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Despite impressive progress over the past several
decades, diseases of the heart remain the leading cause
of death for American men and women. The greatest
proportion of these deaths are due to coronary heart
disease (CHD). Over the last three decades, research on
CHD has led to new diagnostic approaches and
therapeutic interventions that have contributed to the
decline in cardiovascular disease morbidity and mortal-
ity in both blacks and whites. However, life expectancy
and rates of illness and death from CHD have not
improved as much for blacks as for whites. The
difference in life expectancy between white males and
black males widened from 6.8 years in 1985 to 8.3 years
in 1991 and between white females and black females
from 5.3 years in 1985 to 5.8 years in 1991. Heart
disease mortality in 1991 was almost 40% greater for
black men than for white men and was 64% greater for
black women than for white women.1 In 1989-1991, of
all racial/ethnic groups, death rates for heart disease in
black adults 45 to 64 years of age were 84% higher than
corresponding rates for whites. Blacks have not
benefited fully from research achievements for a variety
of reasons, including insufficient scientific data; lack of
research focused on minority populations; and limited
access to primary care physicians,2 health-care re-
sources, and technology. Available data indicate that
there is a higher prevalence of smoking, hypertension,
diabetes, obesity, and left ventricular hypertrophy
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(LVH) in blacks.3 Blacks are also less likely to receive
coronary angiography or coronary revascularization.4-9
Recent technological advances in the basic sciences, as
well as in clinical medicine, provide opportunities for
innovative research to elucidate the pathogenesis of
CHD in blacks, to improve management and treatment,
and, ultimately, to develop effective preventive strate-
gies.

In 1994, NHLBI convened a Working Group on
Research in Coronary Heart Disease in Blacks ") to: 1)
review the state of knowledge over the past 5 years, 2)
explore the pathophysiological mechanisms that under-
lie CHD in blacks, 3) identify opportunities for
developing and assessing new and improved ap-
proaches for clinical interventions and preventive and
educational measures, and 4) develop a specific plan,
including scientific priorities, for NHLBI support of
research on CHD in blacks for the next several years.
This working group assessed the state of the science and
identified research opportunities in four main areas of
CHD in blacks: pathogenesis and pathophysiological
mechanisms; clinical expression, diagnosis, and treat-
ment; disease patterns and risk factors; and behavioral
variables and strategies for education and prevention.

In its deliberations, the working group identified 10
priority research areas, which are listed below in order
of research priority:
* treatment,
* epidemiology (data collection and analysis),
* evaluation of chest pain and diagnosis of CHD in

blacks,
* prevention and behavior,
* risk factors,

JOURNAL OF THE NATIONAL MEDICAL ASSOCIATION, VOL. 87, (SUPPL), 1995 597



ISSUES & CHALLENGES

* genetics,
* vascular biology,
* left ventricular hypertrophy,
* coronary microvasculature, and
* sudden cardiac death.

HIGHLIGHTS OF RECOMMENDATIONS
IN PRIORITY AREAS
Treatment

Advances in molecular genetics and vascular biology
present unprecedented opportunities to understand the
mechanisms of CHD in blacks and to ultimately
discover the "secrets" of the prevention of or even a
"cure" for ischemic heart disease. However, because
blacks have lagged behind whites in the United States in
benefiting from progress already made in the treatment
of CHD, there is an urgent need to confirm the efficacy
of currently utilized therapeutic interventions in blacks
and to discover new ways to improve access to more
effective and appropriate cardiovascular care. Few data
are available on the clinical value, effectiveness, and
efficacy of newer therapeutic modalities in blacks.
Many of the new therapeutic approaches to the
treatment of CHD have been tested primarily in white
male populations. Currently established therapeutic
algorithms have been refined in majority populations,
but other algorithms may be more efficacious in black
populations with higher prevalence of hypertension or
diabetes, differing clinical presentations, or variations
in symptom interpretation and attribution."I The high
prevalence of hypertension and LVH in blacks makes
understanding the role of these risk factors in the
development and natural history of CHD in blacks a
prerequisite to implementation of new therapeutic
interventions. Although understanding of the interac-
tions of LVH, hypertension, and CHD has increased
recently, far fewer data exist for blacks. Little is known
regarding the impact of LVH on the pathogenesis of
CHD or the value of LVH regression on the prognosis
of CHD in blacks. There are also limited data on the
efficacy of popular antihypertensive, antianginal phar-
maceutical agents, coronary artery bypass grafting
(CABG), percutaneous transluminal coronary an-
gioplasty, atherectomy, or thrombolysis in blacks.'2"3

Epidemiology (Data Collection and
Analysis)

Attempts to explain disparities between blacks and
whites in CHD morbidity and mortality, as well as
differences in the use of clinical, diagnostic, and
therapeutic resources, have been limited by the scarcity

of comprehensive data on CHD in blacks. National
surveys and clinical trial data provide valuable informa-
tion but have not been thoroughly analyzed for clinical
comparisons of subpopulations. Racial and ethnic
identifiers are often variable or absent in existing large
data sets. Ongoing observational studies (eg, Athero-
sclerosis Risk in Communities Study [ARIC] and
Coronary Artery Risk Development in Young Adults
[CARDIA]) may be informative in the future. Relation-
ships between risk factors and CHD have been clarified
in recent years and appear to be universally applicable,
but data have been limited to certain regions of the
United States and may not necessarily be generalizable
to all blacks, particularly in rural compared to urban
environments. There is a need for comprehensive
assessment of existing CHD data sources, as well as the
implementation of clinical surveillance programs of
CHD in blacks, especially in urban settings. For more
than 30 years, death rates from CHD were higher in
white men than black men, but in 1989 death rates for
CHD in black men over 60 years of age exceeded that in
comparable white men. Epidemiological studies of
CHD in blacks have also been hindered by the relative
lack of culturally validated, specific, and reliable
dietary assessment instruments. This may be especially
important in assessing racial, gender, and genetic
differences in lipids and lipoproteins and other risk
factors that may be influenced by diet, such as salt
sensitivity and glucose intolerance.

Evaluation of Chest Pain and Diagnosis
of CHD in Blacks

Practical experience has confirmed the need for
excellent clinical acumen in the diagnosis of chest pain
syndromes in blacks, especially black women. Clinical
studies suggest that the sensitivity and specificity of
tests established in the white male population may
differ for blacks.'4 Diagnostic accuracy and reliability
of commonly used tests may need to be validated in
blacks because of differences in the prevalence of LVH,
hypertension, diabetes, or the lipid profile. Most of the
currently used diagnostic tests have been validated in
majority populations and their value in risk assessment,
prediction of therapeutic responses, and determination
of prognosis may need to be reassessed in blacks.
Limited available data show higher rates of normal
coronary angiograms in blacks with angina-like chest
pain compared to whites, raising the possibility of
abnormalities in the coronary microcirculation. How-
ever, existing angiographic data on blacks may not be
representative because blacks are known to have
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reduced access to cardiac diagnostic procedures, such as
cardiac catheterization and CABG. In addition, the
value of newer imaging techniques, such as perfusion
scintigraphy, intravascular ultrasound, magnetic reso-
nance imaging (MRI), and positron emission tomogra-
phy (PET), have not been adequately studied in blacks.
While the use of these more expensive techniques may
not be appropriate in white populations, increased
difficulty in accurately diagnosing CHD in blacks may
justify their use in special populations.

Prevention and Behavior
It is unclear whether disparities in health outcomes

and decreased use of cardiac diagnostic and therapeutic
procedures are due to cultural or ethnic differences in
health-care-seeking behavior,'5 decision-making re-
garding diagnostic procedures, patient preferences, or
elements of the patient-physician interaction. Preven-
tion of CHD necessarily involves behavior change and
the decision to change one's lifestyle. For blacks in the
United States, the ability to change one's lifestyle is in
part a function of socioeconomic status, sense of control
of life condition, and social supports. Although behav-
ior change is fundamental to the prevention of CHD by
reducing risk factors, differences in health-care-seeking
behavior between blacks and whites may also contrib-
ute to racial differences in CHD mortality and morbid-
ity. Studies suggest that less tangible social supports
may be associated with stroke mortality and hyperten-
sion.16 The role of diminished social supports in CHD
in blacks has not been thoroughly studied. Since it is
likely that stress related to racial prejudice, economic
disadvantage, and social disintegration is more com-
mon in blacks, understanding the relationship of these
factors to CHD in blacks is likely to be helpful in
elucidating strategies for lowering CHD morbidity and
mortality rates. Studies also suggest that there may be
differences between blacks and whites in symptom
perception and symptom attribution.17 These factors
may affect adherence to prevention and treatment
recommendations and may also play a role in the use of
cardiac procedures and ultimate health outcomes. As
the genetic factors that influence the development or
manifestations of CHD are discovered, the institution of
CHD prevention strategies will be critically important.

Until the relative impact of factors such as dimin-
ished access to care, limited medical knowledge,
mistaken health beliefs, and inadequate coping styles
can be weighed against biological variables, such as
cardiovascular reactivity, lipid metabolism, and endo-
thelial function, understanding racial differences in

CHD will be difficult. Culturally and ethnically
appropriate techniques for individual and community
behavior modification and lifestyle change, which
would affect primary and secondary prevention of
CHD, have not been developed.

Risk Factors
The decline in CHD mortality and morbidity that

began several decades ago and continues to the present
has been coincident with widespread acceptance of the
effectiveness of risk factor reduction in preventing
CHD. Because prevalence rates of modifiable CHD risk
factors such as hypertension, cigarette smoking, physi-
cal inactivity, and obesity have been documented to be
greater in blacks than in whites, the opportunities for
prevention may be greater for blacks. Lipid and
lipoprotein abnormalities are no more common in
blacks than whites. There is a need for more informa-
tion regarding the determinants of smoking topography
(kinds of cigarettes, cost of cigarettes).18 Smoking rates
in persons 18 years of age and older have declined in the
general population but remain higher in blacks. What
are the social, cultural, and environmental prerequisites
for smoking cessation? Studies of leisure-time physical
activity suggest that blacks are more sedentary and less
fit than whites, independent of income and educa-
tion.19,20 Obesity, which is associated with hyperten-
sion, hyperlipidemia, hyperinsulinemia, and glucose
intolerance, is more common in blacks. The prevalence
of obesity is higher in black women than in white
women or black men, but racial differences are less
apparent between black and white men. Dietary patterns
may differ slightly between blacks and whites, but
foods selected by blacks and whites do not differ
substantially in nutritional composition. Valid and
culturally appropriate instruments for the assessment of
nutrition, physical activity, and social supports are
needed. Information on other risk factors is also limited.
Data in blacks are conflicting about the relationship of
CHD risk to elevated levels of lipoprotein (a) [Lp(a)], a
genetically determined lipoprotein associated with
CHD. Increased left ventricular (LV) wall thickness is
more common in blacks, even in the absence of
hypertension.2' The contribution of LVH to risk of
sudden death and out-of-hospital death in blacks is not
clear.

Genetics
The recognition that variations in DNA sequence,

genetic polymorphisms, could be used to trace inheri-
tance of human disease pedigrees has led to the genetic
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mapping of a wide array of human diseases having
simple Mendelian inheritance. Further advances in
human genetics has led to studies of more "complex"
traits, such as heart disease, hypertension, and diabetes,
which do not follow simple Mendelian recessive or
dominant monogenetic inheritance. The observation of
differences between blacks and whites in some heritable
risk factors for CHD has led to speculation that racial
differences in CHD may be explained on a genetic
basis. Lp(a) levels have been suggested as a major CHD
risk factor and are largely genetically determined, but
levels are significantly higher in blacks. High HDL
levels have an inverse correlation with CHD in whites
and show genetic heritability.22 Blacks have higher
levels of HDL and a higher familial correlation in
blacks than whites.23 Studies of the differential gene
frequencies between blacks and whites and their
association with risk factors and disease are needed.
Studies of the relationships between genotypes and
phenotypes and the interaction of environment are also
necessary because of incomplete gene penetrance or
heterogeneity and the high likelihood that complex
traits are the result of polygenetic inheritance and
environmental factors. The genetic dissection of com-
plex traits, like CHD in blacks, will require genetic
linkage analysis, allele-sharing analyses of sibships and
families, association studies of populations, and the
application of the findings of genetic analyses of
crosses in animal models.24'25

Vascular Biology
Basic research has enhanced understanding of the

mechanisms of atherosclerotic vascular disease. The
delineation of the events leading to the development of
fatty streaks, plaque formation, plaque rupture, and
clinical cardiac events are keys to our understanding of
the pathogenesis of ischemic heart disease. These
phenomena have not been delineated along racial or
ethnic lines. The recognition that abnormalities in the
functional properties of the endothelium may be
influenced by genetic factors that contribute to the
development, progression, clinical manifestations, and
complications of atherosclerotic vascular disease26'27
has prompted interest in cell-cell interaction, signal
transduction, receptors, and vasoactive substances, to
name just a few areas of investigation. Multiple studies
have demonstrated the important role of endothelium-
derived relaxing factor (EDRF)28 (probably nitric oxide
or a closely related substance)29 in the control of
vascular tone.30 Studies of potential racial differences in
the biochemical, mechanical, hemodynamic, and in-

flammatory modulators of endothelial function may
also provide important insights into the mechanisms of
CHD in blacks. With the growth of atherectomy and
cardiac transplant, as well as increased numbers of
blacks receiving coronary bypass surgery, opportunities
to obtain tissue for histopathologic comparisons of
atheromas in black and white patients with coronary
disease will be possible. Elucidation of the relationship
of known risk factors, such as hypertension, hyperlipi-
demia, and diabetes, to endothelial dysfunction is also
needed. Studies of the genetic regulatory elements
responsible for the expression of endothelially localized
gene products important in the pathogenesis of coro-
nary disease are especially relevant to CHD in blacks.

Left Ventricular Hypertrophy
The increased prevalence of left ventricular hypertro-

phy in blacks makes knowledge of its role in the
pathogenesis and expression of CHD particularly
important. Studies have shown that both LVH and
hypertension are more common in blacks and both are
important risk factors for CHD.31 The relative role of
LVH and hypertension in the pathogenesis of CHD in
blacks is unclear, however. Since LVH is more
common in blacks, even in the absence of hypertension,
it has been postulated that the stimuli for myocardial
hypertrophy may differ from those that control periph-
eral resistance and blood pressure.3' The relative
influence of the substances that control myocardial cell
hypertrophy and also play a major role in determining
vascular reactivity in blacks remains an area for
potential study. It is unclear whether there are racial
differences in the effects of biochemical, hemodynamic,
and environmental factors in the development of
myocardial hypertrophy. LVH predisposes to ventricu-
lar arrhythmias and may be a factor in sudden death in
blacks. The reliability of current criteria (using electro-
cardiogram and echocardiography) for the diagnosis of
LVH should be validated in blacks. This is particularly
important in the assessment of the value of pharmaceu-
tical regression of LVH and the impact or regression on
the clinical manifestations and natural history of CHD
in blacks. Whether racial differences in myocardial
hypertrophy, interstitial hyperplasia, or collagen metab-
olism play a role in variations in the pathogenesis,
diagnosis, and clinical manifestations of CHD (such as
ventricular tachyarrhythmias) in blacks is an area for
future basic research.

Coronary Microvasculature
Blacks with angina-like chest pain demonstrate
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higher rates of angiographically normal epicardial
coronary arteries than whites.33 This disparity has led
investigators to speculate that abnormalities of the
coronary microvasculature may account for the is-
chemic type of chest pain and abnormal ECG-
monitored exercise test results in these patients.34 The
endothelium is an immense "organ" located in all of
the vessels in the heart. Because of the small size of the
vessels that compose the microvasculature, gross
examination has been limited and many of the
histological studies have been restricted to microscopic
examination of autopsy material. Clinical diagnosis of
abnormal microcirculation has been based largely on
the demonstration of reduced coronary reserve.35
Abnormal coronary reserve is suggested when coronary
blood flow does not increase after coronary resistance is
lowered, usually in response to the administration of a
potent coronary vasodilator, such as dipyridamole or
papaverine, or to exercise. Numerous reports note the
frequent occurrence of the syndrome in hypertensive
patients, with and without LVH, or with hyper-
cholesterolemia.36 The coronary microvasculature may
respond differently to pharmacological agents than the
epicardial coronary arteries (the macrovasculature).
Epicardial coronary flow responses to acetylcholine are
selectively reduced in patients with coronary athero-
sclerosis and in patients with hypercholesterolemia.37 In
black patients, left ventricular hypertrophy has been
shown to be an important determinant of abnormal
endothelium-independent coronary flow reserve.38 En-
dothelium-mediated microvascular dysfunction has
been demonstrated in patients with angiographically
normal coronary arteries,39 atherosclerosis, diabetes,
left ventricular hypertrophy, and hypercholesterol-
emia,40 but there have been few studies in blacks.
Newer cardiac biopsy techniques have made examina-
tion of tissue in patients feasible.

Sudden Cardiac Death
Death certificates and autopsy data indicate that more

blacks than whites die out of the hospital or experience
out-of-hospital cardiac arrest.41-43 Studies have not
confirmed a relationship between race and access to
emergency cardiac care or outcome of cardiac resuscita-
tion. Out-of-hospital deaths may also be related to delay
in the prehospital phase of acute myocardial infarction
care.44 LVH may be associated with increased atrial and
ventricular arrhythmogenesis and potentially with sud-
den death. It is not clear whether there are racial
differences in the electrophysiological substrate in
blacks related to the increased prevalence of LVH and

hypertension. Diminished coronary reserve may also be
more common in blacks and predispose to life-
threatening arrhythmias. The value of newer electro-
physiological monitoring techniques in predicting risk
of sudden death is also not clear, and the value of
signal-averaged ECG in predicting arrhythmias has not
been well studied in blacks. Studies of diurnal variation
in sudden death and other cardiac events are needed to
identify the endocrine, paracrine, or autocrine factors
that are most important in the pathogenesis of these
events. Criteria for identifying individuals at high risk
of arrhythmias and sudden death should be validated in
blacks. Investigations are also needed on the relation-
ship of traditional risk factors (eg, LVH, hypertension,
hyperlipidemia) and behavioral and environmental
factors to the risk of sudden death and life-threatening
ventricular arrhythmias.

CONCLUSION
It is evident that there are important differences in the

biological, environmental, social, and economic context
in which CHD develops in blacks. It is a challenge to
determine whether differences in phenotypic character-
istics common in blacks, such as high blood pressure
and LVH, play a primary role in the pathogenesis of
CHD in blacks or are merely markers for more
fundamental differences in the mechanisms of disease.
Establishment of multidisciplinary research efforts
focusing on the many unresolved questions regarding
coronary heart disease in blacks is necessary. It is also
unclear whether differences in the biology of CHD, the
clinical expression of common pathogenetic processes,
or differences in diagnosis and treatment account for
reported racial differences in outcomes. Differences in
access to cardiovascular care, the impact of behavioral
risk factors, or variations in clinical health-care delivery
may be as responsible for the well-documented dispari-
ties in health outcomes and resource utilization as any
genetic or biological mechanisms. Understanding the
reasons for racial differences in the pathogenesis,
pathophysiology, epidemiology, and clinical expres-
sion of CHD will provide increased understanding of
CHD in all populations.

Literature Cited
1. National Center for Health Statistics. Health United

States, 1993. Hyattsville, Md: Public Health Service; 1994.
2. Shea S, Misra D, Ehrlich M, Field L, Francis CK.

Predisposing factors for severe, uncontrolled hypertension in
an inner-city minority population. N Engl J Med. 1992;327:776-
781.

3. Freedman DS, Gruchow HW, Manley JC, Anderson AJ,

JOURNAL OF THE NATIONAL MEDICAL ASSOCIATION, VOL. 87, (SUPPL), 1995 601



ISSUES & CHALLENGES

Sobocinski KA, Barboriak JJ. Black/white differences in risk
factors for arteriographically documented coronary artery dis-
ease in men. Am J Cardiol. 1988;62:214-219.

4. Whittle J, Conigliaro J, Good CB, Lofgren RR Racial
differences in the use of invasive cardiovascular procedures in
the Department of Veterans Affairs medical system. N Engl J
Med. 1993;329:621-627.

5. Goldberg KC, Hartz AJ, Jacobsen SJ, Krakauer H, Rimm
AA. Racial and community factors influencing coronary artery
bypass graft surgery rates for all 1986 Medicare patients.
JAMA. 1992;267:1473-1477.

6. Wenneker MB, Epstein AM. Racial inequalities in the
use of procedures for patients with ischemic heart disease in
Massachusetts. JAMA. 1989;262:253-257.

7. Ford E, Cooper R, Castaner A, Simmons B, Mar M.
Coronary arteriography and coronary bypass surgery among
whites and other racial groups relative to hospital-based
incidence rates for coronary artery disease: findings from
NHDS. Am J Public Health. 1989;79:437-440.

8. Ayanian JZ, Udvarhelyi IS, Gatsonis CA, Pashos CL,
Epstein AM. Racial differences in the use of revascularization
procedures after coronary angiography. JAMA. 1993;269:2642-
2646.

9. Hannan EL, Kilburn H Jr, O'Donnell JF, Lukacik G,
Shields ER Interracial access to selected cardiac procedures
for patients hospitalized with coronary artery disease in New
York State. Med Care. 1991;29:430-441.

10. Report of the Working Group on Research in Coronary
Heart Disease in Blacks. Bethesda, Md: National Heart, Lung,
and Blood Institute, National Institutes of Health; 1994.

11. Johnson PA, Lee TH, Cook EF, Rouan GW, Goldman L.
Effect of race on the presentation and management of patients
with acute chest pain. Ann Intem Med. 1993;1 18:593-601.

12. Maynard C, Fisher LD, Passamani ER, Pullum T. Blacks
in the Coronary Artery Surgery Study (CASS): race and clinical
decision making. Am J Public Health. 1986;76:1446-1448.

13. Sane DC, Stump DC, Topol EJ, Sigmon KN, Clair WK,
Kereiakis DJ, et al. Racial differences in responses to throm-
bolytic therapy with recombinant tissue-type plasminogen
activator. Increased fibrin(ogen)olysis in blacks. Circulation.
1991;83:170-175.

14. Lee DK, Marantz PR, Cohen H, Devereux RB, Alderman
MH. Prevalence of left ventricular hypertrophy by electrocardio-
gram in blacks and whites: are racial differences overesti-
mated? Circulation. 1991;83:8. Abstract.

15. Shea S, Misra D, Ehrlich MH, Field L, Francis CK.
Correlates of nonadherence to hypertension treatment in an
inner-city minority population. Am J Public Health.
1992;82:1607-1 612.

16. Livingston LR, Levine DM, Moore RD. Social integration
and black intraracial variation in blood pressure. Ethn Dis.
1991;1:135-149.

17. Raczynski JM, Taylor H, Cutter G, Hardin M, Rappaport
N, Oberman A. Diagnoses, acute symptoms and attributions for
symptoms among black and white inpatients admitted for
coronary heart disease: findings from the Birmingham BHS
Project. Am J Public Health. In press.

18. Orleans CT, Schoenbach VJ, Salmon MA, Strecher VJ,
Kalsbeek W, Quade D, et al. A survey of smoking and cessation
behaviors among black Americans. Am J Public Health.
1989;79:176-181.

19. Lewis CE, Raczynski JM, Heath GW, Levinson RL,
Hilyer JC, Cutter GR. Promoting physical activity in low-income
African American communities: the PARR Project. Ethn Dis.
1993;3:106-118.

20. Casperson CJ, Christianson GM, Pollard RD. Status of
the 1990 physical fitness and exercise objectives: evidence
from the NHIS 1985. Public Health Rep. 1986;101:587-592.

21. Strauer BE. Ventricular function and coronary hemody-
namics in hypertensive heart disease. Am J Cardiol.
1979;44:999.

22. Ford ES, Cooper RS, Simmons B, Castaner A. Serum
lipids, lipoproteins and apolipoproteins in black patients with
angiographically defined coronary artery disease. J Clin Epi-
demiol. 1990;43:425.

23. Freedman DS, Strogatz DS, Eaker E, Joesoef MR,
DeStefano F. Differences between black and white men in
correlates of high density lipoprotein cholesterol. Circulation.
1990;81:715. Abstract.

24. Thomson G. Identifying complex disease genes: pro-
gress and paradigms. Nature Genetics. 1994;8:108-1 10.

25. Lander ES, Schork NJ. Genetic dissection of complex
traits. Science. 1994;265:2037-2048.

26. Vanhoutte PM. The endothelium: modulator of vascular
smooth muscle tone. N Engl J Med. 1988;319:512-513.

27. Vane R, Anggard EE, Bofting RM. Regulatory function of
the vascular endothelium. N Engl J Med. 1990;323:27-36.

28. Furchgott RF, Zawadzki JV. The obligatory role of the
endothelial cells in the relaxation of arterial smooth muscle by
acetylcholine. Nature. 1980;288:373-376.

29. Ignarro LJ. Biosynthesis and metabolism of endothe-
lium-derived nitric oxide. Ann Rev Toxicol. 1992;30:535-560.

30. Quyyumi AA, Dakaks N, Andrews NP, Husain S, Arora
S, Gilligan DM, et al. Nitric oxide activity in the human
circulation. Impact of risk factors for coronary atherosclerosis. J
Clin Invest. 1995;95:1747-1755.

31. Levy D, Garrison RJ, Savage DD, Kannel WB, Castelli
WP. Prognostic implications of echocardiographically deter-
mined left ventricular mass in the Framingham Heart Study. N
Engl J Med. 1990;322:1561-1566.

32. Drayer JM, Gardin JM, Brewer DD, Weber MA. Dispa-
rate relationships between blood pressure and left ventricular
mass in patients with and without left ventricular hypertrophy.
Hypertension. 1987;9(suppl 11):61-64.

33. Maynard C, Fisher LD, Passamani ER, Pullum T. Blacks
in the Coronary Artery Surgery Study: risk factors and coronary
artery disease. Circulation. 1986;74:64-71.

34. Cannon RO ll. Microvascular angina. Cardiovascular
investigations regarding pathophysiology and management.
Med Clin North Am. 1991;75:1097-1118.

35. Strauer BE. The concept of coronary flow reserve. J
Cardiovasc Pharmacol. 1992;1 9(suppl 5):S67-S80.

36. Zeiher AM, Drexler H, Saurbier B, Just H. Endothelium-
mediated coronary blood flow modulation in humans. Effects of
age, atherosclerosis, hypercholesterolemia and hypertension. J
Clin Invest. 1993;92:652-662.

37. Ludmer PL, Selwyn AP, Shook TL, Wayne RR, Mudge
GW, Alexander RW, et al. Paradoxical vasoconstriction induced
by acetylcholine in atherosclerotic arteries. N Engl J Med.
1986;315:1046-1051.

38. Houghton JL, Prisant M, Carr AA, Flowers NC, Frank
MJ. Racial differences in myocardial ischemia and coronary

602 JOURNAL OF THE NATIONAL MEDICAL ASSOCIATION, VOL. 87, (SUPPL), 1995



ISSUES & CHALLENGES

flow reserve in hypertension. J Am Coll Cardiol. 1994;23:1 123-
1129.

39. Egashira K, Inou T, Hirooka Y, Yamada A, Urabe Y,
Takeshita A. Evidence of impaired endothelium-dependent
coronary vasodilation in patients with angina pectoris and
normal coronary angiograms. N Engl J Med. 1993;328:1659-
1664.

40. Vita JA, Treasure CB, Nabel EG, McLenachan JM, Fish
RD, Yeung AC, et al. Coronary vasomotor response to
acetylcholine relates to risk factors for coronary artery disease.
Circulation. 1990;81:491-497.

41. Becker LB, Han BH, Meyer PM, Wright FA, Rhodes KV,
Smith DW, et al. CPR Chicago Project. Racial differences in the
incidence of cardiac arrest and subsequent survival. N Engl J
Med. 1993;329:600-606.

42. Gillum RF Sudden coronary death in the United States:
1980-1985. Circulation. 1989;79:756-765.

43. Wilcox-Gok VL. Survival from out-of-hospital cardiac
arrest: a multivariate analysis. Med Care. 1991;29:104-114.

44. Strogatz DS. Use of medical care for chest pain:
differences between blacks and whites. Am J Public Health.
1 990;80:290-294.

Do you know your
,' cholesterolnumber?

Ar)t2110/239- HIGH - A cholesterol number of 240 or higher
means you're at greater risk of heart disease.
BORDERLINE HIGH - A cholesterol number
between 200 and 239 is borderline, possibly
putting you at increased risk of heart disease.
DESIRABLE - A cholesterol number below
200 is desirable.
The higher the number, the higher your risk
of heart disease.
Find out your cholesterol number.

n' And ask your doctor what it means to you.

[t n-The National Cholesterol Education Program
_ _ ^ f * The National Healt, Lung, and Blood Institute

National Institutes of Health, Public Health Service
U.S. Department of Health and Human Services
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