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SUMMARY

Risk factors for myocardial infarction (MI)
and angina pectoris (AP) were studied in 16,738
participants in a Japanese cohort, All were
residents of Hiroshima or Nagasaki who had
participated in a biennial examination program,
the ABCC/RERF Adult Health Study, for
at least one 2-year cycle in the period 1958-78,
There were 267 new definite or probable MI
cases and 128 new AP cases in the follow-up
period. The intent of the study was to establish
risk factors for both manifestations of coronary
heart disease for persons age 40 or clder. Sub-
sequently, predictions of absolute risk for MI
were derived.

Multivariate analyses showed MI incidence
depended upon sex, age, systolic blood pressure
(SBP), left ventricular hypertrophy (LVH),
smoking, serum cholesterol, and the presence
of earlier AP. Incidence of AP depended upon
sex, and increased with age, SBP, and LVH.
There was no significant dependence of AP
on smoking or cholesterol. A prediction formula
for estimating the probability of MI is given.

INTRODUCTION

The intent of the present study is to establish
risk factors in a Japanese cohort for MI so
that prediction of absolute risk may be made.
Secondly, risk factors for AP will be established
separately to allow comparisons in etiology of
these two manifestations of coronary heart
disease (CHD). Furthermore, trends in incidence
for the period 1958-78 will be examined after
adjustment for shifting covariates.

Approved 3 6 April 1984

E #

BERAERHOHREE 7BALFTILHEERY
ROEDY AZEFERAEL 2. dREETIhE,
2ESFME T3 HRBFHEBE O ABCC /MBI AR
WA, 1958~TBENHMP DL < L 1HAHD
REBLBMLTWAEAES - RBOCERTH-1. 2D
EMBEMEIIE N T, BEEENEIZEEL
LEGEENETHE FHRLOENI2BAN L {BD5N
-, FEOBME, EDEo I h s ZEOEHK
MLEBOYAZRETEERL, ZhitkoTLH
FECHEMIRAZETFRETAIETHS .

FTERBEFTE, LFEEORERE, E 5,
REgnE, EEEL, BE, FsLAFo—L
BUBMLENHFEIIRFTAZEPFHEHEL A, —K
BOEOREERE, fioKEL, £8, NHEELE
BUEZERAI > THAL A, BLOETREXIL
TLATO-NMIEFBIZRETIILFADHEH
htrok, LDHFEOBRHLEET 5200 TH
AXEFERL L.

# 5

FHEEOHMIE, BARAERCST I LHEED
DAZEFEELLT, MV A7HFFHUTES
k3T ELTHB. Ko, RLEOYTAZET
FOMECESL, Fhitk-TZh 52 HoE#IK
HORERCODVWTKERMIEEE2ITI. Bz, #
SEOBRIIIH L THBEIT > AHITI98~TBED
W3 BEROHAMEHFHS.

Printed EDB| June 1986



RERF TR 8-84

The effect of elevated blood pressure on CHD
has been well established.!™® Similarly, serum
cholesterol, smoking, and electrocardiogram
(ECG) abnormalities have also been implicated
as risk factors.3™!! Their separate effects on
MI and AP incidence have not been as well
established. For example, in the Framingham
report SBP and cholesterol were discriminators
of CHD but could not discriminate between MI
and AP cases.!? It is often noted that AP occurs
in individuals who subsequently have an MIL.71?
Consequently, the presence of prior AP will be
included as a risk factor for MI,

In a recent report on the Adult Health Study
(AHS) cohort it was found that CHD incidence
had shown little change for males over the
period 1958-78.1* Females showed an unclear,
but fluctuating pattern over the same interval.
In that report it was suggested that this incidence
pattern might be the result of two countervailing
forces, decreasing SBP and increasing cholesterol.
Average cholesterol levels in this cohort increased
rapidly until the period 1972-74 when they
reached a peak, and have since declined slightly.'*
Average SBP declined until about 1972, but has
shown a slight increase since that time. The
present analysis allows computation of incidence
rates adjusted for SBP and cholesterol. After
adjustment, any remaining temporal patterns in
MI and AP incidence may then be adequately
reviewed.

MATERIALS AND METHODS

Study Population

As originally conceived, the AHS was comprised
' of 19,965 subjects, stratified by city and distance
from the hypocenters of the atomic explosions
in Hiroshima and Nagasaki® Of these, 16,738
were resident in one of the two cities in 1938
and participated at least once in the biennial
examination program. This program is extensively
described elsewhere.'®  Briefly, every two years
each participant has a general medical exami-
nation including medical history, blood pressure
measurement, ECG examination, chest X ray,
blood tests including serum cholesterol, and
urinalysis, Details of blood pressure measure-
ment may be found in Prentice et al.” Informa-
tion on smoking was obtained from survey data
which was obtained at several times during
the. study. Examination dates were staggered
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with the first medical examinations given
between July 1958 and June 1960. This report
encompasses 10 examination cycles with the last
cycle beginning in 1976. Thus, each person may
be at risk for an 18-year span in the period
1958-78. It was necessary fo exclude cycles
completed after 1978 because ascertainment of
cases is not yet complete, Participation in the
AHS remains high with approximately 75% to
90% of the surviving group attending each
examination. 1%

Diagnostic Criteria and Risk Period Definition
One of the authors (KK) participated in the
review of the clinical records, autopsy protocols,
and death certificates of those patients suspected
of having CHD, On the basis of this evidence,
four grades of certainty of diagnosis were
established by the criteria shown in Table 1 (see
page 21). In this report all definite and probable
diagnoses of MI or AP were included as cases
while possible and indefinite diagnoses were
excluded, in accordance with other analyses of
the same cohort.”'»!7  However, analyses
including the possible cases were also conducted
and any differences in risk factors are noted.
Of course, incidence is higher when the less
stringent definition is used.

A person is considered to be at risk for MI
(o1 AP) until either the occurence of an event
meeting the criteria for definite or probable
MI (or AP) as given in Table 1 or until censoring

due to death from another cause, loss to -

observation, or end of the observation period.
Table 2 shows the number of subjects by city
and sex who attended at least one examination,
the number at risk for MI or AP at the beginning
of the study, the number of new incident cases,
and the number alive in January 1978. The
interval between two scheduled examinations
(or cycles), e.g.,, cycles t and t+1, will be
denoted as period t. Figures 1 and 2 show the
distribution of disease grades by sex and period
for MI and AP, respectively. Most of the AP
cases are classified as possible, thus restriction
to definite or probable cases entails a loss of
statistical power to detect the risk factors of AP.
On the other hand, AP is difficult to diagnose
and therefore there may be many misclassifi-
cations if the possible cases are included. Thus,
for both MI and AP, only the definite and
probable cases are used in the major analyses.
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TABLE 2 ENUMERATION OF SAMPLE BY SEX, CITY, AND STATUS
2 MBEBOHRR; &, ®H, RUIREL

Hiroshima Nagasaki Total
Status

Male Female Male Female Male Female
Attended 1 or more examinations 4254 7315 2190 2979 6444 10294
At risk for MI 4232 7305 2182 2979 6414 10284
MI incidence cases 127 87 39 14 166 101
At risk for AP 4235 7301 2187 2979 6422 10280
AP incidence cases 57 46 14 11 71 57
Alive in January 1978 2976 5906 1730 2635 4706 8541

FIGURE 1 NUMBER OF MYOCARDIAL INFARCTION CASES BY GRADE, SEX, AND PERIOD
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FIGURE 2 NUMBER OF ANGINA PECTORIS CASES BY GRADE, SEX, AND PERIOD
2 PRCAEMIEL; wERRE, IE, ROTHIEGI
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The intent of this study was to model CHD
incidence in relation to risk factors (covariates)
measured a relatively short time before the
period of risk. Therefore, subjects were
considered to be at risk only during 2-year
periods following medical examinations actually
attended. By way of contrast, analyses of the
Framingham study used covariate measures from
earlier examinations if a current measurement
was not available.!® Due to the large sample size
of this study, estimation of the covariates was
not made and such risk periods were not
included in the analysis. However, this resulted
in the elimination of 28 (10%) of the 267 MI
cases and 7 (5%) of the 128 AP cases since
these cases occurred in a period for which an
examination at the beginning of the risk period
was not conducted. Additionally, since CHD
is primarily confined to those aged 40 or more,
a person is considered to be not at risk until
reaching age 40 at an examination. This resulted
in the elimination of two more MI cases and two
more AP cases. These cases could have had
great effect on the estimated age coefficients,
disproportionate with their number.
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Since some MI cases are unobserved by the
patient and detected only by ECG and since AP
cases are detected only by patient report, a well-
defined endpoint is essential. ‘For this reason
a person is considered at risk in a period only
if there was an initial examination, and only if
the period had an endpoint of death, disease, or
the next examination. For example, suppose a
person attended examinations for cycles 1 and 2,
missed cycle 3, attended cycle 4, and died
shortly thereafter with no evidence of MI
{or AP). As above, define period t as the interval
between scheduled examinations, t and t+1.
Then periods 1 and 4 are valid periods of
observation since the former was bounded by
examinations and the latter had an initial exami-
nation, followed by death. Both periods 2
and 3 were lost. Period 2 did not have a follow-
up examination and period 3 did not have an
initial examination. Since there are 10 c¢ycles
there are nine periods of observation.

Examinations of subjects are scheduled at
2-year intervals, but occasionally this is altered
slightly to accomodate the subject or clinic
scheduling. Accordingly, calculation of person-
years at risk (PYAR) is based on actual months
at risk. Furthermore, the month of occurrence
of disease was not always recorded. This is
probably due to the inability of the patient or
physician to determine precisely when the
event occurred. This occurred for 60 (22%)
of the 267 MI cases and 33 (26%) of the 128 AP
cases. In these cases if the patient died in the
same year that disease was detected, then the
month of occurrence was estimated to be the
same month as death. Otherwise, July was
assigned as the month for computation of
PYAR.

Statistical Methods

Since this report depends heavily on iis statistical
underpinnings, the methodology will be discussed
in some detail. In recent analyses of data from
the same cohort, a conditional method based
on partial likelihood functions has been used.™!”
This method allows for the specification of time-
dependent covariates which is an important
feature of this data set since most of the
predictors of CHD such as SBP, cholesterol, and
ECG are measured every two years. However,
the conditional method does not allow estimation
of absolute risks, only relative risks, unless the
baseline hazard function (i.e., the portion of the

DEFEERoBIZE, REESCL-oTIHRESHSH
¥, LERIzE-TORERMERSILOLLD, X
HOERRAEOBREIILI-TOHEMENRSLD
Thihs, BHEACHET T2 LERHFITART
H3. COhd, HI2HBIHRAEIAEHRLE
ENA50, HEFTEATEY, &, Z0MMN
BIzAEL, HFEA, RRROBRSZBO I BVWTFRLOD
BRMAYEETI»BEOHTHE. FMLIE EF1
RUS2HR2EAMCIZLL, EIRAMCR2ET,
EARMEZZL, TOHML 2 OBHEE (X
BOE) DR EREFHE LA RET 2. 0
DLz, MMt %, FEShABRZLLH1 ED
MoOBMMEESRT L, MEAlLEzAlBIRSZS
b0, HMdicEmEsen, ZOERECLTVS
DT, MMM LA HREHBM LS. M2
EU3duiyhblidcidan., 2426821
REBBENEL, BB3CRURIEIVILT
Hha. BERF0HL2HT, MEMHMIITHS.

HEEOBRBIRIEZ L CTFEIRD Y, HRE
REHROBR- LG4 BETFEEERE, Lad-
T, BEAEOEERERORBARETNT
9. 20k, BAOREARSTLLESEAT
wv, ZARESC, BEXIEMIERIRE
LABAREMIRET 3 EHFTERVAEDT
HA3. IO 267H h60f (22%), HED
12833 (26%) @b s hk. ZhsDHT
i3, BES, FASFEESAAOLELECIRES
LABel, BRARCORAEBL LEEL &,
FhlshE, TREERASOHEORL L.

e RN AR

Zo|mEE, XL THEERLBEFTIZRETS
DT, FEIZOOTRAZOEMIIB~S. BUSH
HOBONAERICHET 2 REDER T, B2
REMECES S EFEFAVSRTR S DT IR
BWOFE, avARFa—L, RULBROL) 2EH
REOFELEOTHMEFDOELALITZEI L ICELE
ENBOT, ZTOHETE, ZORMOBERTHR
ThIMRTFEETROEEIEREIR TV .
AL, RUEETE, BEAF- PR (TAH DL,
YA TEBOBBEIOLRFTSHBI)FHIH



hazard function depending only on time) is
estimated in some manner.!*% Moreover,
prior analyses of this cohort have been based
on number of persons at risk, rather than PYAR.
Since 21% of the cohort died during the period
of follow-up, slight differences might accrue
if PYAR is used in lieu of number at risk.

An analysis that provides estimates of absolute
risk in terms of PYAR, and that also gives
estimates of relative risks similar to those of the
conditional methods, can be derived. Suppose
that the time axis is divided into I periods
indexed by i and that the covariate space is
partitioned into J cells indexed by j. Further,
suppose that the time to disease is exponentially
distributed with an expectation that depends
upon the known covariates and an unknown
parameter vector f. The hazard is constant
within the period since the covariate values
are considered fixed within that period. Then
the number of incident cases occurring in time
period i and covariate cell j is a2 Poisson-
distributed random variable with mean Ry X
#;, where Ry; is the total PYAR during that
period for persons with that particular covariate
combination, and ulij is the expected number of
cases per PYAR? One representation of
M is piven by the log-linear model log py;=
a;+X;;TB.  Pierce et al* give a family of forms
for pj; which includes the loglinear and
proportional hazards models as special cases.
Only the log-linear model is considered here.

H each person is at risk for the entire period and
all periods are of the same length, then Rj;
& Nj;, with Nj; the number at risk in interval i
and covariate set j. Whitehead® has shown the
Poisson model will vield identical estimates to
those of the Cox model, if there is a single death
in each inferval. Furthermore, using Peto’s
method® for ties in the Cox regression analysis,
Whitehead has shown the equivalence with a
Poisson analysis, even if there are multiple deaths
in the interval, The current study is based on
actual PYAR, rather than number at risk, in
each period and cell combination. In each period
most subjects at risk survive the 2-year period
without MI or AP, Therefore, the estimates of
the relative risks should be similar to those of
the conditional analysis. The ¢; parameters in
the log-linear formulation are not nuisance
parameters, but reflect wvariation of incidence
rates over time, after adjustment for the
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covariates. Further, using the original
exponential model, estimates of absolute risk
can be made. The specification of the model
allows covariates to change at the beginning of
each period, but they are presumed to be
constant throughout each period. Finally, the
log-linear model may be modified: using log
uij=a+i’[+12§'+XijTﬁ, for example, to assess
changes in incidence in time, though the
similarity to Cox regression analysis is lost.

Analyses that depend on categorical covariates
may quickly induce large arrays of case frequency
and PYAR data which tax the computing
facilities. It was therefore necessary to restrict
the number of covariates and to form ordered
categories of continuous variables. Secondly,
structural zeros (i.e., the number of cases in a
particular cell is constrained to be zero by the
model) may arise, since for some time period i,
and some covariate combination j, Rij=0 for
that cell. Since these cells are eliminated in the
analysis, the number of degrees of freedom (df)
is reduced. Estimation is usually possible if the
sufficient statistics for a particular model,
certain marginal totals, are positive and the
tables are nonseparable?® In the following
analyses all models seemed to be identifiable
and convergence was obtained.

Classification of Covariates

In all analyses, age at examination was grouped
into four intervals: 40-49, 50-59, 60-69, and
70+. Anyone under age 40 at ¢examination was
considered not at risk until that age was attained
at a subsequent examination. Age-group is
coded 1 to 4 and is modeled either as an ordinal
variable or as a qualitative variable with separate
parameters for each age-group. When age is
included in interaction terms, it is presumed
to be ordinal in both the main effect and the
interaction terms. Sex is a binary variable coded
0 for males and 1 for females. Thus, a negative
coefficient for sex will indicate a greater risk
for males.

Of the other covariates only smoking behavior
was not recorded at each period. Smoking
data were drawn from surveys conducted many
times during the follow-up period, but the
dates of the survey were not recorded in this
particular data set, Persons identified as current
or past smokers on any survey were classified
simply as smokers for the duration of the study.
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Preliminary analysis indicated that the ex-
smokers showed relative risks more similar to
those of smokers than to those of nonsmokers
in this study (these analyses utilized conditional
methods mentioned in the discussion). Conse-
quently, smoking behavior was an indicator
variable for ever having smoked vs never having
smoked., Smoking behavior in this sampls is
largely sex related: 84% of the men and 16% of
the women in this sample were classified as
smokers.

The remaining covariates were considered to be
time-dependent for each period. That is, their
values may change at each medical examination
but not within a period. Another analysis of
data from this cohort has shown that SBP
measured in earlier cycles may be more predictive
of CHD than the most recent measurement.’
Nonetheless, the present analysis is restricted
to 2-year periods of follow-up with successive
periods of follow-up considered to be inde-
pendent (possible under the Poisson distribution
assumption). Some reports suggest that SBP is
a better predictor of CHD than diastolic blood
pressure {DBP) for those over age 45.1'° Since
this study was concerned with incidence after
age 40, it was assumed that SBP would be a
better measure for this sample. The inclusion
of both systolic and diastolic measurements
may induce collinearities which cause problems
of estimation, certainly in the case of the linear
model and probably in the nonlinear one.?
For example, the significance levels of Rabkin
et al® are less impressive when both variables
are included than when only one is included.
Preliminary analysis with many SBP groups
was conducted, but four categories seemed
to be sufficient: 1) under 120; 2) 120-139;
3) 140-159; and 4) 160+ mmHg. The last two
categories correspond to the usual definitions

of borderline and frank hypertension, respectively.

In these models, SBP is included as an ordinal
variate, coded by values 1 to 4. Other authors
have emphasized the linear relationship of
the effect of SBP on CHD.}?

Serum cholesterol and ECG results were also
included as predictors. Preliminary analysis
suggested that cholesterol might be dichotomized
into those under 190mg/100ml and those
190 or above (coded as an indicator variable for
high cholesterol) withont loss of too much
information. In an earlier report on this cohort,?’
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cholesterol had been categorized into four groups:
1) less than 125; 2) 125-179; 3) 180-219; and
4) 220+ mg/100ml, In univariate analyses the
risks of CHD were about the same for the two
higher groups but both were higher than the
two lower groups. In the present study, 190
is an approximate median for cholesterol with
54% of the PYAR below this value. Since
ECG tests were usually administered each period,
the absence or presence of LVH could be
assessed (0 or 1, respectively).

In the analyses no attempt was made to assess
intercity differences or radiation effects. Other
analyses of this cohort show no city differences
after age correction and only weak radiation
effects on ML'®  The size of the contingency
table precluded any further division of the data,
either by finer categorization of existing variables
or the addition of new variables.

RESULTS

The number of cases, the number at risk, the
total PYAR, and the age-adjusted incidence per
1,000 PYAR is shown in Table 3 for each sex
and period combination. Only person-periods
with an examination at the beginning of the
period and a definite endpoint are included
in Table 3. The incidence rates are adjusted
separately by sex to the overall age distribution
summed over periods. Sex-specific incidence
per 1,000 PYAR is shown in Figure 3 for Ml
and Figure 4 for AP. It should be noted that
because of the staggered cycles, periods do
not correspond perfectly to calendar time,
consequently, temporal trends are more difficult
to assess. While calendar time could be used in
these analyses it would complicate matters when
other covariates are included. Consequently,
period is used as a substitute for calendar time
in discussions of temporal trends. Clear temporal
patterns are difficult to discern. The incidence
of MI is particularly low in period 1. If person-
periods with an indefinite endpoint are included,
the pattern changes little. This group would
be those without the disease who did not have an
examination at the end of the period. Of those
who had an examination at the bepinning of a
period, 8% to 14% did not have an examination
at the end of that 2-year period. If these PYAR
were included, overall incidence rates would be
lowered by about 10%, but the pattern over
time would be changed only slightly.
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TABLE 3 NUMBER OF CASES, NUMBER OF PERSONS AND PERSON-YEARS AT RISK, AND
AGE-ADIUSTED INCIDENCE BY SEX AND PERIOD
#3 ERN. BEAKECEEALE, BECCERITEREE; R UM

Myocardial Infarction

Angina Pectoris

Period 1 2 3 4 5 6 7 8 9  Total
. N 2367 2794 2836 2785 2711 2792 2897 2862 2621
s PYAR 4603 5521 5547 5401 5306 5477 5808 5599 5212 48474
= (Cases 3 19 18 14 24 18 i6 24 11 147
Incidence* 0.63 3.81 333 235 4.40 3.19 2.72 421 2.08
Period 1 2 3 4 5 6 7 8 9 Total
9N 3513 4151 4507 4930 5082 5258 5451 5375 4920
E PYAR 6924 8241 8938 9715 10149 10479 11085 10625 9872 86028
K Cases 3 11 12 9 9 it 10 12 13 90
Incidence  0.62 163 143 095 0.86 1.01 0.86 1.02 1.12
Period 1 2 3 4 5 6 7 8 9 Total
. N 2367 2794 2835 2794 2723 2805 2918 2878 2643
= PYAR 4600 5524 5545 5424 5325 5499 5841 5629 5253 48640
= Cases 6 13 12 6 8 4 6 7 5 67
Incidence 141 246 208 1.00 1.38 0.75 0.96 1.36 1.00
Period 1 2 3 4 5 6 7 8 9  Total
2 N 3512 4146 4493 4916 5070 5251 5449 5369 4911
E PYAR 6918 8§236 8906 9689 10129 10468 11078 10613 9859 85896
R Cases 3 13 9 5 3 1 3 6 9 52
Incidence 038 171 105 0.3 0.30 0.09 0.32 0.56 0.81

*Incidence per 1,000 PYAR adjusted for each sex by the overall age distribution summed over periods.
SIER SO EMBIATEHICA L THNZTE L 21,000 BAEEA D 0RRER.

FIGURE 3 MYOQCARDIAL INFARCTION INCIDENCE PER 1,000 PYAR
BY SEX, AGE, AND TIME PERIOD
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FIGURE 4 ANGINA PECTORIS INCIDENCE PER 1,000 PYAR BY SEX, AGE, AND TIME PERIOD
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Models of MI and AP incidence using the Poisson #47lt, Poisson D HFEXRY, £/, FEET

approach and only sex, age, and period as
predictors are shown in Table 4. Varicus model
choices are compared by assessing the deviance,
which is defined as —2 times the log-likelihcod.
The deviance is a standard measure of lack of
fit and it is output by some package programs
such as GLIM.2®  Age is modeled as an ordinal
variate over the four age-groups in Models I and
2, and as a qualitative variable in Model 3.
Period is modeled using an individual parameter
for each period in Models 1 and 3. In Model 2
a separate parameter was used only for period 1,
Attempts to model the effect of period as a
polynomial with terms of the form (period-5)%,
k=1,2, ..., m, showed that at least 2 quartic
polynomial was necessary for both MI and AP.
For MI, if no attempt to incorporate period
effects was made, then a significantly worse
model was obtained, For example, in Model 1
if period is omitted from the model then the
deviance increases to 78.14 on 68 df. The period
parameters are relative to the baseline of zero
for period 1. Positive values indicate that
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TABLE 4 ESTIMATED COEFFICIENTS FOR SEX, AGE, AND PERIOD FOR MODELS OF
MYOCARDIAL INFARCTION AND ANGINA PECTORIS INCIDENCE

#£4 OLEHEBERCELECRERETFNVIIET T FM, AU

FAM O HETE {F B
MI Model 1 MI Model 2 AP Model 3
Variable
Betal SE Beta SE Beta SE
Grand mean —8.823 480 -7.632 274 -8.335 485
Sex —-2.314 496 -2.320 494 —.6780 185
Age-group (1-4) 7282 .087 173 087
Age 50-59 1.619 .390
Age 60-69 1.961 J383
Age 70+ 2.321 399
Sex * Age-group 4437 150 4431 149
Period 1 —1.157 414
Period 2 1.385 447 8503 .387
Period 3 1.291 447 5659 399
Period 4 9630 459 -.1251 450
Period 5§ 1.280 444 —.1346 A50
Period 6 1.107 449 -, 9368 558
Period 7 9363 454 —.3803 473
Period 8 1.292 442 .0352 A36
Period 9 9227 457 1416 430
Deviance 59.79 66.62 64.96
daf 60 67 59

T Beta estimates and their standard errors (SE) are derived from the maximum-likelihood estimation

of the parameters.

NR—sHEMAFIOEBRE(SE) IS5 A -5 —DRALERES S

Age-group is an ordinal variable taking values 1 to 4.
1354 FTRIMELES,

EREEE (AGEG) XFTH T,

incidence was higher in those periods than in
period 1 after adjusting for age and sex effects.
Particularly for MI, incidence in period 1 seems
quite low, indicating there may have been
inadequate ascertainment in this period. The
other period parameters seem quite similar.
While Model 1 provides estimates that are similar
to those of the proportional hazards model,
an adequate representation of the data may
. be provided by Model 2. The difference in
deviances between Models 1 and 2 is 6.83,
which is not significant when compared to a
chi-squared variable with 7 df. Thus, for all
periods after period 1, the incidence rate of MI,
adjusted for age and sex, does not depend upon
time. The modeling of MI incidence has a
deviance close to its expectation, the degrees
of freedom, which suggests that the model is
adequate to describe the data.
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Model 3 in Table 4 is an analysis of AP incidence
with respect to age, sex, and period. In this
model a separate parameter is employed for each
age-group. While a model fitting age-group
as an ordinal variate with both linear and
quadratic components provided a similar fit,
it seemed more difficuit to interpret than Model
3 in Table 4. The period parameters show some
variability, since that for period 2 is quite high
and that for period 6 very low. If the period
parameters are omitted, the deviance increases
by 26.94, which is significant when compared
to a chi-squared variable with 8 df. The results
show strong age and sex effects on AP incidence.
Unlike the analysis of MI incidence, there is no
significant interaction of age and sex in their
effect on AP incidence.

Temporal changes in incidence may reflect
changes in the population for known risk factors
such as blood pressure and serum cholesterol.
If such measures are included as time-dependent
covariates, then temporal changes in incidence
may be investigated after controlling for these
factors. In subsequent analyses, cholesterol,
SBP, LVH, smoking, and prior other CHD are
used as predictors of M1 or AP. While only
person-pericds with a medical examination at the
beginning of the period are used in these analyses,
occasionally certain values will be missing from
the medical record. If any of the measurements
of $BP, DBP, cholesterol, or ECG were missing
then that person was excluded for that period
only. If information about smoking was
unavailable then the person was completely
excluded. Missing covariate values resulted in
the elimination of approximately 40% of the
PYAR for MI and AP, and 40% of the MI cases,
and 50% of the AP cases (Table 5).

In the analysis of MI incidence the final covariate
to be included was the presence or absence of AP
in any preceding period. For example, if MI
incidence in period j is being analyzed then a
history of AP prior to (but not including) period
j is considered as a possible predictor. This
includes incidence of AP prior to the beginning
of the study. For the analysis of AP incidence,
it is not of much practical interest to include
MI as a predictor., The apparent asymmetry in
order of occurrence (AP usually precedes MI)
may be confirmed by the inclusion of prior
MI as a covariate in the analysis of AP incidence.
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TABLE S NUMBER OF CASES AND PERSONS AND PERSON-YEARS AT RISK REMAINING AFTER
ELIMINATION OF PERIODS WITH MISSING VALUES BY SEX AND PERIOD
#5 BEDFLSAEVEMEZRIL ZBROERY, ECICHEHRRT
’ BMEAE; R UHMHERN

Male, Myocardial Infarction

Period 1 2 3 4 5 6 7 8 9 Total

N 1190 838 699 1913 2433 2456 1835 1708 2424

PYAR 2335 1728 1404 3738 4805 4872 3728 3369 4837 30816

Cases 1 3 3 12 24 15 11 19 9 97
Female, Myocardial Infarction

Period 1 2 3 4 5 6 7 8 9 Total

N 1991 1094 826 2994 4543 4466 2143 3111 4511

PYAR 3943 2232 1653 5931 9125 8988 4388 6235 9060 51555

Cases (M} 3 2 5 4 10 5 § 11 45
Male, Angina Pectoris

Period 1 2 3 4 5 6 7 8 9 Total

N 1190 838 698 1922 2439 2470 1849 1726 2447

PYAR 2334 1731 1400 3762 4815 4897 3753 3403 43879 30974

Casges 2 0 3 5 7 4 4 4 4 33
Female, Angina Pectoris

Period 1 2 3 4 5 [3 7 8 9 Total

N 1987 1090 823 2985 4534 4463 2142 3104 4503

PYAR = 3933 2226 1646 5915 9108 8983 4384 6223 9049 51467

Cases 2 1 2 3 3 1 2 3 8 25

The contingency tables for MI and AP were quite
large, being composed of 4,608 cells for age (4),
sex (2), period (9), SBP (4), cholesterol (2),
LVH (2), smoking (2), and previous other CHD
(2). Of these cells only 1,895 had positive
PYAR for MI and 1,892 for AP. Since the
empty celis are omitted, the number of degrees
of freedom is far smaller than the complete
table size. The number of cells is bounded above,
so will not increase infinitely if the number of
subjects increases. The deviance measures should
show an asymptotic chi-squared distribution.?
The presence of many cells with nonzero Rj; but
with y;; equal to zeto may bound the contribution
to the deviance, however. Thus, total deviances
may be considerably less than the degrees of
freedom and will not adequately test lack-of-fit.
The difference in two deviances is still considered
to be an asymptotic test for hierarchical
models.?®  When fitting models with one
additional parameter, the difference in deviances

is approximately the square of the ratio of the.

estimate of the relevant coefficient divided by
its standard error, another asymptotic test for
the effect of adding a covariate to the model.
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The best fitting models of MI incidence,
controlling for the covariates, are shown in
Table 6. Both Models 1 and 2 employ a separate
parameter for cach period. In Mddel 3, a period
parameter is included for period 1 only. In
Model 1 history of prior AP is not included as
a risk factor for MI, while in Models 2 and 3
it is included. All covariates had an effect on
MI incidence either directly or through an
interaction with other covariates. Sex and age
remained as strong predictors though the sex
and age interaction is no longer significant.
Those with high cholesterol had elevated risk,
as did smokers. As expected, SBP (as an ordinal
varizble) was also a risk factor though it
interacted with both age and LVH. By itself,
LVH was a powerful predictor of MI incidence.
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TABLE 6 ESTIMATED COEFFICIENTS OF COVARIATES FOR PREDICTING MYOCARDIAL
INFARCTION AND ANGINA PECTORIS INCIDENCE

#6 LHEERUROENSERE TUT 3 E2TROMEERY
MI Model 1 MI Model 2 MI Mcdel 3 AP Model 4
Variable
Beta SE Beta SE Beta SE Beta SE

Grand Mean ~13.35 1.307 -13.27 1320 -11.40 923 —-9.502 .804
Sex -.8140 228 -778 234 —.760 233 —.6125 .266
Age-group (1-4) 1.328 280 1.289 283 1.293 282
Age 50-59 i 1.407 537
Age 60-69 1.348 .543
Age 70+ 1.723 ST0
SBP group (1-4) 1.080 294 8982 .302 9045 301 6389 204
SBP group * Age-group —.2478 093 —-.2037 095 —.2057 .095
Cholesterol 6228 176 5363 .178 5193 175
LVH 3.177 715 2.892 726 2.844 T24 1.175 335
SBP group * LVH —4739 204 -.4263 .202 —-.4162 202
Smoking behavior 8297 259 9431 270 9514 270
Smoking behavior * LVH  —.8999 418 —-1.0i6 428 -1.012 427
Prior AP 5787 916 5.805 910
AP * Ape-group -.7363 291 -.7403 289
AP * Smoking behavior -1.074 478 —1.060 485
Period 1 —1.887 962
Period 2 1.846 1.04 1.846 1.04 —1.107 1.06
Period 3 1.839 1,08 1.876 1.06 6816 671
“Period 4 1.686 986 1.731 991 —.0859 618
Period 5 2.041 973 2.022 877 —-.053% 595
Period 6 2.038 975 2.043 979 ~.6597 673
Period 7 1.723 987 1.783 992 —-.2531 650
Period 8 1.963 978 1.953 983 —.2296 534
Period 9 1.654 982 1.668 987 1561 586
Deviance 691.1 600.2 603.0 381.2
4af 1877 1874 1881 1877
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When history of AP is added to Model 1 then a
significant decrease in the deviance occurs. The
effect of previous AP is moderated by age and
smoking behavior as the negative coefficients
for the interactions indicate. If the covariates
of Model 2 are fit without including the period
parameters then an increase of 9.9 in the
deviance (8 df) occurs. Fitting a single parameter
for period 1 accounts for 7.1 of that increase
(1 df). Therefore, Model 3 appears to give a
reasonable description of the data and is more
parsimonious than Model 2.

The incidence rates for MI in period 1 are
particularly low, possibly due to poor ascertain-
ment. The effect of omitting this period was
investigated in a separate analysis. Employing
the same predictors as Model 2, the parameter
estimates were remarkably similar, usually to the
second or third decimal place. The estimates
of the coefficients will not be reported here.

If the possible cases are included as MI cases then
there may be some misclassifications. One might
suspect that the relationship of the risk factors
to the disease oufcome may be weakened. In
an analysis that included the possible cases,
the covariates of Model 2 were significant
predictors of MI, although the interactions
involving smoking were no longer significant.
The parameter estimates were smaller in
magnitude than those in Table 6 for all main
effects. For most covariates the changes were
slight, but for the main effect of smoking and its
interactions there were substantial changes. Of
course, the standard errors are smaller since there
are more cases. These results will not be
discussed further.

It is more difficult to ascertain and to model
AP than MI. Model 4 shows that sex, age,
SBP, and LVH are all related to AP incidence,
In this case, age is better modeled not as an
ordinal variate but as a qualitative variable.
After 50 vyears of age the risk is relatively
constant but is much higher than those in the
4049 age-group. Men show greater risk for AP,
as do people with LVH or high SBP. Neither
smoking nor cholesterol were significant
predictors of AP. History of previous MI when
included as a covariate is a significant predictor
of AP, but to much less of an extent than the
converse. Only MI as a main effect and the
interaction of MI and sex caused a significant

17

RERF TR 884

Thok., EFNVIANELEOREZMZ &,
RECHEELFSHFELS. HEFRHOADERES
FE &3, HEoBCiEDBE TERR RS
ko TMflzhTtng, R SFA-5F—% DT
CEFLZOETEHEBETASEE, RE(EH
FBE8)A9.90EMNT 5. M lizs 1 2 o7
X—F—~DEEE, tOMMEHEL)DT.1%
HEHAE. LidoT, EFLIEEREBIIIEL
TWAEIIZEhh, EFL2E0LEIETH 5.

HM 13 0BEEORERE, Bo (ERN
Ftahih, B, CoMMEBRATIIE
DHBBINOBEFTTHNL., EFL2LELCTFR
BFEFAVEESGR, 72— -HEMIZES
IBEXEEZMETEL CEMLTWE, B
OEEFIZODVTIRIZTRBANT VL,

BRAEESF & OHMEEAIIEL 2551, 78
OENFELHELEZEL AN I B VATAT
CHEERELOMGENHEIILEELLNS. BI
FREEHN*ED BRI, EFVv2oREHE
CHEEOEE L FAETFTH - 24, BELED
FHERRRLGSREECE AP ok, TNTO
FELBBIIMET AT - —HEMHIL, FE6D
Lo ENAES BEAFORTHUIET IEL
HEMELOTHE-LF, BEOTELBEELZIO
BEfERIowTE, HE42E{kHdba &5
AA, HE3ZE< 2507, EBBRZERIELLO
ThEH. chsoERIIonwTIIZANER~NE W
TEiET B,

HLEGOHEREIVDBEREV T T LERFEE
THE. EFINVALE, H, £, REMOER T
EEBRASTNTHELMERBELELMFEFHE52 0%
AT TGS, ERE, FERLLTTE EHE
THLLTOFHLOEFAMCE D, 0FRETI
YA ZIHEHAIZI—ELTW 34, 0~498H#D
FhkhblEsrizEn. BT, EFBEARIR
RHEFLEEoHVERERAC L, ELEDT RS
OEFFKE W, BELILATFO-Aiiunihd
BLECEEL FTHAF TR A -4 LEOLH
s HTFHE LTEDIBHE, BLECEES
FREFIZAE RN, TOREEENRELGLEL
fcahEe, FEARBELTOLHEE, BT
LEFHELE S OHEEROAS, TFL40EE



RERF TR 8-8§4

decrease in the deviance of Model 4, a reduction
of 2470 on 2 df. By contrast, inclusion of AP
and its significant interactions as predictors of
MI incidence resulted in a reduction of 90.9
on 3 df. If the period parameters of Model 4 are
omitted, the increase in the deviance is not
significant, a chi-squared value of 6.79 on 8df.
However, for comparison to a Cox regression
analysis (based on the approximation given in
formula 4.8 of Kalbfleisch and Prentice?) these
period parameters must be included. The effect
on the estimates of the covariate coefficients
appears to be negligible, however,

The number of AP cases increases dramatically
if the possible cases are included. While the
overall beta coefficients are smaller than those
of Model 4, the same covariates remain signifi-
cant. However, a beiter fitting model includes
cholesterol as a significant but weak risk factor.
The diagnosis of possible AP must be regarded
critically, however, as misclassifications may be
common,

DISCUSSION

After controlling for covariates which have
changed over time, there appears to be little
temporal change in incidence of MI after the
first period 1958-60. Again it shounld be noted
that ‘‘period” as defined in this report, does
not correspond directly to calendar time. The
low incidence in period 1 may be an artifact
due to variation of ascertainment procedures.
For the early periods, chart review was
conducted some years later and only suspected
cases were selected for review. Furthermore,
the examination physicians were originally
Americans, who were replaced in later years by
Japanese physicians. It is likely that slight
differences in completencss of ascertainment
arose as a result, Other periods which show
low incidence in Figure 3 (e.g., period 4) have
estimated period coefficients similar to those
of other periods after adjustment for the
covariates. Deletion of period 1 gave results
that were quite similar, therefore it seems that
these ascertainment problems are unrelated to
the covariates,

As expected, sex, blood pressure, LVH,
cholesterol, and age were predictors of MI
incidence. It is of interest that all were important
in the multivariate analysis, even when history
of prior AP was included. If the risk factors
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for MI and AP were the same, then inclusion of
prior AP as a risk factor for MI might negate
the effect of the other covariates. It was also
surprising that smoking behavior was a significant
predictor, the relative 1isk for smoking vs
nonsmoking being 2.59 in Model 3 for a person
without AP or LVH, An earlier analysis of this
cohort did not find an association between
smoking and CHD risk.* In earlier studies
ex-smokers were classified with nonsmokers
while in this study participants were classified
by whether they had ever smoked. No attempt
to model amount of smoking was done because
of the size of the contingency table required.
The interactions of 1) age and SBP, 2) LVH
and SBP, 3) LVH and smoking, 4) smoking
and AP, and 5) age and prior AP in the analysis
of MI incidence all have negative coefficients.
The effects of prior AP, smoking, advanced
age, LVH presence, and high blood pressure on
the log-relative risk do not appear to be additive
when risk is already high, In fact, LVH often
occurs after periods of high blood pressure so
an interaction is not surprising,

Since diagnosis of AP depends upon patient
report, it is more difficult than MI to ascertain
accurately, It is also more difficult to find
significant predictors of AP, The difference
in risk factors for MI and AP may be due to
ascertainment differences or to real differences
in etiology, or both. The apparent asymmetry
in the ability of prior AP to predict MI vs the
converse suggests that AP may be a precursor
of MI. One reviewer suggested that since these
are two manifestations of the same disease
(i.e., coronary atherosclerosis) the risk factors
for the disease should be the same. In this
report, however, the risk factors for the
particular manifestations are investigated and
these need not be the same even if they arise
from the same underlying disease. If should be
noted that because the risk factors for MI and
AP are different, analyses of CHD that use both
MI and AP as an endpoint may be misleading.
Since MI is much more serious from the medical
stendpoint, it is suggested that AP be included
not as endpoint under the umbrella designation
of CHD, but rather as a predictor of MI.

Finally, from these coefficients absolute risk
of MI can be estimated. Since the analysis is
based on 2-year intervals, extrapolation to longer
periods is somewhat dangerous, Appendix A
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shows absolute risk for a 6-year period based
on the exponential model for each constellation
of risk factors. After period 1 thers was no
apparent trend in time, as shown by the period
parameters in Model 2, For this reason it is
assumed that the risk remains constant after
adjustment for the covariates, so the estimates
of Model 3 are used to predict absolute risk,
Unfortunately, adequate model assessment is
difficult since the deviance is not a good measure
of fit. The size of the data set precludes residuat
and diagnostic plots®'  The assumption of
Poisson random variation cannot be tested by
standard methods® since the offset depends
upon the Poisson model. Even plots of expected
incidence per 1,000 PYAR are misleading since
this analysis minimizes the differences between
observed and expected counts rather than rates,
Since for the Poisson distribution the variance
is equal to the expectation, the weight of each
observation u=PYAR¥*exp(7n) increases as PYAR
increases. Plots of expected incidence are
independent of PYAR and thus could diverge
considerably from observed incidence rates
even for well-fitting models. Caution in
interpretation of absolute risk is therefore
essential.

The method of analysis used in this study has
been suggested by many authors®*?*3* but has
not yet been applied to the AHS data. This
methodology provides estimates of absolute
risks not provided directly by the Cox
proportional hazards model. However, the
computation of PYAR is cumbersome, and
does not allow easily for reformulations of the
model. Furthermore, the present extensive
partition of the data does not allow for the
inclusion of any more covariates or extensions
of current variates. If one is interested in only
relative risks, then a better methodology may be
to condition on the number of cases in each
stratum with the strata formed by cross-
classification based on sex, age, and period. The
controls for each stratum could be randomly
sampled and the data analyzed by conditional
methods, an approach which provides adequate
estimates of the coefficients 3%  One could
still include PYAR in such a formulation. Of
particular interest, an analysis that details the
risk of MI with respect to smoking amount and
duration could be performed using conditional
methods. The conditional framework can aid
in model construction, but cannot provide
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estimates of absolute risk. Thus ti1e Poisson
analysis used in this paper was necessitated.

In summary, this study shows the incidence of
MI to depend on sex, age, SBP, cholesterol,
LVH, smoking, and prior manifestation of AP,
Similarly, AP incidence depends also on age, sex,
SBP, and LVH. The effects of the covariates
are stronger for MI than AP, so analyses which
combine the two manifestations into one
category, CHD, may show weakened covariate
effects. It is clear that other predictors of MI
and AP incidence need to be identified.
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TABLE 1 DIAGNOSTIC CRITERIA FOR GRADING MYOCARDIAL
INFARCTION AND ANGINA PECTORIS

#1 LOEBEERUHCEDBITEE

MYOCARDIAL INFARCTION
O

1. Definite 2IrFERE

A. Clinical BiEFTR

i, Chest pain followed by death within one hour in the absence of any other significant

disease.

B HEERELNE L, WAAREL T LIFRMRAIIEC L 2B E.

B. ECG L#MEHEE

i. Results codable in columns 18-19, items 1-10 of the ABCC/RERF code.®

In addition

the change in the Q or QS wave from the previous examination must exceed 0.1 mV amplitude
and 0.0} sec duration and be associated with codable ST or T wave changes (hereafter codes
refer to the ABCC/RERF code).

i. ABCC/HBsWi=o— Fo 1 ~10%, 18—~19Wiza—FT& AEER.CZNIES, MEORBLIEICQHE
R QS HEOEA, BE0.1mV, M O.01 4L, T~ FAREST RETHROEREMALT
VASAE(LTI~- FIE ABCC/RETHI— FiEHT3).

C. Autopsy # #

i. Evidence of gross Ml or fibrotic scar exceeding 1 ¢m in greatest dimension or coronary
occlusion (atherosclerotic or thrombotic) in the absence of any other cause of death.

i RBAGCHEERR, TERAER lem 2L 344481 A ISR ZE (SRR L% 313 gk
EIAAHY, TOHOVAEZFEELRD S DL LRE.
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2.

Probable FEUFIFIZFETE
A. Clinical MR R

i. An episode of steady substernal or anterior chest pain of at least 30 minutes duration not
attributable to other discase, If there is a subsequent ECG it must show codable ST or T wave
changes of at least class 15-2 or 16-2 or left branch black. Without ECG, a history of hos-
pitalization with a diagnosis of MI 15 acceptable.

i A2CELAFMBEF 2 S<CMITRRANESOERT, TOMORELERLEVLD. 20
BROLEBREMFLHNRIE, LA 152X 62 DBMOI— FORLSTHEIZTHROEL, &
AUBENTO w7 FRSh35E. LEIARAFAZVEAE, OHEEEOBIFCE 3 AREETYL
&b, :

ii. Death occurring within 24 hours of chest pain in the absence of other known serious
disease. Without a report of chest pain, death occurring within three hours of the onset of
other symptoms.

. R AOEBLHERYE <, HPRORERMSHLUMIECLABE. BEKORMY 2V
WA, TOROIEROREE 3EEMLAIZFEC L 288,

B. ECG oME&E

i. Interval development of “ischemic” T wave (greater than § mm inversion) and not
associated with hypertensive heart disease. If in a subsequent ECG more than one year later,
T wave inversion is greater than 5 mm, this will result in classification as possible instead of
probable.

i ENETTR(EESORES Smn L E)ORRTEMTELEE L RMENLVLD. &L, 1HL
LEOLBERT, BETHEX Smm L0 KE0BRE, CASDHEIFRETEL(THES LTCHH
T5.

ii. Cases classified under old ABCC/RERF ECG criteria as probable or definite and not
meeting the new criteria for definite will be classified as probable. Exceptions are those cases
with gradually increasing Q waves from cycle to cycle who do not have distinct qualitative
increases in Q waves associated with ST change.

ii., HVABCC/BBHOFEHEII L -7, BMITEEEXRBERERL LTHEshAF T, BHEER
HLLIERENAE2VWEDOW, BIFIEERELLTHETS. FREAMI 2o ry 20N+ 5
BT, STHOBELLMAL CQHEFNIRMEMFARDSALELRNTS S,

iif. Development of QS in V1 and V2 without 8T or T wave changes in conjunction with a
history of chest pain or death certificate diagnosis of AP or M1,

i, MEMOBELA TS, IRECHHFTOBH A E-LECLBEEOBLOSTIRTE®
ZE&EbLEV, V, RUV, 25175 QS 0 RA.

C. Autopsy &

i. Evidence of scars less than 1cm? in size accompanied by significant (greater than 75%
narrowing) atherosclerotic involvement or occlusion of corenary arteries.
i BB Lo WREEXIEHIRAEELSES 1em? RROAHHE.

Possible 2 UF FREHE
A. Clinical BEKRFR

i. History of chest pain or death certificate diagnosis of AP or MI with no other likely cause.
i, B oBBER L ERLBIFEORCRM TR S Y, G heRE 2 wils.
B. ECG LUK

i. ST and T wave changes not attributable to other disease or QRS items codable by the

ABCC/RERF or Minnesota codes.

i OEBIERT240T2 VST RUTHOE, 55V ABCC/H B I — FX {2 Minnesota
d-FlZhkoTa—~FTi3QRSEAP.
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C. Autopsy # #

i, Autopsy evidence that is equivocal for technical reasons.
i. W bomibic X0 s SRR,

4. Indefinite 2B

Any evidence suggesting MI but with evidence of possible other disease.
DHEErRETAMAAS 5, TOMOBEAIIEILELShIMRAL S G,

ANGINA PECTORIS
L E

1. Definite ZWHTIHEE
Primary Evidence XE®E/HER
A. Clinical SR

iv History of steady substernal discomfort consistently related to physical exertion with
radiation of discomfort into the neck or arms and relieved by rest or nitroglycerin with
duration under 30 minutes on more than three occasions over a period longer than three
months.

L OBEEMICE S RSEM RS TRR NS RSA T TREL, sk = ta sy
B EDEREL, BIIREREINALAT, ChF32AMEZARZ-T3 mp s -t he.

ii. History of chest pain without radiation of discomfort into the neck or arms but with
corroborating evidence. i
. BRSSO FHREORNEIE S VA, RIS ERINAALD S SMHHEL:H TR,

Corroborating Evidence FEZZMAT R
A, Clinical EEBEMYATR

i. Definite MI, including old MIL.
. BRI HEE S S URIFRR L OmEE.

B. ECG LHEE#H

i. Positive Masters two-step test (Minnesota code 11-1) or ECG findings for ST of code
15-1 or 15-2 or T wave codes 16-1 or 17-1.
i Master 2R EEF A hEbE (Minnesota 77— F1l-1), 50T — ¥ 15-1 9 15-2® ST, XRTH
- F16-1417-1 LT 3 LBERREREFAHSNLLO.

C. Autopsy 1 #

i. Coronary artery narrowing of at least 75% in a main branch.
i BEHIC SR L LDROEHRERFEIL 0.

2. Probable BT IFMEE
A. Clinical BEFR
i. Rose questionnaire positive for AP or death certificate diagnosis specifying AP predating
Ml by three months and ECG evidence of ST segment depression with code 15-1 or 15-2
without significant other pulmonary disease.

i Rose MM CHLEAZDSH, 53 VRITEERFSTCLHTEED 3 » A0 HLHE FEREE N,
LEEFRTI— F156-1 12 15-2 0 ST B THRAEH 54, M2 NEaifmANZVRE.
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if. Specified substernal pain with exertion or emotion and corroborating evidence either
by ECG (code 15-1) or by autopsy (75% stenosis) in the absence of pulmonary disease and
hiatus hernia,
i, SARCEBILANZTHE S, HHEXIEHRCGEIHBECREHF S, LUE(Z- FIS-D) Xz
BB (TB%0HER) L ZHEENREFE L IHE.
3. Possible B¥FAFER
Primary Evidence FEMR
A, Clinical E3HiTR

i. Incomplete history suggestive of AP.
i BROEERFET AT HARE

l. Complete history meeting definite or probable criteria but complicated by other disease.
i, BELRIIHELSWOSREL AL TREAFENH SN, TOLNELTEHLTVERE.

iii. Chest discomfort with exertion as indicated on the Rose or Cornell questionnaires with
corroborating evidence.

iii. Rose X1i Cornell THE IR ATwa LI &, FREHEIMBTHRE S, ThefET S
LFOmMBYFSH 588,

Corroborating Evidence FEIEMATR
A. Clinical BEMHE

i. Definite or probable MI.
i, BEFEEE RIS IEHEE SO

B. ECG L EEBRHE
i. ST depression (codes 15-1, 15-2, 15-3), bundle branch block, intraventricular conduction
delay, first degree or more AV block, left axis deviation (10-1).
i. ST Fie(=— Fi5-1, 15-2, 15-3), {79 » 7, LENERAERST, 1ENIOBFETT »7,
f#fe(10-1). ’

C. Autopsy # #®

i. 60% narrowing of a major coronary artery.
i, LB H IR 60%HRE

4, Indefinite ZHrFH

History of chest pain not ascribable to other pulmonary disease.
F OO BCERE L S o RAmoRE.
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APPENDIX A
I % A

Table of Estimated Myocardial Infarction
Incidence Probability in a 6-Year Period

The following table gives the estimated proba-
bility that a person with a particular set of
covariates will have an M1 within a 6-year period.
The estimates are based on an exponential
model and are derived from the coefficients
given in Model 3 of Table 6. The second line
gives an approximate “95% confidence interval®™
for this probability. The third line in the table
gives the number of 2-year person-periods with
a well-defined endpoint that were actually
observed with this particular set of covariates.
The total number of person-periods is 41,175,
A more complete statistical formulation follows
the table.

The user of this table should be aware that
rare combinations of covariates may have poorly
estimated probabilities of occurrence. Particu-
larly when a person has several values indicative
of high risk then this model may not adequately
reflect the complexity of the interactions among
the variables. For this reason probabilities for
persons who have both a prior history of AP
and have LVH are not shown in the following
table. Of all the person-periods only 56 such
periods showed a history of AP and the presence
of LVH. Clearly, estimation in these cells may
entail extrapolation beyond the limits of the
data. However, the presence of both of these
risk factors should indicate a very high risk of
having an MI.

Smoking behavior (SMOX), smokers (SMK}, non-
smokers (NONSMK), and cholesterol (CHOL}.

25

SEMOUHTENHETRERER

KOEL, BEORTHBEIETIEIL, 650
AR LB RET A HEEMEEERT. 2O
HEEEEEMEEEFLEVTIL, R6DET LI
RTESIESwTVSE. 2THIE, T OBEHEIC
Mt 2 E B %EHEM 2RT. #FT0N3{TH
i, BHRESOERIABECHI2FA-HMT, IO
BErofEERTERCEL I NAHETRT. A-
BRI O SR EIE41, 1750 H 5. BB T LIRS
hHIFHARETRY.

IOEOFASE, EEHOELEHLEFETAT
HHBOWL, BHEXEERIA T2 LDIIED
SEZLtEETALENSE. FiL, HEFLC
BVY A ERTESBOLLZEREBEE, D
EFNRIEHMAOMAEEROHMES 2 +3 I E Kk
Lawvwo b s s, 2ok, ROKTHE, HROE
OMBERVEZERXOEE 2 ET 2EOWERLR
LTewHv, $RTOA-KO I &, FOEDIRE
BRUEZEEAHFRD 50T, S6A-MMIZT ¥
Lot Bshls, Thont Moz, '
ORFEHELINBFHFBETHEELLELALV. &
2L, chsVAZEAFOmMEHIROLRB &,
DESHEEZHTIYVAZFMEBOTRVWIEERLT
V3.

M (SMOK ) , Bzifi (SMK), JEmaiE# (NONSMK)
EU'T L AF T —n (CHOL).
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PROBABILITY OF MYOCARDIAL INFARCTION IN A SIX-YEAR PERIOD

SEX: MALE AGE RANGE: 48-49
s e JVARIABLES e aemmw— _.8YSTOLIC BLOOD PRESSURE.
ANGINA Lvi cHOL SHOY ¢ 120 120-139 140-139 160+
NO AP ND LVH < 190 HONSHX _..«boOOS__ _____..0010  ______,0020 ____ . _ -0040
(6,000,0.001) {0,001,0.00%) (0,001,0,003) t0.002,0,006)
et et 1ot 1t om oo = st e ot m S i n e % -2 109 e BO_ 22
NO AP Np LVH _< 190 SMK 10013 £ 0026 p 0051 0103
(¢.001,0,002) (0.002,0,0038) (0,004,0.008) (0,007,0.013)
__ 982 __.Bzs 312 - 138
_NO AP__NO_LYN_ 190+ __ NONSHK . _.0008 _ ____ .0037 . .0033 0067
(6,060,0.,001) {0,001,0.002} {0,002,0,004) (0,004,0.009?
79 71 31 10
NO AP Mg LVH 190+ SHK ___abg21 L0043 _afingé . x0173
(d.001,0,003) (06,004,0.0053 (0,007,0.010) . (0,012,0.022)
_ o 407 413 149 &1
NO_AP LVH < 190  NONSHK 18056 20074 + 0098 $0129
(¢.000,0.011) (0.004,0,011) (0.006,0,013) 0,006,0.020)
_ 0 0 0 2
HO AP Ly < 190 SHK . =00%52 »0069 +0092 _e0122
{0.007,0,009) (0.004,0.010) (0.0607,0.012> {0.007,0.018)
3 11 15 17
NO AP LVH $90+  NONSHK L0093 <0124 0164 0217
(0,000,0.018) (0.004,06,019) (0.010,0,022) {(0,040,0.,033)
1] 1 2 2 .
HO _AP LVH 190+ SHK 08B L0116 ,0154 0204
(0,002,04016) (0.007,0,018) (0.011,0,01%9) (0.011,0.029)
e 7 é
AP Ho_LVyH < 190 MONSHK _eDTSO o wlAS1 2705 eAE9T
(0.000,0,162}) (0.007,0.264) (0.054,0,437) (0,079,0,695)
0 a 0 4
AP NO LM € 190 _ _ sMg 20673 o «1312 o 2464 . <4339
(0.000,04135) (0.031,0.221) (0.093,0,374) (0.149,0.623)
9 1 U R B
AP Np_LYH 190+ NONSHK 1228 2317 H114 6556
(0,000,0.254) - (0,020,0.397) (0.106,0+412) (0,164,0.B58)
o e VL0
AP MO LyH 190+ SHK oedr09 w2105 o 3784 L4157
(0.000,0.212) {0.051,0.338) (0.147;04534) (0.269,0,798)
i 0 a 0

+8-8 WL AdTd
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PROBARBILITY OF MYOCARDIAL INFARCTION IN A SIX-YEAR FERIOD

SEX: FEHALE _

AGE RANGE: 40-49

SR ... VARIABLES . SYSTOLIC BLOOD PRESSURE =
ANGIHNA LVH chol "7 SHOK ' < 120 B M120-139 140-159 160+
NO AP NO LYH < 190 NOWSMK L0002 0005 N0y L0099
- _ (0,000,004} L4, 000,0,601) (§o601,05001) 10,001,0.003)
e e e e e o e e+ Lesye o een 468 ]84
HO AP NO Lvk < 190 SHX +0004 20012 + 0024 «0048
(0. 0005670017 {0.001,0,0023 {0,002,6.003 (63603707047
e e e+ e I3 X 1 AU + S L
_.HO AP_ NO LVH _ 190+ HONSHE - PO04 10002 0016 0031

1394

969

0 DA0,0,00§3 TTE0.601,05007)7 (0. D01,0,608) " (0.002,0.004)

392 160

NQ _AR__HD LVR 190+ SHX

20010

0020

« 0040 «0081

T 0.001,0.001Y iR 8025000027 ¢d,003,0.005)  (0.005,0.011}

o 216 149 68
HO AP LYH < 190 NONSMK L0028 0035 200486 s008Y .
(600, 0.0057  (0.002,0.005)  (8.003,0,008)  (04003,0,009)
L 6 13 14 L
NO &P LYH < 190 ghx L.ooa0e2s _aD033 p0043 #0057
(6500, 0.0055  (0,002,0.008)  (8v003,0,0047 " (0.8083,0.009)
0 2 H 4 -
NO AP LvH 190+ NONSHK ___s0044 0058 _ 50077 ___s0102
0,000, 0.908) (0.003,0,008)  (0.005,0,070)  (0+005,0.015)
4 11 g L
HIJIEY LVH 190+ SMK 041 20055 20072 0046
T0.000, 8,008 " {0-003,0.008)  (0.005,0a0100  (0+005,0.,014]
o 2 ___0 B
AP No LVK < 190 _ HONSMK ____ _ =P358_ W0707 o e¥37Y 2567
(U000, 0,077F (0,008, 8,3353 7 TT0.035,0.2397 T 10.054,04416)
1 g 3 ¢ ~
AP NO WWH < 100 SMK .0322 . .0837 1239 12336
(0 000,080,068 (0.009,0.115 €0, 032,0,267) 7 (0,048,0.383)
0 A 2 .o
AP RO LVH 190+  NONSMK L0594 L1159 2195 3926
(0 H00,0.1230  (0+030s0.202)  0.070,0+3457 (041155075833
e e 1
AP No LvH__ 190+ 5K o enSAS o olgbr 0 k1994 3606
0 D0050.300) T EBLE2i, 0,181 0 H66,.0,3153 77 10.106,0,584)
1 1 1 0

+8-¢ ML AY3T
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PROBABILITY OF MYQCARDIAL INFARCTION IN A SIX-YEAR PERIOD

oo SEXS  MALE____ AGE _RAMGE: 30-59 - e ot et e ettt et
VARIABLES C sYSTOLIC HLDOD PRESSURE .
T ANGINA  LVH cHoL SHOK < 120 120=139 140=159 160+
o ___NO Ap MO VK < 190 _ NONSuX . L0015 . ___ .0024 . .0039. ___ __ .0064
(0,001,0.003)7 " T9.002,0,003)  (0.003,0.005)  (0,005,0.008)
- e e S 2 P, NUPNILE- T SO . . SO 47
NO AP MO LvH__< 190 SH¥ £ 0038 + 0062 <0101 40165 .
i {0,0035,0,004)  (0.006,0.007)  (0.009,0.011)  {0.014,0.019}
- - OO -1 DEUUNUES -\ £ I 534 _ 363
_UMO AP MO LVH 190+  ROMSEK L0025 .00AD . .0086 _  .0107
{0,002,0.003)  (0.003,8,005) t0.005,0.008) (0.008,0.013)
47 102 51 34 o
NO AR _NO LVH 190+ SMK ... 20063 L0104 e0189__ . .027F
tb,005,0.007) (0.009.,0.011) (0.016,0,018) . (0,024,0.031)
OO 1. 471 314 —.. Y75
NO_AP LVH_ < 190 NDNSMX 20164 177 :0191 096
t0,0059,0.0277  (0.011,0,025)  (0.0%14,0,025)  (0.013,0.028)
— e U C- 1 S U
e BMOAP__LWM €190 sMx w0135 .0187 ___ _.0180 . . . :0194
¢h.n07,0.0247  (0,012,0,021) (0.675,0. 021y  (D,014,0.025)
5 11 18 59
_HO AP LVH . 190 HONSMK oaf2Pe k0296 .03t% 10344
10,009,0.088) €0, 018,0.041Y ~ (0.023,0.041)  €0.022,0.047)
e 9 1 S A
ND AP Lvit 190+ SHK 0258 10279 . 0301 £0324
{(0.013,0-060) (0.020,0,035) (0.035,0.035) (0,024,0.041)
OO IO 1. VUL | JOONURN R L
AP NO_LVH_ € 198 NONSMK 1044 .1852 . .2880 . _ .3838
(0. 040,0.964)  (0.086,0.238) (0.150.0.348) (0,228,0.508)
0 0 1 1]
e AP MO LVH < 190 sMx o 0942 a1495 | L2330 «3523
(0.053,0.133)  (0.103,0.194)  (0.172,0.289) (0,257,0.435)
R ! 1 SOV AP
AP HO LVH 198+  HONSHK 11692 «2618 23916 £5568
(0, 070,0.257F  (0.144,0,362Y  (0.269,0.5077 . (0.368,0.68%)
O .. ULV UR N | RO 2
AP Mo LYH_ 190+ SMK__ «3532 +2384 «3397 « 5181

2

{00092,0021097 (04173,0,299) (0.282,0,428)  (0.40B,0.50R)
4 8

S
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PROBABILITY OF MYOCARDIAL INFARCTION IN A SIX-YEAR PERIOD

SEX: FEMALE _

_AGE_RANGE: 50-59

VARIABLES

SYSTOLIC BLOOD PRESSURE

. _"‘AH'GINAM ‘LVH ’ CHI‘)L"- '“SHOK o "-—i"i'aﬂ"-"m" ST 120-139 14'0-159 o 160+
__ WO AP Moo LyN_ < 190 NOKSWK L0007 k0019 .0018 » 0030
{0,001,0.001% {G.001,0,001% {0.002,0.0023 (0.002,0.004)
et ettt e e e 1 985 o ......BBO ATl 302
KO AP NO LYK < 19¢ SHY I LLEE . L1029 L0047 #0077
{6,001,0.902) {0.002,0,0037 (6 004,0.005) 15,006,0,0093
T L Y-S .- N £ VORI L
............ NO_ AP NO_LVH_ _19Q+ _ _NONSHK ___ .001% . .0019 o .0031 _  +0050
(6.001,0,0077F {6.602,0.002) (0,003,0.003) (6,006,0,004}
1163 1266 705 496
RO AR NO_LWH___ 190 SHK_ L0030 .004g 0079 ___ «0130
(0. 002,0,004} (6.004,0,004} (0.,007,0,009) {0,010,0.015)
I . e - Lee7 o ....280 S - X E 25
NO AP LVH < 190 NONSHX L0077 L0083 L0090 0097 o
(0. 003,0.0613) (0,005,0.011) (0.007,0.011) (0,007,0.013)
o 8 15 24 43
NOAP. _wVK__€ 190 SME D073 0078 10085 ___ _ +0091
(0,003,0.012}% (¢.005,0.,011) (0.004,0.0117 (0.006,0.0122
2 7 9 13
NO AP LYH. 190+ NONSHK w0129 o _.s0tk0 40451 ___ .0163
(0.005,0.021}) (6,00%,0,01%} (6.012,6,018) {0,011,0.021)
e _ 9 18 37 o
HO AP ILYH 190+ SHK (0122 + 0131 L0142 £0153
(0.005,0.019) (0.,009,0,017) {0.011,0.017) (0,010,0.020)
- e 19
AP MO LYH ¢ 190 waNSMK ____ .0503 _  __ ,0810 1291 +2026
(0.022,0.077) 10.046,0,115) (0V081,0.175) (0.125,0.273)
0 2 2 3 L
AP Mo LyH__ < 190 sk __ . .0452 o .0730 1387 »1838
(0.029,0.069) . (0.042,0.103}) (0.073,0.158) (0,111,0,250})
0 SR 2 - ¢
AP Hg LVH 190+ NONSHMX 0830 +1323 12074 w3168
(0.061,04124) (0,082,0.180) (0.161,0.249) - (0,215,0.405)
—— — Q. 2 o . .0
AP NO LVH 190+ SHX L0788 w196 W1882 22892
(0.039,6,110) (0.076,0.161) (0,128,0.264) (04154,0,373)
0 0 1 I

$8-8 41 994



1]

PROBABILITY OF MYOCARDIAL INFARCTION IN A SIX-YEAR PERIOD

e SEX: MALE  AGE RANGE: 60-4F _—-
i VARIABLES ] SYSTOLIC BLOOD PRESSURE N
ANGINA LVH CHOL SMOK < 120 120~-13% 140=159 160+
NG AP NO LYH < 190 NONSMK . !qﬂkﬁu_mhm___“__:QOSB_ o . owBO??_ w0102
(6,003,00005V " {6.,805,0.6073 " T(§.004,4.689 (0,008,0,012)
e — e e e 96 e 130 17 121
NO AP WO LvH_ < 190 1K V12 a0148 M9 _.0262
(0VBTD,0.012) (0,614, 0 078 (07019, 4,031y 10,024,0.028)
e e e e e LLhee 683 J390 .. 916
_NO AP NHO LVH 190+ NONSHK 0073 - B 0097 0129 B 0171
(0.006,0.009) ~ (0.008,0,011%  (0,031,0.015) (0,014,0,020)
54 86 78 58
ND AP No LyH__ 190+ SHX .0187 02438 L0329 0437

(0.347,00087F  {BV023,0.02837TEOVE3250,084Y - (0.4041,0.048)

U O U PO UIUO Y- . MU 1L VORIV 1. 1 U ) |
NO_ AP LYH < 190  NOMSMK 0479 w0422 0372 20328
(0.022,0.073) (0,028,0.056} (0.028,0.4046) (0.023,0.042)
- 1 2 3 R
NO AP _LYH__ < 190 sMx 10452 10398 :0351 20309

TT04027,8.063) 7

10

“(0.032,0. 0483
37

T4 030,0.04007

54

T(0.025,0.037)

113

NO AP LvH 190+ HOMSMK

0792

+07090

0618

10545

THAL08F.0, 70V 10047 0092 (0V0RF, 0,077 (D.039,0,070)
o

-]

13

ND AP LVH 190+ MK 0747 =066¢ 10583 00516
(0.065,0.104) (0.052,0.0797 {0.050,0,0667 (0,062,0,061)
e e et e et mreeie = e e e o e s ot e e e B e VR e e B 69
AP NO LVH _ < 190 __MNONSHMK L1445 L1B7A W42 . «3089
{0,085,0,200) (0,122,0.244) (0.164,0,313) (0,209,0,3%4)
) 0 0 i L
AP Mo vwH_ € 390 sMx__ . .1306 o .f702 0 .2202  «2B22
{0,098,0.162} t0.i36,0.,203) {0.180,0,258) £0.228,0.332)
3 1 5 _3 .
AP Ho LVH 100+  NONSHK 2307 2950 .3725 JA627
(0.147,0.311) {0,200,0,379} (0.266,0.464) 10,333,0,547)
0 S 3 LI
AP Ro LVH 190+ SMK W2096 2492 W3416 6272 ]
6 is2.0.25%) {0.223,0.313) (0.290,0,380) (0.,361,0.487)
2 5 5 2
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PROBABILITY OF MYOCARDIAL INFARCTION IN A SIX-YEAR PERIOD

SEX: FEMALE AGE_RANGE3 60-69
e emm—e .. .. VARLABLES o _.._._SYsToLIC BLOOD PRESSURE
ARGINA LVH CHOL SMOK < 120 120-~139 140~159 - 140+
NG AP NO LVH ¢ 190 HONSMK _.0020 L0027 0 a0036  _  «D0AB
Th-002,0,002F  (6.002,0.003) (0.00350,0G04) (0,004,0.005)
e o e e e et = S 5 NS 1.3 SO, 7.1 R 349
NO AP NO LYH < 190 SMK .0052 0070 0093 _.0123
{0, 006L70.008) {(0.006,0,4087 16, 008,6,0107 0204050676y
e et ERLL - 108 _ .. .83
_...NO AP _%n LVH__ 190+ _ NONSRK __+0034 v 0045 ., n0060 - 00RO
(0,003,0.004) (0.,004,0,005) (0,005,0.007) ~ (0,007,0.009)
543 834 730 700
NO AP _NO LVH 190+ 5Mx o .o088_ 0117 o .0i55_ o -0207
(0, 167,0.0V0) {0.040,0.013) (0, 0964,0.017) " (0.018,0.023)
N e )38 229 ks . MR
ND AP LVH < 120  RONSMK 0227 B 0200 0176 __s0155
{6.0711,0.0343 (o in,0,.8267 (0. 074,0.021) 0, 872,6,019)
16 14 3 L. S
NO _AB LYH _ < 190 SHK L U LT SR .1 L 10148
(0.011,0.032) 10,013,0.024) {(6.013,0.620) (0,091,0,018)
5 7 15 20
HO AP LVH 190+ NONSMK . e0379 o .033% 0294 . .025¢
(0,0679,0.058) {0,024,0,042) {0,024,0.035) t0,026,0.012)
— & . A5 _83__ A
KO AP LYH 190+ SMK 0357 10314 .0277 0264
(0.019,0.052) (0,023,0.040) (0.022,0,033) (6,018,0.030)
—— U JU O £ NN . SO 34
AP NG LVH_< 190 _WONSMK___ _ 0706  __ _  .0927 1218 1587
. (0.044,0.096) (0.084,0.121) (0.,087,0.155) (6,412,0.203)
2 3 o] 4
AP, No_LyK ¢ 190 _ suk . <0834 0836 «1098 «1436
(0,041,0.088) (0.058,0,10%) {(0,077,0.141) (0.099,0.186)
[ OO U | S,
AP NO LyH 190+ NONSHK +1154 « 1508 1958 w2821
(0.077,04152) {0.110,0,790) {0, 148,0.241) (0,189,06.,310)
U S | R PO JURU R [ 1.
AP NO_LVH_ 190+ sMx #1042 SCREL L TL ¥ A D #2294
(6.071,0.136) (0,100,0.172} {04133,0,220) (0.169,0,285)
0 1 1 0
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PROBABILITY OF MYOCARDIAL INFARCTION IN A SIX-YEAR PERIOD

SEX: MALE AGE RANGE: 70+ .
VARIABLES ) __SYSTOLIC BLOOD PAESSURE .
- TUANGINAT T LV T cHOLT sMex T ¢ 12077 120-139 140=-159 160+
HO AP NQ LYH < 190  NONSMX  ,0128  .0138 _.0150 0163 L
(0,009, 0,014 (0,014970,617) (0 01278.0718) (67013,0.020)
. ~ 37 70 71 .. %
NO AP NO LVH < 190 SHK $0327 0355 0384 0416
; - (0,0é7,0.038) (0.032,0.038) (0.036,06,0417 10,037,0,046)
..................... e e et e A R83 L BAY o264
BO_AP KO LVH 190+  NOWSMX o L0214 .0232 ., .oos0RST O .0272
- oo (0.015.0,027}) (0. 019,0,027) {0.021,0.026} (0.022,0,033)
27 48 43 62
NO AP NO LVE 190+ SHK L0544 .0589 L0637 L0450

(0,045,0,084) 10,054,0.064) (0. 060,0,0887  (0,062,0,076) "

e e et e e e e e e .80 . 060 __139 141
HO AP LVH < 190 HONSHK 11355 20999 0718 £0520
(0.067,0.2047 (0.086,0.1377 (0.054,0.09G7 {0,03470,068)
0 5 7 R
NO_AP Ly < 190 sk o wt28l _«0934 0 .0678 .0490 .
” (0.075,0,178} (0,074,011 1) (0.058,0.077) (0,039,0.059)
4 26 41 48
NO AP LYH 194+  NONSMK a2t 1607 «1178 . +08%8
(6.101,0.318) (0,109,0.209) (0.089,0,148) (6,060,0.1711)
- 1 4 L e
HO AP LVH 190+ 5MK 22058 1520 «1113 L0810
{4,122,0.281) (0,1271,0.182) (0.0%58,0,127) (04064,0.097)
e et e = e emrvmnen 4n oeee e e AN 47
1981 2130 12289 L2458

AP _ Mo LVH < 198  NOWSMK__

T05069, 0,310 (0L 097,0,314F T T0.114,043297 T (0.115,0.358)
0 0

3 0
AP No LvH < 190 SMx_ . WA797 w1934 w2080 12236
(0,090,0.261) (0.116,0,264) (04132,04277) (0.135,0,303})
— U SO U ARV
AP NO LvH 190+  NONSHMK 23100 #3314 233540 W3776 .
{0+114,0.463) (0.160,0,468) (0«185,0.4BR} {0.187,0,523)
SV U VU UL
AP NO LYH 190+ §MK +2831 «3032 3243 13464

0

[

0L 148,0,3971 T D 191, 0.400) T 072155054187 T(0.220,0,453)
0 0
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PROBABILITY OF MYOCARDIAL INFARCTION IN A SEX-YEAR PERIOD

SEXy FEMALE _ _ AGE RANGE: 703

B _ YARIABLES ‘ o . __ SYSTOLIC BLOOD PRESSURE
ANGINA LVH CHOL 5HAX < 120 120=139 160=-15¢7 160+
__ND Ap Mp LYH < 190 NOHSHK 0080 0065 . ebO71 . L0074
T (0.004,0.008)7 7 1hG05,8,008) {0.,006,0,008)Y " (0,006,0.009)
e o e e e M0 RRS L 209
MO AP MO LyN €190 swk o _.0154  -0167 0182 0197
- (G.a19,0.620} toL.a1e5 0,038y (o.b‘is.o 0213 10.014,0.024) 7
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Statistical Basis for the Estimation of the Proba-
bility of a Myocardial Infarction

The estimates of beta derived in the text utilize
2-year periods with risk presumed to be constant
over such periods. The tabled estimates assume
a constant risk over a 6-year period. This may be
a tenable assumption, as the estimated period
parameters did not show much variability after
adjustment for the covariates. In this case the
covariate values are also assumed to be fixed
over the 6-year period. |

Let x; represent the covariate vector for covariate

set i, and let 6;=x{’$ be a linear combination of

the betas. The mean y;=exp(f,) is the parameter

of the exponential distribution. The proba-

bility of failure under the exponential model is
(*) Pr(T<t;x;)=1—exp(—t*y).

Asymptotically, the maximum likelihood estimate
@i is normally distributed with mean §; and
variance 0% =x;"* Ver(f)*x;. By the delta
method the estimate g is normally distributed
with expectation p;=exp(f#;) and variance
vii=u? ¥ 0%y Approximate 95% confidence
limits for u are given by u % 1.96v so that Uy e
=max(0.0, A*(1-1.960)) and fl,ne =g*(1+
1.964g) . Substitution of the lower and upper
limits into (*) gives approximate limits on
the probability of failure. It may be seen that
the width of the confidence interval depends
both on the magnitude of i and the variance
estimate o .
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