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ew predictors of cardiovascular events are needed to improve the accuracy of risk

stratification. Such predictors should be easily measurable in the population and po-

tentially modifiable. This review reports on new biomarkers that are closely linked

to the pathogenic mechanisms underlying the progression of the atherosclerotic plaque
leading to rupture and thrombosis that ultimately precipitate acute clinical events, such as stroke
and myocardial infarction. These risk factors have been associated with subclinical or clinical car-
diovascular disease in large populations and include markers of lipoprotein and lipid metabolism,
vitamin B;, metabolism, fibrinolysis, coagulation, inflammation, infection, endothelial dysfunc-
tion, the angiotensin system, and oxidative stress. For other key processes of atherosclerosis and
cardiac disease, such as apoptosis or programmed cell death, there are currently no markers that
can be measured noninvasively. Atherosclerosis is a multifactorial condition and possibly only a
subset of factors are the main determinants of disease in a given patient. A better definition of the
cardiovascular risk profile will help to better target primary and secondary prevention. Further
epidemiological studies are needed to characterize the actual predictive and clinical value of these

new emerging cardiovascular biomarkers.

In the United States the age-adjusted rates
of cardiovascular mortality have de-
clined by more than 50% in the last quar-
ter century among whites and blacks of
both sexes. This achievement is in part a
shared success of both improved treat-
ment and effective primary prevention.
Current disease prevention strategies fo-
cus on reducing blood lipids (particu-
larly low-density lipoprotein [LDL]), blood
pressure control, serum glucose control,
weight control, increasing physical activ-
ity, and smoking cessation. As currently
implemented, these strategies may have
reached the limits of their effectiveness.
During the past few years the decline from
coronary disease death has tended to level
and the death rates from stroke have
slightly increased.! As important as the es-
tablished risk factors are for predicting dis-
ease, only a fraction of those who have 1
or more of these risk factors will actually
develop a cardiovascular event, and some
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with no known risk factors will experi-
ence an event. There is, however, cause for
optimism. Important advances in our un-
derstanding of the pathogenesis of dis-
ease and in the genetics that mediate the
relationship between risk factors and dis-
ease have opened large new areas for epi-
demiological exploration. This article pro-
vides a brief overview of emerging
biomarkers of atherosclerosis that are suit-
able for evaluation in prospective epide-
miological studies. As they are evaluated,
we should be better able to identify indi-
viduals at risk of clinical cardiovascular
events and new targets for intervention.
The transition from subclinical car-
diovascular disease to overt clinical dis-
ease is usually precipitated by acute coro-
nary events such as unstable angina or
myocardial infarction. Pathologic evi-
dence indicates that rupture, erosion, and
fissure of lipid-rich vulnerable atheroscle-
rotic plaques are probably the most fre-
quent underlying mechanisms that trig-
ger the cascade of effects leading to acute

Downloaded from www.archinternmed.com on July 5, 2009
©1999 American Medical Association. All rights reserved.


http://www.archinternmed.com

coronary occlusion.? Current hypoth-
eses concerning the pathogenesis of
this cascade focus on endothelial in-
jury, the oxidation of LDPs and their
effects on the endothelium, the in-
teraction of growth factors and cy-
tokines leading to increased oxida-
tive stress, increased free radical
formation, destruction of nitric ox-
ide, endothelial dysfunction, in-
creased platelet aggregation, inflam-
mation, proteolysis, impaired
thrombolysis, and thrombosis. Al-
though there are no sensitive and
practical means of detecting vulner-
able plaques in the coronary arter-
ies in vivo, several serologic mark-
ers associated with each of the
pathophysiological processes lead-
ing to plaque rupture and fissure,
and thrombosis might help to iden-
tify those individuals with subclini-
cal disease who will most likely
experience a new coronary event.
Recently identified biomarkers
including markers of lipoprotein me-
tabolism, endothelial dysfunction, fi-
brinolysis, and inflammation have
been associated with an excess risk
of subclinical or clinical cardio-
vascular disease, and have been
linked with key atherogenic or pro-
thrombotic mechanisms. These bio-
markers may better predict clinical
events either alone or in combina-
tion with traditional established
cardiovascular risk factors. How-
ever, the independent relation of
these new risk factors with athero-
sclerotic disease has not yet been
conclusively proven.

LIPID METABOLISM

Specific lipoprotein and fatty acid
metabolism markers are linked with
the formation of lipid-rich plaques
and thrombosis. Lipoprotein(a)
[Lp(a)] can promote atheroscle-
rotic disease by increasing deposi-
tion of cholesterol into the arterial
wall, enhancing oxidation of LDL
cholesterol, and interfering with fi-
brinolysis. Lipoprotein(a) is emerg-
ing as one promising target for in-
tervention such as niacin.’ In the
Framingham studies and in an-
other large cohort Lp(a) was found
to be a powerful independent pre-
dictor of coronary disease,”® and in
Atherosclerosis Risk in Communi-
ties study Lp(a) was independently
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associated with cerebrovascular dis-
ease and asymptomatic atheroscle-
rosis.”® Genetic factors affect Lp(a)
levels that vary substantially accord-
ing to sex and race.” For example,
the distribution of Lp(a) in white
Americans and Asian Indians are
more skewed to the left, while this
distribution is nearly normal in Af-
rican Americans.*

Cholesteryl ester transfer pro-
tein (CETP), lipoprotein lipase
(LPL), and hepatic lipase are major
determinants of the plasma high-
density lipoprotein (HDL) choles-
terol and triglyceride levels, and play
an important role in the reverse cho-
lesterol transport system. Al-
though the relationship between the
actions of these proteins and ath-
erosclerosis is complex and not fully
documented, a body of evidence sug-
gests that polymorphisms of the
CETP, LPL, and hepatic lipase genes
influence the levels of these lipo-
proteins and may be independent
predictors of atherosclerotic risk."*>
Furthermore, these polymorphisms
are relatively frequent in the popu-
lation and may be more suitable
measures in epidemiological stud-
ies.!*1%1” These genetic polymor-
phisms are particularly relevant be-
cause of racial differences in their
distribution—for example, CETP
mutations are frequent among indi-
viduals of Japanese ancestry—and
their interaction with environmen-
tal factors such as diet, smoking,
alcohol intake, and medication
use. !0 Emerging evidence sug-
gests that HDL cholesterol subfrac-
tions may be independent risk fac-
tors of atherosclerotic disease. In the
Cardiovascular Health Study (CHS)
HDL2-C and HDL3-C were de-
creased in individuals with preva-
lent cardiovascular disease, and
HDL3-C was correlated with ca-
rotid atherosclerosis.”' In another
study,** there was a strong associa-
tion of HDL2 (inverse) and CETP
(direct) with carotid intimal media
thickness. The strongest predictor of
intimal media thickness was the
CETP content of the dense HDL3
subfraction expressed as the ratio of
CETP/HDL3.*

Triglyceride-rich lipoproteins
such as intermediate-density lipo-
proteins and very low-density lipo-
protein or chylomicron remnants are
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emerging as predictors of atheroscle-
rosis. They are involved in the patho-
genesis of atherosclerosis either di-
rectly as atherogenic particles,” or
indirectly by altering the composi-
tion of other lipoproteins such as LDL
and HDL. There is a strong and con-
sistent association of hypertriglyc-
eridemia with dense LDL.**** De-
creased LDL particle size has in turn
been associated with premature coro-
nary artery disease,”** and interme-
diate-density lipoproteins have been
independently associated with the
progression of carotid*® and coro-
nary atherosclerosis.” Additional rel-
evant lipid markers include fasting
and peak postprandial triglyceride
and remnant lipoprotein,**’ plasma
fatty acid composition (phospho-
lipid and cholesterol ester),* total
plasma apoA, and apoB, and common
apo(a) (kringle type 2), apoB, apoE
gene polymorphisms (E2/E4).731%
The recent development of a rapid
method for separating very low-
density lipoprotein and chylomi-
cron remnant particles from whole
plasma offers a new tool for study-
ing the relationship of remnant par-
ticles with atherosclerotic disease.*
This method isolates apoB48 and
apoB100 particles that are enriched
in apoE and cholesteryl ester and/or
depleted in C apoproteins, charac-
teristics of remnant particles of chy-
lomicron and very low-density lipo-
protein, respectively. In limited
studies to date, elevated levels of these
remnant lipoproteins have been
observed in subjects with coronary
artery disease and in diabetes
mellitus.

Studies of the red blood cell
membrane fatty acid and lipid com-
position can gather important infor-
mation on the antioxidant de-
fenses.*®* Changes in red blood cell
membrane fatty acid and lipid com-
position reflect dietary fat intake,*
and are associated with modifica-
tions in sodium-lithium counter-
transport,* an independent predic-
tor of onset of hypertension in
normotensive individuals.*

HOMOCYSTEINE

Homocysteine can promote vascu-
lar disease by means of direct cyto-
toxic effects on the endothelium, in-
creased adhesiveness of the platelets,
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and effects on clotting factors.*” El-
evated levels of homocysteine have
been linked with increased risk of ca-
rotid stenosis,*™ vascular disease,”
myocardial infarction in young
women,*® venous thromboembo-
lism,*” and mortality among pa-
tients with coronary disease.” Lev-
els of homocysteine vary according
to age, sex, race, and genotype and
environmental factors such as diet
and medication use.”> Polymor-
phisms of the thermolabile methy-
lenetetrahydrofolate reductase, the
key enzymes of homocysteine me-
tabolism, are associated with in-
creased levels of homocysteine and
excess cardiovascular risk.**
Fasting plasma levels of plasma
homocysteine in a normal popula-
tion generally range from 5 to 15
pmol/L.°° Even mild elevations
(>10-15 pmol/L) are associated with
increased risk of atherosclerotic vas-
cular disease, and a homocysteine
level in excess of 16 pmol/L is asso-
ciated with a 3-fold increase in risk
of coronary heart disease.’! El-
evated plasma homocysteine may
arise from both nutritional and ge-
netic factors. Plasma levels of ho-
mocysteine are higher in individu-
als whose plasma levels of vitamins
B1,, Bs (pyridoxine), By (folate), and
pyridoxal phosphate are in the bot-
tom quartile and substantial health
benefits are expected from an in-
crease in dietary folate.”* Plasma ho-
mocysteine increases with age, post-
menopausal state, renal disease, and
with administration of diphenylhy-
dantoin and carbamazepine.*

THROMBOSIS
AND HEMOSTASIS

Alterations in thrombosis and he-
mostasis are causally linked to ath-
erosclerotic disease and can precipi-
tate acute events. Markers, such as
increased levels of fibrinogen, fi-
brinogen B mutation,’*? plasmin-
a-antiplasmin complex, plasmino-
gen activator inhibitor 1 (PAI-1),
tissue-type plasminogen activator
antigen (TPA), and D-dimer can
identify high-risk individuals.”**°
Some of these markers, such as PAI-1
activity or antigen, are indicators of
inhibited fibrinolysis, others, such
as TPA antigen, D-dimer, and plas-
min-a-antiplasmin complex, are in-
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dicators of the activation of the fi-
brinolytic system. In CHS increased
levels of plasmin-a-antiplasmin
complex independently predicted
myocardial infarction and coro-
nary death.®" In the Atherosclerosis
Risk in Communities Study, partici-
pants with subclinical atherosclero-
sis had significantly increased
levels of PAI-1, TPA, and D-dimer,
compared with those with no ath-
erosclerotic disease.’* Increased
PAI-1 is likely one mechanistic link
between glucose intolerance or dia-
betes with increased risk of athero-
thrombotic events.” In prospective
studies’®® PAI-1 and TPA indepen-
dently predicted cardiovascular
events or mortality. The PAI-1 ac-
tivity or antigen seem to be better
predictors of events than the known
polymorphisms that regulate PAI-1
(4G/5G mutation).*'** Gene poly-
morphism of the TPA seems to be a
better predictor of myocardial infarc-
tion than TPA activity or antigen.®
Fibrinolytic markers are affected by
medication use and diet.®**® While
some studies”®" found that the sig-
nificant associations of TPA with
cardiovascular disease were indepen-
dent of other risk factors, oth-
ers” 000389 haye found that fibrino-
lytic markers were correlated with
insulin resistance, obesity, and se-
rum lipids such as total cholesterol
and Lp(a), suggesting that the pro-
thrombotic effect of altered lipids and
diabetes are mediated by an impair-
ment of fibrinolysis.

Angiotensin and cellular cal-
cium play an important role in regu-
lating the production of PAI-1,*72
and antihypertensive agents, such as
angiotensin-converting enzyme
(ACE) inhibitors and calcium chan-
nel blockers, may have beneficial ef-
fects on fibrinolysis. In 1 study® 120
patients were randomized to ramipril
or placebo 24 hours after an acute
myocardial infarction to assess the
effects on fibrinolytic markers. Af-
ter 2 weeks PAI-1 antigen and ac-
tivity were significantly decreased in
the ramipril group compared with
the placebo group by 44% and 22%,
respectively. In a smaller trial” of 81
patients enrolled after an acute myo-
cardial infarction, those random-
ized to enalapril had significantly
lower levels of TPA antigen com-
pared with placebo, but no differ-
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ence was found in PAI-1 after 12
weeks of treatment, although base-
line levels of PAI-1 and TPA were
unknown and blood samples were
not optimally stored. Another small
study™ in 12 patients with coro-
nary heart disease, obesity, and hy-
pertension failed to find any signifi-
cant effect of lisinopril on TPA or
PAI-1 antigen after 12 weeks of treat-
ment. The use of captopril signifi-
cantly reduced the levels of PAI-1
and TPA in 14 patients with post-
myocardial infarction but not in pla-
cebo-treated controls.” In a trial®®
that compared verapamil with meto-
prolol in 809 patients with stable an-
gina, 631 patients were evaluated for
fibrinolytic markers. The TPA anti-
gen and PAI-1 activity, but not the
type of treatment, predicted coro-
nary events. Compared with base-
line values, the use of verapamil and
metoprolol were associated with a
10% decrease and a 2% increase in
TPA, respectively (P<<.001 for treat-
ment difference, P was not signifi-
cant for the variation vs baseline).

Other relevant hemostatic fac-
tors that predict coronary events or
that are associated with atheroscle-
rosis include increased levels of fac-
tor VIL, factor VII polymorphisms
vary with race and are associated
with an increased risk of myocar-
dial infarction,””"® factor VIII, throm-
boplastin, von Willebrand factor,”
thromboglobulin,” and markers of
platelet activation, such as pro-
thrombin fragment 1+2,%°%" and in
young women factor Leiden V mu-
tation.®” The frequency of factor V
Leiden varies depending on geo-
graphic locations and ethnic diver-
sity. In CHS mutations of the factor
V gene that were particularly fre-
quent among blacks, were signifi-
cantly associated with intimal media
thickness and prevalent cardiovas-
cular disease.®

INFLAMMATION
AND INFECTIOUS AGENTS

Inflammation may be both impor-
tant in the pathogenesis of athero-
thrombosis and a distal marker of
an advancing disease process.
Increases in the serum C-reactive
protein prospectively predict coro-
nary events.®*®” The protective
effect of aspirin on coronary events


http://www.archinternmed.com

may be in part mediated by the
anti-inflammatory properties of the
drug,® suggesting that the associa-
tion between inflammation and
coronary disease is likely causal. In
experimental studies® increases in
interleukin 6 (IL-6) and tumor
necrosis factor o cause coronary
arteriosclerosislike changes in the
smooth muscle. Increased serum
levels of IL-6 and tumor necrosis
factor a are associated with sever-
ity of left ventricular dysfunction®
and are candidates for predicting
atherosclerotic disease. It is well
established that IL-6 levels are
increased in heart failure and in
specific inflammatory diseases.
Increased levels of circulating
transforming growth factor 1 are
associated with both diabetes and
coronary disease.”! Emerging evi-
dence is showing that in the gen-
eral population IL-6 levels are cor-
related with several chronic
conditions. In a community sample
of men from the general popula-
tion in the United Kingdom plasma
IL-6 levels were significantly corre-
lated with smoking, chronic pul-
monary disease, high triglyceride
levels, high fibrinogen, and coro-
nary disease.” In a small sample of
postmenopausal women plasma
IL-6 was negatively correlated with
serum estradiol and bone density.”
In a large population sample of the
Established Populations for Epi-
demiologic Studies of the Elderly,
IL-6 levels were correlated with
functional disability, cancer, heart
disease, and hypertension.* Poly-
morphisms of the transforming
growth factor B1 and tumor necro-
sis factor a genes have been associ-
ated with severity of athero-
sclerosis and hypertension or
diabetes.”>® Frequent IL-6 poly-
morphisms modulate IL-6 levels.®”
Infectious agents, such as
Chlamydia, cytomegalovirus, Heli-
cobacter pylori, and herpes simplex
virus, have been associated with an
excess risk of coronary disease.”®!?
These pathogens have been impli-
cated in the pathogenesis of ath-
erosclerosis by in vitro studies in
which infection of smooth muscle
cells with these agents (herpes sim-
plex virus I and II) produces
changes similar to those observed
in the atherosclerotic plaque, by
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detection of viral and bacterial
antigens and genetic material in
human atherosclerotic lesions
(Chlamydia, H pylori, cytomegalo-
virus, and herpes simplex virus
2)1%2 and by seroepidemiological
studies.'® The presence of sero-
positivity for cytomegalovirus and
the titer of anticytomegalovirus
IgG antibodies were powerful and
independent predictors of coronary
restenosis after directional atherec-
tomy.'%!

The evidence of a role of H py-
lori in the pathogenesis of athero-
sclerosis is less clear.”** Although
1 cross-sectional study® reported a
higher prevalence of seropositivity
for H pylori in patients with vs those
without coronary heart disease
(76.6% vs 45.5%, respectively), an-
other prospective cross-sectional
study'™ found no evidence of in-
creased titers to H pylori among 342
patients admitted with myocardial
infarction. In 1 cross-sectional
study,'® 22% of patients with coro-
nary heart disease had high (>1:64)
antibody titers against Chlamydia
pneumoniae vs 4.7% of healthy con-
trols. It remains debated whether
these infectious agents have a causal
effect on atherothrombosis or are
merely an epiphenomenon of the in-
flammatory process.

ENDOTHELIAL FUNCTION

Increased levels of biochemical
markers of endothelial function
and cell adhesion—P-selectin,
E-selectin, soluble intercellular
adhesion molecule 1, vascular cell
adhesion molecule 1, and thrombo-
modulin—have been found in
patients with atherosclerosis and
dyslipidemia.'®!'? Increased circu-
lating levels of E-selectin, soluble
intercellular adhesion molecule 1,
vascular cell adhesion molecule 1,
and thrombomodulin have been
found in patients with atheroscle-
rosis and dyslipidemia.'®!° In the
Atherosclerosis Risk in Communi-
ties Study, increased plasma levels
of intercellular adhesion molecule
1 and E-selectin prospectively pre-
dicted coronary events.''! In the
Physician’s Health Study, intercel-
lular adhesion molecule 1 was sig-
nificantly and independently asso-
ciated with incident myocardial
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infarction.!? DNA polymorphisms
of adhesion molecule genes have
been identified in young subjects
with angiographically documented
coronary atherosclerosis.'*!'* En-
dothelin is an endothelial-derived
vasoconstrictor peptide with mito-
genic properties that has been asso-
ciated with severity of coronary dis-
ease.'” Apoptosis, or programmed
cell death, is an important mecha-
nism underlying the atherothrom-
botic process, myocardial ische-
mia, and heart failure, but, currently
there are no noninvasive measures
of apoptosis.'*!®

ANGIOTENSIN

Angiotensin plays a pivotal role in
vascular remodeling, and regula-
tion of vasoconstriction and throm-
bolysis. The insertion and deletion
polymorphisms of the ACE gene ac-
count for up to 50% of interindi-
vidual variability in ACE levels.*! Al-
though genotyping is a more reliable
marker of tissue levels of ACE than
ACE serum levels, the findings on
the associations of ACE polymor-
phisms with coronary disease have
been contradictory.!'*!* Racial dif-
ferences may have accounted for the
contradictory findings. For ex-
ample, the I allele and the risk as-
sociated with ACE polymorphism
are almost twice as high in Japa-
nese than in whites.*'1°

ANTIOXIDANTS

Antioxidants inhibit monocyte
adhesion, protect against cytotoxic
effects of oxidized LDL, inhibit plate-
let activation, preserve endothelium-
derived nitric oxide activity, and
contribute to the production of LDL
that is resistant to oxidation. These
effects may stabilize the plaque,
maintain the vasomotor function,
and inhibit platelet activation. Ran-
domized trials and prospective ob-
servational studies'*'** indicate that
vitamin E and vitamin C levels pre-
dict cardiovascular events. New find-
ings document the health effects of
antioxidant agents. In the Cam-
bridge Heart Antioxidant Study,
2002 patients with coronary heart
disease were randomized to receive
400 to 800 IU of vitamin E per day
or placebo and followed up for a me-
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dian of 1.4 years."”! In the active treat-
ment group the combined end point
of cardiovascular death or nonfatal
myocardial infarction was signifi-
cantly reduced (relative risk, 0.53;
95% confidence interval, 0.34-
0.83). These favorable findings were
not confirmed in a trial conducted in
Finland in 1862 men who had a pre-
vious myocardial infarction and were
smokers. The participants were ran-
domized to 50 mg/d of vitamin E, 20
mg/d of beta carotene, both vita-
mins, or placebo.!** There were no
significant differences in the risk
of coronary events between the 4
groups. Use of low doses or differ-
ent sources of vitamin E (synthetic
vs natural) might have accounted for
the differences in results between this
study and the Cambridge Heart An-
tioxidant Study. The benefits of vi-
tamin E are not limited to pharma-
cological supplementation. In
observational studies,'**!'*%¢ high di-
etary intake of vitamin E was asso-
ciated with a significantly decreased
risk of coronary heart disease.

The results of supplementa-
tion with beta carotene are less fa-
vorable. A randomized trial in 22 071
male physicians found no effect of
beta carotene supplementation on
incidence of cancer and cardiovas-
cular disease after 14 years of follow-
up.'?” In a trial involving a total of
18 314 smokers, the combination
of beta carotene and vitamin A in-
creased the risk of lung cancer (rela-
tive risk, 1.28; 95% confidence in-
terval, 1.04-1.57) and all-cause
mortality (relative risk, 1.17; 95%
confidence interval, 1.03-1.33), and
tended to increase the risk of death
from cardiovascular disease (rela-
tive risk, 1.26; 95% confidence in-
terval, 0.99-1.61). A recent cohort
study'?® in Finnish men younger
than 60 years has shown that vita-
min C deficiency, as assessed by low
plasma ascorbate concentration, is
a risk factor for coronary heart dis-
ease. It is not known whether vita-
min C supplementation decreases
the risk. The findings from trials
using antioxidants suggest that
vitamin E supplementation seems
to provide the greatest benefits.
Among the nonantioxidant vita-
mins, vitamin D levels have been
inversely associated with coronary
calcifications.'?
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Summary of the Emerging Cardiovascular Risk Biomarkers

Factors

Measures

Homocysteine

Oxidative stress

Vitamins Vitamin D

Lipid High-density lipoprotein cholesterol (HDL-C) subfractions (HDL2-C and
HDL3-C), low-density lipoprotein (LDL) cholesterol, lipoprotein(a), apoA;
and apoB, LDL particle size, intermediate density lipoproteins, plasma fatty
acid composition (phospholipid and cholesterol ester), red blood cell
membrane fatty acid, and lipid composition

Peak postprandial triglyceride and remnant lipoprotein

Gene polymorphisms: cholesteryl ester transfer protein, lipoprotein lipase,
and hepatic lipase, apoA, apoB, apoE gene polymorphisms (E2/E4)

Homocysteine, folate, vitamin By, metabolites

Gene polymorphisms: methylenetetrahydrofolate reductase

Fibrinogen, plasmin-a-antiplasmin complex, plasminogen activator inhibitor 1
(PAI-1), tissue-type plasminogen activator antigen, D-dimer, factor VII,
factor VIII, thromboplastin, von Willebrand factor, thromboglobulin,

Gene mutations: fibrinogen B, plasminogen activator inhibitor 1 (4G/5G)
mutation, tissue-type plasminogen activator antigen, factor Leiden V, factor

C-reactive protein, interleukin 6, transforming growth factor 81, tumor
Gene polymorphisms: interleukin 6, tumor necrosis factor a, transforming

Serologic markers of Chlamydia, cytomegalovirus, Helicobacter pylori, and

Hemostasis
prothrombin fragment 1+2
VII, postprandial-activated factor VII
Inflammation
necrosis factor a
growth factor 1
Infection
herpes simplex virus
Endothelial

Endothelin, P-selectin, E-selectin, soluble intercellular adhesion molecule 1,
function vascular cell adhesion molecule 1 and thrombomodulin
Gene polymorphisms: E-selectin
Vitamin E, vitamin C, F,-isoprostanes, 7 -hydroxycholesterol, thiobarbituric
acid-reactive substances, oxidation susceptibility of LDL and
very low-density lipoprotein, flavonoids
Gene polymorphisms: nitric oxide synthase (Asp298 variant)

MARKERS
OF OXIDATIVE STRESS

In a prospective study,'® serum 7
B-hydroxycholesterol, a major oxi-
dation product of cholesterol in
membranes, lipid hydroperoxides in
LDL measured as thiobarbituric acid-
reactive substances and oxidation
susceptibility of LDL and very low-
density lipoprotein were the stron-
gest predictors of a 3-year increase
in carotid wall thickness. F;-iso-
prostanes are prostaglandin iso-
mers formed by peroxidation of
arachidonic acid. The 8-epi prosta-
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glandin F,, and isoprostane F,, are
F,-isoprostanes produced in hu-
man atherosclerotic lesions."' Foam
cells adjacent to the lipid necrotic
core of the plaque are markedly posi-
tive for 8-epi IPF,,."** F,-isopros-
tanes circulate in plasma and are
excreted in urine. Measurement of
F,-isoprostanes may be a sensitive,
specific, and noninvasive method
for measuring oxidative stress.'’!
Frequent nitric oxide synthase poly-
morphisms (10% among controls
and 30% among cases) have been as-
sociated with an excess risk of coro-
nary disease.'
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ROLE OF RACE
AND SEX ON RISK FACTORS
FOR ATHEROSCLEROTIC
DISEASE

As these markers are evaluated it
will be important to determine
their predictive power in various
ethnic groups and in women as
well as men. There is evidence that
the relative contribution of various
risk factors may differ according to
race and sex. Compared with white
Americans, black and Native Amer-
icans tend to have a higher risk of
stroke and coronary disease, Japa-
nese have higher rates of stroke but
lower rates of coronary disease,
and Hispanics tend to have lower
rates of both conditions.”**'*! Such
differences in cardiovascular risk
are associated with different distri-
butions in the prevalence of estab-
lished risk factors. For example,
Japanese have low serum choles-
terol levels, high intake of alcohol,
and low intake of fat and animal
proteins.’ In a combined analysis
from the Atherosclerosis Risk in
Communities Study and CHS, for
whites, there was a significantly
greater impact on atherosclerosis
of smoking and HDL cholesterol
among older age groups but a
smaller impact of diabetes. For
black women, the impact of HDL
cholesterol decreased among the
older age strata.'** In the Athero-
sclerosis Risk in Communities
Study, black women were more
obese than white women, diabetes
and hypertension were more fre-
quent among blacks than whites,
and black men had higher levels of
HDL cholesterol compared with
white men.'* Similar patterns were
found in CHS.'** In CHS after
adjustment for known risk factors,
compared with whites, blacks had
thicker common carotid walls and
lower ankle brachial blood pres-
sure index ratios in both sexes,
while internal carotid walls were
significantly thinner in black wom-
en.'" These findings in CHS sug-
gest that the established risk fac-
tors do not explain all the ethnic
and sex-related differences in car-
diovascular disease rates, and that
additional information on new risk
factors is needed to improve the
risk stratification algorithms.
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CONCLUSIONS

About 300 cardiovascular risk fac-
tors have been reported in the lit-
erature. Those described herein
address diverse pathogenic mecha-
nisms (Figure and Table), and are
particularly promising for identify-
ing the most parsimonious combi-
nation of markers to accurately
predict cardiovascular events in in-
dividual age, sex, and ethnic origin
groups. Although many of these risk
factors have been evaluated in epi-
demiological studies, most of them
are not at present approved for
patient screening and there are no
uniform reference data for normal
values of these measures in the
population.

It is expected that the assess-
ment of these new biomarkers will
help to identify specific mechanistic
patterns that lead to cardiovascular
events and will be useful for better
targeting preventive interventions.
For example, an individual with el-
evated homocysteine levels will
mostly benefit from vitamin B;, and
folate supplementation, while a per-
son with increased endothelin lev-
els will benefit from pharmacologi-
cal interventions that decrease
endothelin or antagonize the endo-
thelin receptor. At present, only lim-
ited prospective data are available for
these new risk factors, and it is un-
clear which of these new risk factors
may have the greatest predictive po-
tential for cardiovascular events. New
studies are ongoing or being planned
to address this question.

Accepted for publication June 10, 1998.
Corresponding author: Marco
Pahor, MD, Department of Preven-
tive Medicine, University of Tennes-
see, 66 N Pauline, Suite 633, Mem-
phis, TN 38105 (e-mail: mpahor@
utmeml.utmem.edu).

Qi reremences

1. 1997 Joint National Committee. The sixth re-
port of the Joint National Committee on Preven-
tion, Detection, Evaluation, and Treatment of High
Blood Pressure. Arch Intern Med. 1997;157:
2413-2446.

2. Burke AP, Farb A, Malcom GT, Liang YH, Smi-
alek J, Virmani R. Coronary risk factors and
plague morphology in men with coronary dis-
ease who died suddenly. N Engl J Med. 1997;
336:1276-1282.

ARCH INTERN MED/VOL 159, FEB 8, 1999
242

. Stein JH, Rosenson RS. Lipoprotein Lp(a) ex-

cess and coronary heart disease. Arch Intern Med.
1997;157:1170-1176.

. Bostom AG, Cupples LA, Jenner JL, et al. El-

evated plasma lipoprotein(a) and coronary heart
disease in men aged 55 years and younger: a pro-
spective study. JAMA. 1996;276:544-548.

. Bostom AG, Gagnon DR, Cupples LA, etal. A pro-

spective investigation of elevated lipoprotein(a)
detected by electrophoresis and cardiovascular
disease in women: The Framingham Heart Study.
Circulation. 1994;90:1688-1695.

. Nguyen TT, Ellefson RD, Hodge DO, Bailey KR,

Kottke TE, Abu-Lebdeh HS. Predictive value of
electrophoretically detected lipoprotein(a) for
coronary heart disease and cerebrovascular dis-
ease in a community-based cohort of 9936 men
and women. Circulation. 1997;96:1390-1397.

. Brown SA, Morrisett JD, Boerwinkle E, Hutchin-

son R, Patsch W. The relation of lipoprotein[a]
concentrations and apolipoprotein[a] pheno-
types with asymptomatic atherosclerosis in sub-
jects of the Atherosclerosis Risk in Communi-
ties (ARIC) Study. Arterioscler Thromb. 1993;
13:1558-1566.

. Schreiner PJ, Chambless LE, Brown SA, Wat-

son RL, Toole J, Heiss G. Lipoprotein(a) as a cor-
relate of stroke and transient ischemic attack
prevalence in a biracial cohort: the ARIC Study—
Atherosclerosis Risk in Communities. Ann Epi-
demiol. 1994;4:351-359.

. Schreiner PJ, Heiss G, Tyroler HA, Morrisett JD,

Davis CE, Smith R. Race and gender differ-
ences in the association of Lp(a) with carotid ar-
tery wall thickness: the Atherosclerosis Risk in
Communities (ARIC) Study. Arterioscler Thromb
Vasc Biol. 1996;16:471-478.

. Sandholzer C, Hallman DM, Saha N, et al. Ef-

fects of the apolipoprotein(a) size polymor-
phism on the lipoprotein(a) concentration in 7
ethnic groups. Hum Genet. 1991;86:607-614.

. Groenemeijer BE, Hallman MD, Reymer PW, et

al. Genetic variant showing a positive interaction
with beta-blocking agents with a beneficial influ-
ence on lipoprotein lipase activity, HDL choles-
terol, and triglyceride levels in coronary artery dis-
ease patients: the Ser447-stop substitutionin the
lipoprotein lipase gene—REGRESS Study Group.
Circulation. 1997;95:2628-2635.

. Zhong S, Sharp DS, Grove JS, et al. Increased

coronary heart disease in Japanese-American
men with mutation in the cholesteryl ester trans-
fer protein gene despite increased HDL levels.
J Clin Invest. 1996;97:2917-2923.

. Cohen JC, Wang Z, Grundy SM, Stoesz MR, Guerra

R. Variation at the hepatic lipase and apolipopro-
tein Al/CIII/AIV loci is a major cause of geneti-
cally determined variation in plasma HDL choles-
terol levels. J Clin Invest. 1994;94:2377-2384.

. Chen L, Patsch W, Boerwinkle E. Hindlll DNA

polymorphism in the lipoprotein lipase gene and
plasma lipid phenotypes and carotid artery ath-
erosclerosis. Hum Genet. 1996;98:551-556.

. Kuivenhoven JA, Jukema JW, Zwinderman AH,

et al. The role of a common variant of the cho-
lesteryl ester transfer protein gene in the pro-
gression of coronary atherosclerosis. N Engl J
Med. 1998;338:86-93.

. Hirano K, Yamashita S, Nakajima N, et al. Ge-

netic cholesteryl ester transfer protein defi-
ciency is extremely frequent in the Omagari area
of Japan: marked hyperalphalipoproteinemia
caused by CETP gene mutation is not associ-
ated with longevity. Arterioscler Thromb Vasc
Biol. 1997;17:1053-1059.


http://www.archinternmed.com

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

. Arai T, Yamashita S, Sakai N, et al. A novel non-

sense mutation (G181X) in the human cho-
lesteryl ester transfer protein gene in Japanese
hyperalphalipoproteinemic subjects. J Lipid Res.
1996;37:2145-2154.

. Hill SA, Nazir DJ, Jayaratne P, Bamford KS,

McQueen MJ. Mutations in cholesteryl ester trans-
fer protein and hepatic lipase in a North American
population. Clin Biochem. 1997;30:413-418.

. Bagdade JD, Kelley DE, Henry RR, Eckel RH, Rit-

ter MC. Effects of multiple daily insulin injections
and intraperitoneal insulin therapy on cholesteryl
ester transfer and lipoprotein lipase activities in
NIDDM. Diabetes. 1997;46:414-420.

Gudnason V, Thormar K, Humphries SE. Inter-
action of the cholesteryl ester transfer protein
1405V polymorphism with alcohol consump-
tion in smoking and non-smoking healthy men,
and the effect on plasma HDL cholesterol and
apoAl concentration. Clin Genet. 1997;51:
15-21.

Ettinger WH Jr, Verdery RB, Wahl PW, Fried LP.
High density lipoprotein cholesterol subfrac-
tions in older people. J Gerontol. 1994;49:M116-
M122.

Foger B, Luef G, Ritsch A, et al. Relationship of
high-density lipoprotein subfractions and cho-
lesteryl ester transfer protein in plasma to ca-
rotid artery wall thickness. J Mol Med. 1995;73:
369-372.

Rapp JH, Lespine A, Hamilton RL, et al. Triglyc-
eride-rich lipoproteins isolated by selected-
affinity anti-apolipoprotein B immunosorption
from human atherosclerotic plaque. Arterio-
scler Thromb. 1994;14:1767-1774.

Campos H, Genest JJ Jr, Blijlevens E, et al. Low
density lipoprotein particle size and coronary ar-
tery disease. Arterioscler Thromb. 1992;12:
187-195.

Austin MA, Breslow JL, Hennekens CH, Buring
JE, Willett WC, Krauss RM. Low-density lipo-
protein subclass patterns and risk of myocar-
dial infarction. JAMA. 1988;260:1917-1921.
Hodis HN, Mack WJ, Dunn M, Liu C, Selzer RH,
Krauss RM. Intermediate-density lipoproteins and
progression of carotid arterial wall intima-
media thickness. Circulation. 1997;95:2022-
2026.

Phillips NR, Waters D, Havel RJ. Plasma lipo-
proteins and progression of coronary artery dis-
ease evaluated by angiography and clinical
events. Circulation. 1993;88:2762-2770.
Weintraub MS, Grosskopf |, Rassin T, et al. Clear-
ance of chylomicron remnants in normolipidae-
mic patients with coronary artery disease: case
control study over three years. BMJ. 1996;312:
936-939.

Gaziano JM, Hennekens CH, 0’Donnell CJ, Bres-
low JL, Buring JE. Fasting triglycerides, high-
density lipoprotein, and risk of myocardial in-
farction. Circulation. 1997;96:2520-2525.

Ma J, Folsom AR, Lewis L, Eckfeldt JH. Rela-
tion of plasma phospholipid and cholesterol es-
ter fatty acid composition to carotid artery intima-
media thickness: the Atherosclerosis Risk in
Communities (ARIC) Study. Am J Clin Nutr.1997;
65:551-559.

Di Minno G, Grandone E, Margaglione M. Clini-
cal relevance of polymorphic markers of arte-
rial thrombosis. Thromb Haemost. 1997;78:
462-466.

Sandholzer G, Saha N, Kark JD, et al. Apo(a) iso-
forms predict risk for coronary heart disease: a
study in six populations. Arterioscler Thromb.
1992;12:1214-1226.

©Down| oaded from www.archinternmed.com on July 5, 2009

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Sechi LA, Kronenberg F, De Carli S, et al. Asso-
ciation of serum lipoprotein(a) levels and apo-
lipoprotein(a) size polymorphism with target-
organ damage in arterial hypertension. JAMA.
1997;277:1689-1695.

Wilson PW, Myers RH, Larson MG, Ordovas JM,
Wolf PA, Schaefer EJ. Apolipoprotein E alleles,
dyslipidemia, and coronary heart disease: The
Framingham Offspring Study. JAMA. 1994;272:
1666-1671.

de Andrade M, Thandi I, Brown S, Gotto A Jr,
Patsch W, Boerwinkle E. Relationship of the apo-
lipoprotein E polymorphism with carotid artery
atherosclerosis. Am J Hum Genet. 1995;56:
1379-1390.

Nakajima K, Saito T, Tamura A, et al. Choles-
terol in remnant-like lipoproteins in human se-
rum using monoclonal anti apo B-100 and anti
apo A-l immunoaffinity mixed gels. Clin Chim
Acta. 1993;223:53-71.

Shimizu H, Mori M, Saito T. An increase of se-
rum remnant-like particles in non-insulin—
dependent diabetic patients with microalbumin-
uria. Clin Chim Acta. 1993;221:191-196.
Akkus |, Saglam NI, Caglayan O, Vural H, Kalak
S, Saglam M. Investigation of erythrocyte mem-
brane lipid peroxidation and antioxidant de-
fense systems of patients with coronary artery
disease (CAD) documented by angiography. Clin
Chim Acta. 1996;244:173-180.
Shanmugasundaram KR, Srinivas K, Sundaram
P, et al. Lipid peroxidation, antioxidant de-
fences and red-cell membrane changes in rela-
tion to coronary risk index and symptomatic coro-
nary heart disease. J Cardiovasc Risk. 1995;2:
551-561.

Romon M, Nuttens MC, Theret N, et al. Com-
parison between fat intake assessed by a 3-day
food record and phospholipid fatty acid compo-
sition of red blood cells: results from the Moni-
toring of Cardiovascular Disease-Lille Study. Me-
tabolism. 1995;44:1139-1145.

Chi'Y, Mota de Freitas D, Sikora M, Bansal VK.
Correlations of Na+-Li+ exchange activity with
Na+ and Li+ binding and phospholipid compo-
sition in erythrocyte membranes of white hyper-
tensive and normotensive individuals: a nuclear
magnetic resonance investigation. Hyperten-
sion. 1996;27:456-464.

Laurenzi M, Cirillo M, Panarelli W, et al. Base-
line sodium-lithium countertransport and 6-
year incidence of hypertension: The Gubbio Popu-
lation Study. Circulation. 1997;95:581-587.
Mayer EL, Jacobsen DW, Robinson K. Homo-
cysteine and coronary atherosclerosis. J Am Coll
Cardiol. 1996;27:517-527.

Selhub J, Jacques PF, Bostom AG, et al. Asso-
ciation between plasma homocysteine concen-
trations and extracranial carotid-artery steno-
sis. N Engl J Med. 1995;332:286-291.

Graham IM, Daly LE, Refsum HM, et al. Plasma
homocysteine as a risk factor for vascular dis-
ease: the European Concerted Action Project.
JAMA. 1997;277:1775-1781.

Schwartz SM, Siscovick DS, Malinow MR, et al.
Myocardial infarction in young women in rela-
tion to plasma total homocysteine, folate, and a
common variant in the methylenetetrahydrofo-
late reductase gene. Circulation. 1997;96:
412-417.

Ridker PM, Hennekens CH, Selhub J, Miletich JP,
Malinow MR, Stampfer MJ. Interrelation of hy-
perhomocyst(e)inemia, factor V Leiden, and risk
of future venous thromboembolism. Circula-
tion. 1997;95:1777-1782.

ARCH INTERN MED/VOL 159, FEB 8, 1999

243

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

1999 American Medical Association. All rights reserved.

Nygard O, Nordrehaug JE, Refsum H, Ueland PM,
Farstad M, Vollset SE. Plasma homocysteine lev-
els and mortality in patients with coronary ar-
tery disease. N Engl J Med. 1997;337:230-236.
Morita H, Taguchi J, Kurihara H, et al. Genetic
polymorphism of 5,10-methylenetetrahydrofo-
late reductase (MTHFR) as a risk factor for coro-
nary artery disease. Circulation. 1997;95:
2032-2036.

Jacobsen DW, Gatautis VJ, Green R, et al. Rapid
HPLC determination of total homocysteine and
other thiols in serum and plasma: sex differ-
ences and correlation with cobalamin and fo-
late concentrations in healthy subjects. Clin
Chem. 1994;40:873-881.

Boushey CJ, Beresford SA, Omenn GS, Motul-
sky AG. A quantitative assessment of plasma ho-
mocysteine as a risk factor for vascular dis-
ease: probable benefits of increasing folic acid
intakes. JAMA. 1995;274:1049-1057.

Huber P, Laurent M, Dalmon J. Human beta-
fibrinogen gene expression: upstream se-
quences involved in its tissue specific expression
and its dexamethasone and interleukin 6 stimu-
lation. J Biol Chem. 1990;265:5695-5701.

Stein D, Heins M, Schoebel FC, et al. Activation
of the fibrinolytic system in patients with coro-
nary artery disease and hyperfibrinogenemia.
Thromb Haemost. 1997;77:970-974.

Salomaa V, Stinson V, Kark JD, Folsom AR, Davis
CE, Wu KK. Association of fibrinolytic param-
eters with early atherosclerosis: the ARIC Study—
Atherosclerosis Risk in Communities Study. Cir-
culation. 1995;91:284-290.

Juhan Vague |, Pyke SD, Alessi MC, Jespersen
J, Haverkate F, Thompson SG. Fibrinolytic fac-
tors and the risk of myocardial infarction or sud-
den death in patients with angina pectoris: ECAT
Study Group—European Concerted Action on
Thrombosis and Disabilities. Circulation. 1996;
94:2057-2063.

Held C, Hjemdahl P, Rehngvist N, et al. Fibrino-
lytic variables and cardiovascular prognosis in
patients with stable angina pectoris treated with
verapamil or metoprolol: results from the An-
gina Prognosis Study in Stockholm. Circula-
tion. 1997;95:2380-2386.

Ridker PM, Hennekens CH, Stampfer MJ, Man-
son JE, Vaughan DE. Prospective study of en-
dogenous tissue plasminogen activator and risk
of stroke. Lancet. 1994;343:940-943.

Ridker PM, Vaughan DE, Stampfer MJ, Manson
JE, Hennekens CH. Endogenous tissue-type plas-
minogen activator and risk of myocardial infarc-
tion. Lancet. 1993;341:1165-1168.

Folsom AR, Wu KK, Rosamond WD, Sharrett AR,
Chambless LE. Prospective study of hemo-
static factors and incidence of coronary heart dis-
ease: the Atherosclerosis Risk in Communities
(ARIC) Study. Circulation. 1997;96:1102-1108.
Ridker PM, Hennekens CH, Cerskus A, Stampfer
MJ. Plasma concentration of cross-linked fibrin
degradation product (D-dimer) and the risk of fu-
ture myocardial infarction among apparently
healthy men. Circulation. 1994;90:2236-2240.
Cushman M, Kuller LH, Lemaitre RN, Psaty BM,
Sharrett AR, Tracy RP. Plasmin generation and
risk of cardiovascular disease in the elderly [ab-
stract]. Circulation. 1997;96(suppl 1):1-100.
Ridker PM, Hennekens CH, Lindpaintner K,
Stampfer MJ, Miletich JP. Arterial and venous
thrombosis is not associated with the 4G/5G poly-
morphism in the promoter of the plasminogen
activator inhibitor gene in a large cohort of US
men. Circulation. 1997;95:59-62.


http://www.archinternmed.com

63.

64.

65.

66.

67.

68.

69.

70.

7.

72.

73.

74.

75.

76.

77.

van der Bom JG, de Knijff P, Haverkate F, et al.
Tissue plasminogen activator and risk of myo-
cardial infarction: The Rotterdam Study. Circu-
lation. 1997;95:2623-2627.

Ridker PM, Vaughan DE, Stampfer MJ, Glynn RJ,
Hennekens CH. Association of moderate alco-
hol consumption and plasma concentration of
endogenous tissue-type plasminogen activa-
tor. JAMA. 1994;272:929-933.

Vaughan DE, Rouleau JL, Ridker PM, Arnold JM,
Menapace FJ, Pfeffer MA. Effects of ramipril on
plasma fibrinolytic balance in patients with acute
anterior myocardial infarction: HEART Study In-
vestigators. Circulation. 1997;96:442-447.
Shahar E, Folsom AR, Salomaa VV, et al. Rela-
tion of hormone-replacement therapy to mea-
sures of plasma fibrinolytic activity: Atheroscle-
rosis Risk in Communities (ARIC) Study
Investigators. Circulation. 1996;93:1970-1975.
Ridker PM, Vaughan DE, Stampfer MJ, Manson
JE, Hennekens CH. Endogenous tissue-type plas-
minogen activator and risk of myocardial infarc-
tion. Lancet. 1993;341:1165-1168.

Morishita E, Asakura H, Jokaji H, et al. Hyper-
coagulability and high lipoprotein(a) levels in pa-
tients with type Il diabetes mellitus. Atheroscle-
rosis. 1996;120:7-14.

Testa R, Bonfigli AR, Piantanelli L, Manfrini S,
Testa |, Gregorio F. Relationship between plas-
minogen activator inhibitor type-1 plasma lev-
els and the lipoprotein(a) concentrations in non-
insulin-dependent diabetes mellitus. Diabetes
Res Clin Pract. 1996;33:111-118.

Vaughan DE, Lazos SA, Tong K. Angiotensin Il
regulates the expression of plasminogen acti-
vator inhibitor-1 in cultured endothelial cells: a
potential link between the renin-angiotensin sys-
tem and thrombosis. J Clin Invest. 1995;95:
995-1001.

van Leeuwen RT, Kol A, Andreotti F, Kluft C, Ma-
seri A, Sperti G. Angiotensin Il increases plas-
minogen activator inhibitor type 1 and tissue-
type plasminogen activator messenger RNA in
cultured rat aortic smooth muscle cells. Circu-
lation. 1994;90:362-368.

Peiretti F, Alessi MC, Henry M, Anfosso F, Juhan-
Vague I, Nalbone G. Intracellular calcium mobi-
lization suppresses the TNF-alpha-stimulated syn-
thesis of PAI-1 in human endothelial cells:
indications that calcium acts at a translational
level. Arterioscler Thromb Vasc Biol. 1997;17:
1550-1560.

Jansson JH, Boman K, Nilsson TK. Enalapril re-
lated changes in the fibrinolytic system in sur-
vivors of myocardial infarction. Eur J Clin Phar-
macol. 1993;44:485-488.

Zehetgruber M, Beckmann R, Gabriel H, Christ G,
Binder BR, Huber K. The ACE-inhibitor lisinopril
affects plasmainsulin levels but not fibrinolytic pa-
rameters. Thromb Res. 1996;83:143-152.
Moriyama Y, Ogawa H, Oshima S, et al. Capto-
pril reduced plasminogen activator inhibitor ac-
tivity in patients with acute myocardial infarc-
tion. Jpn Circ J. 1997;61:308-314.

Tracy RP, Bovill EG, Yanez D, et al. Fibrinogen
and factor VIII, but not factor VII, are associ-
ated with measures of subclinical cardiovascu-
lar disease in the elderly: results from The Car-
diovascular Health Study. Arterioscler Thromb
Vasc Biol. 1995;15:1269-1279.

de Maat MP, Green F, de Knijff P, Jespersen J,
Kluft C. Factor VII polymorphisms in popula-
tions with different risks of cardiovascular dis-
ease. Arterioscler Thromb Vasc Biol. 1997;17:
1918-1923.

©Down| oaded from www.archinternmed.com on July 5, 2009

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

92.

93.

lacoviello L, Di Castelnuovo A, de Knijff P, et al.
Polymorphisms in the coagulation factor VII gene
and the risk of myocardial infarction. N Engl J
Med. 1998;338:79-85.

Ghaddar HB, Cortes J, Salomaa V, et al. Corre-
lation of specific platelet activation markers with
carotid arterial wall thickness. Thromb Hae-
most. 1995;74:943-948.

Merlini PA, Bauer KA, Oltrona L, et al. Persis-
tent activation of coagulation mechanism in un-
stable angina and myocardial infarction. Circu-
lation. 1994;90:61-68.

Cushman M, Psaty BM, Macy E, et al. Corre-
lates of thrombin markers in an elderly cohort
free of clinical cardiovascular disease. Arterio-
scler Thromb Vasc Biol. 1996;16:1163-1169.
Rosendaal FR, Siscovick DS, Schwartz SM, et
al. Factor V Leiden (resistance to activated pro-
tein C) increases the risk of myocardial infarc-
tion in young women. Blood. 1997;89:2817-
2821.

Tracy RP, Psaty BM, Tang Z, et al. Coagulation
factor V genetic polymorphisms associated with
cardiovascular disease in the elderly [abstract].
Circulation. 1997;96(suppl 1):1-100-I-101.
Ridker PM, Cushman M, Stampfer MJ, Tracy
RP, Hennekens CH. Inflammation, aspirin, and
the risk of cardiovascular disease in appar-
ently healthy men. N Engl J Med. 1997;336:
973-979.

Thompson SG, Kienast J, Pyke SD, Haverkate F,
van de Loo JC. Hemostatic factors and the risk
of myocardial infarction or sudden death in pa-
tients with angina pectoris: European Con-
certed Action on Thrombosis and Disabilities An-
gina Pectoris Study Group. NV Engl J Med. 1995;
332:635-641.

Liuzzo G, Biasucci LM, Gallimore JR, et al. The
prognostic value of C-reactive protein and se-
rum amyloid a protein in severe unstable an-
gina. N Engl J Med. 1994;331:417-424.

Tracy RP, Lemaitre RN, Psaty BM, et al. Rela-
tionship of C-reactive protein to risk of cardio-
vascular disease in the elderly: results from the
Cardiovascular Health Study and the Rural Health
Promotion Project. Arterioscler Thromb Vasc
Biol. 1997;17:1121-1127.

Fukumoto Y, Shimokawa H, Ito A, et al. Inflam-
matory cytokines cause coronary arteriosclerosis-
like changes and alterations in the smooth-
muscle phenotypes in pigs. J Cardiovasc
Pharmacol. 1997;29:222-231.

Torre Amione G, Kapadia S, Benedict C, Oral H,
Young JB, Mann DL. Proinflammatory cytokine
levels in patients with depressed left ventricular
ejection fraction: a report from the Studies of Left
Ventricular Dysfunction (SOLVD). J Am Coll Car-
diol. 1996;27:1201-1206.

Wang XL, Liu SX, Wilcken DE. Circulating
transforming growth factor beta 1 and coro-
nary artery disease. Cardiovasc Res. 1997;34:
404-410.

. Pfeiffer A, Middelberg Bisping K, Drewes C,

Schatz H. Elevated plasma levels of transform-
ing growth factor-beta 1in NIDDM. Diabetes Care.
1996;19:1113-1117.

Mendall MA, Patel P, Asante M, et al. Relation
of serum cytokine concentrations to cardiovas-
cular risk factors and coronary heart disease.
Heart. 1997;78:273-277.

Papadopoulos NG, Georganas K, Skoutellas V,
Konstantellos E, Lyritis GP. Correlation of inter-
leukin-6 serum levels with bone density in post-
menopausal women. Clin Rheumatol. 1997;16:
162-165.

ARCH INTERN MED/VOL 159, FEB 8, 1999

244

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

1999 American Medical Association. All rights reserved.

Cohen HJ, Pieper CF, Harris T, Rao KM, Currie
MS. The association of plasma IL-6 levels with
functional disability in community-dwelling el-
derly. J Gerontol A Biol Sci Med Sci. 1997;52:
M201-208.

Cambien F, Ricard S, Troesch A, et al. Polymor-
phisms of the transforming growth factor-beta
1 gene in relation to myocardial infarction and
blood pressure: The Etude Cas-Temoin de
I'Infarctus du Myocarde (ECTIM) Study. Hyper-
tension. 1996;28:881-887.

Fernandez-Real JM, Gutierrez C, Ricart W, et al.
The TNF-alpha gene Nco | polymorphism influ-
ences the relationship among insulin resis-
tance, percent body fat, and increased serum lep-
tin levels. Diabetes. 1997;46:1468-1472.
Murray RE, McGuigan F, Grant SF, Reid DM, Ral-
ston SH. Polymorphisms of the interleukin-6 gene
are associated with bone mineral density. Bone.
1997;21:89-92.

Gupta S, Leatham EW, Carrington D, Mendall MA,
Kaski JC, Camm AJ. Elevated Chlamydia pneu-
moniae antibodies, cardiovascular events, and
azithromycin in male survivors of myocardial in-
farction. Circulation. 1997;96:404-407.

Patel P, Mendall MA, Carrington D, et al. Asso-
ciation of Helicobacter pylori and Chlamydia
pneumoniae infections with coronary heart dis-
ease and cardiovascular risk factors. BMJ. 1995;
311:711-714.

Sorlie PD, Adam E, Melnick SL, et al. Cytomega-
lovirus/herpesvirus and carotid atherosclero-
sis: the ARIC Study. J Med Virol. 1994;42:
33-37.

Zhou YF, Leon MB, Waclawiw MA, et al. Asso-
ciation between prior cytomegalovirus infec-
tion and the risk of restenosis after coronary
atherectomy. N Engl J Med. 1996;335:624-
630.

Raza Ahmad A, Klassen GA, Murphy DA, et al.
Evidence of type 2 herpes simplex infection in
human coronary arteries at the time of coro-
nary artery bypass surgery. Can J Cardiol. 1995;
11:1025-1029.

Ellis RW. Infection and coronary heart disease.
J Med Microbiol. 1997;46:535-539.

Rathbone B, Martin D, Stephens J, Thompson
JR, Samani NJ. Helicobacter pylori seropositiv-
ity in subjects with acute myocardial infarction.
Heart. 1996;76:308-311.

Mendall MA, Carrington D, Strachan D, etal. Chla-
mydia pneumoniag: risk factors for seropositiv-
ity and association with coronary heart disease.
J Infect. 1995;30:121-128.

Belch JJ, Shaw JW, Kirk G, et al. The white blood
cell adhesion molecule E-selectin predicts re-
stenosis in patients with intermittent claudica-
tion undergoing percutaneous transluminal an-
gioplasty. Circulation. 1997;95:2027-2031.
Blann AD, Lip GY, Beevers DG, McCollum CN.
Soluble P-selectin in atherosclerosis: a compari-
son with endothelial cell and platelet markers.
Thromb Haemost. 1997;77:1077-1080.

Blann AD, Amiral J, McGollum CN. Prognostic
value of increased soluble thrombomodulin and
increased soluble E-selectin in ischaemic heart
disease. Eur J Haematol. 1997;59:115-120.
Morisaki N, Saito |, Tamura K, et al. New indi-
ces of ischemic heart disease and aging: stud-
ies on the serum levels of soluble intercellular
adhesion molecule-1 (ICAM-1) and soluble
vascular cell adhesion molecule-1 (VCAM-1) in
patients with hypercholesterolemia and ische-
mic heart disease. Atherosclerosis. 1997;131:
43-48.


http://www.archinternmed.com

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

Hackman A, Abe Y, Insull W Jr, et al. Levels of
soluble cell adhesion molecules in patients with
dyslipidemia. Circulation. 1996;93:1334-1338.
Hwang S, Ballantyne CM, Sharrett AR, et al. Cir-
culating adhesion molecules VCAM-1, ICAM-1,
and E-selectin in carotid atherosclerosis and in-
cident coronary heart disease cases: the Ath-
erosclerosis Risk in Communities (ARIC) Study.
Circulation. 1997;96:4219-4225.

Ridker PM, Hennekens CH, Roitman-Johnson B,
Stampfer MJ, Allen J. Plasma concentration of
soluble intercellular adhesion molecule 1 and
risks of future myocardial infarction in appar-
ently healthy men. Lancet. 1998;351:88-92.
Wenzel K, Ernst M, Rohde K, Baumann G, Speer
A. DNA polymorphisms in adhesion molecule
genes: a new risk factor for early atherosclero-
sis. Hum Genet. 1996;97:15-20.

Wenzel K, Blackburn A, Ernst M, et al. Relation-
ship of polymorphisms in the renin-angioten-
sin system and in E-selectin of patients with early
severe coronary heart disease. J Mol Med. 1997;
75:57-61.

Salomone OA, Elliott PM, Calvino R, Holt D, Kaski
JC. Plasma immunoreactive endothelin concen-
tration correlates with severity of coronary ar-
tery disease in patients with stable angina pec-
toris and normal ventricular function. J Am Coll
Cardiol. 1996;28:14-19.

Bennett MR, Littlewood TD, Schwartz SM, Weiss-
berg PL. Increased sensitivity of human vascu-
lar smooth muscle cells from atherosclerotic
plaques to p53-mediated apoptosis. Circ Res.
1997;81:591-599.

Bennett MR, Evan Gl, Schwartz SM. Apoptosis of
human vascular smooth muscle cells derived from
normal vessels and coronary atherosclerotic
plagues. J Clin Invest. 1995;95:2266-2274.

Cai W, Devaux B, Schaper W, Schaper J. The role
of Fas/APO 1 and apoptosis in the development
of human atherosclerotic lesions. Atherosclero-
sis. 1997;131:177-186.

Samani NJ, Thompson JR, O’Toole L, Channer
K, Woods KL. A meta-analysis of the associa-
tion of the deletion allele of the angiotensin-
converting enzyme gene with myocardial infarc-
tion. Circulation. 1996;94:708-712.
Lindpaintner K, Pfeffer MA, Kreutz R, et al. A
prospective evaluation of an angiotensin-
converting enzyme gene polymorphism and the
risk of ischemic heart disease. N Engl J Med.

©Down| oaded from www.archinternmed.com on July 5, 2009

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

1995;332:706-711.

Stephens NG, Parsons A, Schofield PM, Kelly F,
Cheeseman K, Mitchinson MJ. Randomised con-
trolled trial of vitamin E in patients with coro-
nary disease: Cambridge Heart Antioxidant Study
(CHAQS). Lancet. 1996;347:781-786.

Kushi LH, Folsom AR, Prineas RJ, Mink PJ, Wu'Y,
Bostick RIM. Dietary antioxidant vitamins and death
from coronary heart disease in postmenopausal
women. N Engl J Med. 1996;334:1156-1162.
Gale CR, Martyn CN, Winter PD, Cooper C. Vi-
tamin C and risk of death from stroke and coro-
nary heart disease in cohort of elderly people.
BMJ. 1995;310:1563-1566.

Rapola JM, Virtamo J, Ripatti S, et al. Random-
ized trial of a-tocopherol and 3-carotene supple-
ments on incidence of major coronary events in
men with previous myocardial infarction. Lan-
cet. 1997;349:1715-1720.

Rimm EB, Stampfer MJ, Ascherio A, Giovan-
nucci E, Colditz GA, Willett WC. Vitamin E con-
sumption and the risk of coronary heart disease
in men. N Engl J Med. 1993;328:1450-1456.
Stampfer MJ, Hennekens CH, Manson JE, Gold-
itz GA, Rosner B, Willett WC. Vitamin E con-
sumption and the risk of coronary disease in
women. N Engl J Med. 1993;328:1444-1449.
Hennekens CH, Buring JE, Manson JE, et al. Lack
of effect of long-term supplementation with beta
carotene on the incidence of malignant neo-
plasms and cardiovascular disease. N Engl J Med.
1996;334:1145-1149.

Nyyssonen K, Parviainen MT, Salonen R, Tu-
omilehto J, Salonen JT. Vitamin C deficiency and
risk of myocardial infarction: prospective study
of men from eastern Finland. BMJ. 1997;314:
634-638.

Watson KE, Abrolat ML, Malone LL, et al. Ac-
tive serum vitamin D levels are inversely corre-
lated with coronary calcification. Circulation.
1997;96:1755-1760.

Salonen JT, Nyyssonen K, Salonen R, et al. Li-
poprotein oxidation and progression of carotid
atherosclerosis. Circulation. 1997;95:840-845.
Pratico D, luliano L, Mauriello A, et al. Localiza-
tion of distinct F2-isoprostanes in human ath-
erosclerotic lesions. J Clin Invest. 1997;100:
2028-2034.

Hingorani AD, Liang CF, Fatibene J, et al. A com-
mon variant of the endothelial nitric oxide syn-
thase gene is a risk factor for coronary athero-

ARCH INTERN MED/VOL 159, FEB 8, 1999

245

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

1999 American Medical Association. All rights reserved.

sclerosis in the East Anglian region of the UK
[abstract]. Circulation. 1997;96(suppl 1):1-545.
Reed DM. The paradox of high risk of stroke in
populations with low risk of coronary heart dis-
ease. Am J Epidemiol. 1990;131:579-588.
Gillum RF. Sudden cardiac death in Hispanic
Americans and African Americans. Am J Public
Health. 1997;87:1461-1466.

Gillum RF, Mussolino ME, Madans JH. Coro-
nary heart disease incidence and survival in Af-
rican-American women and men: The NHANES
| Epidemiologic Follow-up Study. Ann Intern Med.
1997;127:111-118.

Reeves MJ, Remington PL, Nashold R, Pete J.
Chronic disease mortality among Wisconsin Na-
tive American Indians, 1984-1993. Wis Med J.
1997;96:27-32.

Gillum RF. Epidemiology of stroke in Hispanic
Americans. Stroke. 1995;26:1707-1712.
Gillum RF. The epidemiology of stroke in Native
Americans. Stroke. 1995;26:514-521.

Wild SH, Laws A, Fortmann SP, Varady AN, Byrne
CD. Mortality from coronary heart disease and
stroke for six ethnic groups in California, 1985
to 1990. Ann Epidemiol. 1995;5:432-439.
Howard G, Anderson R, Sorlie P, Andrews V,
Backlund E, Burke GL. Ethnic differences in stroke
mortality between non-Hispanic whites, His-
panic whites, and blacks: the National Longitu-
dinal Mortality Study. Stroke. 1994;25:2120-
2125,

Gillum RF. Stroke in blacks. Stroke. 1988;19:
1-9.

Howard G, Manolio TA, Burke GL, Wolfson SK,
O’Leary DH. Does the association of risk fac-
tors and atherosclerosis change with age? an
analysis of the combined ARIC and CHS co-
horts—the Atherosclerosis Risk in Communi-
ties (ARIC) and Cardiovascular Health Study
(CHS) investigators. Stroke. 1997;28:1693-
1701.

Hutchinson RG, Watson RL, Davis CE, et al. Ra-
cial differences in risk factors for atherosclero-
sis: the ARIC Study—Atherosclerosis Risk in
Communities. Angiology. 1997;48:279-290.
Manolio TA, Burke GL, Psaty BM, et al. Black-
white differences in subclinical cardiovascular
disease among older adults: the Cardiovascular
Health Study—CHS Collaborative Research
Group. J Clin Epidemiol. 1995;48:1141-1152.


http://www.archinternmed.com

