cessation.
Elevation in fibrinogen level may also be a mechanism by
which obesity increases the risk of cardiovascular disease. A
reduction in body mass index after a low-calorie diet for 6
months has been accompanied by a fall in fibrinogen level.21
The strong relationship between fibrinogen and LDL cholesterol level suggests that the increased risk of cardiovascular disease associated with elevated LDL levels may be
mediated in part through fibrinogen. The Prospective Cardiovascular Munster (PROCAM)6 study found that individuals
who had LDL and fibrinogen levels in the highest tertile had
a 6.1-fold increase in coronary risk compared with those in
the lowest tertile. The event rate was significantly lower when
fibrinogen levels were in the lowest tertile even though LDL
remained in the highest tertile.
Thompson and colleagues22 found fibrinogen to be a strong
predictor of coronary events in patients with angina pectoris. In
those subjects with high total cholesterol, a high fibrinogen level
conferred added risk compared with those with low fibrinogen.
Patients in the highest fibrinogen quintile had 3 times the risk of
a coronary event than those in the lowest quintile.
Subjects with diabetes mellitus have been found to have
hyperreactive platelets. This platelet hyperreactivity may
result in part from increased fibrinogen levels associated with
diabetes because fibrinogen acts as a cross bridge between
platelets. Poor diabetic control has also been particularly
associated with higher levels of fibrinogen23 and other hemostatic variables.24

Conclusions
These data from the Framingham Heart Study support and further
characterize the association between fibrinogen and cardiovascular
disease. First, elevation of fibrinogen may be a mechanism by which
certain traditional risk factors exert their effect on risk. Second,
fibrinogen levels are higher among subjects with prevalent cardiovascular disease. These findings, together with prospective studies
identifying fibrinogen as an independent risk factor, add strength to
the proposal that fibrinogen should be used in population screening
to identify individuals at increased thrombotic risk. In the present
study, the immunoprecipitation test (FiF) showed a stronger association with prevalent cardiovascular disease than did the
Clauss method.
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