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INTRODUCTION

In 1948 the United States Public Health Service undertook to study
the factors associated with the devel opment of atherosclerotic and hyper-
tensive cardiovascul ar disease by the long-term surveillance of a sanple
of the adult population of Fram ngham Massachusetts. The study has been
reported at various stages; key findings have been presented in numerous
paper s--sone published, some not. However, it is useful to reconsider at
this tinme the reasons for bringing the study into being and to prepare a
systematic account of the major findings. That is the purpose of this
nonogr aph.

Previous accounts, where still appropriate, will be retained. Most
of the material, however, will be new. The study cohort will be uni-
formy characterized, using the information collected on the first 7 bien-
nial examnations. The incidence of new cardiovascular events wll be
described through the first 14 years of follow-up, that is, essentially
through the 8th exam nation.

This will not be a complete and definitive account of the Framingham
study. For one thing, it will be prepsred in sections, over an extended
period. For another, the studyis still in progress. But even if data
collection had stopped, nore information has already been accumul ated
than coul d be accormmodated in one nonograph, no matter how thick. More-
over, as differing points of view, new hypotheses, and new anal yti cal
devi ces become available, the data will be re-worked for new insights.

In that sense, the Franingham Study can be thought of not as a unique

effort, but rather as a continuing resource for the study of cardiovas-

cul ar di sease.
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El sewhere we have listed the people who have worked on the pra-
mingham Study over the years. The credit for this nonograph is theirs,
jointly and as individuals. But, of course, special credit nust go to
two individuals--D-r. Thomas R Dawber and M. Felix E More--who
together guided the destinies of the study for so long. Dr. Dawber, as
director of the Study, and M. More, as senior statistician of the
National Heart Institute brought together fromthe beginning a unique
conbination of medical and statistical conpetence. It is this nelding
that gives the Fram ngham Study its special solidity. It is their con-

tributions over many years that, in the final analysis, nake this

monogr aph possi bl e
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THE FRAM NGHAM STUDY
Rational e

In 1947, when the U S. Public Health Service began to lay plans
for setting up an epidem ol ogi cal study of the cardi ovascul ar di seases,
little was known of the epidem ol ogy of hypertensive or arteriosclero-
tic cardiovascul ar disease.

The scanty epideniol ogi cal know edge of these di seases which did
exi st was based either on the study of nortality statistics, often not
very revealing in the investigation of |ong-termdiseases, or on clin-
ical studies. It was felt that the best hope for new insights lay in
the study of these diseases in populations of normal conposition,
including both the sick and the w211,

Studi es using the epideniological nethod have led to findings of
consi derable practical inportance for prevention and treatment of car-
di ovascul ar diseases. Mention may be made of the studies of nutri-
tional diseases, such as beriberi, pellagra, and scurvy, and of the
infectious diseases such as syphilis, hemolytic streptococcal infections,
and streptococcus viridans bacteremia. Rubella in the first trimester
of pregnancy and other virus di seases have been inplicated as etioclog-
ical factors in congenital nalformations of the heart. However, rheu-
matic fever and the other diseases nentioned account for only a ver:
smal| proportion of the morbidity or nortality from cardiovascular dis-
ease, Whereas hypertensive and arteriosclerotic cardiovascul ar di sease

account for the great bulk of deaths from cardiovascul ar disease
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The Fram ngham Study, therefore, focused on arteriosclerotic and
hypertensive cardiovascul ar disease. These were and are the nost inpor-
tant of the cardiovascul ar diseases and when the Frani ngham Study began
the | east was known about their epidemology. As a working hypothesis
it was assuned that these diseases do not each have a single cause, but
that they are the result of multiple causes which work slowy within the
individual. It was recognized that, for the nost part, specific and
unanbi guous tests for precise diagnosis of the early stages of these
di seases were |acking

The study proceeded by the followi ng plan: A probability sanple of
persons in the ages where arteriosclerotic and hypertensive cardiovascul ar
di sease are xnown to devel op was sel ected for study. Based on as complete
a clinical examnation as feasible, the presence or absence of definite
evidence of these diseases was determined. Persons free of overt disease
woul d be observed over a period of years until a sizable nunber were
found to have acquired the diseases. A search would be made for the fac-
tors which influenced the devel opnent of these diseases by classifying
the popul ation according to characteristics believed to be related to
their devel opnent and | ooking for associated differences in disease inci-
dence.

As one by-product of this investigation it would also be possible to
study the efficiency of various diagnostic procedures in finding heart
disease or their effectiveness as indicators of the subsequent devel op-
ment of overt heart disease. (These findings, of course, would have
i nportant bearing on the question of including tests for heart disease in

mass screening programs.) A second by-product would be data on the
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natural history of cardiovascul ar diseases, including preval ence, inci-
dence, recurrence and survival.

The general approach was described in the original protocol in these
terms :

"If it is accepted:

"That pat hol ogi cal change in or disordered function of the intinate
structures of the cardiovascul ar systemresulting fromstresses and
insults of various types is reversible up to a degree or point whichis
i nherent in the individual, and

"That pat hol ogi cal or physiol ogi cal change beyond that degree proba-
bly results in mnute residual changes which are inmeasurabl e by nethods
now avail abl e, and

"That continuous accretion of such residual changes results finally
in a clinically recognizable abnormality, and

"That there is a wide variability in the individual response to many
stresses and insults.

"It is hypothesized that the age of onset of degenerative cardiovas-
cular disease is a function of three variables:

(1) Constitutional factors (including hereditary factors)

(2) Conditioning factors (including external environnenta
factors), and

(3) The tine factor or length of time the conditioning factors
must act on the constitutionally determned characteristics
or interact with themto result in clinical cardiovascul ar

di sease
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"The Fram ngham Heart Disease Epidemology Study is designed to
measure certain selected constitutional factors and certain of the condi-
tioning factors in a large nunber of 'normal' persons selected at random
and to record the tine during which these selected factors act and inter-
act before clinical cardiovascul ar disease results.”

Wth these ainms set up, it was then necessary to define the popul a-
tion on which the study woul d be carried out. Ideally, perhaps, epidem-~
iological investigations of cardiovascul ar di sease should be set up in a
nunber of widely separated areas sinultaneously, so that various racial
and ethnic groups will be represented, and a variety of geographic,
soci o-econonic, and other environmental factors can be considered. The
results of a study of a single area will have generality only in so far
as the population of the area is representative of sone |arger popul a-
tion. Many thousands of persons should be included to allow for numer-
ous axes of analysis, and it would be prcfitable to follow a cohort of
individuals from birth to death. Because of the expense of exanination
and followup, however, it was not practicable to carry on studies siml-
taneously in several areas, nor to observe nore than a few thousand per-
sons for a linmted nunber of years. It was not considered econonicalto
i ncl ude persons less than 30 years old or nore than 60. Because of
their great mobility young people are hard to follow, and because of the
| ow i nci dence of cardiovascul ar disease in this group the person-years of
experience required would be high. Oder -persons, on the other hand, pro-
bably include so many persons who are subclinically ill that they forma

poorgroup for prospective studies. It was concluded, therefore, that the
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study should be set up in a single area, ané that coverage woul d have
to be limted to aporoximately 6,000 persons in the age range 30-59
years. This group would be observed for a period up to 20 years. A
town of 25,003 to 53,000 popul ation will supply the required nunber of
adults, and it was felt that a town of this size woudbe nore desirable
than a larger city for the type of community approach required to secure
full cooperation azd coverage.

The limitation in geographic coverage clearly linmts the generality
of conclusions whizz can be reached. There s reason to believe that
some communities iz the United States differ considerably from the aver-
age wWith respect tc arteriosclerosis and hyzertension. On the other
hand, in the white race in the United States the W thin-comunity vari-
ance in the distrizuzicn of arteriosclerosis znd hypertension is probably
very much greater ==zn between-community veriznce, and a wi de range of
type-situations in?luencing devel opment of <z2se diseases may be found
in any comunity. This presunption could c-lr be tested, of course, by
simlar studies in :zher communities; in fecz, later studies have borne
it out.

In mid-1947, I». Vlado A Getting, State Health Conmissioner for
Massachusetts, offerzd to cooperate with the U.S. Public Health Service
in setting up the ==zdy in that state. After consideration of a number
of possible areas ==z Town of Framinshar was selected. Fram ngham Jsuing
21 niles west of Bostonm, is an industrial and trading center of 28,000
popul ation. As is =rue of New England towns, it includes not only the

bui l't-up business z=2 residential areas but zlso the outlying rural area
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within the town limts. Framingham hes the town-meeting form of govern-
ment and the people are accustomed to =nd well versed in the group
approach to their problens. It was in Tram ngham that the first communit
study of tubercul osis was undertaken-- z program sponsered by the National
Tubercul osi s Association and the Metropolitan.Life | nsurance Conpany,

whi ch began in 1917 and continued successfully for six years. This | at-
ter fact, together with an indication ¢7 interest in response to the ini-

tial approach, influenced to sone extent the selection of the town.
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Early history

Up to this point in the account, the beginnings of the study may
appear relatively immaculate. However, pioneering studies (and the
Fram ngham Study was such a study) seldomarise this way. A brief hig-
tory of the early beginnings nmay nake this a little clearer.

The Heart Disease Epidenmiology Study had its beginnings in Cctober
1947 in a cooperative project of the Massachusetts State Departnent of
Health (Dr. Vladc Getting, Health Commissioner), the Department of Pre-
ventive Medicine at the Harvard Medical School (Dr. David D. Rutstein,
Chairman) and the Heart Disease Denpnstration Section of the U S Public
Health Service (Dr. Bert R Boone, Chief). At the initiative of Dr.
Joseph W Mountin, Assistant Surgeon General, Drs. Lewis C. Robbins and
Gilein Meadors were detailed to organize a heart disease study in the
Boston area. Working out of gquarters at the Harvard Medical School, and
with the advice and assistance of the various cooperating organizations,
they canvassed opportunities for study populations. By Decenber 1947 it
was decided to initiate two prograns, one to be known as the Cardiovas-
cul ar Hygi ene Denonstration under the direction of Dr. Robbins, the
other to be known as the Heart Disease Epidem ol ogy Study under the
direction of Dr. Meadors. The first study was to be |ocated in New on,
the second in Fram ngham Massachusetts.

The purpose of the Newton programwas to determine what existing
knowledge of prevention, diagnosis, treatment and rehabilitation of

cardi ovascul ar disease could be applied within community health prograns.
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The purpose of the Fram ngham program as it was originally
concei ved, was the devel opnent of case-finding procedures in heart dis-
ease. The potential of the Fram ngham program for epidem ol ogi cal stud-
I es soon becanme apparent, however, and the programturned increasingly
in that direction.

Because of the research orientation of the program the question of
including it anong the activities of the National Heart Institute was
raised. After a reviewby Dr. CJ. Van Slyke, Director of the National
Heart Institute, Dr. James A Shannon, Director for Research, and Felix
E. More, Chief of Biometrics, the National Heart Institute arranged to
accept the transfer of the Framinghe= Heart Disease Epidem ol ogy Study
(as it was then called) on July 1, 1%i9.

In the meantinme operations had already begun at Fram nghamin a
clinic located at the Fram ngham Unicn Hospital. The clinic was for-
mal |y opened on Cctober 11, 1948 but exam nations had already begun =
Septenber 29. By the tine the stuiy was transferred to the Nationa
Heart Institute, nmore than 1500 volunteers had been exam ned. Alarge
anount of the groundwork for the later study had already been laid. A
community had been selected for study and comunity participation had
been obtained. -Quarters had been prepared and staff recruited. The
first series of examnations had been designed and put in notion. The

purposes and direction of the study had slowy hardened.
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It was already understood that the general epidemiological purpose
of the study was the "determnation of factors influencing the
devel opnment of heart disease," and that the program woul d require
repeated examinations of the study cohort. Inportant assistance in
this early design came trom a Technical Advisory Committee which
i ncluded the follow ng menbers:

Edward F. Bland, MD., in charge of follow up programin
Rheumatic Fever, Massachusetts General Hospital, Boston,

Laurence B. Ellis, MD., Chief, Cardiology Service, Boston
Gty Hospital.

Janes M Faul kner, M D., Cardiologist, Dean, Boston University
Medi cal School .

Burton E. Hamilton, MD., Chief, Cardiology Service, Boston
Lyi ng-1n Hospital.

Hugh R Leavell, MD., Professor of Public Health Practice,
Harvard School of Public Health, Boston.

Sanuel A. Levine, MD., Chief, Cardiology Service, Peter
Bent Brigham Hospital, Boston.

Benedict F. Massell, MD., Secretary, New England Heart
Associ ation; Associate Director of Research, Good Samaritan
Hospital, Boston.

Loren D. Moore, MD., First Assistant to Comm ssioner,
Massachusetts Departnent of Public Health.

Samuel H Proger, MD., Chief of Tufts Cardiol ogy Service,
Pratt Hospital, Boston.

David D. Rutstein, MD., Professor of Preventive Medicine,
Harvard Medical School, Boston.
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Q her distingui shed physicians, such as Howard Sprague z-i Conger
WIllianms, joined this group later. The Technical Advisory Coz=zittee NOt
only supplied technical advice but was of help in recruiting sxpert
assi stance for the study operation.

Wien the Fram ngham Study became the responsibility of the Nationsl
Heart Institute a new study protocol and a sanpling schene was :introduced
This was the work jointiy of M. More and Dr. Meadors. Both <hesampling
scheme, Which was finally spelled out in Decenmber, 1949, and ths study
protocol, which w=s conpleted a nonth earlier, were really structural
overlays on an onzoing study.

These were <he beginnings. In April 1950 Dr. Thomas R Dzwoer
assumed d:irection of the study. Under his stewardship the stui: vsgan a
| ong period of growth and productivity. The formative period +=zs by no

means overbut the study was now well on its way.
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Comuni ty arrangenents

e

A program which involves medical exami nation of |arge nunbers ¢
peopl e requires the acceptance, endorsenment, and support of the m=3i.
cal profession. The plans for the project were given the endorsersnt
of the Massachusetts Medical Society. In Franingham the nedical zrcups
which centered around the two local hospitals offered their active syp-
port to the program as proposed. (One of the hospitals has since :loseq;
the other continues a close cooperation with the study).

From an administrative standpoint it was necessary to secure =:nic
facilities and recruit a professional and technical staff. A centrz11y
| ocated residential building was renodeled for clinic and lavcorsto---

space, and diagncstic equipnent installed. A staff wzs orgenized,

including the exarmining physicians; a clinic nurse; x-ray, clectrcozriio-
graphy and laboratcry technicians; statisticians; irszrviewing ani zimin-
istrasive clerks; = health educator; and visiting conzultants in tha

fields of cardiclozy, el ectrocardi ography, roentgenolczy, pathclog:, znd
bi ochem stry.

As a start, a health educator was placed in the health Depart~=r=
with the assignment of studying the community. This zzant not or-&
| earning about the history, resources, and governnent of the town, =u:,
nore inportant, getting to know t he people--their national origins,zzz2-

nomic conditions, and lines of social stratification, their religicus,
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fraternal, and civic organizations; and their recognized and

potential |eaders. Fromthis study grew plans for the appointnent,

by the Town Health Oficer, of an Executive Conmittee of 15 persons

for the study-- a conmittee which was broadly representative of the
various groups in the community. Parallel to, and integrated with

the lay Executive Conmittee there was organi zed a Professional Com
mttee of physicians and dentists under the chairmanship of a cardiolo-
gist. Together, the Executive Commttee and the Professional Committee
accepted the follow ng responsibilities:

1. To assist in planning a program whi ch woul d be acceptable
to the comunity as a whol e.

2. To interpret the ains and objectives of the study in a way
whi ch woul d be understandable to all eiements of the
conmuni ty.

3. To bring recognized and potential leaders of the community
into active participation in the organizational aspects of
t he study.

After analysis of thecomrunity organization requirements of the
study by the Executive Committee, six sub-committees were set up:
Arrangements, Publicity, Industry, Business, Gvic Oganizations, and
Nei ghbor hood Organi zation. The Arrangements Committee assisted in the
operation of the study by providing clerical assistance and transportation.
The Publicity Committee, conposed of residents who warespecialists in the
areas of press, radio, advertising, and associated fields devel oped a

plan for publicity nedia to be used in placing the program before the

comunity. The Industry, Business, and Cvic Oganizations Committees
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brought the study to the attention of their special Publics.

Perhaps the npst inportant of the conmittees, however, was the
Nei ghbor hood Organization Committee. It had been the aimthat every
participant in the study should come into it on the basis of an
invitation from soneone he knew, and in whom he had confidence, and
further that the invitation shoudconme from a person who had been
through the clinic. At the start, therefore, exam nations in the
clinic were offered to all menbers of the commttees and these, in
turn, passed word of the study to other menbers of the community who
were encouraged to volunteer for examination. From these volunteers
a set of neighborhood commttees was selected. To those conmittees
fell the all-inportart job of inviting the initial participation of
the selected individuals and later stinmulating cooperation in return
for foll ow up observation.

Use was nade of standard publicity channels to informthe people
about the program  However, it wzs discovered from sanpling the
opi nion of persons volunteering for the study that the nost val uable

public information came through uord of nouth.
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Sanpl i ng plan

The choice of a sanpling plan for this study was dictated by a
number of considerations, sone of which have already been suggested.

The nunber of cases which could feasibly be studied--6,000--was mch
smaller than the total adult population of Framingham. Therefore, sone
met hod had to be introduced to select persons and avoid the unknown

bi ases of self-selection. The total sanple had to be allocated in such
a way as to yield the maxi mum information over the period that the stugy
was to be carried out. And the zlan had to be such that it would be
acceptable to the comunity, zzi could be carried out through the com-
munity organization.

One inportant decision whic: had to be reached concerned the age
range of the study population. Zlsarly, if only a very young group was
studied, only & very small nuzter would develop arteriosclerotic or
hypertensive cardiovascular diszz:zz even in 10 to 20 years' tine and
since this is a mobile age grour <hey would be difficult to re-examine
regularly. On the other hand, i= =z very old group there would be too

argea proportion with pre-exis=ing cardiovascul ar disease. To bal ance
these two effects, the age grour 30 through 59 was sel ected for study.
The population in this age range wzs approximately 10,000. If 6,000 of
this group were taken into the study, wth the age-sex distribution
existing in the town, it could be oredicted (on the' basis of the criteria
of the study and tentative data =zvzilable from a small vol unteer group)
that roughly 5,000 would be free of cardiovascul ar disease at the time of
initial examnation. O these 5,000 it was estinmated that approximately

400 woul d be found to have cardicrzscular di sease at the end of the
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5th year after the initial examnation, 900 at the end of the 10th
year, 1,500 at the end of the 15th year, and 2,150 at the end of the
20th year. (These nunbers include, of course, persons who would be
dead of the disease at the end of the specified period). These

numbers appeared to be large enough to insure statistically reliable
findings, though it is recognized that even this number of cases woul d
not be sufficient to carry out all of the detail ed anal yses which woul d
suggest thenselves in the course of the study.

There renmined the problem of securing an actual listing of persons
who would form the sanmple. Under ordinary circunstances, it would
probably have been desirable to use some form of area sanpling. The
Town of Fram ngham however, publishes annually a listing of all resi-
dents 20 years of ageand over, based on a local census, and it was
possible to use this list as a basis for sanpling.

The Executive Conmittee advised that it would be desirable not
to break up famlies--that is, if one nenber of a famly was to be
brought into the sanple, all other famly nenmbers resident in the sane
househol d shoul d al so be brought in, provided they were within the
eligible age limts. This was arranged, and-the sample was drawn in
systematic fashion froma list which was first stratified by famly
size and by precinct of residence (eight precincts), and then arranged

in serial order by address.
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The sampling ratio was two- thirds, which would yield approximately
6,600 names. This (it was thought) would be 10 per cent over the
number required for the study in order to provide for losses through
refusal or by movement out of the town before examination. The list
of residents twenty years of age and over on January 1, 1949, served
as the sampling frame for precinct 3. The list for January 1, 1950,
served as the frame for the remaining 7 precincts, Each list came in
two forms, an alphabetic roster and a roster by address. The declared
age, name, address and precinct number was given for each person, The
precinct list also specified the place of residence on the previous
January 1.

As a check on the completeness of the town lists, the Bureau of
the Census matched the January 1, 1950 list against a sample of

persons aged 30-32 who appeared on the Framingham census schedules

for April 1, 1850. Some 89 percent of those on the census schedules

were found onthe town list.
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Sample response

At the outset a blanket invitation was issued to any town
resident in the age range 20 to 70 to come to the clinic for
examination. Initial expectations, based on the great rush of
volunteers at the beginning, was for a nonresponse not in excess of
10 per cent, so a sample roster of approximately 6,600 men and women
who were in age range 30-59 on January 1, 1950, was expected to yield
the desired 6,000 examinees. As originally listed the sample consisted
of 6,587 names, which was reduced to 6,510 after correction for
duplication of names and removal of persons found to be outside the
eligible age limits. The number 6,510 appears in a report published
in 1957. Since then, three more duplicates have been found in che
nonrespondent group, thus reducing the total drawn sample to 6,337,

In the end, only 4,494 or 68.8 per cent of the drawnsample came :o
the study clinic for examination in spite of many and varied appesals
to nonrespondents.

For women in each of the age groups under 45 the response rate was
around 75 per cent; for men in these age groups it was around 66 per
cent. For men or women aged 55 or over the response rate was around
60 per cent. Furthermore, response varied according to the section
of town, which presumably means that it varied according to socioeconomic
characteristics. From one precinct tc another response ranged from 57

to 73 per cent for men and from 64 to 76 per cent for women.
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The volunteer comunity workers who made all of the contacts with
the persons drawn in the sanple were asked to secure reasons for non-
response. The reasons they reported are of uncertain validity. How
ever, before the end of the initial exam nation period, 6.5 per cent
of the persons in the sanple had noved from Fram ngham and 1.1 per cent were
dead. O the 6,015 persons in the sanple alive and resident in Framingham
at the end of the initial exam nation period, 74.3 per cent had been
examned in the clinic. The initial exam nations, which were originally
pl anned for a much shorter period, extended from Septenber, 1948,
t hrough August, 1952, with a handful of respondents conming in even |later.
It seenms clear that there was differential response to the
invitation to participate according to health status. Since partici-
pation required a visit to the clinic, the noribund and bedridden
were included anong the nonrespondents. The 1 per cent of the sanple
(74 persons) who were reported as nonrespondent on this account seens :
reasonabl e percentage Zor this age grcup. For the age group 45 to 64
the U S. National Health Survey reported a figure of 1 per cent for
“confined to house" and - per cent for "unable to get around al one"

in the second quarter of 1957.
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Because of che structure of community organization about which
t he Frami ngham study was originally built, which included conplete
dependence on vol unteer canvassers, there was no systematic attenpt
to secure reports on health status. Except for a small nunber of
refusals attributed to incapacity by the canvassers and a scattering
of information fromrelatives in the study, there is no direct evi-
dence avail able on the health status of nonrespondents.

If we were to repeat this study we would take all possible steps
to secure some =inimal data on reported health status and past utili-
zation of medical services by means of interviews in the hone by
trained interviewars in_advance of invitation to examnation. Wth
this information somz estimate of the relation of assumed health status
to the refusal -zte could be secured. This is the procedure which has
been foll owed in several subsequent studies.

In the absernze of nmore direct evidence on the health status of
nonrespondents wz are |left dependent on the evidence of subsequent
mortality for inZzrences concerning differentials in the health status
of respondents aad nonrespondents to the initial examination. Not all
of the nortality information is usable, however. O the 1 per cent of
the sanple not examned at the clinic who died during the period between
Sept enber, 1948, zad Decenber, 1952 (54 men and 23 wonen), it: is not

now possible to establish with certainty how many were alive at the date
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when they should nornally have peen exam ned and how nany had died
before that date. Consequently, it does not appear that there is
any appropriate basis for conparing this nmortality with the 34
daat hs anong respondents (25 nen and 9 wonen) which occurred
during the same period.

If we were to set up another study of this sort in which the
period over which the initial cohort was to be exam ned was a | engthy
one, we would propose that an exam nation date be set up in advance
for each individual in the cohort and that on or very near that date
the status of the prospective exazminee be recorded in at |east the
following terns: Zxamination conpleted, exam nation refused, person
noved prior to exam nation date, and person dead prior toexam nation
dat e.

Lacking this kind of information, the earliest nmortality experience
cannot be used for a conparison of respondent with nonrespondent. How
ever, it seenms reasonable to ccmpute nortality rates for the years
1951 and 1952 alone, since the disinclination or incapacity to respond
becones | ess anbi guous toward the end of the period of canvassing.

For the nonexamined group the nortality during this period was double
that for the examined group. For men, this contrast was equally evident
for bot h cardi ovascul ar and for noncardi ovascul ar deaths. For wonen
this is not true; none of the deaths in the nonexami ned group were

from cardi ovascul ar causes.
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The strength of the health differential between respondents and
the various classes of nonrespondents may be judged from subsequent
nmortality experience. As expected, the level of nortality varies
according to the reason given for nonresponse. It was |east for those
who had noved and greatest for those incapacitated. \Wat is of nore
monent, there is as yet no clear indication that nortality in the
respondent and nonrespondent groups is converging. This is rather
surprising. I1f those who failed to join the study because of ill-
ness had been only the termnally ill, this group would have died
during the first years of the study. Wth the passage of time nor-
tality in the respondent and nonrespondent groups m ght rexpected
to converge, just as nortality in insured groups tends to rise toward
the level of nmortality in ths general population. It need not be
anticipated that nortality in the respondent group would rise conpletely
to the level of nortality in the nonrespondent grcup, for if there
were substantial differences -ztween the two groups mortality among the
respondents mght remain below that for nonrespondents indefinitely.
However, the differential ought to becone less. It has not. (This
di scussion is based on nortality through 1957. 4a eval uation of nore

current nortality is now underway)
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Later nortality

A prelimnary exam nation of data through 1966 indi cates that
mortality in the respondent sanple has remained what it was. It is
still lower than that for the general population. There is no sug-
gestion that it is rising

Oiginally this low nortality represented the effect <f selec-
tion. Through 1953, nortality in the total drawn sanple wzs essen-
tially the sane as that for the town of Fram ngham If it was |ower
in the respondent part of the sanple, it was correspondingly higher in
the non-respondent part. This initial difference between respondent and

non-respondent nortality can reasonably be explained by the presunption

t hat persons who were seriously ill were less likely to apcear for exami-
nation than persons wxo were well. This is clear for those Tk non-
respondents whc initially declared themselves to be ill. Zhey have had

and continue to have a high nortality. However, anong the zersons who
gave no reason for nct appearing fcr exam nation, or simpl: declined to
come in, there tmst al so have been sone who were seriously i1, for this
group also had an excess nortality at the beginning.

The excess nortality for the non-respondent sanple waz quite |arge
for the years 1950-1052. This was a period when the first exanination
cycle was still in progress--a period, that is, when it was difficult to
speci fy whether a person didn't come in because he ‘had already died or
didn't come in and then died. By June 1952, however, the :nitial exam
ination cycle was essentially conplete; that is, the non-respondent
group alive was defined wthout anbiguity. Excess nortality in the non-

respondent sanple renmained great through 1952 and 1953
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In 1954, however, nortality dropped in the non-respondent group to
a level only slightly greater than that for the town as a whole and
remained at that level. Thus, in the non-respondent group selective
bi as seens to have become a minor influence by 1954. Since selective
bias in the respondent group is sinply the reverse side of selective bias
in the non-respondent group, it is difficult to see how the initial pro-
cess of self-selection can account for a continued low nortality in the
respondent sanple group.

The issue, however, is clouded by questions about the conpleteness
of nortality follow Up. About 14 percent of the respondent sanple still
alive at Exam & were no longer returning for examnation, and it is con-
ceivable that a few deaths are missed in this group. The effect of such
| 0ss, howsver, would be trivial at worst. Wth the non-respondent sam
ple the case is somewhat different. It seens fairly obvious that there
is a serious deficiency in nmortality reporting for the L26 persons in
the non-rzspondernt group who noved from Fram ngham before the niddle of
1952. Thus, for the years 196L-1966,four deaths were reported for this
group whereas 20.0 deaths would have been expected on the basis of gen-
eral nortality. This raises the possibility that there has also been a
deficiency in nortality reporting for the non-respondent sanple who
moved from Fram ngham after the mddle of 1952. (Cdearly, this is not
possible to assess frominternal evidence alone;, and a special program
for evaluating this will have to be undertaken.

A note on the tables included with this discussion nmay be in order.
Logically it might be argued that expected nortality should use mortali-

tv for the town of Frami ngham as the standard. This has a nunber of
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difficulties. Appropriate popul ations for corputing rz=zzs are not
easy to come by. There should be sone all owance made Zcr institutional
popul ations in Fram ngham This has been done for 195C but not for
later years. As the study cohort ages it becones necessary to conpute
age-specific death rates over age 70, and popul ation ez-imates are not
available for this. Hence it was felt that the U S.. white death rates
m ght serve as a better standard. They appear to be very sinmlar to
those for Fram ngham town. They are readily available. Wiat is nore,
as tinme passes it becones increasingly nobot whether characteristics of
the town and the Study populations should agree. The tcwn popul ation
in 1966 is not the sane as the town population in 195C. when the sam
ple was drawn. The sanple: in turn, includes a nunber cf people who

are no |onger town residents.
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Figure 1-2

DEATH RATES BY AGE & SEX: FRAMINGHAM STUDY, 1953- 1966
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Vol unteers--the SX group

At the end of the first examination round there were in the files
records for a large group of volunteers not in the drawn sanple.
Because the number of sanple respondents had fallen short of expecta-
tions, it was decided to recall sone of the volunteers as a suppl enent
to the regular study group. The 1951 town list of residents was used
as a roster. Those volunteers whose names were missing fromthe |ist
were considered as noved and no further effort was nade to trace them
Those on the list were asked to return if they fell within the proper
age range. The resultant group included a slightly larger proportion
of women than the respondent sanple--57.8 as against 54.7 er cent--

but was not especially different in age structure

It was at first planned to reexamne only those +volunteers "normal”

on their initial examnation. This plan, however, was not rigorously
followed. While 13 people were elimnated for hypsrtensivs or coro-
nary heart disease, these onmissions nodified the clinical characteris-
tics of the group only trivially.

The vol unteer group was, as noted, drawn from people who had
al ready been examined once at the clinic and were requested to return
for re-examnation. Sone 3 per cent refused to do so, while 12 per
cent were unavail able because they had noved out of Framingham. In
contrast, 9 per cent of the sanple group who received the first exam -
nation refused to take the second exam nation and 2 per cent were
unavail abl e for the second exami nation because they had noved from

Fram ngham
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It should be ncted in evaluating these figures that no effort was
made to bring into the study those people who had noved out of Framing-
ham before they could be scheduled for exam nation, either fromthe sam-
ple or volunteer group. This was a deliberate policy to maximze follow-
up, so that in a sense, part of the followup was bought at the expense
of nonresponse. To a degree, this is also true for the Framingha= resi-
dents who refused to be examned. Wile a few of these mght have come
in had greater persuasion been used, they would al nost surely have
returned for clinic re-examnation |ess frequently than the presertgroup
of respondents.

Cearly this is not the ideal procedure for defining a sanple. It
woul d have been possible, for exanple, to hedge against a high le=1 of
nonresponse by drawing a supplementary sanple at the outset and hcliing
it in reserve until the need for it became apparent. The procedure actu-
ally used of adding a supplement of volunteers is another mark of <he con-
ceptual and operational difficulties that beset a pioneer eaterprizs.

It cannot be s=id that all the conceptual issues have ever been
clearly resolved. Witk the passage of time the distinction between Sam
ple and SX has been culled and the two groups are usually merged. This
can be defended, of course. In a prospective study disease experience
is referred back to the defined characteristics of the study group and
these are as easily obtained for volunteers as for sanple persons. The
reason for drawing a sanple, however, is partly a concern for the hidden
role of undefined characteristics, and partly an interest in getting as
wide a range of characteristics as the population contains. Despite

these defects, the Fram ngham Study sanple did bring into the study per-
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sons who would not have cone in at their own initisz=ive and, as g

consequence, may be presunmed to include a wider ani more repress-ta-

tive human popul ation than could have been obtainei by relying =xclu-

sively on vol unteers.
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Sour ces

This introductory section includes excerpts fromthe following
two reports, as well as some supplenmentary material:

Dawber, T.R, Madors, GF. and More, F.E. : Epideniological
approaches to heart disease: The Fram ngham Study. Amer. J. Public
Heal th 41:279-286, March 1951.

Gordon, T., More, F.E, Shurtleff, D., Dawber, T.R: gonp
met hodol ogi cal vproblems in the long-term study of cardiovascular
di sease: (bservations on the Fram ngham Study. . Chror. Dis.

10: 186-206, September, 1959.
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Table 1-1. Response by Age and Sex
Fram ngham Study: Drawn Sampl e

Per Cent

Age and Sex Total Exam ned Not Exani ned Exam ned
Both Sexes 6,532 4,494 2,038 68. 8
Men 3,086 2,036 1,050 66.0
30-34 628 L1t 211 66. 4
35-39 529 385 144 72.8
40- 44 540 358 182 66. 3
45- 49 L61 301 160 65. 3
50-54 481 314 167 65. 4
55-59 447 261 186 58. 4
Wonen 3, 446 2,458 988 1.3
30-3k 670 506 164 75.5
35-39 625 466 159 74.6
40- 44 576 438 138 76.0
45-49 566 391 175 69.1
50-5k 538 367 171 68. 1
55-59 h7L 290 181 61.6

Age is the "declared age" in the lists fromwhich the sanple was
drawn. Included in these totals are 25 respondents who were found
to be out of the age range on exanmination and who for that reason
were dropped fromthe study group.



Table 1-2. Response and Nonresponse by Reason
Fram ngham Study: Drawn Sanple

Nunber of Percent of Percent of

Response and Reason Per sons Drawn Sanpl e Nonr espondent r
Tot al 6, 532 {0 —
Exami ned 4, 494 68.8 -
Not exam ned 2,038 31.2 100.0

Moved from Fram ngham 426 6.5 20.9

D ed 74 1.1 3.6

II'l or incapacitated 74 1.1 3.6

Ref used 1,464 22. 4 71.8

See footnote to Table 1.



Table 1-3. Deaths and Age-Adjusted Death Rates by Sex: Specified G oups

Age- Adj ust ed
Age Span, Tine Period, and Nunber of Deaths Death Rate
Popul ati on G oup Men Wnen Men Wonen

Ages 30-59 years, 1950-1952

Massachusetts 20, 701 12,735 .7 4.3
Fram ngham (town) 109 55 7.3 3.4
Study sanple 67 30 7.3 3.0
Ages 35-64

Massachusetts, 1954-1956 27,554 16, 629 11.0 5.8
Fram ngham (town), 1953-1956 197 125 10.3 5.8
Study sanple, 1953-1957 125 71 8.9 4.3
Respondent s 76 36 .2 3.2
Nonr espondent s 49 35 10. 4 6.9
Ref used 43 29 11.9 7.3

Moved 4 3 4.6 3.6

I ncapacit at ed 2 3 14. 8 11.9

Study vol unteers, 1953-1957 11 11 7.3 5.2

Death rates are on an annual basis per 1,000 population and are age-adjusted
by the direct method using the enunerated popul ati on of Massachusetts in 1950
as the standard. Framingham rates for 1950-1952 are corrected for the
institutional population.



Tabl e 1-4. Death rates by age and sex for Fram ngham sanple and
town and U S. white popul ation: 1950-1952, 1953-1956
(rates per 1,000)

1950-1952
1 Fram ngham

Age and Sex Framingham US Wite Sanpl e
Men

35-44 2.5 3.8 2.8

45-54 11.9 9.8 12.9

55-59 18.2 18.9 15.9
Wnen

35-44 1.5 2.3 1.6

45-54 4.9 5.4 3.7

55-59 7.6 10.0 6.1

1953-1956
2 Fram ngham

Age and_Sex Framingham US Wite Sanpl e
Men

35 -44 2.8 3.4 3.6

45-54 9.4 9.2 8.5

55-64 20.5 22.2 18.1
Wnen

35-44 1.8 2.0 1.8

45-54 5.0 4.8 3.2

55-64 11.8 11.5 9.0

1 Corrected by deleting populations in VA hospital and wonen's reformator
2 Uncorrected



Table 1- 5. Mrtality experience of total drawn sanple
Fram ngham Study, 1953-1966

Mal e Fenal e
Year A E A E
1953 25 29.5 17 18.0
1954 31 29.5 1 18.3
1955 23 31.2 10 19.1
1956 27 34.0 25 21.1
1957 25 37.6 19 23.2
1958 25 39.8 35 24. 4
1959 27 42.2 ol 25.8
1960 50 45.0 20 27.4
1961 39 47.1 29 29.2
1962 47 50. 8 28 31.8
1963 50 55.2 34 34.6
1964 L8 57.2 40 36. 8
1965 48 60. 7 32 38.9
1966 54 65. 1 40 43.0
1953- 1966 519 624.9 364 391.6

Note: A - actual nunber of deaths; E - expected nunber of deaths
Expected deaths based on age-sex specific death rates for
U S. white popul ation.



Table 1-6. Mrtality experience of sanple persons taking Exam1 (S
and volunteers (SX): Fram ngham Study, 1953-1966

S SX
Mal e Fenal e Mal e Femal e
Year A E A E A E A E
1953 10 19.1 9 12.5 2 3.1 - 2.4
1954 23 19.4 5 12.8 2 3.2 3 2.4
1955 13 20.5 7 13.4 2 3.5 6 2.6
1956 19 22.3 13 14,7 5 3.8 1 2.7
1957 16 24.5 6 16.2 2 4.1 2 3.1
1958 15 26.0 25 17.3 5 4.3 2 3.2
1959 15 27.6 15 18.1 6 4.4 2 3.4
1960 32 29.7 12 19.3 6 4.7 4 3.7
1961 24 30.7 16 20.6 5 4.9 2 3.8
1962 32 33.4 17 22. 4 4 5.3 3 4,2
1963 32 36.3 23 24.5 1 5.8 3 4.6
1964 30 37.7 25 26.1 5 6.0 2 4.8
1965 28 40.1 22 27.8 1 6.4 3 5.3
1966 36 42.9 29 30.7 3 7.0 7 5.7

1953-1966 325 410.2 224 276.4 49 66.5 40 51.9

Note: A - actual nunber of deaths; E - expected nunber of deaths
Expected deaths based on age-sex specific death rates for
U S white population



Fram ngham Study, 1953-1956

Table |-7. Mrtality experience of sanple persons not taking Exam 1 (SR):
SR - Tot al SR - Refused SR - Mved
Mal e Femal e Mal e Femal e Mal e Femal e
Year_ A E A E A E A E A E A E
1953 15 10.4 a 5.5 13 a.?2 5 4.3 1.9 1 0.9
1954 a 10.1 6 5.5 a.0 4 4.3 1.9 1 0.9
1955 10 10.7 3 5.7 a.4 3 4.4 1 2.0 - 1.0
1.956 a 1.7 12 6.4 9.2 10 4.9 2.2 1 1.1
1957 9 13.1 13 7.0 10.3 12 5.4 2.4 1 1.2
1958 10 13.8 10 7.1 10 10.7 7 5.5 27 - 1.2
1959 12 14.6 9 7.7 10 11.3 6.0 1 2.9 1 1.3
1960 18 15.3 8 a.l 14  11.9 6.3 4 3.0 1.4
1961 15 164 13 8.6 12 12.8 12 6.7 2 3.2 1.5
1962 15 17.4 11 9.4 12 13.5 11 7.2 3 3.5 1.7
1963 18 18.9 11 10.1 14 14.6 9 7.7 3 3.9 1 1.9
1964 la 19.5 15 10.7 17 15.0 15 a.2 1 4.1 2.0
1965 20 20.6 lo 11.1 17 15.6 a 8.5 1 4.5 2.1
1966 18 22.2 11 12.3 13 16. 8 9 9.3 1 4.9 1 2.4
195 3-1966 194 214.7 140 1152 163 166.3 L17 88.7 20 43.1 a 20.6
Note: A - actual nunber of deaths; E - expected nunber of deaths

Expected deaths based on age-sex specific death rates for US. white population

SR - ||
Mal e Femal e
A E A E
0.3 2 0.3
0.2 1 0.3
1 0.3 0.3
1 0.3 1 0.4
0.4 0.4
0.4 3 0.4
1 0.4 2 0.4
0.4 1 0.4
1 0.4 1 0.4
0.4 0.5
1 0.4 1 0.5
0.4 0.5
2 0.5 2 0.5
4 0.5 1 0.6
11 5.3 15 5.9



Tabl e 1-8. Deaths from Specified Causes According to Response and Sex
Fram ngham Study: Drawn Sanple, 1951-1952

Sex and Cause* Tot al Exam ned Not Exami ned
Men 52 22 30
Car di ovascul ar 29 13 16
Cancer 11 3 8
Acci dent s 3 1
Al other 9 5 4
Worren 17 7 10
Car di ovascul ar L 4 -
Cancer 9 3
Acci dent s 1 - 1
Al ot her 3 - 3

*¥ The cause groups are defined by category nunmber of the Sixth Revision
of the International List, Cardiovascular diseases are List nunbers
330-33%4, 400-468; Cancer, List nunbers 140-205; Accidents, List nunbers
E800-E962.

For men the annual death rates per 1,000 popul ation for 1951-1952 were
6.6 (examined) and 11.1 (not examned); for women they were 1.7 (exanined:
and 3.7 (not exanined).



Table 1- 9. Deaths and death rates (per 1,000) by age, sex, and broad cause groups
Fram ngham St udy, 1lh-year fol | ow up

Car di ovascul ar Di sease

Al'l Causes Tot al CHD CVA Q her CV Cancer Q her Causes
Sex/ Age Nunber Rate  Nunper Rate Nunber Rate Nunber Rate Nunber Rate Nunber Rate Nunber Rate
Men
45-54 85 7.8 45 4.1 35 3.2 5 0.5 5 0.5 22 2.0 18 1.6
55- 64 1kt 18.6 93 11.8 65 a.2 12 1.5 16 2.0 25 3.2 29 3.7
65- 69 50 31.3 24 15.0 18 11.3 5 3.1 1 0.6 14 8.8 12 1.5
TO-Th 18 50. 8 10 28.2 6 16.9 2 5.6 2 5.6 2 5.F 6 16.9
Wonen

45-54 64 4.6 14 1.0 3 0.2 5 0.4 6 0.4 27 1.9 23 1.7
55- 64 76 1.5 35 3.4 18 1.8 6 0.6 11 1.1 27 2.6 14 1.4
65- 69 36 16. 3 21 9.5 9 4.1 6 2.7 6 2.7 9 4.1 6 2.7
T0-TL 12 25.1 7 14.6 6 12.6 - 0.0 1 2.1 1 2.1 - 4 8.4

Note: Classification of cause of death based; on physician review
Deaths are for sanple respondents and volunteers (S + SX)

Source:  Section 6 of the nonograph'
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2a. Introduction

2b. Repeated exanination

2c. Loss due to noving, disability and refusal
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June 1968
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FOLLOW-UP

The study design required that persons in the cohort be called
back for re-examnation at two-year intervals. Oiginally the possi-
bility of annual exam nations was considered. Fortunately, this plan
was never tried: the initiation of biennial exam nations proved dif-
ficult enough. The first examination series began on Septenber 29, 1948.
The second series got under way with scattered exami nations early in 1951
but did not begin in earnest until May of that year, nore than two and
a half years after the first series had begun.

Eventual Iy a procedure was set up for regularizing callback, and
this went into effect early in 1953, Each person was assigned ananni-
versary date. Ordinarily the anniversary date was the date of the first
exam nation but in order to even out the workload, it was sonetines
slightly different. FEvery two years after his anniversary date a per-
son is due for his next examnation. For persons who cone in at some
irregular interval the rule is to nunber. the examination according to
the nearest scheduled visit. This allows a period froma year before
the scheduled date to a year after for any examination, but nost visits

come relatively close to being on schedule.
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Repeat ed exani nati on

Wiile there are other sources of information for the study, the
chief one is the clinic examnation. It is only on this basis that
repeated observations of personal characteristics can be made; and a
standard exanmination is also the only neans for obtaining uniform
information on clinical status. Thus, adequacy of follow up nmust be
judged primarily by the rate at which the cohort returns for examina-
tion.

O the original cohort of 5,209 persons, 4,678 were still alive
at the tine they were scheduled for Exam 8 (Table 1). O these, 4,030
or 86.1 percent took Exam 8. (The conparable figure for Exam 7 was
87.2 percent; the net [o0ss on successive exaninations is now very |ow).
Anot her 42 persons who had mssed Exam 8 returned for a later exam na-
tion by the end of 1966 (Table 2). On the basis of past experience
this nunber can be expected to nore than triple with additional follow-
up. (By 3/20/68 the total had reached 91.)

A large nunber of people take every possible exam nation (Table 3).
Sone 3,597 persons took all of'the first 7 exam nations; 3,436 took al
of the first 8. This is 74.9 percent and 73.5 percent, respectively,
of the surviving cohort. These figures, high as they are, actually
represent an understatement of the measure of cooperation. Because of
a delay in calling backthe SX group (non-sanple volunteers) for their
second exam nation, 237 volunteers were reschedul ed so late for Exam 2
that it was felt inpolitic to ask themto cone in shortly after for
their regularly schedul ed third exam nation. Wwhen allowance is made

for this group there were 79 and 78 percent with a conplete exanination
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series through Exans 7 and 8, respectively.

There has been, as anticipated, a difference between the sanple
and SX groups in their rates of re-examnation. O the former, 84.9
percent of the survivors received Exam 8. O the latter, 93.7 percent
received Exam 8. The SX group were volunteers in the first place, and
thus more likely to cooperate; in defining the SX group only those vol -
unteers who returned for a second exam nation when requested were
retained. By contrast, the greatest loss in the sanple was suffered at
Exam 2. Some 385 persons still alive at that tine did not take this
exam nation; 184 of them never returned for a later exam nation.

By Exam 8, 531 persons in the original cohort had died. As mi ght
be anticipated, the nunber of deaths has mounted with each successive
exam nation. Nearly 2 percent of those alive at Exam 6 died before
they were scheduled for Exam 7. In the next two years nortality |oss
was 2.6 percent. Losses between succeeding exam nations can be expected
to increase rapidly.

Deaths constitute both a loss and a gain to follow up. Wen
reckoning the nunber who will be available for future observations
they constitute a loss. On the other hand, death is one of the end
points of the study. Mreover, knowing a person to be dead provides a
firm assurance that the person is not and will not be lost to follow up
Wth the living it is sonetines difficult (particularly for those m ssing
sone exam nations) to be certain whether one of the clinical endpoints
has been reached.

The 648 persons not taking Exam 8 even though they were alive at

the time it was due, took a varying nunber of earlier exam nations. Sone
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84took the preceding 7 exam nations but mssed the eighth;, 121 took
Exam 1 and never returned. A nunber varying between 74 and 101 mi ssed
2, 3,4,or5exam nations.

It is surprising to find that where the person remains alive the
l'i kel i hood of re-exam nation is about the same in one age-sex group as
another (Table 4). It is also a little surprising to note that
"essentially permanent" loss to followup for reasons other than death
has been relatively constant from one exam nation to another (Table 5).
The clear exception to this is a greater than average |oss just after
the first examnation. The other apparent exception, for those receiving
Exam 7 but not 8, includes some persons who are not permanently lost to
followup but will return when additional tine has elapsed, or have

al ready returned.
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Loss due to noving, disability and refusal

There were 606 persons in the cohort who, though still alive when
schedul ed for their eighth exam nation, did not appear for exam nation,
then or (u-p to the end of 1966) later. Perhaps 10 percent of this group
can be expected to return at sone future time; the renmainder, not.

Of these 606 persons, 355 still lived in Franingham This includes
sonme people who could not come in for exanm nation and some who woul d not.
What the proportion were of each is inpossible to say. It is clear, how
ever, that there were some persons with serious disability in this group.
(ne evidence of this is the fact that nearly 23 percent of those who have
died mssed their |ast schedul ed exam nation while alive. This is sub-
stantially greater than the conparable figure for those still alive.

The fact that a person fails to appear for re-examnation does not
mean that he is conpletely lost to followup. Considerable efforts are
made to keep track of his clinical status by waricus forms of cemmunity
surveillance. Still, nothing short of re-exam nation gprovides the same
assurance. For those persons who have moved from the area, uncertainty
about their clinical status may be fairly high.

On the other hand there is no direct evidence that loss to exami-
nation has lead to any substantial |oss of information about the appear-
ance of new cardiovascul ar disease. Tables 6 and 7 indicate, in fact,
that the incidence reported after loss to examnation is only slightly
|l ess than mght be expected had these people continued to take repeated
exani nations.

Tables 6 and 7 are intended to conpare CHD experience anmong those

persons whose examnation series |apsed with the ¢ip experience for the
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total population. Table 6gives counts for people who noved from Fra-
mingham and, presumably for that reason, did not return for examnation
afterwards. Table 7gives counts for people who stopped coming in for
exam nations while still resident in Fram ngham and who never returned.

There is a slight deficit in CHD incidence in both these groups even
while they were taking examnations. This is, in part, accounted for by
the fact that a person who is already dead cannot "nove" or "refuse", so
that cases of CHDfirst manifest at death are not included in counts
before "l oss".

On a priori grounds one woul d assume that persons who noved out of
Fram ngham were likely to be healthier than average at the tinme that they
moved, and that persons who stopped comng while still resident in Fra-
mingham Woul d include sone persons who were seriously, even termnally,
ill. However, both those who noved and those who didn't had fewer cases
of CHD reported after they stopped taking exam nations than would be
expected on the basis of the total cohort's experience.

Taking the reckonings in Tables 6 and 7 at face value, loss to exam -
nation has resulted in a 3 percent deficit in the reports of CHD incidence
in the 14 years since the study began. Since a clinic exam nation was
required for the diagnosis of AP this fact would be sufficient to explain
the entire deficit in CHD incidence after loss to exanmination. It is
obvious that failure to return for exam nation has not as yet introduced

any serious bias in the counts of new CHD.



Table 1. Number surviving in cohort and number receiving exam nation

at each of the first

Nunber

Surviving

5,209
5, 177
5,125
5,073
4,990
4,895
L,803
4,678

(g
@
3

O’JNO\\H-F‘UOI\)l—\|

8 exaninations: Fram ngham Study

Nunber Exam ned

Tot al Sampl e Vol unt ee:
SN

» 192, , T4O
gt 3'935 1812/
4, 541 3,843 698
4, 421 3,750 671
4,259 3,593 666
L,101 3,551 640
L, 030 3,402 628

1/ The indicated drop is an ertifact arising fromthe arbitrary decision
that volunteers would nov be followed if they did not take Exam 2.
Sone 237, however, were recalled so late for Exam 2 that they were

not called in for Exam 3.



Table 2. Number of persons accerding to exami nation status at Exam 7 and at
Exam 8:  Frami ngham s:ué:

Bot h Sanpl e Volunte?rs
Total Receiving Exam 1 5,209 4, 469 740
Exam ned, Exam 7 4,191 3, 551 640
Not Exam ned, Exam 7 1,018 918 100
Alive, ExamT / 612 569 43
Took |ater exam ¥ 132 107 25
Did not take |ater exam # 480 462 18
Resi des in Fram ngham 276 265 11
Resi des outside Franmi ngham 204 197 7
Dead, Exam 7 Lo6 349 5T
Took |ast possible exam before death 317 274 43
M ssed |ast possible exam before death 89 75 14
Exani ned, Exam 8 4,030 3,402 628
Not Examined, Exam 8 1,179 1,067 112
Alive, Exam 8 648 606 42
Took |ater exam * Lo 30 12
Did not take |ater exam * 606 576 30
Resi des in Frani ngham 355 337 18
Resi des outside Freminghzz 251 239 12
Dead, Exam 8 531 461 70
Took |ast possible exam befcre death 410 354 56
M ssed |ast possible exam bzizre death 121 107 1L

x Covers experience through 132Z.



Tabl e 3. Nunber of persons according to exanination status at Exam 7 and at
Exam § and the nunber of biennial exam nations received: Framingham
EXAM T
Number of Received Exam 7 Did Not Take Exam 7
Exans Al'lve or Dead Alive gt Exam 7
Recei ved Both S SX Both S SX Both S SX
1 - - 198 198 - 140 1ko -
2 16 16 - lra 155 17 104 99 5
3 27 99
Iy so 4 I W Www 2 90 Be 18
5 93 92
6 Lot 18987 276 mw  wH 0n 87 M1 163
7 3597 3184 413 - - - -
Tot al 4191 3551 640 1018 918 | oo 612 569 43
EXAM 8
Number Of Received Exam 8 Did Not Take Exam 8
Exans Alive or Dead Alive at Exam 8
Recei ved Both S SX Both S SX Both S SX
1 - - 18L 184 - 121 121 -
2 14 14 - 175 158 17 101 5
3 13 13 - 169 150 19 98 066 8
Iy 25 3 161 142 19 82 717 5
5 53 1% 5 178 157 21 88 80 8
6 92 78 14 151 129 22 ™" 65 v
7 397 190 207 161 147 14 84y 77 7
8 3436 3037 399 - - - - - -
Tot al 4030 3402 628 1179 1067 112 648 606 42
Note ;S - sanple, SX - volunteers

Q

~



Table 4. Nunber and per cent of persons receiving Exam 7 and Exam 8 by sex and agt
gt Exam 1. Frani ngham Study

Age at Nurber Nunber Per cent of Specified Age-Sex Group

Recei vi ng Recei vi ng O All Persons at Entry O Survivors at Exam
Exam 1 Exam 7 Exam 8 Exam 7 Exam 8 Exam 7 Exam 8

75
Men 1,811 1,741 84.9 145 824 870871 %0 865
29-34 332 322
35-39 380 376 86.2 85.3 89.4 89.3
40-44 343 333 81.5 72.9 87.5 a1.9
45-49 274 261 70.G e 87.0 85.9
50-54 261 247 62.8, 5T.b 80 844 81 864
55-62 221 202
19.7

Wnen 2,380 2,289 82. 8 87.2 87.5 85.9
23-3L 397 396 87.4 89.6 89.4
35-39 493 k79 84.4 82.0 86.6 85.8
40-44 138 413 85.5 80.7 88.7 85.2
4549 379 363 84.2 80.7 89.2 86.k
50-5k 338 333 78.8 7.6 86.0 87.2
55-62 335 305 75.5 68.7 84.4 80.7



Table 5. Number of persons not: receiving Exam 8according to last biennial exanination received:

Framingham Study

Last Bienni al Persons Receiving Exam 1 _ Alive at Exam 8 Dead At Exam 8

Exam Total Sanmple  Volunteers--~ Total Sanple Vol unteers* Total Sanple Vol unteers*

Total not taking

Exam 8 1,179 1,067 112 648 606 42 531 461 70
Exam 1 184 184 121 121 - 63 63

Exam 2 132 115 17 59 5 68 56 12
Exam 3 130 119 11 7L 69 2 59 50 9
Exam k& 134 11k 20 62 54 8 T2 60 12
Exam 5 169 157 12 74 72 2 95 85 10
Exam 6 156 136 20 75 69 6 81 67 14
Exam 7 274 2ho 32 181 162 19 93 80 13

¥ Volunteers had to return for their second biennial examination I N orderlobeincluded in the cohort.
These exaninations are all considered Exam 2, although in sone instances the exam nation was nmore than
3 years after Exam 1.



Tabl e 6.

Exam at whi ch
loss first
recor ded

2
3
4

Note: Covers experience through 1566

Nunber of persons lost to examination after moving from

Franm ngham who developeZ new CHD within the |b-year

follow-up:

Nunber devel oping new CHD in exam interval

Fram ngham St udy

Total

4

-

w

12 223 3k ks 526 6 I8

1

1

Losses between

Exams 2 and 8

Act ual

Expected #

Losses hatwean

Exans 3 end 7

Act ual

Expected #

specific rates for total

1

1

Nunmber of CHD Events

Before Loss

a
10.5

5
6.9

| ost at e=ch exam nation.

Nunmber with Tot al
Pre-existina  Number
CHD Lost
1 1 47
- 36
- 32
- 33
_ 1 40
- 34
- 1 55
After Loss
9
14.9
5
10. 7

* Expected ru-zers obtained by applying age-sex- exam-
cohort to the popul ation



Table 7. Nunber of persons lost to examination while still resident in
Fram ngham who devel oped new CHD wi thin the li-year fol | ow up:
Fram ngham St udy

Exam at whi ch - . . ; Nunber with Total
loss first Nunber developing new CHD in exam interval Pre- exi sti ng Niober
recor ded Total 1-2 2-3 3-4 4-5 5-6 6-7 7-8 CHD Lost
2 10 - 2 1 1 - 3 3 2 104
3 5 2 1 1 - - 1 1 51
L 4 - 2 1 1 56
5 3 - 1 2 - - 1 38
7 5 1 2 1 1 46
8 8 1 1 2 2 - 2 2 104
Losses between Turber of CHD Events
Exanms 2 and 8 Before Loss After Loss
Act ual 17 22
Expected * 20.5 29.8
Losses between
Exans 3 and 7
Act ual 9 12
Expected * 1.4 16. 6

* Expected nunbers obtained by applying age-sex-exam
specific rates for total cohort to the popul ation
lost at each exanmination.

Note :  Covers experience through 1966



sx (vol unt eers)
0004-3973

Type and
Record MNumber  Anniversary
Dat e

Sanpl e
0001-2292 09/48-12/49
2297-3776 12/49-10/50
3777-4837  10/50-05/51
4838-5916  05/51-03/52
S9LT-6UhT  03/52-06/52

09/48-11/50

Exami nation dates for specified subjects: Franmi ngham St udy,

Exam 1

09/48-11/19
11/49-11/50
11/50-0k/51
ol/51-03/52
03/52-08/52

10/48-12/50

Exam 2

05/51-01/52
01/52-10/52
10/52-02/53
02/53-03/54
03/54-06/54

01/52-10/52

Table 8

Exam 3

02/53-11/53
11/53-11/54
10/54-05/55
05/55-02/56
02/56-06/56

06/53-11/5k

Exam 4

11/54-11/55
11/55-11/56
10/56-06/57
06/57-03/58
03/58-06/58

02/54-11/56

Exam 5

12/56-01/58
12/57-10/58
09/58-05/59

05/59-03/60
03/60-06/60

12/56-10/58

Exams 1-7

Exam 6

10/58-12/59
12/59-10/60
10/60-06/61
06/61-03/62
03/62-06/62

06/58-11/60

Note: Persons are to be exanmined at 2-year intervals after their anniversary date (generally the date of

their

are the actual
through L4/53.
persons in each group (all

first examnation).
exam nation dates,
The dates for Exams 2-7 cover the actual

except the extreme 2 percent).

However ,
except for the last group,
exam nation dates of the large mjority of

a leeway of a year earlier or later is allowed. The Exam |

where a few stragglers were exam ned

Exam 7

09/60-01/62
12/61-10/62
09/62-05/63
05/63-02/64
02/64-05 /6L

09/60-10/62

dat es
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