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Some Risk Factors Related to the Annual Incidence of
Cardiovasclar Di sease and Death Using Pool ed
Repeat ed Bi ennal Measurenents: Fram ngham Heart Study,
30- Year follow Up

Since 1948 the Fram ngham Heart Study has followed a sanple
of adults who in 1948 were residents of the-town of Fram ngham
Massachusetts for devel opnent of cardiovascul ar disease. A
st andar di zed clinic exam nation was repeated at two-year
intervals. By this nmeans a wide variety of information has been
col |l ected which includes the characteristics of people in this
stud cohort both before and after the development of
cardi ovascul ar disease, as well as a standardized clinical
evaluation of changes in their cardiovascular status. In
addi tion, i nformation about death and the devel opment and course
of disease has been obtained froma nunber of sources outside

the clinic.

The design and execution of the Study were described in
Sections 1 and 2 of 'this series of nonographs. A conplete
listing of prior nonographs in this series is included at the
end of this section. For some characteristics, nean values are
iven for the first seven exam nations in Sections 3 and 4, and
ivariate correlations are given for the second exami nation in
Section 5. This nmateri al is updated in Section 29. The
i nci dence of various events is given in Sections 6, 7, and 8.
Criteria for events are given in Section 8, and a description of
the characteristics in Section 3. These are repeated and

updated in Sections 26, 30 and in this report.

The major concern of the Study has been the eval uation of
the relationship of potential risk factors-determned-in healthy
individuals to the subsequent devel opment of disease. This is
done ina systematic fashion in Sections 9 through 22, using the
14 year followp. The same general material updated to include
16 years of followup is presented in Sections 26 and 27.
Section 30 reports simlar results for 18 years of followp.
The present report is an wupdate for 30 years of followp.
Evaluation of survival follow ng cardiovascul ar events has been
axamined in Sections 25 and 32.

Li ke earlier nmonographs in this series, this section is
exclusively a display of data which provides detailed
information for those who wsh to interpret and use them for
program planning, teaching, reviews and for conparison wth
thelr own data. The additional followup provides a nore
substantial body of data in the geriatric age groups, for wonen,
and for the less conmon cardiovascul ar endpol nts.

METHODOLOGY

~ One nethod of examning the relationship between potential
risk factors and the devel opnent of disease is to neasure the
risk factors at a single nonent in tine and to foll ow



individuals in time to observe the incidence of disease. For
exanple, in this study we could utilize the nmeasurement of risk
factors at exam 1l and report incidence over 30 years of €ollowup
according to different levels of these exam 1 measurenents to
ascertain whether a risk factor is associated with the
subsequent devel opnent of disease. In this case, information
obtained in exans 2 through 15 would be ignored. Si nce
i ndi vi dual s change over time, this interim information which
coul d influence the outcone would be |ost.

The methodology in this section utilizes all nmeasurenents
deterasined on Exams 1 through 15 for those risk factors recorded
virtually every two years and relates:the risk factors to the
occurrence of “an event within two years after the exam  Qher
characteristics nmeasured. on only a few exam nations are not
included in -this nonograph. Ve refer to this approach of
enpl oyi ng the- biennial observations as the cross-sectional

pooling nethod.

This nethod evaluates each two-year interval as a new
short-term followup study. After being characterized at entry
into the study, persons are characterized anew at each follow ng
bi enni al exam nation. Hence, a person who attended twelve of the
fifteen examnations during the 30-year followup contributes the
information of twelve persons who enter- the study at the
begi nning of a two-year cycle with the risk factors neasured at

the twelve exam nations. More accurately, this person
contributes the information of twelve person exans. To
implement this approach, an observation is generated for each
exam nati on. The information obtained on the 15 two-year

intervals is then pooled to obtain a file from which two-year
predictions can be exam ned.

This method is to be distinguished from the long-term
perspective described earlier in which observations only from
exam 1 are enployed to exam ne the devel opnment of disease over
30 years of followp. The cross-sectional pooling nethod as
impl emented in this section considers only the next two years of
follomup, given an individual's current age, sex, and risk
factor status. The inherent assunption is that only the current
risk factor status of an individual is needed to predict the

risk of disease in the next two years.



DESCRI PTI ON OF TABLES
The tables in this section of the nonograph series, Section
34, present data for 23 events and 19 potential risk factors.
The  tables are nunericall sequenced according to the
conbination of an event and a risk factor with the nunbers

i ndexed asfoll ows:

Nurmbering Scheme for Event-Ri sk Factor Conbinations
Fram ngham Study Monograph 30-year Followup

EVENTS

1. Coronary Heart D sease

2. Coronary Heart Disease other than Angina Pectoris
3. Mocardial Infarction

4. Mocardial Infarction unrecognized

5. Mocardial Infarction recognized

6. Coronary Insufficiency

7. Angina Pectoris

8. Angina Pectoris unconplicated

9. Sudden Coronary Death anong persons free of CHD

Sudden Coronary Death among all persons

Coronary Heart Disease Death anobng persons free of CHD
Coronary Heart Disease Death anong all persons

Stroke and Transient Ischemc Attack

At herothronbotic Brain Infarction

Transient |schemc Attack

Stroke Death anong persons free of Stroke and 1i:x

17. Stroke Death anobng all persons

18. Intermttent C audication

19. Congestive Heart Failure

20. Cardiovascul ar Disease

21. Cardiovascul ar Di sease Death anong persons free of <vD
22. Cardiovascul ar Di sease Death anong all persons

23. Death anobng all persons

rRIg* FACTORS

el el Y T Ry

stolic Blood Pressure, First exam ner
D astolic Blood Pressure, First exam ner
Hypertension with antihypertensive treatnent
Hypertensi on ignoring treatnent
Serum Chol est er ol
Hemat ocri t
Bl ood gl ucose
Di abetes nellitus
d ucose in Wine
d ucose intolerance
Metropolitan Rel ative Weight
Vital Capacity
Heart Rate
G garettes snoked per day
14. Albumin in UWine
15. Heart enlargenment by x-ray
16. Left Ventricular Hypertrophy
17. Intraventricular conduction defect
18. Nonspecific T-wave or ST-segnment abnormality by ECG

CENOU A~ WWNE
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The numbering schenme on the tables indicates the nunber of the
event first "and then the nunber of the risk faczcx. For
exanpl e, the table for Mocardial Infarction and G garettes
snmoked per day is nunbered as 3-13.

Each table displays for each sex descriptive information on
the relationship between the risk factor and the risk of the

specified subsequent event in a two-year period. Logi stic
regressi on coefficients, for the risk factor, i ncludi ng
uni vari at e, bivariate Wwth age at exam and nultivariate
analyses, are displayed at the bottom of the table. The

descriptive portion of the table displays annual rates for 6 age
groups:  35-44,  45-54, 55-64, 65-74, 75-84, 85-94. Age-adj usted
annual rates conputed by the direct nmethod are als0 given for
age groups 35-64 and 65-94. Age-specific logistic regressions,
using the above specified |o-year age groups, and regressions
for age groups 35-64 and 65-94 are al so based upon the f-do-year
cross-gectional pooling nethod and indicate the risk of the
event in the next tw years of followup anong persons free of
the event at the beginning the two-year interval. However, the
rates are expressed as the average anhual rate per 1000.

The header of each <zwable indicates the sex, evenz, risk
factor, and the population at risk for each table. =zzch risk
factor-event conbination is presented on one page with the top
hal f for males and the bottom for fenales.

Population at Risk

Thesz cavles report results only for persons free of
cardiovz : 3t Lor disease a: exam 1, soO that any person wth
coronaxy ezl & disease, carebrovascul ar disease, intzrmittent
claudicz= =womn, OF congestive heart failure is exclucs= from
considzvatcion. In addition, for non-fatal events the pcrilation
at ris: consists %eneral ly of persons free of the eve=z under
consider=tion at the beginning of a two-year intervz.. For
coronary hear:: disease (czD) events (tables 1-8), persons nust
be free of «¢=D. For czrebrovascular events 8ta les 13=-15),
persons :ust o= free of stroke and transient ischem:iz attack
(TIA) . For intermttent claudication (IC in table 18,
congestive heaxt failure (cHr) in table 19, and cardicwascular
disease (cvp) in table 20, persons nust be free <= these
respective events. For fatal events, two tables are displayed,
one for persons free of the disease at each exam interval and
one for all persons free of cardiovascul ar di sease at exam 1.
For overall death, only the latter table is provided. tor oo

death events in tables 9 and 11 persons nust be free of coronary
heart disease while in tables 10 and 12 all persons free of
cardi ovascul ar disease at exam 1 are at risk Including those
with interim cED events.

Ri sk Factor Description

~ The range of each risk factor, from the |owest to the
hi ghest value obsewed in the fifteen exams, is displayed in
each table. The tables for hematocrit and vital capacity-height



index are the only tables which have different ranges for nen
and wonen.

Each individual is characterized by his or her value at an

exam  If that value is unknown, the nost recent, known value at
a previous examis used. An exception to this rule is diabetes
mellitus (risk factor 7). o¢once a person is diagnosed as being

diabetic, that person retains that diagnosis on all subsequent
exans.

Resul t s Reported

A table takes into account risk factors on all of the first
fifteen exam nations and the incidence of the specified event in
the fifteen biennial intervals of the 30-year followup and
consolidates this by the cross-sectional pooling nmethod into an
average annual incidence rate by age, sex, and level of the risk
factor. The statistics shown are:

Person Exans

On each of the first fifteen exam nations, persons who are
free of cardiovascular disease at exam1l and currently free of
the event under consideration are considered a+t risk of
developing the event in the next two-year interval. The
person-exams colum reports the nunber of all such exams from
the persons at risk over the 30-year period. xn individual wWho
entered t he st ud at exam 1 GBY hcontribute up to 15

C

observati ons, one or each exam at he or she is at risk.
Al'so, individuals can contribute to nore than cne age group over
the 30 years of followup as long as that perscn is 2t risk of
devel opi ng di sease. Hence, the tables of this report do not

yield the counts of people taking the exans. See Section 9 of
the nonograph series to obtain counts of perscns distributed by
various risk factors for the first seven exans.

4 of Events

This colum  contains the nunber of subjects in the
popul ation at risk at an exanination who develoo a primary event
In the two-year interval between that exam nation and the next.
The nunbers developing the event in a two-year interval are
sunmed over the first fifteen exanminations. The entries in this
colum are suppressed for an age group when fewer than five
events occur in that age group.

Annual Rate

The annual rate is reported as the nunber of events per 1000
Berson years. It is obtained by dividing the nunber of events

twce the person exans to adjust for the two-year followp

This colum is suppressed when fewer than five events occur in
an age group

Crude Annual Rate
In the mddl e of each page on the right, surniiary results are

di spl ayed for age groups 35-64 and 65-94. First, a colum for
-5-




the sum of the events in the age group i S c:ven by lavael Of the
risk factor.. Next, the crude annual rate per 1000 parson
yearsis provided. It is. conmputed by dividin tﬁa nunper oF
events by tw ce the population at risk (i.e. the 9ota nunber o
person exans). The latter can be obtained py summing the
age-speci fic persons exans colums for the respect’lve Fan-year

age groups.
Age- adi usted Annual Rate

The age-adjusted rates per 1000 person years are conputed by
the direct method (Fleiss, 1981) using the ten-year age group

information  provided. The  standardizin di stribution
enpl oyed for this conputation is the total éhnﬁgreof persons In
each “ten-year age group. Hence, each age-specific rate is

total nunber of persons in the age group, and

wei ght ed ¥ t he _ ot
the sum of the weighted products is then divided by the tota

nunber of persons in the standardizing age distribution. o
exanpl e, the age-adjusted annual rate of cHp (Table 1-1) for
persons 35-64 with systolic blood pressure in the range 74-119

1s conputed as
4472%(7/(2%1223))+ 7724%(21/(2%1746%)) + E049*(31/(2*%1440))

4472 + 7724 -+ 3049

Logistic regression coefficients of tha ~isx factor

In the bottom pcxtion of the :5lz. logistic regression
coefficients for the risk factor, comput = 2 by the maximum
l'i kel ihood  nethod, are  renerted 4 rst, age-specific
coefficients are given, then nivaxis t2,bivariatewithage, and
multivariate coefficients are reportzsd for zae 35-64 and 65-94
age groups.

The age-specific | ogi stic regression coefficients are
reported for each ten-year age _ aroun.. The | ogi stic nodel

enpl oyed for these age-specific computz:ions IS

Pr(event in the next two years: =

P =1/(1 + exp(-a - bX))
where a and b are the |ogistic parameters to be estjmated and X
is the value of the risk factor under consideration for a person

in the population at risk. See Schlessel man (1982) for further

expl anation of the logistic nodel. According to the
cross-sectional  pooling “approach, a person may contribute
several observations to each conputation as long as they remain
in the .age group. The coefficient indicates the |ogarithm of

the change in the odds of devel oping the event in the next two
years for each wunit increase in the risk factor anbng persons
free of the event. To obtain the risk of devel oping disease in
the next two years, the logistic nodel nust be enployed to

estimte p.

. Iterative maxinum likelihood estimation procedures available
in the "Logist" procedure of Supplenental Library of the
Statistical Analysis System (SAS) were enployed to obtain



estimates of the coefficients. This procedure utilizes zeros as
initial values for the iterative procedure. Wen the procedure
would not converge wth these initial estimtes, we enployed
starting values obtained fromlinear regression nodels.

when fewer than 5 events occur in an age roup,  the
regression results are suppressed. I n other S|tua9ions wher e
the regression coefficients are inestimable or nearly so, such
as the case where all individuals who devel op di sease have the
same value of the risk factor, dashes are displayed.

For continuous variables, the actual value of the risk
factor is enployed. The classes for categorical variables are
indicated in the top portion of the table, and their coding is
explained in the description of the risk factors in this report.

The wunivariate results report the logistic coefficients for
the conbined 35-64 and 65-94 age groups. Only the risk factor
under consi deration I's included 1n the nodel in these
conput at i ons.

. The bivariate coefficients are conputed from | ogistic nodels
with age and the risk factor under consideration. These results
are analogous to the age-adjusted rate conputations, provided
that the Trelationship bpetween <the Trisk factor and the event
follows a logistic mpdel wth <ae log(p/(1-p)) changing in a
linear fashion as the risk factor imcreases. The table displays
only the coefficient sor the risk fzctoy under consideration and
not the age coefficient.

. The nultivariate coefficients indicate the »partial or
"independent” effect of the =risx factor =z::za “zkin into
account the risk factors known to be associated with
cardi ovascul ar disease: age, systolic blood pressure, serum

chol esterol, ci%grettes smoked per day, glucose intolerance, and
el ectrocardiographic left ventricular hyperzrophy. The table
reports  only t he coefficient for the =isk factor wunder
consideration fromthe nultiple |ogistic nodel:

P = 1/(1 + exp(-bg - biX;))

where Xi  represents t_el risk factor under consideration and
the other risk factors |isted above. Generally, there are seven

variables in this nodel. In cases where the risk factor under
consideration is one of the known risk factors, there are six
vari abl es. Further, when the risk factor is highly correlated
with one of the known risk factors, the nodel contains six
vari abl es. For exanple, when the risk factor is diastolic blood

pressure or hypertension (tables 2, 3A and 38), systolic blood
pressure 1s dropped. For blood glucose, diabetes nmellitus, and
glucose in the urine (tables 6-8), glucose intolerance is

ropped.
Standard Error of the ILogistic Coefficient

The standard error of the logistic regression coefficients
obtained from the second derivative of the information matrix
and conputed by the Logist procedure in SAS are reported in this

col um.

-] -



The p-value is Obtained by conmputing the ratio of the
logistic coefficient to its standard error and conparing it to

the standard nornal distribution.
St andar di zed Coeffi ci ent

The standardized |ogistic regression coefficient is conputed
as the product of the maximum |ikelihood coefficient obtained

from the ZLogist procedure in SAS and the standard devjation of

the risk factor in the popul ation risk. )

(1967) and Schlesselman (1982) for areference each standardized

coefficient measures the change in the |og odds or log ¢ é(l-p))
of risk for each change of one standard deviation o the rrék
variable and is often used as a neasure of the inportance_ of
changes in that variable relative to changes 1IN other risk
vari abl es. There is considerable controversy re?arding the use
of st andar di zed coefficients (G eenland, Schlessel man, and

criqui (1986)) and caution is advised.

Standardized Standard Frror

The standard error of the standardized |ogistic regression
coefficient is conputed by equating the ratio “of the
st andar di zed coefficient to its standard error wth the
respzchivs ized ratio so that the two ratios have the
1 it is conputed as

sane p-valii.. . )

SE (standrrd (SE (b; )/by) * standardi zed bi _ _
Note vz asoivalents.to assuming that the variance in
the ris sei-: 2 =24 Wth high accuracy.
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1. GCoronary Heart Disease

subjects were diagnosed as having devel oped coronary heart
disease (CHD) if upon review of the case a Panel of three
investigators agreed on one  of the following definite
mani f est ati ons of CHD: myocardiel infarction, coronary
i nsuf fici ency, angina  pectoris, sucden death  from CHD,
non-sudden ‘death from CHD. Persons Wi th pre-existing co at
Exam 1 were excluded from the population at risk of devel opin
CHD. Pre-existing CHD at Exam 1 was identified by any one o
the followi ng diagnoses at Exam 1: definite angina pectoris,
definite history of nyocardial infarction, definite nyocardi al

infarction by electrocardiczram . doubtZul myocardial infarction
b el ectrocardi ogram definite coronary insufficiency by
eY ectrocardi ogram and hi story.

The various manifestaticrns of CHD are zhese:

Angi na Dectoris

Bri ef recurrent chest disconfort < uo To 15 mnutes
durati on, precipitatsd by exertion or smotion and relieved by
rest Or by nitroglvczrine, was regarded as angi na pectoris (AP)

if two physici%n§ interviswing the suzject azgreed that thi's
condition was U€T in::=1y cresent. Tni wzs based
solely on evaluati: = :ul? active manilzsta
of the resting ox =svevciszs electrocarilcgran wWas
for this diagnosis.

{¢
(1]
(8]

Angina vectoris o

sy

i
!
|

It angina WEL , “a
zwaminations but SRS ST
manifestation of couonawy s
¢esignated as angin: ctazouoris o

Coronary heart < sesszs ctner than

Attack)

Because an intsresic 1z often expressed in the incidence of
"heart attacks," ! catscory is estazzlished tTo represent the
occurrence of myocardial infarction, ccronary insufficiency, or
death from coronary hezxrt dissase.

Myocardial infarczion

pecent or acute myocariial infarction (MI) was designated
when t here were seri al changes iim <he electrocardiograms
indicating the evolution o2 an infarction, Including: ST
segment elevation in the eizctrocardiograchic tracing associated
with terninal inversion of T waves and the loss of initial QRS
potentials (that is, developnent of "pathclogic" Q waves of 0.04
second duration or greater), followed by serial changes
indicating reversion t owar ds nor nal . An old or renote

myocardial infarction was considered to be present when the
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el ectrocardi ogram showed-a stable pazzern including apathologic
Q wave of 0.04 second or greater or loss of initial QRS
potential (R wave) in those leads in which this would not be
expected to occur. Also, an interim unrecognized MI was
indicated when changes from a previous tracing showed
devel opnent of loss of Rwave potential or appearance of
pathologic Q waves not otherw se explained, in persons in whom
neither the patient nor his physician considered the possibility
of M. If the patient was asymptomatic for chest pain or upper
abdonminal pain during the interval at which the unrecognized M
occurred, the event was classified as silent, unrecognized.
More weight was given to this finding if aT-wave abnornality

was al so associated with Q wave abnornality.

Beginning in 1956, a hospital report for a subject show ng a
rise 1n the serum glutami c oxal acetic transami nase to a |evel of

at least 60 wunits along wth a history of prolonged ischemc
chest pain was accepted as evidence of nyocardial infarction

Subsequently, in 1962, pathologic elevation of another enzyme
was included: | acti ¢ dehydrogenase greater than 500 units. At

a later date, with a change i'n Taboratory techni ques, SGOT was
abnormal at 50 and LDH at 200. CPX greater than 200 units or
CPK- MB band positive was included if these tests were done.

An aut opsy report showi ng an acute, new, or recent
infarction of the nyocardium was accepted as evidence of an
i ncident nyocardi al infarction. Because it is not possible to
date an old infarction found on autopsy such evidence was not
used in the clinical diagnosis of a n=w event, unless there was
an interimclinical event suspected of being an infarction.

Coronarv_insufficiencv

The coronary insufficiency syndrome was designated when a
history of prolonged ischenmic c¢::5: pain was acconpani ed by
transient ischemic S-T segment and T-wave abnormality in the

el ectrocardi ographic tracing but not accompanied by devel opnent
of Qwave abnormality or by serum enzyme changes characteristic
of nyocardi al necr osi s. Vir<ually 211 these subjects weroe
hospitalized for suspected M.

Coronary heart disease death

Death from <coronary heart disease was diagnosed as either
sudden or nonsudden.

Nonsudden death from CHD

If the terminal episode |asted |onger than one hour, if the
available information inplied that the cause of death was
probably CHD, and if no other cause could be ascribed, this was
called nonsudden death from CHD. In naking this diagnosis, the
review panel used prior clinical information as well as

i nformation concerning the final illness.

Sudden death from coronary heart disease

If a subject, apparently well, was observed to have died
within a few nminutes (operationally docunented as under one

hour) from onset of synptonms and if the cause of death could not
_lO_.



reasonably be attributed on the basis of the full clinical
information and the information concerning death to sone
potentially 1lethal disease other than coronary heart disease,
this was called sudden death and was attributed to coronary

heart di sease.

Stroke

The diagnosis of overt vascular disease of the brain was
based on the occurrence of a stroke. Mnimal criteria for a
stroke consisted of abrupt onset of a localizing neurologic
deficit (such as hemiparesis, aphasia, hononynous hem anopi a).
For stroke due to intracranial henorrhage, a change in the state
of consciousness, headache, and si?ns of meningeal irritation in
association with a bloody spinal ftluid under increased pressure
with or wthout other localizing neurological deficits. On
recent  exam nations, CAT scan information has been used to
confirm henorrhage. A diagnosis of embolus to the brain was
made if a source for enbolus (that is, atrial fibrillation,
rheunatic heart disease with mtral stenosis, recent nyocardi al
infarction, bacterial endocarditis) was present, the clinical
course consistent (that is, rapid onset and clearing, slightly
bl oody  spinal fluid, a nmore localized deficit), or the
occurrence of associated peripheral enboli elsewhere noted. A
consultant neurologist and the clinical staff of the study
reviewed hospital and clinic protocols. Starting with Exam 8
neur ol ogi sts have exam ned patients suspected of stroke in the

hospi tal .
At herot hronbotic brain infarction

Specifically, thrombotic brain infarction was defined as the
sudden onset of a localizing neurologic deficit (for exanple,

aphasi a, honmonynous hem anopia, a central tyf)e of facial
weakness, hem par esis) docunmented by a physician, |asting |onger
than 24 hours, in the absence of: 1) khown source of enbolism
(atrial fibrillation, rheumati c heart disease with mtral
stenosis, myocardial infarction wthin preceding six nonths,
bacteri al endocarditis), 2) i ntracrani al henor r hage
gl ntracerebral, subarachnoid), 3) known hypercoagul abl e states
for exanple, erythremia) 4) other disease processes causing
focal brain deficits (brain  tunor, subdur al henat ona,
hypogl yceni a) . All stroke data were eval uated by a
neur ol ogi st. On recent exam nations CAT-scan infornation has

been used to exclude intracranial hemorrhage.

Transient |Ischemc Attack

A transient ischemc attack was designated when a history of
a focal neurologic deficit was docunented which lasted |ess than

24 hours in duration.

Stroke Death

Death attributed to stroke was designated when a docunented
focal neurologic deficit of greater than 24 hours duration
preceeded death and was responsible for the fatality.
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Intermttent claudication

_ M ni mum criteria for the subjective  diagnosis of
intermttent claudication consisted of a cranping disconfort in
the calf clearly provoked by wal ki ng sone distance with the pain
appearing sooner when \Malkin% qui ckly or uphill and being
relieved within a few mnutes by rest. Interviews for synptons
of claudication were conducted by the physician using structured
forms for wuniformity of the assessment. |n addition, a second
physician confirmed all cases suspected of claudication at tine

of  exam nati on.

Congestive heart failure

A definite diagnosis of congestive heart failure required
that a mnmininumof two major or one major and two minor criteria
present concurrently. The presence of other conditions capable
of producing the synptons and signs was considered in eval uating

the findings.

Maijor criteria:

1) Paroxysmal nocturnal dyspnea. _
2) Distended neck veins (in other than the supine
position).
3) Rales. _
I ncreasing heart size by X-ray
5)  Acute pul nonary edema described in hospital record.

6) Ventricular S(3) gallop.
I ncreased venous pressure (greater than 16 cm H,0 from

7

) right atrium.

g) Grculation time (greater than 24 seconds, armto
tongue) .

9) FbFatojuguIar reflux. _ _
10) Pulnonary edema, visceral congestion, cardionmegaly shown

on aut opsy.

M nor criteria:

Pl eural effusion. _ _ _
) Decrease in vital capacity by one-third from maxi num

. record. _
7) Tachycardia (120 beats per mnute or nore).

1) Bilateral ankle edena.

2 Ni ght cough. _

3 Dyspnea on ordinary exertion.
4 Hepat onegal y.

5

6

Arbitrary major Oor nminor criterion

Weight loss (ten pounds or nore in five days) while on
therapy for congestive heart failure.

-12-



Cardi ovascul ar _di sease

Cardi ovascul ar disease is considered to have devel oped if
there is a definite manifestation of coronary heart disease,
intermittent claudication, congestive heart failure, stroke or

transi ent ischemic attack in the absence of a previous
mani festation of any of these diseases or rheumatic heart
di sease. Criteria for all these events have been given. A

person having nmore than one cardiovascul ar manifestation within
the followup period is counted as a case only at the time of the
first event.

Death from cardi ovascul ar di sease

This cause of death was designated when any disease of the
heart or bl ood vessels was consi dered responsible.

Death

The fact of death was supported by a death certificate.
Additional information was obtained from records supplied by
hospital, attendi ng physician, pathologist, nedical examner, or
famly. A panel of staff physicians reviewed all evidence to

arrive at the cause of death.
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DESCRI PTI ON OF CHARACTERI STI CS

1. Bl ood pressure, first exam ner, systolic (mm Hg)

2. Blood pressure, first examiner, diastolic (mm Hg)

Systolic and diastolic readings in the left armof the
subject were taken with a nercurial sphygmomanoneter and a l4-cm
cuff long enough to fit the nost obese arm  The reconmendations
of the American and British Heart Associations were followed for
reading the pressure (see Standardization of Blood Pressure
Readi ngs, Anmerican Heart Journal, July 1939, 18:95). Palpatory
net hod was used to check auscultator systolic readings.
Measurenment was expressed in mllimeters of nercury on the scale
of the manoneter. Al though the original protocol did not
specify the accuracy of the neasurement to be enployed nost
readings were made to the nearest even nunber. After Exam5

this became the standard practice.
At the beginning of the Study two readings were taken on

each subject: 1) admi ssion blood pressure tzken by the nurse
and 2) final blood pressure taken by the exam ning physician.
Begi nning in ril 1950 three readings were taken” on each
subj ect : 1) adm ssion bl ood pressure taken by the nurse, 2)

bl ood pressure taken by the first exam ning physician at the
start of his interview, and 3) another blood pressure taken at
the end of the exami nation by a second physician after draw ng
bl ood. Al of these pressures were taken on the left armwth
the subject seated and the armat heart level. In coding blood
pressure at Exam 1 for subjects through Record rumcer 2938, the
nurse's blood pressure is used as the reacing bv the first

exam ni ng physi ci an.

Mnor changes in procedure have occurred in some earlier
exans. A second Dblood pressure reading by the sane exam ning
physi cian has been substituted for a reading by a second
exam ner when a second observer was not present.

3: Hvuertension

At exam nation, a subject had two bl ood pressure readings
taken by the exam ning physician(s). I f both readings were
"abnormal"® the subject had definite hypertension; i bot h
readings were '"normal" the subject had nornotension; with any
ot her conbi nation of readings the subject had borderline

hypert ensi on.

A blood pressure reading was "abnormal" if either the

systolic or the diastolic conponent was "abnormal®. The reading
was  "normal" i f both systolic and diastolic parts were
"normal". A systolic pressure was call ed "normal™ when under

140 mm Hg, "abnormal" when 160 or greater. A diastolic pressure
was called "normal" when under 90 mm Eg, "abnormal" when 95 or
greater. Thus, a person was a definite hypertensive if both of

the follow ng conditions held:
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1. the first systolic pressure was 160 or greater or the
first diastolic pressure was 95 or greater.
and
2. the second systolic pressure was 160 or greater or the
second diastolic pressure was 95 or greater.

When on rare occasion a subject had only one blood pressure
reading taken by the exam ning physician, hypertensive status
was determ ned on the basis of this one reading.

For purposes of analysis in this nonograph, hypertension was
evaluated in tw fashions: (1) one utilizing only blood
pressure readings as described above and (2) one in which
individuals not treated wth anti-hypertensive nedication were
classified on the basis of blood pressure while persons treated
with anti-hypertensive nedication were considered as definite

hypert ensi ves.

4, Serum chol esterol (mg/100 n)

At the  beginning of the Study, =serum cholesterol
concentrations were determned by the coiorinmetric nethod of
Sperry (Schoenheinmer and Sperry: J. Biol. Chem 106, 745,

1934, Sperry: Am J. din. Path. & Tech. Supplenent 2, 91,
1938). on Decenber 12, 1952 after the start of Exam 2, the
met hod of Abell-Kendall was adopted (abell, L.L., Levg, B. B.,
Bgozd)i e, B.B., and Kendall, F. .= J. Biol. Chem. 195, 57- 366,
1952).

5. Hemat ocri t

Bl ood was collected in a balanced oxalate tube and spun at
5000 rpm for 20 mnutes. Hematocrit was read in the tube
agal nst a special scale constructed for this purpose. This
net hod proved nore reliable than the standard capillary nethod.
On exams 1 to 3, henogl obin was neasured instead of hematocrit.
These neasurenments were converted into hematocrit by dividing by

3.129.

6. Blood glucose (mg/100 n)

The ampbunt of glucose present in a casual specinmen of the
subject's whole blood (collected in a solution of potassium
oxalate and sodium flouride) was determ ned using the method of
Nel son (Nel son, B., J. Biol.chem. 153, 375, 1944; Sonogyi, M,
J. Biol. Chem 160, 61, 1945; Sonogyi, M, J. Biol. Chem 160,
65, 1945). Bl ood glucose was neasured on Exans 1 to 4, 6, 8, 9,
and 10, 12-15 (not on Exans 5, 7 and 11).

Di abetes nellitus

A subject was diagnosed as having diabetes if he or she was
vwder treatnent by a private physician for diabetes or the
3uriect had a record of an abnormal glucose tolerance test or
\ad .onat |east two exans a casual bl ood gl ucose determ nation

of 180 mg/100 M or nore.
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Treatment by private physician neant that the subject was
taking insulin or oral hP/pogI ycem ¢ agents. In addition, if the
subject was taking ora agents, the diagnosis of diabetes was
made only if records from the Fram ngham Study, private
physician, = or hospital showed several elevated blood glucose
determ nations before treatnment started. For this purpose an
el evated bl ood glucose neant a value of 150 mg/100 ml or higher.

The study did not give subjects glucose tolerance tests;
therefore the record of such tests had to be obtained froma
private physician or hospital. The standard glucose tolerance
test was taken as the ingestion of 100 grams of glucose after a
12-hour fast. The test was considered abnormal if the bl ood
glucose concentration was 160 mgs/100 nm or nore at one hour
after challenge, 140 or nore at two hours, and was still higher
at three hours than when the test began.

8. ducose in urine, definite or trace

Procedure for testing the presence of glucose in a subject's
freshly voided urine was as foll ows:

To five drops of urine in test tube add 10 drops of water
and one Cinitest tablet. Allow to stand 15 seconds after

boiling has ceased and then_ read pronptly. Conpare color to
chart provided with tablets. Read as: negative, 1+, 2+, 3+, or

4+,

In coding the result of the color conparison, definite urine
glucose is 2+, 3+, or 4+; trace urine glucose is 1+.

After exam 11, the Ames Conbustix (Labstix) nethod was
enpl oyed.

9, (Qducose incoleraace

A subject was said to denonstrate glucose intolerance at
exam nation if any one of the follow ng conditions obtained:

a A diagnosis of diabetes nellitus at that exam nation or
any precedi ng exam nati on;

b). A determ nation of %Iucpse in the urine sanple, either
definite or trace by initest or Conbustix, at that

exam nati on;

c) "A neasurenent of the amount of glucose present in a
casual  specinen of whole blood equal to 120 mlligrams or nore
per 100 mlliliters at that exam nation.

10. Metropolitan relative weight(percent)

This relative weight at exam was conputed for a subje:t by
forming the ratio of his body weight at that examto the
desirable weight for his particular sex-height group according
to standards set by the Metropolitan Life Insurance Company.
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The ratio Is expressed as a whole nunber in percernt. The
reference weight, for a given sex-height group, is the midpoint
of the range for nmediumframe shown in the table of desirable
weights' on page 12 of nrour Steps to Wight control® (1969),,
distributed by the Metropolitan Life Insurance Conpany. gy
l'inear extrapol ation, reference weights were assigned to thosé
sex-height groups not covered by the Metropolitan table, wonen

55 inches and nmen 60 inches tall. since the desirable weights
are shown for persons with their clothes and shoes on,
adjustments are nmade to appl the reference weight to the

subjects in the Franingham ' study, who were weighed w thout
clothes and neasured for height without shoes: five pounds are
subtracted from the weight for men, four

pounds for wonen; one inch was subtracted from the-height for

nen, two inches for wonen. The resulting set of reference
wei ghts is:
Hei ght Wi ght (nounds) Hei ght Weicht ({pounds)
(inches) Men Wnen (i nches' e Yomen
55 94 65 131 128
56 97 66 1z2% 132
57 100 67 149 136
58 103 68 1 140
59 106 69 148
Hei ght Wi ght  (pounds) Hei ght We lcht (gound S )
{inches) Men Women (inches’ Mzn omen
60 116 1065 127
61 119 112 71 157
62 122 116 72 1=
6 3 125 120 73 A
64 128 124 74 170
11. Vital caoacitv-height :i-dex (ml/incx

A nurse or technician instructed =zne subject to take the
deepest breath possible aznc exhale tc =ne f_uI% est extent into
the tube of a water-sealed spironeter (Collins Vital oneter)

Three trials were made for each subject; =zhe highest reading was

recorded. This measurement of vital czpacity was read to the
next lower o.1liter on the scale of trs spironeter. The vital
capacity 1n mlliliters was divided by the subject's height in

inches to get the vital capacity-height %ndex.

12. Heart rate (per mnute)

The heart rate is the ventricular rzze as determned by the
physician fromthe el ectrocardi ogram nade with the subject in
the recunbent position. Electrocardicgrams Were nade at each
sxam and the ventricular rate was coded for data processing for
all <:zams except 2 and 3.

13. Cigarettes snoked (nunber per day)

. Histories of cigarette snoking were obtained on every exam
‘except Exam 6. However, information fron the first three exans
was coded to represent usage at Exam 1, |eaving Exans 2 and 3
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uncoded. On the initial exam nations there was no fixed rule
for deciding whether a person was an ex-cigarette snoker, but
persons who 'had only recently stopped were always considered
still snoking. On later examinations anyone snoking cigarettes
within a year was considered a current snoker. For current
snoker, the nunber of cigarettes wusually snoked each day was
recor ded. Additional detalls are given in Sections 3 and 26 of

t he nmonograph seri es.

14, Albumin | , lef i ni

~Procedure for testing for the presence of albumin in a
subject's freshly voided urine was as follows:

To 10 cc of urine in test tube add 2 cc reagent (Quantitest
reagents: beta naphthal ene sul phonic acid and gl acial acetic

aci d). Allow to stand. Result is read in mlligranms of albumn
er 100 mlliliters by conparing turbidity with standards in
ighted rack. In coding the result of the turbidity conparison,

definite urine albumin is 20 mg/100 m or higher; trace urine
albuminis 10 mg/ 100 m.

This rmethod was enpl oyed for examnations 1 to 8, though the

results were not coded on Exam4. Since Exam 9, the Conbustix
(Labstix) method has been utilized to determ ne urine al bum n.

15. Heart enl arsenent by x-ray

Roent genograms were taken at each examwith a Wstinghouse
Autoflex 300-millianmpere X-ray unit and wth a Mchlett

superdynanmax  tube. The subject was positioned erect in
max-respiration phase wth full anterior chest against the film
cassette. The X-ray tube was placed at |evel of seventh

thoracic vertebra, a distance of two meters from anode to film
The film size was 14 x 17 inches. Beginning in Exam4 the
machi ne was actuated by a device attached to the subject through
electrodes applied to the left and right axillary margin at
level of the seventh rib, to take the X-ray at-the moment of
full di astol e. (Peak of R wave plus 0.008 second to
termnation of exposure insured the shadow of the cardiac
silhouette in  full systole.) The transthoracic Lead I
el ectrocardi ographic tracing showi ng the point of X-ray exposure
was printed at the top of the exposed X-ray film before

devel opnent .

Al films were interpreted by a roentgenol ogy consul tant who
did not have access to clinical data on the subject before
viewing his filns. Begi nni n? in early 1952 one consultant, Dr.
Lloyd E. Hawes, viewed all filns taken at the Fram ngham Heart

dinic and made the X-ray interpretations.

The diagnosis of left ventricular hypertrophy signified that
this chanber was enlarged as shown by an extension of the |eft
apex of the heart towards the left, an elevation ofthe apex and
a squaring of the apex. The transverse diameter of the heart
was usually nore than half the transverse width of the chest.
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However, 1N a subject Wth a Iarﬂe chest the square prom nent
shape Of - the lett apex of the heart may have signified |eft
ventricul ar thertrophy even with transverse dianmeter of the
heart 1less than half the width of the chest. The diagnosis of
| ef t ventri cul ar hypertroprcliy could be nmade wth nornmal
measurenent of the transverse dianeter of the heart.

The diagnosis of generalized cardiac enlargement was nade
when the heart shadow was rounded and expanded both to the right
and the left, giving an appearance not of left ventricular
hypertrophy alone but of either a dilatation of all chanbers or
a dilatation of the atria and right ventricle as in mtral heart

di sease.

A di agnosis of eneralized cardiac enlargement and |eft
ventricular hypertrophy was nade if the heart was rounded
overall and enlarged, and the apex projected further out and was
square and prom nent.

A subject wth heart enlargement had either generalized
cardi ac enlargenent or left ventricular hypertrophy or both.

16. Left ventricular hypertrophy bV electrocardiogram

El ectrocardiograms were taken at each examwi th a Sanborn

Visocardiette. The subject was in the recunbent position.
Thirteen |eads were used, three standard, three augnented
unipolar linb |eads, and seven precordial |eads of WIlson. See
description of t echni que, pages 31 to 44, Kat z,

El ectrocardi ographv, Lee and Febi ger, philadelphia, 1947.

Left  ventricul ar hypertrophy consisted of a tracing
exhibiting a slight prolongation of “ventricular activation
time" (at least 0.05 second on the left) associated with R wave
potentials of at |east 20 mnmin standard |eads, at least 11 mm
In augmented unipolar leads, at least 25 mmin any deflection in
precordial leads or at |east 35 nm conbining any V (1), V 22)
S-wave deflection with R-wave deflections fromV (5) or V (6).
Thi's had to be acconpanied by depressed ST segnents or
flattened to inverted T waves reflecting potentials Trom |left
precordial | eads.

A category of possible left ventricular hypertrophy was
desi gnated when tracings exhibited characteristics sinmlar to
those above except in less striking degree or when not all were
present. I ncreased R-wave potential wthout associated ST and

T-wave abnormality was included in this category.

17, Intraventricular conduction defect with ORS interval nore
fhan Q.11 second

.. .Complete right intraventricular heart block was di agnosed
Zwhen:: QR8. duration exceeded 0.11 second and an R-R wave was
poted in anyone or nore right precordial |leads, with a del ayed
“peak. of-R'wave (equalto 0.03 second or greater) after onset of
QRS complex, acconpanied by broad S waves in left precordial
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| eads and a corre3ﬁondi ng broad S wave in Lead |I. Conplete |eft
intraventricul ar eart bl ock was designated when the QRS
interval exceeded 0.11 second and tall slurred R waves were
observed along with absent Q waves in any of the left precordi al
leads and a reciprocal deep S wave in the right precordial
| eads. The peak of the notched R' wave occurred at greater than
0.06 second after the onset of the QRS conplex in one or nore
| eft precordial leads. Conplete indetermnate intraventricular
heart bl ock was designated when the QRS interval was prol onged
beyond 0.11 second and the characteristic changes indicative of
either right or left intraventricular heart block were absent,
but the Iengthened QRS interval was not obtained at the expense
of a shortened P-Rinterval (as in the Wl ff-Parkinson-Wite
syndrone) . No hem bl ock or bifascicular block designations were

di sti ngui shed.

18. Definite Nonspecific T-wave or ST-segment abnormalitv by
electrocardiogram

Nonspecific abnormality was designated in the absence of a
prom nent R wave when there was ST-segnment depression (exceeding
one millineter below the base |ine) and/or primary T-wave
inversion or flattening. This diagnosis was not nade if a nore
specific explanation could be made for these changes (such as
intraventricul ar bl ock, myocar di al infarction, or | eft
ventricular hypertrophy) or if the changes occurred in those
| eads where such variation is acceptable.
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CODI NG OF CATEGCRI CAL RI SK FACTORS FOR FRAM NGHAM MONOGRapH 34

30 YEAR FOLLOWUP

Ad ucose Intol erance:

1= gl ucose intol erant
0= no glucose intol erance

Left Ventricular Hypertrophy:
l1=no
2=borderline
3=definite

Hypertension ignoring antihypertensive treatnent

l=none
2=borderline
3=definite

Hypertension with antihypertensive treatnent:

l=none
2=borderline (not treated)
3=definite (not treated)
4=treated

In the logistic regressions treated persons
definite hypertensives.

Di abet es: _ _

l=diabetes previously di agnosed
O=nondi abet i c

Glucose in Uine;

O=negati ve

are coded as 3,

| =positive, trace or doubtful, light, nmedium or dark

Al buminim Uri ne:

O=negative Or trace
l=positive

Heart Enlargenent by X-ray:

| - none
I=possible cCcE Of
3 mdaefinite GCE

‘§§§§iﬁ%fic’T-wave or ST-segment abnormality:
“‘O=none:or doubt f ul
Amdetinite on either T-wave or ST-segnent
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Intraventricul ar conducti on defect:

l=no IV Elock, either conplete or inconplete on |eft
or right _ _ _

2=incomplete on left,right, or indetermnate and
not conplete on any _ _

3=complete on left or right or indetermnate
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