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Synopsis ....................................

There seems to be much epidemiologic evidence im-
plicating a variety ofmodifiable riskfactors in the occur-

rence of coronary artery disease. Although "common
sense" would imply modification of each of these risk
factors, on both an individual and a national basis, in
order to prevent the occurrence of coronary artery dis-
ease in middle and later life, the direct evidence for a
beneficial effect from such modifications is, at present,
quite meager. Nevertheless, there seems to be a growing
awareness and also a growing change in lifestyle and
health behaviors that will tend to accomplish the "com-
mon sense" recommendations. It is important that
monitoring systems be put in place to document the
extent of these lifestyle changes and to evaluate their
effect on the continuing trends in coronary artery disease
incidence and mortality. Joint efforts in the United
States, Israel, and other countries will go far to quanti-
tate these effects in these naturally occurring experi-
ments.

C ORONARY ARTERY DISEASE HAS BEEN DESCRIBED as

one of the major public health epidemics of the 20th
century. First described as a clinical entity in 1912, it
was recognized with increasing frequency as being a
major health problem, particularly among affluent white
males in urban areas of industrialized countries of North
America and Europe. By 1940 it was the leading cause of
death in the United States, and its frequency continued to
rise through the 1950s, reaching a peak in the
mid- 1960s. During the last 20 years the mortality from
coronary heart disease has decreased markedly in the
United States and in several other countries, such as
Canada, Australia, and Israel, but the rates have re-
mained level in most West European countries and have
increased dramatically in Eastern Europe and some coun-
tries of the Third World. Although hundreds of millions
of dollars have been spent investigating the origins and
natural history of this disease, it is far from clear why
heart disease has become such a major problem in the
20th century, why it now seems to be waning in some
countries, and, indeed, whether the decline in mortality
is due to an amelioration of the disease itself or a man-

ifestation of improvements in medical care and improved
survival.

During the 20th century there were also dramatic
changes in the occurrence of the other major manifesta-
tion of cardiovascular disease, namely, cerebral vascular
accidents or stroke. Stroke has been the third leading
cause of death in the United States for about 50 years,
being particularly important in the older age groups.
Since at least 1940, however, the age-specific death rates
for stroke have been declining steadily in both men and
women in the United States. In many areas of the world
where coronary heart disease is relatively rare, such as
Japan, stroke is often one of the most important causes of
death. As with coronary heart disease, it is not yet clear
why the patterns of stroke incidence and mortality have
varied as they have during this century.

During the last 30 years several epidemiologic studies
of free-living populations have been conducted in the
United States, Israel, and many other nations to investi-
gate the factors associated with the occurrence of coro-
nary heart disease and its natural history. Some of the
factors that are found to affect the incidence of coronary
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heart disease are listed in the box of page 251. In this
report I will briefly review the evidence for factors that
lend themselves most readily to prevention initiatives.

Several recent reviews summarized the body of infor-
mation available from epidemiologic studies implicating
each of the risk factors listed in the incidence of coronary
heart disease (1-4). Before discussing individual risk
factors, it may be worthwhile to summarize some of the
sources of data and analytic techniques used in investi-
gating the role of these factors in cardiovascular disease
occurrence.

U.S. and Israeli Vital Statistics Systems

Both Israel and the United States have modem national
vital statistics systems which allow detailed enumeration
of deaths by specific causes and various demographic
factors, such as age, sex, and ethnic group, that can be
related to the denominators obtained from national cen-
suses. Thus, each country can provide reliable, up-to-
date information on the death rates from the various
cardiovascular diseases. However, in the way morbidity
data are collected for assessing the rates of occurrence of
these diseases, including nonfatal events, the data bases
of the two countries differ.

In the United States, national estimates of morbidity
from disease are obtained by a variety of special surveys
conducted by the National Center for Health Statistics
(5). These include the National Health Interview Survey
(NHIS), the National Health and Nutrition Examination
Survey (NHANES), and the National Hospital Discharge
Survey (NHDS). Each of these surveys is based on a
random probability sample representative of the country,
but participation in each of them is voluntary.
NHIS is a household interview survey of a cross sec-

tion of the noninstitutionalized civilian population of the
United States (6-10). A two-stage sampling procedure is
used. First, 376 primary sampling units are drawn from
approximately 1,900 geographically defined primary
sampling units that cover the 50 States and the District of
Columbia. Then, within each primary sampling unit ap-
proximately 100 households are randomly selected,
yielding an annual sample of approximately 40,000
households and about 110,000 persons.
The first National Health and Nutrition Examination

Survey (NHANES I) was initiated in 1970. The second
NHANES began in 1976 and ended in 1980. In 1983 and
1984, the Center is conducting a National Health and
Nutrition Survey of the Hispanic population of the United
States. A third National Health and Nutrition Examina-
tion Survey is planned to begin in 1987. These surveys
are designed to collect data that can be obtained best or
only by direct physical examination, clinical and labora-

tory tests, and related measurement procedures (11-19).
The sampling procedure is designed to give an esti-

mate for the total U.S. population and is based on a
multistage, highly clustered probability sample. Approx-
imately 100 stands or examination sites are selected, and
approximately 300 persons are selected for examination
at each stand, yielding a total sample of approximately
28,000 people for both NHANES I and NHANES 1I.
The National Hospital Discharge Survey (NHDS) is a

principal source of information on inpatient utilization of
short-stay hospitals in the United States (20-22). Data
collection began in 1964 and has been continuous since
then. Like the other surveys mentioned, the sample plan
is basically a two-stage, stratified design. The primary
stratification variables are the number of hospital beds
and geographic regions. Hospitals are selected in direct
proportion to size so that hospitals with 1,000 or more
beds are selected with certainty, and hospitals with less
than 50 beds are sampled with a probability of approx-
imately 1 in 40. The second stage of the design is a
systematic sample of discharges from the sample hospi-
tals. In 1979 the sample consisted of 544 hospitals from a
universe of approximately 8,000 short-stay hospitals. Of
the 496 hospitals in the scope of the survey, information
was collected from 416 participating hospitals-an 84
percent response rate-on approximately 216,000 dis-
charges of patients.
NHIS, NHANES, and NHDS provide an extensive

array of information about the acute and chronic health
status of Americans, including data on cardiovascular
diseases and risk factors that may be associated with
cardiovascular conditions.

In Israel, there had not been any effort to conduct a
national health examination survey or household inter-
view survey, so far as I am aware, until 1977. In the last
quarter of that year the Health Services Survey was
conducted as part of the Labor Force Survey, with inter-
views of 6,000 Israeli families. A similar effort was
undertaken in 1981. However, because many of the medi-
cal services are provided by govemment- or employee-
sponsored health plans, there are considerably more data
available about hospital utilization, similar to those in the
U.S. National Hospital Discharge Survey. These Israeli
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data do not depend on the voluntary compliance of the
patient and therefore may provide considerably more
complete (and less biased) information about morbidity
from cardiovascular conditions than that available for the
United States.

These data systems are fundamental to assessment of
the current status of the respective populations with re-
gard to cardiovascular diseases and the risk factors that
may contribute to them, and to monitoring the secular
trends in both disease frequency and the level of risk
factors. For the epidemiologic point of view, however,
relations between various personal and environmental
factors and the occurrence of cardiovascular diseases are
being investigated in specialized studies in both Israel
and the United States.

Epidemiologic Studies in Two Countries

As clinical and vital statistics observations of the oc-
currence of coronary artery disease accumulated during
the first half of this century and led to an increasing
number of hypotheses about the etiology of coronary
artery disease, the need to use a more organized and
better controlled approach became obvious. Long-term
prospective population-based studies of individual per-
sons were considered the optimal strategy to acquire the
necessary data. It was recognized that representative
samples of several thousand persons would be needed;
that these people would have to be examined while they
were ostensibly healthy; that carefully standardized ex-
amination procedures, questionnaires, and laboratory
methods were required; and that diligent and careful
surveillance of the entire group must be maintained for
many years.

Using this general approach, numerous epidemiologic
studies involving tens of thousands of people have been
undertaken during the last three decades in a variety of
populations, including those in the United States and
Israel.

Perhaps the best known of these studies in the United
States is the Framingham Heart Study; in Israel it is the
Israel Ischemic Heart Disease Study. Major contributions
have also been made by many others in a variety of
countries. Both the Framingham (23-32) and the Israeli
studies (33-42) have been described in detail elsewhere,
so only a few salient features need be mentioned.

The Framingham study was launched in 1948 with a
sample of approximately 6,660 people in the town of
Framingham, Mass., 5,209 of whom came in for exam-
ination between 1949 and 1950. These individuals have
been followed for the last 33 years, with physical exam-
inations conducted every 2 years. Both men and women
between the ages of 30 and 60 in 1950 were included in
the sample.
The Israel Ischemic Heart Disease Study (IIHD) was a

prospective study of 10,059 men ages 40 and older in
1963. Civil servants and municipal employees in the
Jerusalem, Tel Aviv, and Haifa areas underwent three
extensive examinations in 1963, 1965, and 1968. The
study involved a varying ratio, stratified sampling of
subjects from six geographic areas of birth.

Both of these studies have provided data for a great
number of reports on the relation of a wide variety of risk
factors measured at the examination to the subsequent
development of coronary heart disease and stroke.
Throughout the period of active investigation of the IIHD
there was active collaboration between the Israeli investi-
gators and the investigators at Framingham and at the
National Heart, Lung, and Blood Institute in Bethesda,
Md. Thus, it is not surprising that many of the examina-
tion and laboratory techniques, as well as methods of
analysis and presentation, in the two studies were highly
comparable.

I turn now to evidence linking various risk factors to
the occurrence of cardiovascular diseases by drawing on
these two major studies for primary documentation of
relationships.

Risk Factors

The five major risk factors for cardiovascular diseases
are cholesterol, blood pressure, cigarette smoking, di-
abetes mellitius, and obesity. Their importance indi-
vidually has been confirmed in virtually all major pro-
spective studies. Four of these risk factors have also been
shown in multivariate analyses to have independent, sig-
nificant cumulative effects. An example of the
cumulative effect of these variables in stratifying the
population by risk of cardiovascular disease is shown in
the chart, which is based on data from the Framingham
Heart Study. Although obesity is a very important indi-
vidual risk factor for coronary heart disease, indices of
obesity have not been found to make any significant
contribution to the multivariate model in many studies,
presumably because the effects of obesity operate
through its associations with the other risk factors in the
box (29). Recent analyses of the Framingham data, how-
ever, have shown that when long-term risk is considered,
obesity does have an effect independent of the other four
risk factors (43,44).
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Probability of developing coronary heart disease in 8 years
by age, sex, and risk category (percent)

NOTE: High risk and low risk are defined as follows:
Risk factor Low risk High risk

Systolic blood pressure ........ 105 150 (mm Hg)
Cholesterol level .............. 185 285 (mg/d)
Smoke No Yes
Glucose intolerance ........... No Yes
SOURCE: Framingham Heart Study (56).

Factors affecting incidence of coronary heart
disease

Five major risk factors Cholesterol, blood pressure,
smoking, diabetes mellitus,
obesity

Personal factors ........ Exercise, psychology, society,
behavior, genetics

Demographic .......... Age, sex, race, socioeconomic
status

Dietary .......... Fats, carbohydrates, coffee, al-
cohol, salt, trace metals

Environmental ......... Carbon monoxide, weather,
noise, water hardness, toxic
substances

Biochemical .......... Lipoprotein profiles (high, low,
and very low density lipopro-
teins and triglycerides), clotting
factors, hormones

Other conditions ....... Respiratory diseases, gout,
drugs

Four additional types of risk factors-exercise and
psychological, societal, and behavioral factors-have
been highlighted during the past decade. Physical exer-
cise, during both work and leisure, is felt to affect the
risk of coronary artery disease (45). Besides an evident
conditioning effect on the myocardium and perhaps an
ability to stimulate collateral arterial circulation to the
heart, exercise is also felt to play a role by tending to
induce an increase in the high density lipoprotein (HDL)
fraction of the blood. Several studies, including the Fra-
mingham and the IIHD studies, have documented that
individuals with high HDL tend to have a lower risk of
developing coronary artery disease (31,42).

Psychological factors have also been suspected of
playing a role in the incidence of coronary artery disease.
Rosenman and Friedman popularized the concept of the
type A-B personality, in which the type A person exhib-
its a behavior pattern characterized as achievement-
striving, time-urgent, and hostile (32). Other psychologi-
cal characteristics have also been implicated in recent
studies. (38,41).

Sociological factors including occupation, economic
level, and ethnicity, as measured by country of origin,
have also been identified as risk factors for coronary
artery disease. The Israeli experience has been particu-
larly useful in documenting the marked differences of
coronary artery disease rates among Jews who have
come from different areas of the world to Israel (35,39).
These differences cannot be accounted for by the tradi-
tional risk factors.

Diet. Many dietary factors have been suspected of play-
ing a role in the etiology of heart disease and have
become the focus for a number of prevention initiatives
(4). Although major differences have been found in the
rates of heart disease among populations having tradi-
tionally different diets, it has been more difficult to
document the dietary contributors to heart disease within
a single population. Because of the relative homogeneity
of diets within a given population, the difficulty of accu-
rately quantifying the differences that might exist among
individual persons, and the tendency of dietary patterns
to change somewhat over the long periods of followup
necessary in these studies, it is difficult to know how
much weight should be given to the sparse evidence
linking heart disease and individual dietary components
within populations. Another important factor that greatly
complicates interpretation is the known genetic hetero-
geneity of populations, so that different persons will
metabolize nutrients differently and have different reg-
ulatory mechanisms for controlling the levels of choles-
terol and other factors in their bodies.

Despite these limitations, there is some evidence to
implicate a variety of dietary components in an increased
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risk of coronary heart disease. Populations that custom-
arily consume diets high in saturated fat and cholesterol
tend to have higher rates of heart disease than do popula-
tions with low intakes of these nutrients. Studies of
patients in metabolic disease wards have clearly shown
that elevating the intake of saturated fat and cholesterol
will elevate the blood cholesterol levels. Thus, there is a
plausible linkage of ecological data at the group level
with a mechanism to explain a possible relationship at the
individual level, although data from free-living indi-
viduals have not been clear cut for the reasons stated
previously. Similar patterns seem to hold for data im-
plicating sodium intake and the occurrence of hyperten-
sion.

Lipoproteins. Although hypercholesterolemia is a ma-
jor risk factor for coronary heart disease, risk is even
better defined when plasma cholesterol is measured in
terms of the units of lipid transport known as the lipopro-
teins (2). The major lipoprotein families are very low
density lipoproteins (VLDL), low density lipoproteins
(LDL), and high density lipoproteins (HDL). Dr. Daniel
Brunner and coworkers of the Donolo Government Hos-
pital in Jaffa were among the first to point out, in 1958,
that HDL (then known as the alpha cholesterol) was
consistently low in coronary patients (46,47). Interest in
HDL has been renewed in recent years because studies in
Framingham and elsewhere have confirmed Brunner's
early findings. In fact, these studies have shown that in
both men and women older than age 50, HDL has the
strongest relationship of any lipoprotein fraction to coro-
nary heart disease (31,42).
On the other hand, persons with high levels of LDL

are at increased risk of coronary heart disease, measured
as either heart attacks or other events such as angina.
LDL levels correlate closely with levels of total plasma
cholesterol. Thus, higher levels of LDL carry greater risk
of vascular disease, and higher levels of HDL appear to
protect against the development of coronary heart dis-
ease. The biological mechanism involved in the inverse
relationship of HDL and coronary heart disease remains
unclear. What is known is that levels of HDL correlate
positively with exercise, estrogens, and moderate inges-

tion of alcohol, and are inversely related to obesity,
smoking, diabetes mellitus, and use of progestin-con-
taining contraceptives.
The role of alcohol in elevating the HDL levels in

individual persons appears to be complex, having an
interactive effect with usual levels of physical activity. A
recent report on a small number of runners and sedentary
men demonstrated that alcohol has a beneficial effect
when taken in the range of approximately three drinks
per day, equivalent to the effect of moderate jogging on a
regular basis (48). Among joggers and marathon runners,
variations in the intake of alcohol level were not reflected
in any changes in their HDL levels.
Some environmental and other characteristics that

have been implicated in one or more studies in the occur-
rence of cardiovascular disease are listed in the box on
page 251.

Existing recommendations. Based on the previously
discussed evidence, a variety of recommendations have
been made for the prevention of coronary artery disease.
The recent World Health Organization (WHO) report on
the prevention of coronary heart disease (4) offered spe-
cific recommendations in the areas of diet and blood
cholesterol, blood pressure, smoking, physical activity,
body weight, diabetes mellitus, psychological and social
factors, alcohol, drinking water, and oral contraceptives.
Although the recommendations contained in that report
have not been accepted as official policy by the U.S.
Department of Health and Human Services, they are
consistent with the strategies outlined in the 11th Be-
thesda Conference on the Prevention of Coronary Heart
Disease (3), which was sponsored by the American Col-
lege of Cardiology, the American Heart Association, the
Centers for Disease Control, and the National Heart,
Lung, and Blood Institute.
Many of the recommendations are also reflected in the

objectives for the nation for promoting health and pre-
venting disease, which reflect the official policy of the
Department of Health and Human Services (49). The
objectives relevant to the prevention of coronary heart
disease include those related to high blood pressure con-
trol, smoking, nutrition, physical fitness and exercise,
and control of stress. The assessment of the degree of
attainment of these national objectives will be based
primarily on the U.S. data sets described previously.

Complexities of risk factors and intervention. Several
recent studies have shed additional light on possible
interactions and complexities of the risk factors and our
ability to ameliorate their effects. For example, although
cigarette smoking has been documented as an important
risk factor for coronary heart disease in many studies,
recent studies have shown that this effect seems to be

252 Public Health Reports



independent of the nicotine levels of cigarettes and the
carbon monoxide levels of the inhaled smoke (50,51).
This independence would imply that switching to a
"safer cigarette" would not have any appreciable effect
on the prevention of coronary artery disease. Cigarette
smoking has a particularly profound effect on the occur-
rence of coronary artery disease prior to the age of 45.
This disproportionate effect in younger persons may be
the key reason why three recent prevention studies with
randomized samples failed to show a beneficial effect on
coronary artery disease rates in the groups assigned to
smoking intervention (52-54). Additional speculations
about these anomalous results recognized that most of the
improvement in smoking behavior occurred among rela-
tively light cigarette smokers, and those who smoked 25
or more cigarettes per day showed the least response to
the intervention therapies. This evidence would strongly
suggest that prevention initiatives should be aimed pri-
marily at preventing the formation of the cigarette smok-
ing habit in children and young adults rather than trying
to change habits in those who have become addicted to
cigarettes.
The efficacy of dietary modification to achieve reduc-

tions in blood cholesterol levels, and thereby a reduction
in coronary artery disease rates, was demonstrated in the
Oslo Study (54). Although these statistically significant
results were not replicated in the Multiple Risk Factor
Intervention Trial (MRFIT) (53) or the WHO factory
study (55), the rationale for lowering cholesterol levels
through modification of the fat content of the diet seems
to be sound. It should be noted that the interactions of
reduction of fat intake, weight control through regulation
of caloric intake, and the effect of physical activity have
not been adequately studied in either observational or
intervention studies. A comparison of these factors in
population groups in whom the rate of coronary artery
disease is low compared with groups with a high rate,
however, suggests that the triad of high fat diet, obesity,
and physical inactivity are important risk factors that can
be modified, albeit with difficulty, to enhance the car-
diovascular fitness of high risk populations.

Conclusion

There seems to be much epidemiologic evidence im-
plicating a variety of modifiable risk factors in the occur-
rence of coronary artery disease. Although "common
sense" would imply modification of each of these risk
factors on both an individual and a national basis in order
to prevent the occurrence of coronary artery disease in
middle and later life, the direct evidence for a beneficial
effect from such modifications is, at present, quite mea-
ger. Nevertheless, there seems to be a growing awareness
and also a growing change in lifestyle and health behav-

iors that will tend to accomplish the "common sense"
recommendations. It is important that monitoring sys-
tems be put in place to document the extent of these
lifestyle changes and to evaluate their effect on the con-
tinuing trends in coronary artery disease incidence and
mortality. Joint efforts in the United States, Israel, and
other countries will go far to quantitate these effects in
these naturally occurring experiments.
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Synopsis ....................................

Over the past few years, there has been continuing
controversy about whether the benefits of routine vac-
cination for pertussis outweigh the potential risks. Some

of the epidemiologic and technical issues include ascer-
tainment and reporting of cases, case definition and
laboratory confirmation, identification and purification
of antigens, vaccine potency measurement, vaccine
efficacy, and vaccine safety. Other factors include legal
and economic issues, ethical concerns, emotional over-
lays, and the role of the media. Much of the evidence for
the benefits of pertussis vaccination arises from epi-
demiologic studies regarding the incidence of the disease
and the effectiveness of the vaccine in preventing it. The
very nature of epidemiologic data has contributed to the
controversy, since there is virtually no epidemiologic
study with absolutely incontrovertible results that allow
only one interpretation. Nonetheless, available evidence
indicates that the benefits of pertussis vaccination far
outweigh the risks.

O VER THE PAST FEW YEARS, there has been continuing
controversy about whether the benefits of routine vac-
cination for pertussis outweigh the potential risks. The
controversy involves not only the interface among epi-
demiology, politics, and policy, but also legal and eco-
nomic issues, ethical concems, emotional overlays, and
the role of the media. In this paper I will first describe
some of the epidemiologic and technical issues involved
in the pertussis vaccine controversy and then discuss the
impact these issues have had on the development and
implementation of public policy.

Epidemiologic and Technical Issues

Ascertainment and reporting of cases. It is widely
felt that the diagnosis of pertussis is not considered in all
circumstances where it might be appropriate and that
there is substantial underreporting of cases in this coun-
try. One indication of the degree of undemotification is
the fact that the number of pertussis hospitalizations in
the United States reported through the National Hospital
Discharge Survey exceeds the number of cases reported
to the Centers for Disease Control through the routine
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