As part of the longitudinal study on the development of cardiovascular

disease which is being conducted at Framingham, Mass., attention is

being given to a variety of specific factors. This report presents

evidence on national origin, educational status, and

smoking and drinking habits.

SOME FACTORS ASSOCIATED WITH THE DEVELOPMENT
OF CORONARY HEART DISEASE

SIX YEARS' FOLLOW-UP EXPERIENCE IN THE FRAMINGHAM STUDY
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T FramMINGHAM, Mass., the National

Heart Institute has been conducting
a prospective longitudinal study of fac-
tors related to the development of cardio-
vascular disease. A random sample con-
sisting of two-thirds of the adult popula-
tion, aged 29-62 years, was chosen for
study. The sample size and age distri-
bution were chosen to provide an ade-
quate group of persons to be observed
20 or more years in which there would
be a sufficient number of susceptible in-
dividuals. It was possible to bring in
for examination 68.6 per cent (4,469)
of the 6,510 selected. A group of 740
volunteers was added to supplement the
initial group of respondents for prospec-
tive study (Table 1).! Follow-up of this
group has been carried on for four bi-
ennial examinations representing six
years of observation. A previous re-
port has confirmed that certain factors
are associated with increased risk of de-
velopment of coronary heart disease.?
Most important of these are hypercholes-
terolemia and hypertension. Many fac-
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tors appear to be related to the develop-
ment of coronary heart disease. The
exact interplay of these factors and a
possible common denominator important
in the pathogenesis of coronary heart
disease remain to be determined. No
one factor has been clearly demonstrated
to be essential.

Table 1-—Composition of Framingham
Study Group

Number of Persons

Total Men Women
Random Sample 6,510 3,090 3,420
Respondents 4,469 2,024 2,445
Respondents free of
CHD* 4,393 1,976 2,417
Volunteers free of
CHD 734 307 427
Total free of CHD 5,127 2,283 2,844
(Population at Risk)
* Coronary heart disease.
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Table 2—Evidence of New Coronary
Heart Disease in Framingham Study
Group—Six-Year Follow-Up

Number of Events
Total

Men Women

All New Coronary
Heart Disease* 186 125 61

Myocardial Infarction
(ECG and Clinical

Evidence) 71 57 14
Myocardial Infarction
by ECG only 9 7 2

Sudden Death
With preexisting evi-

dence of CHD 9 9 —
Without preexisting

evidence of CHD 18 15 3

Angina Pectoris 79 37 42

* The categories are mutually exclusive. Assignment
was made according to the following priority: 1. Sudden
death; 2. Myocardial infarction; 3. Angina pectoris.

At Framingham many of the factors
believed to be important in the develop-
ment of coronary heart disease are under
study. This report is concerned with the
geographical distribution of the disease
within the town, the educational status
and national origin of the subjects, and
their smoking and drinking habits.

In order to assess factors related to
the subsequent development of coronary
heart disease, all persons exhibiting evi-
dence of the disease on their initial
examination were excluded from the
population at risk. Criteria used for
establishing a diagnosis of coronary
heart disease have been defined in a
previous publication.? In brief, they in-
clude (1) a definite history and/or defi-
nite electrocardiographic evidence of
myocardial infarction; (2) definite an-
gina pectoris; and (3) sudden death
under circumstances suggesting coronary
heart disease. The diagnostic categories
comprising coronary heart disease occur-
ring in the first six years of follow-up
are specified in Table 2.
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Socioeconomic Factors

The data on socioeconomic factors are
very limited. In order to assure as com-
plete a clinic follow-up as possible, the
Framingham Study has avoided home
interviews and has kept the clinic exam-
ination as short and as inoffensive as is
consistent with the main purposes of the
study. Only three socioeconomic factors
—place of residence, education, and na-
tivity—are reported. The study is re-
stricted to males age 45-62 at time of
entry because the incidence of coronary
heart disease in the other age and sex
groups studied was too low for evalua-
tion.

Place of Residence

The residents of certain areas of
Framingham differed from others within
the town with respect to economic status,
national origin, and education, Fram-
ingham was divided into eight voting
precincts. No precise characterization of
their socioeconomic features is available.

Table 3—Six-Year Incidence of Coronary
Heart Disease by Precinct—Framing-
ham Men, 45-62

Population New CHD
at Observed Expected
Precinct Risk No. No.*

All precincts 1,037 94 94.0

Precinct 1 198 14 17.5
Precinct 2 107 3 8.7
Precinct 3 174 19 15.7
Precinct 4 115 14 11.2
Precinct 5 79 8 7.7
Precinct 6 163 16 15.3
Precinct 7 108 10 9.3
Precinct 8 92 10 8.6

Outside Framingham 1 —

1eul :d

* Expected b are ca d from the i
in five-year age groups for all men 45-62 and the popu-
lation at risk in five-year age groups for the specified
precincts.
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There are some less precise measure-
ments as well as some subjective impres-
sions of these characteristics which were
studied.

One of the precincts in the town has
had a lower incidence of coronary heart
disease than the others (Table 3). Of
107 men in the age group 45-62 in Pre-
cinct 2, only three have developed new
coronary heart disease compared to an ex-
pected number of 9 (8.7). This precinct
was geographically distinct from the rest
of the town. It was an area of working
people, who owned small homes or occu-
pied multiunit rental property clustered
about a rug factory which had been op-
erating at the same site for nearly 100
years. This industry employed approxi-
mately a third of the men in the study
from that precinct. A number of families
have been living in the area for many
generations. Until 1875 this precinct
was a separate town and still retains the
place name. The educational level of the
residents was somewhat lower than for
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the study group as a whole. There were
fewer male graduates from high school
and college. Distribution by national
origin was little different from Framing-
ham as a whole. At present there is
an insufficient number of cases of newly
developed disease to determine the mean-
ing of this observation.*

Education

The data from the six-year follow-up
show a significant trend in the incidence
of coronary heart disease in relation to
educational level (Table 4), the inci-
dence being less at higher levels. This
association was not demonstrated at the
time of the four-year follow-up. The
educational level was related to age,
younger men having a higher educa-

* Statistical note: Tests of extreme inci-
dences are based on the tables of Halperin,
et al.3 Tests for trend are based on a proce-
dure prepared by Edwards.t Statistically sig-
nificant refers to a probability less than 5 per
cent.

Table 4—Six-Year Incidence of Coronary Heart Disease According to
Schooling—Framingham Men, 45-62

Population Coronary Heart Disease
at Observed Expected*
Schooling Risk No. Rate/1,000 Rate/1,000
Total 1,037 94 90.6 90.6
None 12 3
4th grade or less 71 6 113.5 99.3
5th, 6th, and 7th grade 90 6
Grade school graduate 250 33
High school, not graduate 160 14 87.5 83.9
High school graduate 177 13
Business college 43 3 - 2.7 822
College, not graduate 72 5
College graduate 76 2 62.2 83.5
Postgraduate 45 5
Unknown 41 4 97.6 106.2

* Expected rates are calculated from the incidence in five-year age groups for all men 45-62 and
the population at risk in five-year age groups for the specified schooling categories.
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Table 5—Six-Year Incidence of Coronary Heart Disease According to
National Origin—Framingham Men 45-62

Population Coronary Heart Disease
at Observed Expected*
National Origin Risk No. Rate/1,000 Rate/1,000
Total 1,037 94 90.6 90.6
Foreign-born
Total 320 26 81.2 96.8
Ttaly 145 14 96.6 105.0
Other 175 12 68.6 90.1
Native-born
Total 7 68 94.8 87.9
Great Britain 226 14 61.9 90.9
Ireland 151 19 125.8 93.6
Other 340 35 102.9 83.3

Note: National origin is defined by country of birth of parents and grandparents. For example,
for a person to be classified as ‘‘native-born Great Britain,’”” at least one of these antecendants
must have been born in Great Britain and the others born in the United States.

* Expected rates are calculated from the incidence in five-year age groups for all men 45-62 and
the population at risk in five-year age groups for the specified national origin categories.

tional level than the older men. When
correction was made for this bias, the
trend remained but was no longer statis-
tically significant. Closer examination
of the data indicates that the excess inci-
dence for the group of men without any
high school education is confined to
those graduated from grade school and
is not evident in the group whose formal
schooling ended earlier. The grade school
graduate in Framingham is generally the
native-born American whose ancestors
came from Great Britain or Ireland. The
Framingham men who did not complete
grade school were almost all Italian im-
migrants. Therefore, these data appar-
ently suggest that in Framingham a
native-born American male, 45-62 years
of age and of limited education, has a
higher than average risk of developing
coronary heart disease.

National Origin

There are no indications of any associa-
tion between national origin and the risk
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of coronary heart disease (Table 5). The
one large distinct ethnic group, the Itali-
ans, had almost the same incidence of
coronary heart disease as the rest of the
population studied. There is an indica-
tion, not statistically significant, that the
foreign-born Italian has a slightly lower
incidence of coronary heart disease than
the native-born, but since they represent
different generations, it is difficult to
make a direct comparison.

Smoking

A number of large studies have shown
a relationship between smoking and mor-
tality from coronary heart disease.>® The
data from these studies have been de-
rived from death certificate material and
consequently did not include coronary
heart disease manifested simply as an-
gina pectoris and were not restricted to
new disease. Analysis of the four-year
follow-up at Framingham, which showed
no relation between smoking and coro-
nary heart disease, was based exclusively
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on new disease, nonfatal as well as fatal,
and was therefore not strictly compara-
ble with the findings from the mortality
studies.

For purposes of comparison with these
other studies, the six-year follow-up data
are analyzed differently. Starting from
the same population at risk, two types of
new events are considered: (1) angina
pectoris and (2) myocardial infarction
and sudden death. These two categories
of new coronary heart disease are also
considered separately for the other fac-
tors treated in this paper (precinct,
national origin, education, and drink-
ing) but since the effects shown are in-
distinguishable for the two categories,
they are combined in the final tabula-
tions. For cigarette smoking, however,
the case is different. Study of the rela-
tion of smoking to the development of
all new cases of coronary heart disease
continues to show lack of association,
bearing out the finding of the four-year
follow-up.! When, however, a separate
analysis is made of those cases manifest-
ing more severe degrees of coronary
heart disease, (excluding those with an-
gina pectoris alone) an association of
risk with cigarette smoking seems to
emerge, the risk rising with the number
of cigarettes smoked per day. While
these differentials are not statistically sig-
nificant, they are in the same direction
as the findings of the larger mortality
studies.

In addition, the mortality experience
in six years’ follow-up is also presented.
For this purpose the total Framingham
Study group is considered the popula-
tion at risk, and all deaths from coro-
nary heart disease are enumerated re-
gardless of clinical status at entry. These
data do not evidence statistical signifi-
cance for a trend relating incidence with
amount of cigarette smoking, if the
broad age group 45-62 is considered as
a whole, but they do become significant
when allowance is made for the fact that
heavy cigarette smoking is more com-
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mon among younger men, with a lesser
risk of coronary heart disease. It is our
opinion that these data are based on too
few cases of coronary heart disease to
indicate a definite association with smok-
ing; but our findings are consistent with
those involving larger populations.

The mechanisms by which smoking
might be involved in the production of
coronary heart disease remains obscure.
There is no experimental evidence that
smoking damages the healthy blood ves-
sel.” It is possible that smoking is asso-
ciated with some other factor which in
turn may be important in the pathogene-
sis of the disease. At Framingham there
is some evidence that smoking habits are
associated with other characteristics
(Table 7). Serum cholesterol levels
tended to be slightly higher and relative
weight slightly lower among cigarette
smokers than among nonsmokers. There
is evidence of a gradient of cholesterol
with increasing amount of cigarette
smoking in the younger men. These
findings agree well with those previously
reported by Gofman, et al.® However,
men who had quit smoking also had an
elevated serum cholesterol on the aver-
age. The findings with respect to rela-
tive weight, while they indicate signifi-
cant variations of weight with smoking
habits, do not show any clear-cut pat-
tern. In general, weight is lower in
cigarette smokers than nonsmokers ex-
cept in the case of heavy cigarette smok-
ers in whom the weight approaches that
of the nonsmokers. The Framingham
data indicate no association of smoking
habits with blood pressure levels. All
these relations were evaluated on the
basis of data tabulated in five-year age
groups but for convenience in presenta-
tion the data are given here in broader
age groups.

The most striking association with
cigarette smoking noted is the amount
of alcohol consumed. A greater con-
sumption is found with increasing use
of tobacco (particularly in the younger
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Table 6—Six Years’ Incidence and Mortality from Coronary Heart Disease According
to Smoking History—Framingham Men, 45-62

Incidence of new CHD CHD Mortality*
Population at Risk Population
Smoking Mean Number of Events Rate/1,000 at Rate/
History Number Age Total AP Other Total AP Other Risk  Deaths 1,000
Total 1,037 52.6 94 32 62 90.6 30.9 59.8 (59.8) 1,083 38 35.1
Never smoked 141 53.0 14 7 7 143 3
Lapsed 115 53.6 8 2 6 83.1 32.3 50.8 (63.2) 121 1 24.6
Cigar or pipe
only 177 53.0 14 5 9 184 7
Smoked
cigarettes 594 52.3 57 18 39 96.0 30.3 65.7 (57.3) 624 25 40.1
less than
10/day 79 53.5 3 - 3 38.0 —_ 38.0 (65.2) 82 2 244
10/day 39 52.8 2 1 11 41 1
11-19/day 56 53.0 8 3 5 105.3 42.1 63.2 (62.3) 61 2 29.4
20/day 238 52.4 21 5 16 247 11
21-39/day 116 51.2 12 7 5 104.8 33.3 71.4 (54.6) 124 5 45.5
40 or more/
day 66 51.3 1 2 9 69 4
Unknown 10 52.8 1 —_ 1 11 2

Note: The rates shown in parentheses for incidence of mew CHD other than AP are expected rates calculated from
the incidence in five-year age groups for all men 45-62 and the populations at risk in five-year age groups for the
specified smoking categories.

* Regardless of clinical status at entry.

Table 7—Mean Levels of Some Characteristics in Relation to Smoking History—Men
in Framingham Study Group by Age

Framingham Serum Systolic Alcohol
Number of Relative Cholesterol Blood Pressure Consumed
Tobacco History Persons Weight* mg per 100 ml mm Hg (0z/mo)

2944 45-59 29-44 45-59 29-44 45-59 29-44 45-59 29-44 45-59

Total 1,253 1,008 101.2 102.0 223.1 229.3 133.1 140.9 24.0 23.8
No tobacco used 149 131 103.4 106.2 216.1 228.3 133.8 143.0 10.2 9.2
Cigarettes 874 589 99.9 100.1 224.8 229.5 132.5 140.3 27.7 27.4
(Less than 10/
day) 75 76 100.6 100.3 2174 229.1 134.7 144.0 23.4 26.8
10-19/day 134 95 96.8 103.0 221.1 230.0 129.4 141.6 24.0 15.5
20-39/day 551 350 99.5 98.8 225.8 227.8 132.2 138.9 25.5 28.1
40 or more/day 114 68 105.2 103.0 229.0 238.5 136.1 141.5 46.9 43.1
Pipes or cigars only 128 166 106.7 102.9 214.9 227.1 135.0 141.9 20.0 22.5
Lapse 94 112 102.2 104.8 229.2 233.1 135.6 140.1 18.0 23.4
Unknown 8 10 91.1 108.8 193.0 184.5 120.8 136.4 —_ —_
Note: These characteristics are as measured on Exam I, except that chol 1 for Exam II were used

for case numbers below 4,000 and the alcohol histories are as of Exam II.
Observed Weight
Median weight for height and sex category x 100 in the Framingham Study

* Framingham Relative Weight (FRW) =
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Table 8—Alcohol Consumption in Relation to New Coronary Heart Dis-
ease—Framingham Study Group by Age and Sex: Six Years’ Incidence

Number of Persons

Mean Alcohol Consumption (0z/mo)

Age and Population Population
Sex at Risk New CHD at Risk New CHD
Men
30-39 754 15 23.3 23.8
4049 703 27 24.8 29.6
50-59 555 63 23.4 23.2
60-62 60 9 22.9 12.1
Women
40-49 890 17 6.5 1.3
50-59 737 36 4.8 2.1
60-62 54 4 74 14

Note: None of the means for new CHD differ significantly from the population means.

age group). Heavy smokers (two or
more packages a day) showed the great-
est consumption of alcohol in both age
groups. Alcohol consumption per se,
however, does not show any relation to
the development of coronary heart dis-
ease (Table 8). Women who develop
new coronary heart disease have lower
alcoholic consumption than expected.
While this is suggestive, it could repre-
sent a sampling fluctuation.

Summary

Several factors have been analyzed for
possible association with the development
of coronary heart disease. During the
six years of follow-up of the population
there was an inverse association with
educational status, the incidence of new
CHD being less at higher educational
levels. There was no association between
national origin and the risk of CHD. A
suggestively low CHD incidence was
noted in one of the eight Framingham
precincts. This precinct differed from
the others in some respects, but no ex-
planation of this finding can as yet be
offered.
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Smoking was associated with an in-
creased incidence of nonfatal myocardial
infarction and of death from CHD in
men 45-62. It was not associated with
an increased incidence of angina pec-
toris. Cholesterol levels were higher
among cigarette smokers than among
nonsmokers and higher among those who
had smoked and stopped than among
those who had never smoked. Neither
relative weight nor blood pressure
showed a similar association with smok-
ing.

Alcohol consumption per se was not
associated with CHD although heavy al-
cohol intake was associated with heavy
smoking.
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Cardiovascular Disease Nursing

Nurses in leadership positions in a
variety of fields (nursing education,
nursing supervision, administration, or
consultation) are offered an opportunity
to deepen skills in the clinical area of
cardiovascular disease by the School of
Public Health and the School of Nurs-
ing, University of Minnesota. The ex-
perience to be provided in the three-
month program includes concentrated
study of cardiovascular conditions, care
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of medical and surgical patients in hos-
pital and home settings under faculty
guidance, and some introduction to re-
search in related fields.

The course will be given during the
winter quarter (January-March) 1960.
Special training funds are available for
students. Inquiries should be directed
to the School of Public Health, 1325
Mayo, University of Minnesota, Min-
neapolis 14, Minn.
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