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Plasma fibrinogen concentration is the most extensively studied non-traditional marker of vascular il
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sition and atherosclerotic progression, and is associated with hypercoagul ability. It is therefore not
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surprising that several cross-sectional studies have found that high plasmafibrinogen concentration corre- 75 Francis Street
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Table 1: Potential hemostatic and thrombotic markers of atherothrom-
botic risk. (From Ridker PM. Association of hemostatic and thrombotic
factors with cardiovascular risk. In: Schafer Al (editor) Molecular
Mechanisms of Hypercoagulable States; 1997; Landes Bioscience).

Concentration Markers
Fibrinogen
Tissue type plasminogen activator (t-PA)
Plasminogen activator inhibitor (PAI-1)
Factor V, VII, VIl
Lipoprotein(a)
Homocysteine
von Willebrand factor antigen

Process Markers
t-PA/PAI-1 complex
Plasmin-Alpha-2-Antiplasmin (PAP) complex
Prothrombin Fragment 1+2
Thrombin-Antithrombin Ill (TAT) complex
Fibrinopeptide A
Fibrin Degradation Products
D-dimer

Functional Markers
Activated Protein C Resistance (APC-R)
Factor Vlic and Vlla
Thrombin

Global Markers
Clot lysis time

Inflammatory Markers
C-Reactive Protein
Interleukins
Vascular Adhesion Molecules

Platelet Markers
Platelet Size and Volume
Platelet Aggregation, Activity and Function

and acute inf arction. Fibrinogen concentration has also been
reported to correlate with extent of both peripheral and ceréora
atherosclerosis®

From aclinical perspective,the most important data relating
fibrinogen to cardiovascular risk derive from prospective cohort
studies in which plasma concentration was measured at baseline
and was then related to the risk of future disease. Individuasin
the Northwick Park Heart Study who subsequently died of
cardiovascular disease or suffered a nonfatal ischemic event
during the follow-up period had significantly higher fibrinogen

Figure 1: Ischemic heart disease events occurring in the Northwick Park
Heart Study as a function of low, middle and high tertiles of fibrinogen
and total cholesterol. (Adapted from Meade TW et al. Haemostatic func-
tion and ischemic heart disease: Principal results of the Northwick Park
Heart Study. Lancet 1986;2:533-537.)

levels than those who remained free of disease.’ In thisimpor-
tant prospective study,subjects with the highest levels of plasma
fibrinogen concentration had relative risks of future CAD
comparable to or greater than those associated with elevated
levels of total cholesterol (figure 1).

Corroborative evidence indicating that fibrinogen is an
important risk factor for cardiovascular disease is available from
several studies, including the Gothenburg Heart Study,’ the
Framingham Heart Study,® the Caerphilly and Speedwell
Collaborative Studies,’ and the recent European Concerted
Action on Thrombosis (ECAT)* and PROCAM*" studies. The
latter two have also provided data indicating that assessment of
fibrinogen levels adds to the predictive value of total or low-
density lipoprotein (LDL) cholesterol in predicting vascular risk.
Moreover, data are available showing that fibrinogen level isa
predictor of all-cause mortality as well as of thromboembolic
stroke.” In arecent meta-analysis, individual s with fi brinogen
levelsin the upper third of the control distribution were found to
have arelative risk of future cardiovascular disease 2.3 times
higher than that of individuals with levelsin the lowest third
(figure 2)°

Figure 2: Odds ratios of ischemic heart disease and stroke for patients
with fibrinogen level in the upper third of the distribution in six prospec-
tive studies of fibrinogen and cardiovascular disease. (Adapted from
Ernst E, Resch KL. Fibrinogen as a cardiovascular risk factor: A meta-
analysis and review of the literature. Ann Intern Med 1993;118:956-963.)
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Plasma fibrinogen level is partly under genetic control,but
it is also affected by several environmental deter minants, the
most critical being cigarette consumption. The Framingham
investigators estimated that almost 50% of the cardiovascular
risk attributable to smoking was mediated through the adverse
effects of fibrinogen.” From aclinical perspective,thisissueis
important for patient care, as the relationship between smoking
and fibrinogen is dose-related and reversible.* Fibrinogen
levelsin women are also hormonally determined, and recent
evidence suggests that estrogen replacement therapy can
significantly reduce plasma fibrinogen concentration.*
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While fi brinogen screening has been advocated by some
preventive cardiologists,no clinicad trial data available haveindi-
cated that specific efforts to reduce fibrinogen lead to improved
cardiovascular health. However, thisis being examined in
severd clinical trials now under way, and the role of fibrinogen
levelsasatool for vascular screening and targeted intervention
islikely to be darified in the near future.

Mild-to-moder ate hyper homocysteinemia

It has been known for several yearsthat patients with homo-
cystinuria,an inherited disorder characterized by high levels of
homocysteine (>100 mmol/L), have a markedly increased
predilection for premature atherothrombosis. However, more
recent data indicate that even mild elevations of homocysteine
are associated with increased thrombotic risk. A large series of
cross-sectional and retrospective case-control studies indicates
that mild-to-moderate hyperhomocysteinemia (>15 mmol/L) is
associated with increased risks of CAD, peripheral artery
disease, stroke, and venous thromboembolism.* In addition, a
growing number of prospective studies indicates that level of
homocysteine is a graded predictor of future vascular events,
among both currently healthy individuals and those with known
angina pectoris (figure 3).*

Very recent datareved the importance of mild-to-moderate
homocysteinemia as a prognostic factor among patients with

Figure 3: Meta-analysis of cross-sectional, case-control, and cohort
studies relating total plasma homocysteine level to cardiovascular risk.
Odds ratios are on a log scale based upon a 5 umol/L increase in homo-
cysteine level. (Adapted from Boushey et al. A quantitative assessment of
plasma homocysteine as a risk factor for vascular disease: Probable ben-
efits of increasing folic acid intakes. JAMA 1995;274:1049-1057.)
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CAD.In aprospective study involving 587 patients with angio-
graphically confirmed coronary disease who were followed over
afour-year period, cardiovascular mortality was 4.5 times higher
for those with homocysteine levelsin excess of 20.0 umol/L as
for those with the lowest levels (<9.0 umol/L).* Moreover, esti-
mated survival in this study population was related to plasma
level of homocysteine in adirect, graded manner (figure 4).
These data are remarkably consistent,and prior overviews have
suggested that elevated homocysteine is associated with

Figure 4: Estimated survival among patients with coronary artery dis-
ease, according to plasma total homocysteine levels. (Adapted from
Nygard O, et al. Plasma homocysteine levels and mortality in patients
with coronary artery disease. N Engl J Med 997;33:230-236.)
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increased vascular risk in a graded fashion such that up to 10%
of the population risk for coronary disease might be attributable
to homocysteine concentration.

The primary cause of mild-to-moderate homocysteinemia
ispoor dietary intake of folate/* although there are also common
genetic polymorphisms that can affect plasmalevels.? Folate is
highly effective in reducing elevated homocysteine levels,and
use of this agent has been advocated for reducing the risk of
CAD. Indeed,if such an goproach is proven effective, increased
folate intake might lead to the annual prevention of 20,000 to
50,000 premature coronary deaths.” Several well-designed clin-
ical trialsare currently being organized to ciitically evaluate the
issue. In the meantime, the United States has implemented
folate fortification of cereal products, because increased intake
reduces the incidence of first-trimester neural-tube defects. This
supplementation,however,might not be sufficient to adequately
reduce coronary risk.
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Hyperhomocysteinemic patients who have suffered unex-
plained thromboses might have a second defect of hemostasis.
Thisissueis paticularly relevant to venous thromboembolism;
for example, recent dataindicate that individuals affected both
by hyperhomocysteinemia and by a common mutation in the
gene coding for coagulation factor V (factor V Leiden) are at
markedly increased risk of thrombosis when compared to indi-
vidualswith only one of these defects”

Impaired fibrinolysis: tPA and PAI-1

Perhaps the strongest direct evidence supporting the hypoth-
esisthat there are individuals prone to thrombosis derives from
epidemiologic studies of impaired fi brinolysis and cardiovas-
cular risk.In broad terms, the function of the intrinsic fibri-
nolytic system reflects a balance between endothelial-derived
proteins (tissue-type plasminogen activator [tPA], for example)
capable of dissolving thrombi and those (such as plasminogen-
activator inhibitor type 1 [PAI-1])—capable of inhibiting the
clot-dissolving process. Several prospective studies*™ have now
demonstrated that elevated levels of both these substances are
associated with increased thrombotic risk. Two other factors
associated with impaired fibrinolysis, cross-linked fibrin degra-
dation products (D-dimer)® and clot lysistimes* have also been
found to predict future ischemic heart disease.

Activity levels of both tPA and PAI-1 are difficult to
measure, unfortunately,and assessment of impaired fibrinolysis
can be a complex process. However, standardized assays f or
antigen levels of tPA are now available,and they indicate tPA to
be a strong marker of vascular risk. The predictive value of tPA
antigen among patients free of coronary disease was initially
demonstrated in the Physicians' Health Study, alarge-scale
survey involving nearly 15,000 apparently healthy men who
provided baseline plasma samples and were then followed for

Figure 5: Relative risks of future Ml associated with baseline levels of
tPA antigen among currently healthy men. (Adapted from Ridker et al.
Endogenous tissue-type plasminogen activator and risk of MI. Lancet
1993;341:1165-1168.)
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the future occurrence of MI1. In this study, basdline concentra-
tions of tPA antigen were significantly higher among men who
subsequently suffered afirst-ever Ml compared with those who
remained healthy during the follow-up period. Moreover, the
risk associated with increasing levels of tPA antigenrosein a
graded manner such that those with the highest levels at study
initiation had relative risk of future M1 approximately three
timesthat of subjectswith lower levels (figure 5). Therisk of
future thromboembolic stroke among the seemingly healthy
subjects also rose with increasing levels of tPA antigen, afinding
that was independent of other vascular risk factors”

The clinical utility of tPA antigen assay has also been
demonstrated among patients with angina pectoris. For
example, in the previously mentioned ECAT study of paients
with chronic stable angina,** tPA antigen levels at study
entry were associated with a step-wise increase in risk of
future M| and sudden death. Of perhaps greater importance,
the standardized relative risks associated with tPA antigen
concentration in the ECAT study were greater in magnitude
than for any other hemostatic or thrombotic parameter
measured, including PAI-1 antigen, PAI-1 activity, and von
Willebrand factor antigen.

Intrinsic fibrinolytic function might,in part, be genetically
determined. However, as with fi brinogen and homocysteine,
intrinsic fibrinolytic function is modified by severa environ-
mental and behavioral factors including smoking, obesity,
estrogen, lipid levels, and alcohol consumption.®*

Recent evidence aso indicates a potentially important inter-
action between tPA,PAI-1, and the renin-angiotensin system.*
In one recent study, for example, the use of the angiotensin-
converting enzyme (ACE) inhibitor ramipril was found to favor-
ably affect the balance between tPA and PAI-1 among patients
with recent anterior M1.® Whether this effect has long-term din-
ical benefit remains uncertain; however,it is intriguing to spec-
ulate that the effects of ACE inhibitors on fibrinolytic function
might partly explain the observation that long-term therapy with
either captopril® or enalgoril® appears to reduce rates of recur-
rent M| aswell as mortality.

Testing for impaired fibrinolysisis generally availablein
academic centers equipped with specialized hemostasis |abora-
tories. From an epidemiologic perspective, tPA-antigen
screening has several practical advantages over measuring other
factors of fibrinolysisin that levels tend to be stable over time,
are readily measured with low coefficients of variation in stan-
dardized assays, and can be evaluated in clinical samples
collected without specialized techniques. However, whether
assessment of tPA antigen adds to the ability to predict risk over
and above that achievable with standard lipid testing remains
uncertain. Thus, while data regarding both tPA and PAI-1
provide insight into the pathophysiology of acute MI, the clin-
ical utility of these measuresis unknown.
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Lipoprotein(a)

Although technicaly alipid,lipoprotein(a) is often consid-
ered a marker of thrombosis since the apolipoprotein compo-
nent of lipoprotein(a) shares homology with plasminogen.
This unique lipid appears to play a regulatory rolein
atherothrombosis;* indeed, unlike other lipid molecules,which
primarily participate in atherosclerotic progression, lipopro-
tein(a) has been hypothesized to compete with plasminogen in
binding to fibrin, resulting in a potential direct inhibition of
endogenous fibrinolysis.

Clinica data supporting arole for lipoprotein(a) in coronary
disease come from a series of cross-sectional and retrospective
case-control studies® There have also been several prospective
studies relating baseline level of lipoprotein(a) to future vascular
risk. However, while several of these prospective studies have
been positive,*** others have found little—if any—association
between lipoprotein(a) and subsequent risk.** Moreover, even
among the positive studies, the absol ute magnitude of associa-
tion between baseline level of lipoprotein(a) and subsequent risk
appears to be modest.

It is possible that the lack of consistency in the prospec-
tive studies of lipoprotein(a) reflects controversy regarding the
best method of measuring it and the fact that different iso-
forms of the apo(a) component of lipoprotein(a) might have
different atherothrombotic eff ects.It has also been hypothe-
sized that the predictive value of lipoprotein(a) levels might
be useful only in patients with hyperlipidemia.*** Further-
more, lipoprotein(a) levels might well differ in different popu-
lations and between the sexes. Unfortunately, all of these limi-
tations tend to reduce the utility of lipoprotein(a) as a marker
for clinical thrombosis.

Approaches for screening lipoprotein(a) vary consider-
ably.In some centers, screening for this unique lipid parameter
is commonly undertaken in an effort to determine vascular
risk; however,other centersrarely use lipoprotein(a) screening.
This latter approach likely reflects the fact that there is no
current therapy that specifically reduces lipoprotein(a) concen-
tration, and there is no evidence that such an effect leads to
improved vascular hedlth. It is also important to recognize that
methods for lipoprotein(a) evaluation vary and that the most
promising approaches to lipoprotein(a) screening—such as
sinking-pre-beta el ectrophoresis, apo(a) size determination,
and pol ymorphism analysis—are generally not availablein
most clinical settings.”*

C-reactive protein

The most recently described risk factor for atherothrom-
botic disease is C-reactive protein,an acute-phase reactant
whose plasmalevels are determined largely by effects of inflam-
matory cytokines on hepatic production. Until recently, clinical
tests for C-reactive protein were relatively insensitive. With the

introduction of increased sensitivity tests, C-reactive protein
assay can now be used as a method of evaluating systemic
microinflammation, a process hypothesized to play acritica role
in the initiation and progression of atherosclerosis and, perhaps,
in the conversion of stable atherosclerotic plague to unstable
thrombus-prone lesions.

Clinical evidence relating C-reactive protein to thrombosis
israpidly accumulating.In cross-sectional studies, levels of C-
reactive protein are associated with several other vascular risk
factors including cigarette consumption, hyperlipidemia,
obesity,blood pressure,and diabetes.” Recent studies also indi-
caethat levels of C-reactive protein are elevated among patients
with stable and unstable angina as well as acute M|.**
However, since C-reactive protein increases following acute
ischemia, it is uncertain whether these effects are a cause or a
result of acute coronary insufficiency.

Two recently presented prospective studies demonstrate that
thelevel of C-reactive protein isindeed elevated many yearsin
advance of coronary occlusion. Among high-risk patients partic-
ipating in the MRFIT study,®?levels of C-reactive protein
measured at study entry were associated with significantly
increased risks of fatal coronary disease. This observation,
however, was applicable only to smokers. Since smoking is
known to increase levels of C-reactive protein and isitself a
fundamental cardiovascular risk factor, the possibility that the
relationship between C-reactive protein and vascular risk
observed in the MRFIT study is due primarily to cigarette
consumption cannot be excluded.

The role of C-reactive protein as an important vascular
risk factor has recently been clarified in data from the
Physicians' Health Study™ In this study of apparently healthy
men, baseline levels of C-reactive protein were found to
predict future risk of MI and thromboembolic stroke, both

Figure 6: Relative risks of future myocardial infarction among apparent-
ly healthy men, according to baseline level of C-reactive protein. (Adap-
ted from Ridker et al. Inflammation, aspirin, and the risk of cardiovascu-
lar disease in apparently healthy men. N Engl J Med 1997;
336:973-979.)
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among all study participants and among non-smokers. For
example, healthy men with baseline levels of C-reactive
protein greater than 2.1 mg/L (the 75th percentile of the
control distribution) were found to have three times the risk of
future MI (relative risk=2.9, P< 0.001) and two times the risk
of future ischemic stroke (relative risk=1.9, P=0.02) compared

to those with lower levels® (figure 6).

From aclinical perspective,this study’s data al so suggest
that assessment of C-reactive protein might well add to our
ability to predict future vascular disease events.

« First, risk estimates associated with increased C-reactive
protein were stable over long periods, implying that the effects
of inflammation are probably mediated through a chronic
process directly associated with atherogenesis.

* Second, the risk of future M| associated with C-reactive
protein was independent of total and HDL cholesteral, triglyc-
erides, lipoprotein(a), tPA antigen, homocysteine, D-dimer,
fibrinogen, body massindex, diabetes, hypertension, and a
family history of premature atherosclerosis.”

 Subsequent analyses from this study showed that predictive

models incorporating lipid and C-reactive protein levels

provided significantly better risk assessment than did models
using lipid levels done.In fact, the relative risks of future M1
among subjects with high levels of lipids and C-reactive
protein were greater than the product of the individual risks

associated with elevations of either factor alone (figure 7).

Furthermore, levels of C-reactive protein were predictive of

future M1 risk even in those subgroups of patients with

“low-risk” lipid profiles.

It isintriguing to consider the possibility that infectious
organisms such as Chlamydia pneumoniae, herpesvirus, or

Figure 7: Interrelation of C-reactive protein and the total cholesterol to
HDL cholesterol ratio in the prediction of future MI. (Adapted from
Ridker et al, Inflammation, aspirin, and the risk of cardiovascular dis-
ease in apparently healthy men. N Engl J Med 1997;336:973-979.)
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cytomegalovirus could be a cause of the chronic inflammation
detected in studies of C-reactive protein and vascular risk. Inthis
regard,the hypothesis has been raised that antimicrobial therapy
might have arolein the prevention of atherothrombosis.> This
hypothesiswill require direct testing in randomized clinicd trias.

The primary prevention of M1

While factors such as fibrinogen, homocysteine, tPA
antigen, lipoprotein(a),and C-reactive protein all appear to be
associated with future vascular risk, the clinical decision to
screen for any of them is complex. First, with the possible
exception of fibrinogen and C-reactive protein, data are limited
describing whether these factors add to our ability to predict
risk over and above that available with traditional methods.
Second, with the exception of homocysteine, simple methods
to reduce levels of these factors are not readily available.
Third, for factors such as lipoprotein(a) and perhaps tPA
antigen, the associated risk might be limited to individuals
with hyperlipidemia. Finally, clinical trial data demonstrating
that reduction of any of these factors leads to a net clinical
benefit are currently lacking.

At the same time,because acute cardiovascular events
will continue to occur among conventionally low-risk indi-
viduals, clinical interest in novel markers of atherothrombosis
islikely to increase. Indeed, despite substantial gains over the
past 20 years, CAD remains the single most important cause
of morbidity and mortality in the United States, accounting
for approximately one in every four fatalities.>® From the
perspective of primary prevention, tactics such as smoking
cessation, dietary discretion, lipid reduction, moderate exer-
cise, and blood-pressure control will remain the most impor-
tant means of reducing vascular risk well into the 21st
century.® Knowledge that a given individual is at increased
coronary risk even when conventional risk factors are absent
islikely to improve compliance with behavioral interventions.
Moreover, the pathophysiologic implications of these novel
markers will undoubtedly lead to new therapeutic approaches
to cardiovascular disorders.
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