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Association between ' fibrinogen levels and inflammation
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Summary

The  fibrinogen isoform produces clots that are stiffer and more resistant
to breakdown than the more common fibrinogen isoform, YA. Increased
levels of y' fibrinogen are associated with several forms of cardiovascular
disease. The purpose of this cross-sectional study was to investigate the re-
lationship between ' fibrinogen, an emerging risk factor for cardiovascu-
lar disease, and inflammatory markers in subjects with a chronic inflam-
matory state. The 284 subjects for this study came from the Periodontitis
And Vascular Events (PAVE) study, and ' fibrinogen and total fibrinogen
in plasma were measured by ELISA. Information on patient demographics
and health status, as well as levels of C-reactive protein (CRP), an inflam-
matory marker, have previously been collected for this study. The mean
(SE) ' fibrinogen level in the subjects was 0.622 (0.017) mg/ml. Levels of
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Introduction

Fibrinogen is a large (340 kD) protein with a vital role in haemos-
tasis. It has a dimeric structure, with each half of the fibrinogen
molecule made up of three polypeptide chains: Ac, B and y. Dur-
ing coagulation, thrombin converts fibrinogen to fibrin, which
polymerises and forms the protein meshwork of the growing
blood clot. The fibrin clot is stabilised through the action of FXIIIa,
a transglutaminase that crosslinks adjacent fibrin molecules.

The ¥ isoform of fibrinogen is formed by the incorporation of
a splice variant of the fibrinogen y chain called the ¥ chain. This al-
ternative splicing event results in the extended carboxyl terminus
of the ¥ chain, which contains 20 residues in place of the four car-
boxylterminal residues on the more common YA chain (1, 2). The
v fibrinogen isoform makes up approximately 10% of circulating
fibrinogen, although this value can vary widely between individu-
als (3-5).

The unique sequence of the ¥ chain contains a high affinity
binding site for thrombin (6-10). Clots formed with ¥ fibrin are
more resistant to fibrinolysis (11, 12) and have altered clot archi-
tecture compared with YA/YA fibrin clots (13, 14). Because of these

v fibrinogen were correlated with CRP (p = 0.006), with a one unit in-
crease in CRP associated with a 1.9% increase in Y’ fibrinogen, after ad-
justment for potential confounders. Total fibrinogen was not correlated
with y fibrinogen in these subjects. The number of dental sites with evi-
dence of tissue inflammation was also significantly associated with ' fi-
brinogen levels. These results provide an important step in the evolution of
v fibrinogen not only as a general risk factor for cardiovascular disease,
but as a potentially useful biomarker for assessing a patient’s inflamma-
tory state and associated cardiovascular disease risk.
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characteristics, y fibrinogen has been studied as a possible risk fac-
tor for thrombosis (15). Research by our laboratory and others
have linked levels of YA/y fibrinogen with cardiovascular disease
(CVD), including coronary artery disease (CAD) (3), heart attack
(4, 16), and stroke (17).

The pathogenesis of cardiovascular disease has a number of in-
flammatory components. While it is well established that total fi-
brinogen is elevated during inflammation, it is not known whether
v fibrinogen is similarly increased. A recent report shows elevated
v fibrinogen levels in the acute phase of ischemic stroke and pul-
monary embolism relative to the non-acute phase (18). To date,
however, it is not known how ¥ fibrinogen levels relate to the pres-
ence of chronic, low-level inflammation.

In this cross-sectional study, we examined 7y fibrinogen levels in
subjects with both periodontal and cardiovascular disease to gaina
better understanding of the relationship between ¥ fibrinogen and
inflammation. We hypothesised that elevated v fibrinogen levels
would be associated with higher levels of the inflammatory marker
high-sensitivity C-reactive protein (hs-CRP), and would similarly
correlate with the degree of periodontal disease-associated inflam-
mation.
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Methods and materials

Study subjects

The 284 subjects in this study were from the Periodontitis And Vas-
cular Events (PAVE) cohort. These subjects had both periodontal
disease and history of recent cardiovascular disease. The study was
approved by the relevant institutional review boards, and all par-
ticipants gave written informed consent. The PAVE pilot study,
conducted from January 2003 to June 2005, was originally de-
signed to determine the feasibility of a randomised secondary pre-
vention trial to investigate the effects of periodontal treatment on
inflammation and risk of future cardiovascular events. This was a
multicentre trial conducted at the University at Buffalo, the Uni-
versity of North Carolina at Chapel Hill, Boston University, Kaiser
Permanente Center for Health Research/Oregon Health and
Science University, and the University of Maryland. Written in-
formed consent was obtained from subjects prior to enrollment in
the PAVE study. Complete information on the PAVE pilot study
can be found in several previous publications (19-21).

Inclusion criteria for the PAVE study included mild to moderate
periodontitis and recent evidence of coronary heart disease (20).
Mild to moderate periodontitis was defined as having a minimum
of six natural teeth with at least three teeth having a pocket depth of
>4 mm, at least two teeth having interproximal attachment loss of
>2 mm,and at least 10% of dental sites exhibiting bleeding on pro-
bing. Cardiovascular criteria were 50% or more blockage of a cor-
onary artery or a history of a coronary event within three to 36
months prior to enrolment. Coronary events included myocardial
infarction, coronary artery bypass graft surgery, and coronary
transluminal angioplasty with or without a stent. Participation was
limited to those aged 75 and below.

Data collection

All data and laboratory samples used in this study were collected at
baseline, prior to dental treatment. As a part of the PAVE study,
serum levels of hs-CRP were measured using latex-enhanced
nephelometry as described (21). This automated assay has been
approved for use in assessing cardiovascular risk by the United
States Food and Drug Administration.

Measures of periodontal inflammation

Thorough periodontal examinations were performed on PAVE
subjects as previously described (21). Periodontal data was missing
for three subjects. Estimates of periodontal disease severity used
for these analyses came from the PAVE dataset and included extent
of pocket depth greater than or equal to 5 mm, extent of bleeding
on probing, and number of sites with evidence of gingivitis, as in-
dicated by a Gingival Index score of 1 or more.
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We examined whether ¥ fibrinogen level was associated with
the severity of the periodontal disease, particularly the inflamma-
tory component, using the clinical data collected for the PAVE
study. A study by Beck and Offenbacher indicates that the useful
clinical variables for estimating systemic inflammatory exposure
relevant to cardiovascular disease include the extent of bleeding on
probing and an extent of pocket depth = 5 mm (23). In addition to
these variables, we examined whether the number of dental sites
with tissue inflammation, identified as sites with a gingival index >
0, was associated with y fibrinogen or CRP.

Total and ¥ fibrinogen measurements

Plasma ¥ fibrinogen levels were measured by enzyme-linked im-
munosorbent assay using a modification of the method described
by Lovely et al. (5). Briefly, the y fibrinogen in subject plasma
samples and standards were captured in 96-well plates using the
2.G2.H9 monoclonal antibody and detected using horseradish
peroxidase (HRP)-conjugated sheep anti-human fibrinogen (Ac-
curate Chemical, Westbury, NY, USA) along with high sensitivity
HRP colorimetric substrate and stop solution (BioFX Labora-
tories, Owings Mills, MD, USA). Total fibrinogen levels were
measured in a similar fashion as previously described (3).

Statistical analysis

Statistical analyses were performed using SPSS (17.0). CRP, y fibri-
nogen, and total fibrinogen levels were log transformed when ana-
lysed as dependent variables by linear regression. Differences in
mean Y fibrinogen levels between groups were assessed by t-test or
ANOVA after log-transformation. The relationship between 7 fi-
brinogen and CRP was assessed using a multivariate linear regres-
sion model. Further analyses were performed using logistic regres-
sion with CRP as a dichotomised variable, with a cut-off of > 3
mg/l defined as “high CRP” according to the three-level definition
by Ridker (22), with adjustment for body mass index (BMI) and
total fibrinogen levels. Correlations between ¥ fibrinogen, CRP, or
total fibrinogen, and periodontal disease variables were examined
using linear regression. Missing data were very limited, at less than
2.2% for all analysed variables, and were excluded from analyses.

Results

We measured plasma levels of y/ fibrinogen in a group of 284 sub-
jects from the PAVE study with both periodontitis and CVD. The
average age of the subjects was 59 and they were predominantly
white and male (P> Table 1). There was a relatively large proportion
of current (16.2%) and former (52.7%) smokers, which is not un-
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expected as smoking is a major risk factor for both cardiovascular
and periodontal disease.

The mean (SE) plasma 7 fibrinogen level in the PAVE subjects
was 0.622 (0.017) mg/ml, with females having a slightly higher
level than males, 0.690 (0.036) vs. 0.597 (0.019) mg/ml, respect-
ively (p=0.022). The mean (SE) plasma total fibrinogen level was
3.70 (0.074) mg/ml. In this cohort, ¥ fibrinogen represented on
average 18.6 (0.62) % of total plasma fibrinogen.

We investigated the relationship between 7y’ fibrinogen, total fi-
brinogen, and several cardiovascular risk factors previously
measured in this cohort, including hs-CRP. The ¥ fibrinogen con-
centration was significantly correlated with CRP level, while there
was no significant association between y fibrinogen and total fibri-
nogen, BMI, age, smoking status, or type II diabetes in this model
or when evaluated separately (P> Table 2). The Pearson correlation
coefficient between 7y fibrinogen and total fibrinogen was 0.098 (p
=0.099) after log transformation of both variables.

Further evaluation of the relationship between 7y fibrinogen
and hs-CRP showed significant correlation (p = 0.006) after ad-
justment for age, gender, smoking status, BMI, type 2 diabetes, and
total fibrinogen, with a one unit increase in CRP associated with a
1.9% increase in y fibrinogen. Additionally, the Y fibrinogen level
was highly associated (p <0.001) with having a high CRP level of >
3 mg/l, which indicates an elevated risk for future cardiovascular
events (22). A 0.1 mg/mlincrease in Y fibrinogen raised the odds of
being in this high-risk group by 20% (p<0.001, OR 95% CI: 1.086
—1.321) in a model that included BMI and total fibrinogen.

Analysis of the relationship between these markers and clinical
measures of periodontitis demonstrated that the extent of pocket
depth > 5 mm was associated with CRP (p = 0.042) but not withy
fibrinogen, while the number of sites with gum inflammation was
highly associated with y fibrinogen (p = 0.004) but not CRP
(P> Table 3). There was no significant association between total fi-
brinogen and any of the disease variables.

Discussion

Little is known about the relationship between ¥ fibrinogen, an
emerging CVD risk factor, and inflammation. Therefore, we
measured y and total fibrinogen levels in a study sample consisting
of 284 subjects from the PAVE study cohort, all with mild to mod-
erate periodontal disease and a recent history of coronary artery
disease or CVD event. Our results demonstrate a link between ¥’ fi-
brinogen and inflammation as represented by hs-CRP and gingivi-
t1s.

The mean y fibrinogen level in these subjects, 0.622 mg/ml, was
the highest seen in any published study to date with the exception
of a study by Cheung et al. that noted a mean of 0.79 mg/ml in a
group of 16 acute phase pulmonary embolism patients (18). Our
finding, in conjunction with the relatively normal mean total fibri-
nogen of 3.70 mg/ml, supports the concept that y fibrinogen is
particularly elevated in the setting of chronic inflammation. A
striking finding is that y’ fibrinogen represented, on average, 18.6
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Table 1: Characteristics of the PAVE cohort.

Characteristic Value

Age (n=284) 59.2 £ 8.9 years
Gender (n=284)

Female 78 (27.5%)
Male 206 (72.5%)
Ethnicity (n=281)

Non-Hispanic 275 (96.8%)
Hispanic 6 (2.1%)
Race (n=282)

White 238 (84.4%)
Black 33 (11.7%)
Other 11 (3.9%)
Smoking (n=283)

Current smoker 46 (16.2%)
Past smoker 149 (52.7%)
Never smoked 88 (31.1%)

Table 2: Relationship between ' fibrinogen and cardiovascular
disease risk factors.

Risk factor Mean v fibrinogen P-value*
concentration (SD)

Gender 0.022

Female [n=78] 0.690 (0.320)

Male [n=206] 0.597 (0.270)

Age 0.631

<55 [n=92] 0.629 (0.287)

56 — 64 [n=104] 0.613 (0.310)

> 65 [n=88] 0.627 (0.262)

BMI 0.391

< 25 [n=38] 0.554 (0.201)

25-29.99 [n=118] 0.614 (0.266)

>30 [n=122] 0.651 (0.326)

Smoking status 0.394

Nonsmoker [n=88] 0.595 (0.257)

Former smoker [n=149] 0.620 (0.282)

Current smoker [n=46] 0.686 (0.351)

CRP (mgy/dI) <0.001

< 1 [n=94] 0.583 (0.282)

1 -3 [n=95] 0.552 (0.228)

> 3 [n=90] 0.731 (0.323)

Total fibrinogen (mg/ml) 0.091

< 3.077 [n=94] 0.575 (0.261)

3.077 - 4.050 [n=96] 0.627 (0.279)

> 4.050 [n=94] 0.665 (0.287)

Type 2 diabetes 0.937

Absent [n=221] 0.623 (0.285)

Present [n=59] 0.628 (0.301)

*P-value for group differences in mean log-transformed ' fibrinogen.
All variables were assessed independently.
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Table 3: Relationships between periodontal disease variables and
log-transformed CRP, Y fibrinogen, and total fibrinogen by univariate
regression.

Periodontal disease Para- SE P-
variable (n = 281)  meter value
estimate

v fibrinogen Extent of PD > 5mm 0.002 0.002 0.383
Extent of BOP -0.002 0.002  0.266
# sites with gingivitis 0.004 0.001  0.004

CRP Extent of PD > 5mm 0.012 0.006  0.042
Extent of BOP 0.003 0.005  0.558
# of sites with gingivitis  —0.002 0.003 0577

Total fibrinogen  Extent of PD > 5mm 0.000 0.002  0.931
Extent of BOP -0.002 0.002 0.224
# of sites with gingivitis ~ 0.000 0.001  0.516

% of total plasma fibrinogen in this population. This is over twice
the normal percentage of ¥ fibrinogen in healthy blood donors, in
which ¥ fibrinogen represents only 7.2% of total plasma fibri-
nogen (3), and in individuals in the Framingham Offspring Study,
in which 7 fibrinogen represents 6.8% of total plasma fibrinogen
(5). These results suggest that ¥ fibrinogen may display differential
regulation from total fibrinogen in the presence of combined car-
diovascular and periodontal disease.

While ¥ fibrinogen was significantly associated with hs-CRP as
both a continuous and a dichotomised variable, no significant cor-
relation was found with other cardiovascular risk factors
measured. This contrasts with the findings of our recent study of
fibrinogen in the Framingham Offspring cohort, in which 7 fibri-
nogen was associated with a number of traditional cardiovascular
risk factors, including age, gender, BMI, smoking status, diabetes

What is known about this topic?

e v fibrinogen is a fibrinogen splice isoform, typically representing
<10% of circulating fibrinogen in healthy individuals.

e v/ fibrinogen is independently associated with several types of car-
diovascular disease.

e v/ fibrinogen is elevated in the acute phase of ischaemic stroke, but
decreases subsequently.

What does this paper add?

e In the PAVE cohort with both cardiovascular and periodontal dis-
ease, ' fibrinogen represents, on average, over 18% of total fibri-
nogen. This is an unusually high proportion.

e v fibrinogen levels are associated with C-reactive protein, a
marker of systemic inflammation, and with the number of inflamed
dental sites in this group.

e In the PAVE cohort, ¥’ fibrinogen is not associated with total fibri-
nogen, indicating a potential for independent regulation under in-
flammatory conditions.
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and total fibrinogen (5). These disparate results are likely due to the
major differences between the PAVE cohort and the community-
based Framingham Offspring cohort, particularly the fact that all
of the PAVE subjects had significant cardiovascular and periodon-
tal disease at the time of data collection, while only a relatively
small fraction of community subjects would be expected to have
similar conditions.

Our investigation into the relationship between y fibrinoge and
periodontal disease-associated inflammation was hampered by a
lack of validated measures of this inflammation. Periodontal dis-
ease has been the subject of extensive study, but until fairly recently
this research has focused on the disease as an outcome, and not as
a risk factor for other conditions, such as cardiovascular disease.
Beck and Offenbacher attempted to address this problem by look-
ing at correlation between dental variables and markers of cardio-
vascular risk (23). They saw an association between the extent of
bleeding on probing and serum soluble intercellular adhesion
marker, and between extent of pocket depth > 5 mm and serum
CRP level. In our study we also examined correlations between the
number of sites with gingivitis and the analytes CRP, total and 7y fi-
brinogen. We did this with the idea that the number of dental sites
with tissue inflammation may be a better marker of current (and
not historic) inflammatory burden. Our findings replicated the as-
sociation between the extent of pocket depth >5 mm and CRP lev-
els, and additionally we saw correlation between ¥ fibrinogen and
the number of sites with gingivitis.

One of the main limitations of the present study is the lack of a
control group of subjects. This makes it impossible to assess the in-
dividual contributions of CVD and periodontitis on the variables
measured. Another major difficulty is the lack of validated clinical
measures of periodontal disease severity that are known to associ-
ate with cardiovascular risk. Additionally, the discontinuation of
the PAVE pilot study has prevented analysis of the effect of period-
ontal treatment on inflammation and Y’ fibrinogen levels, and as-
sessment of the relationship between these variables and future
cardiovascular events.

In conclusion, the link between ¥ fibrinogen and inflammation
isintriguing, particularly in light of the growing literature associat-
ing Y fibrinogen with thrombotic disease (3-5, 16-18,24-27). The
lack of association between ¥ fibrinogen and total fibrinogen lev-
els seen in this study and a previous case-control study of CAD (3)
contrasts with the correlation between both fibrinogen isoforms
seen in a large community-based cohort (5), and this may indicate
a dysregulation of these isoforms under pathological conditions.
Further work will be needed to determine whether 7y’ fibrinogen is
indeed regulated independently of total fibrinogen in an inflam-
matory setting, and, if so, what mechanisms are involved.
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