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Beyond Cholesterol: Novel Risk Factors 
for Atherosclerotic Disease
By P A U L  M  R I D K E R , M D, M P H , FA C C

Based upon data from the Framingham Heart Study,the A m e rican Heart A s s o c i ation has advo c ated a

ri s k - factor prediction algo rithm that takes into account age, total and high-density lipoprotein (HDL)

ch o l e s t e ro l , systolic blood pre s s u re, smoking history, d i ab e t e s , and evidence of left ve n t ricular hy p e r-

t ro p hy.1 This traditional ap p ro a ch to the prediction of myo c a rdial infa rction (MI) risk is cl i n i c a l ly effe c t ive

and provides an important ave nue for patient education and behav i o ral and pharm a c o l ogic interve n t i o n .

Th u s , in daily clinical pra c t i c e, c o ro n a ry art e ry disease (CAD) risk assessment typically includes a care f u l

h i s t o ry and a physical ex a m i n ation accompanied by lipid scre e n i n g.

M a ny patients with few traditional risk fa c t o rs, h oweve r, d evelop life - t h re atening acute coro n a ry

s y n d romes with no prior symptoms of vascular insuffic i e n cy. Screening studies have shown that hy p e r-

l i p i d e m i a , hy p e rt e n s i o n , s m o k i n g, fa m i ly history, and diabetes might predict less than half of all future

c a rd i ovascular eve n t s .2 , 3 Other studies indicate that , in patients with pre m at u re at h e ro s cl e ro s i s , the pre d i c-

t ive value of traditional card i ovascular risk fa c t o rs might be quite limited.

In an attempt to better predict risk of first MI, s eve ral ep i d e m i o l ogic studies have looked beyo n d

ch o l e s t e rol and ex p l o red a series of novel risk fa c t o rs for at h e ro s cl e rotic disease (re fer to table 1). 4 I n

ge n e ra l , wh at these novel risk fa c t o rs have in common is that they re l ate dire c t ly or indire c t ly to thro m bu s

fo rm ation and dissolution and to the processes of at h e ro s cl e rotic initiation and progression. Evolving dat a

in the ep i d e m i o l ogy of hemostasis and thrombosis indicates that , on a population basis, t h e re are indiv i d-

uals “ p rone to thro m b o s e ” as well as those “ p rone to hemorr h age.” M o re ove r, evidence is accruing that

ab n o rmalities re l ated to these novel para m e t e rs could explain at least some of the coro n a ry events that

occur among people who are otherwise at ap p a re n t ly low ri s k .

Among the novel risk fa c t o rs for art e rial thrombosis outlined in the tabl e,five have at t racted the most

clinical attention and are rev i ewed in this pre s e n t ation. Th ey are plasma concentrations of fib ri n oge n ,

h o m o cy s t e i n e,tissue-type plasminogen activator (tPA ) ,l i p o p ro t e i n ( a ) , and C-re a c t ive pro t e i n .

Plasma fibrinogen concentration

Plasma fib ri n ogen concentration is the most ex t e n s ive ly studied non-traditional marker of va s c u l a r

ri s k.While fib ri n ogen is part of the acute-phase response and thus, to some ex t e n t , re flects underly i n g

i n fla m m at i o n , it is also a major factor in blood viscosity,is a critical element in the process of fib rin dep o-

sition and at h e ro s cl e rotic progre s s i o n , and is associated with hy p e rc o ag u l ab i l i t y. It is there fo re not

s u rp rising that seve ral cross-sectional studies have found that high plasma fib ri n ogen concentration corre-

l ates with prevalence of CAD and that fib ri n ogen levels are elevated among people with angina pectori s
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and acute infa rction. Fi b ri n ogen concentration has also been

rep o rted to corre l ate with extent of both peri p h e ral and cereb ra l

at h e ro s cl e ro s i s .5

From a clinical pers p e c t ive,the most important data re l at i n g

fib ri n ogen to card i ovascular risk derive from pro s p e c t ive cohort

studies in wh i ch plasma concentration was measured at baseline

and was then re l ated to the risk of future disease. Individuals in

the Nort h w i ck Pa rk Heart Study who subsequently died of

c a rd i ovascular disease or suffe red a nonfatal ischemic eve n t

d u ring the fo l l ow-up period had signific a n t ly higher fib ri n oge n

l evels than those who remained free of disease.6 In this impor-

tant pro s p e c t ive study,subjects with the highest levels of plasma

fi b ri n ogen concentration had re l at ive risks of future CAD

c o m p a rable to or gre ater than those associated with elevat e d

l evels of total ch o l e s t e rol (fig u re 1).

C o rro b o rat ive evidence indicating that fib ri n ogen is an

i m p o rtant risk factor for card i ovascular disease is ava i l able fro m

s eve ral studies, i n cluding the Gothenbu rg Heart Study,7 t h e

Framingham Heart Study,8 the Caerp h i l ly and Speedwe l l

C o l l ab o rat ive Studies,9 and the recent European Concert e d

Action on Th rombosis (ECAT )1 0 and PRO C A M1 1 studies. Th e

l atter two have also provided data indicating that assessment of

fib ri n ogen levels adds to the pre d i c t ive value of total or low -

density lipoprotein (LDL) ch o l e s t e rol in predicting vascular ri s k .

M o re ove r, d ata are ava i l able showing that fib ri n ogen level is a

p redictor of all-cause mortality as well as of thro m b o e m b o l i c

s t ro ke.7 In a recent meta-analy s i s , i n d ividuals with fib ri n oge n

l evels in the upper third of the control distri bution we re found to

h ave a re l at ive risk of future card i ovascular disease 2.3 times

higher than that of individuals with levels in the lowest third

( fig u re 2).5

Plasma fib ri n ogen level is part ly under genetic contro l,bu t

it is also affected by seve ral env i ronmental determ i n a n t s , t h e

most critical being ciga rette consumption. The Fra m i n g h a m

i nve s t i gat o rs estimated that almost 50% of the card i ova s c u l a r

risk at t ri bu t able to smoking was mediated through the adve rs e

e ffects of fib ri n oge n .1 2 From a clinical pers p e c t ive,this issue is

i m p o rtant for patient care, as the re l ationship between smoking

and f i b ri n ogen is dose-re l ated and reve rs i bl e.1 3 Fi b ri n oge n

l evels in women are also horm o n a l ly determ i n e d, and re c e n t

evidence suggests that estrogen replacement therapy can

significantly reduce plasma fibrinogen concentration.14

Table 1: Potential hemostatic and thrombotic markers of athero t h ro m-
botic risk. (From Ridker PM. Association of hemostatic and thro m b o t i c
factors with cardiovascular risk. In: Schafer AI (editor) M o l e c u l a r
Mechanisms of Hypercoagulable States; 1997; Landes Bioscience).

Concentration Markers
Fibrinogen
Tissue type plasminogen activator (t-PA)
Plasminogen activator inhibitor (PAI-1)
Factor V, VII, VIII
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 III (TAT) complex
Fibrinopeptide A
Fibrin Degradation Products
D-dimer

Functional Markers
Activated Protein C Resistance (APC-R)
Factor VIIc and VIIa
Thrombin

Global Markers
Clot Iysis time

Inflammatory Markers
C-Reactive Protein
Interleukins
Vascular Adhesion Molecules

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

F i g u re 1: Ischemic heart disease events occurring in the Northwick Park
Heart Study as a function of low, middle and high tertiles of fib r i n o g e n
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 1 9 8 6 ; 2 : 5 3 3 – 5 3 7 . )

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 fro m
E rnst E, Resch KL. Fibrinogen as a cardiovascular risk factor: A meta-
analysis and review of the literature. Ann Intern Med 1 9 9 3 ; 1 1 8 : 9 5 6 – 9 6 3 . )
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While fib ri n ogen screening has been advo c ated by some

p reve n t ive card i o l ogi s t s,no clinical trial data ava i l able have indi-

c ated that specific effo rts to reduce fib ri n ogen lead to improve d

c a rd i ovascular health. Howeve r, this is being examined in

s eve ral clinical trials now under way, and the role of fib ri n oge n

l evels as a tool for vascular screening and targeted interve n t i o n

is like ly to be cl a ri fied in the near future.

Mild-to-moderate hyperhomocysteinemia

It has been known for seve ral ye a rs that patients with homo-

cy s t i nu ri a,an inherited disorder ch a ra c t e ri zed by high levels of

h o m o cysteine (>100 mmol/L), h ave a marke d ly incre a s e d

p redilection for pre m at u re at h e ro t h rombosis. Howeve r, m o re

recent data indicate that even mild elevations of homocy s t e i n e

a re associated with increased thrombotic risk. A large series of

c ross-sectional and re t ro s p e c t ive case-control studies indicat e s

t h at mild-to-moderate hy p e r h o m o cysteinemia (>15 mmol/L) is

a s s o c i ated with increased risks of CAD, p e ri p h e ral ar t e ry

d i s e a s e, s t ro ke, and venous thro m b o e m b o l i s m .1 5 In add i t i o n , a

growing number of pro s p e c t ive studies indicates that level of

h o m o cysteine is a graded predictor of future vascular eve n t s ,

among both curre n t ly healthy individuals and those with know n

a n gina pectoris (fig u re 3).1 6 – 1 9

Ve ry recent data reveal the importance of mild-to-moderat e

h o m o cysteinemia as a prognostic factor among patients with

F i g u re 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 µmol/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-
e fits of increasing folic acid intakes. JAMA 1 9 9 5 ; 2 7 4 : 1 0 4 9 – 1 0 5 7 . )
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C A D.In a pro s p e c t ive study involving 587 patients with angi o-

grap h i c a l ly confirmed coro n a ry disease who we re fo l l owed ove r

a fo u r- year peri o d, c a rd i ovascular mortality was 4.5 times higher

for those with homocysteine levels in excess of 20.0 µmol/L as

for those with the lowest levels (<9.0 µm o l / L ) .2 0 M o re ove r, e s t i-

m ated surv ival in this study population was re l ated to plasma

l evel of homocysteine in a dire c t , graded manner (fig u re 4).

These data are re m a rk ably consistent,and prior ove rv i ews have

s u ggested that elevated homocysteine is associated with

i n c reased vascular risk in a graded fashion such that up to 10%

of the population risk for coro n a ry disease might be at t ri bu t abl e

to homocysteine concentrat i o n .1 5

The pri m a ry cause of mild-to-moderate homocy s t e i n e m i a

is poor dietary intake of fo l at e,2 1 although there are also common

genetic poly m o rphisms that can affect plasma leve l s .2 2 Fo l ate is

h i g h ly effe c t ive in reducing elevated homocysteine leve l s ,a n d

use of this agent has been advo c ated for reducing the risk of

C A D. Indeed,if such an ap p ro a ch is proven effe c t ive, i n c re a s e d

fo l ate intake might lead to the annual prevention of 20,000 to

50,000 pre m at u re coro n a ry deat h s .1 5 S eve ral well-designed cl i n-

ical trials are curre n t ly being orga n i zed to cri t i c a l ly eva l u ate the

i s s u e. In the meantime, the United States has implemented

fo l ate fo rt i fic ation of cereal pro d u c t s , because increased intake

reduces the incidence of firs t - t rimester neural-tube defects. Th i s

s u p p l e m e n t at i o n ,h oweve r,might not be sufficient to adequat e ly

reduce coro n a ry ri s k .

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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H y p e r h o m o cysteinemic patients who have suffe red unex-

plained thromboses might have a second defect of hemostasis.

This issue is part i c u l a rly re l evant to venous thro m b o e m b o l i s m ;

for ex a m p l e, recent data indicate that individuals affected both

by hy p e r h o m o cysteinemia and by a common mu t ation in the

gene coding for coag u l ation factor V (factor V Leiden) are at

m a rke d ly increased risk of thrombosis when compared to indi-

viduals with only one of these defe c t s .2 3

Impaired fibrinolysis: tPA and PAI-1

Pe r h aps the stro n gest direct evidence supporting the hy p o t h-

esis that there are individuals prone to thrombosis derives fro m

ep i d e m i o l ogic studies of impaired fib ri n o lysis and card i ova s-

cular r i s k.In broad term s , the function of the intrinsic fib ri-

n o lytic system re flects a balance between endothelial-derive d

p roteins (tissue-type plasminogen activator [tPA ] , for ex a m p l e )

c ap able of dissolving thrombi and those (such as plasminoge n -

a c t ivator inhibitor type 1 [PA I - 1 ] ) — c ap able of inhibiting the

clot-dissolving process. Seve ral pro s p e c t ive studies2 4 – 2 8 h ave now

d e m o n s t rated that elevated levels of both these substances are

a s s o c i ated with increased thrombotic risk. Two other fa c t o rs

a s s o c i ated with impaired fib ri n o ly s i s , c ro s s - l i n ked fib rin degra-

d ation products (D-dimer)2 9 and clot lysis times,3 0 h ave also been

found to predict future ischemic heart disease.

A c t ivity levels of both tPA and PAI-1 are difficult to

m e a s u re,u n fo rt u n at e ly,and assessment of impaired fib ri n o ly s i s

can be a complex process. Howeve r, s t a n d a rd i zed assays f o r

a n t i gen levels of tPA are now ava i l abl e,and they indicate tPA to

be a strong marker of vascular risk. The pre d i c t ive value of tPA

a n t i gen among patients free of coro n a ry disease was initially

d e m o n s t rated in the Phy s i c i a n s ’ Health Study, a large - s c a l e

s u rvey involving nearly 15,000 ap p a re n t ly healthy men wh o

p rovided baseline plasma samples and we re then fo l l owed fo r

Figure 5: Relative risks of future MI 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 MI.2 6 In this study, baseline concentra-

tions of tPA antigen we re signific a n t ly higher among men wh o

s u b s e q u e n t ly suffe red a firs t - ever MI compared with those wh o

remained healthy during the fo l l ow-up peri o d. More ove r, t h e

risk associated with increasing levels of tPA antigen rose in a

graded manner such that those with the highest levels at study

i n i t i ation had re l at ive risk of future MI ap p rox i m at e ly thre e

times that of subjects with lower levels (fig u re 5). The risk of

f u t u re thromboembolic stro ke among the seemingly healthy

subjects also rose with increasing levels of tPA antige n , a fin d i n g

t h at was independent of other vascular risk fa c t o rs .2 7

The clinical utility of tPA antigen assay has also been

d e m o n s t rated among patients with angina pector i s. Fo r

ex a m p l e, in the prev i o u s ly mentioned ECAT study of pat i e n t s

with ch ronic stable angi n a ,1 0 , 2 8 t PA antigen levels at study

e n t ry we re associated with a step-wise increase in risk of

f u t u re MI and sudden death. Of perhaps gre ater import a n c e,

the standard i zed re l at ive risks associated with tPA antige n

c o n c e n t ration in the ECAT study we re gre ater in mag n i t u d e

than for any other hemostatic or thrombotic para m e t e r

m e a s u re d, i n cluding PAI-1 antige n , PAI-1 activ i t y, and vo n

Wi l l eb rand factor antige n .

I n t rinsic fib ri n o lytic function might,in part , be ge n e t i c a l ly

d e t e rm i n e d. Howeve r, as with fib ri n ogen and homocy s t e i n e,

i n t rinsic fib ri n o lytic function is modified by seve ral env i ro n-

mental and behav i o ral fa c t o rs including smoking, o b e s i t y,

e s t roge n , lipid leve l s , and alcohol consumption.3 1 – 3 3

Recent evidence also indicates a potentially important inter-

action between tPA,PA I - 1 , and the re n i n - a n giotensin system.3 4

In one recent study, for ex a m p l e, the use of the angi o t e n s i n -

c o nve rting enzyme (ACE) inhibitor ra m i p ril was found to favo r-

ably affect the balance between tPA and PAI-1 among pat i e n t s

with recent anterior MI.3 5 Whether this effect has long-term cl i n-

ical benefit remains uncertain; howeve r,it is intriguing to spec-

u l ate that the effects of ACE inhibitors on fib ri n o lytic function

might part ly explain the observation that long-term therapy with

either cap t o p ri l3 6 or enalap ri l3 7 ap p e a rs to reduce rates of re c u r-

rent MI as well as mort a l i t y.

Testing for impaired fib ri n o lysis is ge n e ra l ly ava i l able in

academic centers equipped with specialized hemostasis lab o ra-

t o ri e s. From an e p i d e m i o l ogic pers p e c t ive, t PA - a n t i ge n

s c reening has seve ral practical adva n t ages over measuring other

fa c t o rs of fib ri n o lysis in that levels tend to be stable over time,

a re re a d i ly measured with low coefficients of va ri ation in stan-

d a rd i zed assay s , and can be eva l u ated in clinical samples

collected without specialized techniques. Howeve r, wh e t h e r

assessment of tPA antigen adds to the ability to predict risk ove r

and ab ove that ach i evable with standard lipid testing re m a i n s

u n c e rtain. Th u s , while data rega rding both tPA and PA I - 1

p rovide insight into the pat h o p hy s i o l ogy of acute MI, the cl i n-

ical utility of these measures is unknow n .
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Lipoprotein(a)

Although tech n i c a l ly a lipid,l i p o p rotein(a) is often consid-

e red a marker of thrombosis since the ap o l i p o p rotein compo-

nent of lipoprotein(a) shares homology with plasminoge n .

This unique lipid ap p e a rs to play a reg u l at o ry role in

at h e ro t h ro m b o s i s ;3 8 i n d e e d, u n l i ke other lipid molecules,wh i ch

p ri m a ri ly part i c i p ate in a t h e ro s cl e rotic progre s s i o n , l i p o p ro-

tein(a) has been hy p o t h e s i zed to compete with plasminogen in

binding to fib ri n , resulting in a potential direct inhibition of

endogenous fibrinolysis.

Clinical data supporting a role for lipoprotein(a) in coro n a ry

disease come from a series of cross-sectional and re t ro s p e c t ive

c a s e - c o n t rol studies.3 8 Th e re have also been seve ral pro s p e c t ive

studies re l ating baseline level of lipoprotein(a) to future va s c u l a r

risk. Howeve r, while seve ral of these pro s p e c t ive studies have

been positive,4 , 3 9 – 4 2 o t h e rs have found little—if any — a s s o c i at i o n

b e t ween lipoprotein(a) and subsequent ri s k .4 3 – 4 5 M o re ove r, eve n

among the positive studies, the absolute magnitude of associa-

tion between baseline level of lipoprotein(a) and subsequent ri s k

ap p e a rs to be modest.

It is possible that the lack of consistency in the pro s p e c-

t ive studies of lipoprotein(a) re flects controve rsy rega rding the

best method of measuring it and the fact that diffe rent iso-

fo rms of the apo(a) component of lipoprotein(a) might have

d i ffe rent at h e ro t h rombotic effe c t s.It has also been hy p o t h e-

s i zed that the pre d i c t ive value of lipoprotein(a) levels might

be useful only in patients with hy p e rl i p i d e m i a .4 1 , 4 6 F u rt h e r-

m o re, l i p o p rotein(a) levels might well differ in diffe rent popu-

l ations and between the sexes. Unfo rt u n at e ly, all of these limi-

t ations tend to reduce the utility of lipoprotein(a) as a marke r

for clinical thro m b o s i s .

Ap p ro a ches for screening lipoprotein(a) va ry consider-

ably.In some centers , s c reening for this unique lipid para m e t e r

is commonly undert a ken in an effo rt to determine va s c u l a r

risk; howeve r,other centers ra re ly use lipoprotein(a) scre e n i n g.

This latter ap p ro a ch like ly re flects the fact that there is no

c u rrent therapy that specific a l ly reduces lipoprotein(a) concen-

t rat i o n , and there is no evidence that such an effect leads to

i m p roved vascular health. It is also important to re c og n i ze that

methods for lipoprotein(a) eva l u ation va ry and that the most

p romising ap p ro a ches to lipoprotein(a) scre e n i n g — s u ch as

s i n k i n g - p re-beta electro p h o re s i s , apo(a) size determ i n at i o n ,

and pol y m o rphism analy s i s — a re ge n e ra l ly not ava i l able in

most clinical settings.47,48

C-reactive protein

The most re c e n t ly described risk factor for at h e ro t h ro m-

botic disease is C-re a c t ive pro t e i n,an acute-phase re a c t a n t

whose plasma levels are determined large ly by effects of infla m-

m at o ry cytokines on hep atic production. Until re c e n t ly, cl i n i c a l

tests for C-re a c t ive protein we re re l at ive ly insensitive. With the

i n t roduction of increased sensitivity tests, C - re a c t ive pro t e i n

a s s ay can now be used as a method of eva l u ating systemic

m i c ro i n fla m m at i o n , a process hy p o t h e s i zed to play a critical ro l e

in the initiation and progression of at h e ro s cl e rosis and,p e r h ap s ,

in the conve rsion of stable at h e ro s cl e rotic plaque to unstabl e

t h ro m bu s - p rone lesions.

Clinical evidence re l ating C-re a c t ive protein to thro m b o s i s

is rap i d ly accumu l at i n g.In cross-sectional studies, l evels of C-

re a c t ive protein are associated with seve ral other vascular ri s k

fa c t o rs including ciga rette consumption, hy p e rl i p i d e m i a ,

o b e s i t y,blood pre s s u re,and diab e t e s .4 9 Recent studies also indi-

c ate that levels of C-re a c t ive protein are elevated among pat i e n t s

with stable and unstable angina as well as acute MI. 5 0 , 5 1

H oweve r, since C-re a c t ive protein increases fo l l owing acute

i s ch e m i a , it is uncertain whether these effects are a cause or a

result of acute coro n a ry insuffic i e n cy.

Two re c e n t ly presented pro s p e c t ive studies demonstrate that

the level of C-re a c t ive protein is indeed elevated many ye a rs in

a dvance of coro n a ry occlusion. Among high-risk patients part i c-

i p ating in the MRFIT study, 5 2 l evels of C-re a c t ive pr o t e i n

m e a s u red at study entry we re associated with signifi c a n t ly

i n c reased risks of fatal coro n a ry disease. This observat i o n ,

h oweve r, was ap p l i c able only to smoke rs. Since smoking is

k n own to increase levels of C-re a c t ive protein and is itself a

fundamental card i ovascular risk fa c t o r, the possibility that the

re l ationship between C-re a c t ive protein and vascular ri s k

o b s e rved in the MRFIT study is due pri m a ri ly to ciga re t t e

consumption cannot be ex cl u d e d.

The role of C-re a c t ive protein as an important va s c u l a r

risk factor has re c e n t ly been c l a ri fied in data from the

Physicians’Health Study.53 In this study of apparently healthy

m e n , baseline levels of C-re a c t ive protein we re found to

p redict future risk of MI and thromboembolic stro ke, b o t h

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 1 9 9 7 ;
336:973–979.)
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among all study participants and among non-smoke rs. Fo r

ex a m p l e, h e a l t hy men with baseline levels of C-re a c t ive

p rotein gre ater than 2.1 mg/L (the 75th percentile of the

c o n t rol distri bution) we re 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 stro ke (re l at ive ri s k = 1 . 9 , P=0.02) compare d

to those with lower levels53 (figure 6).

From a clinical pers p e c t ive,this study ’s data also sugge s t

t h at assessment of C-re a c t ive protein might well add to our

ability to predict future vascular disease eve n t s .

• Fi rs t , risk estimates associated with increased C-re a c t ive

p rotein we re stable over long peri o d s, i m p lying that the effe c t s

of infla m m ation are pro b ably mediated through a ch ro n i c

p rocess dire c t ly associated with at h e roge n e s i s .

• S e c o n d, the risk of future MI associated with C-re a c t ive

p rotein was independent of total and HDL ch o l e s t e ro l, t ri g ly c-

e ri d e s , l i p o p ro t e i n ( a ) , t PA antige n , h o m o cy s t e i n e, D - d i m e r,

fib ri n oge n , b o dy mass index , d i ab e t e s , hy p e rt e n s i o n , and a

fa m i ly history of pre m at u re at h e ro s cl e ro s i s .5 3

• Subsequent analyses from this study showed that predictive

models incorp o rating lipid and C-re a c t ive protein leve l s

p rovided signific a n t ly better risk assessment than did models

using lipid levels alone.In fa c t , the re l at ive risks of future MI

among subjects with high levels of lipids and C-re a c t ive

protein were greater than the product of the individual risks

a s s o c i ated with elevations of either factor alone (fig u re 7).

• Furthermore, levels of C-reactive protein were predictive of

f u t u re MI risk even in those subgroups of patients with

“low-risk” lipid profiles.

It is intriguing to consider the possibility that infe c t i o u s

o rganisms such as C h l a mydia pneumoniae, h e rp e s v i ru s , o r

F i g u re 7: I n t e r relation of C-reactive protein and the total cholesterol to
HDL cholesterol ratio in the prediction of future MI. (Adapted fro m
Ridker et al, Inflammation, aspirin, and the risk of cardiovascular dis-
ease in apparently healthy men. N Engl J Med 1997;336:973–979.)

cy t o m ega l ov i rus could be a cause of the ch ronic infla m m at i o n

detected in studies of C-re a c t ive protein and vascular risk. In this

rega rd,the hypothesis has been raised that antimicrobial therapy

might have a role in the prevention of at h e ro t h ro m b o s i s .5 4 Th i s

hypothesis will re q u i re direct testing in ra n d o m i zed clinical tri a l s .

The primary prevention of MI

While fa c t o rs such as fi b ri n oge n, h o m o cy s t e i n e, t PA

antigen, lipoprotein(a),and C-reactive protein all appear to be

a s s o c i ated with future vascular ri s k , the clinical decision to

s c reen for any of them is complex. Fi rs t , with the possibl e

ex c eption of fib ri n ogen and C-re a c t ive pro t e i n , d ata are limited

d e s c ribing whether these fa c t o rs add to our ability to pre d i c t

risk over and ab ove that ava i l able with traditional methods.

Second, with the exception of homocysteine, simple methods

to reduce levels of these fa c t o rs are not re a d i ly ava i l abl e.

Th i rd, for fa c t o rs such as lipoprotein(a) and perhaps tPA

a n t i ge n , the associated risk might be limited to indiv i d u a l s

with hyperlipidemia. Finally, clinical trial data demonstrating

t h at reduction of any of these fa c t o rs leads to a net cl i n i c a l

benefit are currently lacking.

At the same time,because acute card i ovascular eve n t s

will continue to occur among conve n t i o n a l ly low - risk indi-

v i d u a l s , clinical interest in novel marke rs of at h e ro t h ro m b o s i s

is like ly to incre a s e. Indeed, despite substantial gains over the

past 20 ye a rs , CAD remains the single most important cause

of morbidity and mortality in the United Stat e s , a c c o u n t i n g

for ap p rox i m at e ly one in eve ry four fat a l i t i e s .5 5 From the

p e rs p e c t ive of pri m a ry preve n t i o n , tactics such as smoking

c e s s at i o n , d i e t a ry discre t i o n , lipid re d u c t i o n , m o d e rate exe r-

c i s e, and bl o o d - p re s s u re control will remain the most impor-

tant means of reducing vascular risk well into the 21st

c e n t u ry.5 6 K n ow l e d ge that a given individual is at incre a s e d

c o ro n a ry risk even when conventional risk fa c t o rs are ab s e n t

is like ly to improve compliance with behav i o ral interve n t i o n s .

M o re ove r, the pa t h o p hy s i o l ogic implications of these nove l

m a rke rs will undoubtedly lead to new therapeutic ap p ro a ch e s

to card i ovascular disord e rs .

This Brigham and Wo m e n ’s Hospital Card i ovascular Grand Rounds

s u m m a ry includes inf o rm ation prev i o u s ly presented in detail in the fo l l ow i n g

p u bl i c at i o n s :

R i d ker PM. Fi b ri n o lytic and infla m m at o ry marke rs for art e rial occl u s i o n : Th e

evolving ep i d e m i o l ogy of thrombosis and hemostasis. Th ro m b

H a e m o s t 1 9 9 7 ; 7 8 : 5 3 – 5 9 .

R i d ker PM. A s s o c i ation of hemostatic and thrombotic fa c t o rs with card i ova s-

cular risk. In Sch a fer AI (editor),Molecular mechanisms of hy p e r-

c o ag u l able stat e s ; 1997; Landes Bioscience.
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