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SUMMARY

The relationship of serum cholesterol and other
risk factors to cardiovascular disease was
investigated in a 16—year cohort of 16,711
residents of Hiroshima and Nagasaki. Examined
in detail was the relationship of serum cholesterol,
and the joint relationships of serum cholesterol,
systolic blood pressure, diastolic blood pressure,
and other risk factors to coronary heart disease
{CHD), cerebral infarction (CI), and cerebral
hemorrhage (CH). Baseline and biennially
collected risk factor data were analyzed. The
latter type of measurement permitted convenient
investigation of the short-term effect of choles-
terol and other factors. Inboth types of analyses,
both serum cholesterol and blood pressure
showed strong associations with CHD incidence.

Multivariate analyses that also included several
other risk factors (smoking habits, clinical
diagnosis of diabetes mellitus, left ventricular
hypertrophy or strain on electrocardiogram,
relative body weight, hematocrit, and proteinuria)
for which data were available showed such risk
factors to be of lesser, but generally nomn-
negligible, importance in this population, Serum
cholesterol was found to be weakly or not at
all related to incidence of CH and CI while blood
pressure remained as a strong correlate. For CI
some suggestion of a statistical interaction
between blood pressure and serum cholesterol
was found. Discussed are implications for
theories of pathogenesis for CHD, CI, and CH.
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INFRODUCTION

The investigation of risk factors for various
forms of cardiovascular disease (CVD), particu-
larly CHD, has been the subject of many
epidemiologic studies in the last two decades!™1°
Such investigations are relevant both for the
clinical management of high risk patients and
for the wunderstanding of underlying disease
mechanisms,

Although there is a reasonable degree of agree-
ment as to the importance of several risk factors,
at least in Western populations, the patho-
physiological role of most risk factors and their
interrelationships remain unclear. Moreover, a
great deal of work has been done in American
population samples, but research in other,
particularly non-Western, populations is less
voluminous.®~'®  While it is usually felt that
cerebral thrombotic, embolic, and possibly
hemoirhagic evenis represent the result of a
disease entity similar to that in the coronary
arteries which leads to ischemic heart disease,
there are fewer population studies to support
the idea. Generally, of readily quantitated
risk factors, clinical measurements of serum
cholesterol and blood pressure, presumably
reflecting the potential for endothelial lipid
accumulation and hemodynamic alterations,
appear to come closest to reflecting an indi-
vidual’s potential for the formation of vascular
pathology.}? 16

Thus in the present study, we investigate the role
of several general risk factors in a Japanese
population and confirm findings in Western
populations. In addition we are able to analyze
in some detail each of several major components
of cerebrovascular accidents (CVA) particularly
CH and CI, with respect to the major risk factors,
serum cholesterol and blood pressure, in order
to highlight similarities and differences among
these entities, Throughout, we place emphasis
on the joint relationship and interaction of
serum  cholesterol and blood pressure to
subsequent CVD in an attempt to shed light on
how these two factors may interact.

This paper examines two distinet temporal
aspects of the relationship between risk factors
and CVD. The first is the overall association
between baseline risk factor measurements and
subsequent CVD incidence occurring during the
entire follow-up period of up to 16 years. This is
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the usual approach in prospective epidemiologic
studies and uses only initial baseline risk factor
measurements, The second is the relationship
between serial risk factor measurements and
subsequent CVD incidence occurring only
over a restricted, short-term period (0-4 years)
following measurement. The ability to investi-
gate separately the short- and long-term effects
of serum cholesterol and blood pressure, which
may provide clues about disease progress, is a
special feature of this study and is facilitated by
the availability of multiple (biennial) risk factor
measurements for study participants.

The present work represents the analysis of data
gathered in a long-term, large-scale prospective
health study in a Japanese population. The
incidence of CHD is much lower in Japan than
in most North American and European countries,
while conversely the incidence of CVA is much
higher¥®1®;  the distribution of some risk
factors can likewise show large differences when
compared to the West.?

This paper illustrates and takes advantage of the
usefulness of the recent proportional hazards
methodology!? for analyzing follow-up epidemi-
ologic studies with multiple risk factors. The
analysis adjusts for differential follow-up times
among individuals, and takes into explicit
account not only whether a vascular disease
event has occurred in a study patient, but also
the time of disease onset., Furthermore, the
methodology can accommodate covariables
that change during follow-up, thus allowing
convenient analysis of risk factors that are
measured periodically.

MATERIALS AND METHODS

In 1958 a program of biennial examinations was
begun by ABCC/RERF on about 20,000 persons
in the Adult Health Study (AHS), a subset of
the Life Span Study cohort of over 100,000
Hiroshima and Nagasaki residents. 18 The
primary purpose of the AHS was to detect
possible late health effects among atomic bomb
survivors. Its size and follow-up duration make
it well suited to other epidemiologic purposes
as well. As vsed in this study, males in the AHS
sample constitute a subset of the epidemiologic
study sample of Japanese men living in Japan,
Hawaii, and California (Ni-Hon-San).®® The
same AHS sample has been used more recently
in several RERF cardiovascular epidemiologic
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stuides.)®!11®  The selection of the sample

is described elsewherezo; it is in most respects
thought to be representative of these geograph-
ically defined populations. Moreover, periodic
data analyses have not identified any consistent
relationship between the various forms of CVD
and radiation exposure.?™??  This analysis
therefore does not attempt to control for
radiation dose level while analyzing CVD risk
factors.

Among persons who consented to participate
in the study (90% of 18,566) compliance has
been high and mortality data are believed to be
virfually complete.

The cardiovascular project was incorporated as
an intensive substudy and includes 16491
individuals free of CHD and 16,290 free of
CVA (see below) at initial examination. The
present work analyzes the data accumulated
prospectively from July 1958 through December
1974 (8% 2-year examination cycles).

Case Ascertainment

Case ascerfainment was accomplished by an
updated uniform review of 3,500 indexed cases
who had been screened for indications of the
presence of CVA or CHD from any of the
following sources: AHS clinical diagnosis,
electrocardiogram (ECG) data, death certificates,
and autopsy findings regardless of principal
diagnosis. The entire review and case confir-
mation procedure has been described in detail
elsewhere 2!

CHD was defined as angina pectoris, myocardial
infarction (MI), or {sudden) death attributable
to CHD. Angina pectoris diagnosis required
steady substernal discomfort brought on by
exertion, persisting for between two and three
minutes, relieved by rest or nitroglycerin, and
not attributable fo gastrointestinal, pulmonary,
or musculoskeletal disease. Diagnosis of MI
required the appearance of changes on follow-up
ECG as described by Robertson et al.® When
a history of prolonged chest pain typical of
" clinical MI was given, ECG changes not meeting
the strict criteria were accepted. Cardiac enzyme
data were not normally available, nor were data
from exercise testing, isotope scanning, or
echocardiography. Death from CHD was defined
as death within 24 hours of the onset of chest
pain in an ambulatory individual who had been
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considered well, or in the absence of chest pain,
death within 3 hours of the onset of the terminal
illness. Death certificate diagnosis alone was not
accepted. Cases were excluded if there was
evidence of another serious disease such as
pneumonia or ruptured aortic aneurysm, while
mortality from pulmonary embelism is known
to be rare under these circumstances in this
populatin:m.23 MI at autopsy required the finding
of an area of necrosis or discrete fibrosis
measuring at least 1cm in greatest dimension or
an unmeasured area of necrosis or fibrosis
associated with 75% or more narrowing of the
diameter of an extramural coronary artery.

CVA was limited here to degenerative cerebro-
vascular disease manifested by clinical or autopsy
evidence of subarachnoid hemorrhage, CH, CI, or
cerebral embolus, Clinical diagnosis of stroke
required a history of abrupt onset of a localized
neurologic deficit such as hemiparesis or aphasia
with confirming signs on physical examination;
in those surviving the acute episode the criterjia
required that signs and symptoms persist for at
least one week and that subsequent gradual
progression not occur. The unexpected onset of
unconsciousness with elevated blood pressure,
but without fever, progressing to death was
considered to be CVA unless there was evidence
of another disease process such as trauma or
cancer. Again, death certificate diagnoses were
not accepted without confirmatory clinical
evidence. The autopsy manifestations of CVA
were gross or microscopic evidence of the four
pathological categories given above.

There were 218 incident cases of CHD confirmed
by these review criteria®® (of which 175 initially
or eventually were infarction and 43 were angina
or sudden death); similarly 469 confirmed cases
of CI and 108 confirmed cases of CH were
incident.

Risk Period

For analyses investigating the relationship of
first-examination measurements with subsequent
CVD, the risk period was defined to extend
from the first examination cycle to the earliest
cycle of CHD {(or CH or CI} diagnosis, death,
the cycle following the last examination, or the
end of 1974. Time to incidence was measured
in number of 2-year cycles, but events occurring
after one or more missed examination periods
were excluded. For anlyses of serial measure-
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ments, the risk period was further restricted to
those cycles where the needed covarible informa-
tion was available., For example, in an analysis of
CVD incidence with respect tos previous-cycle
cholesterol and blood pressure, an individual’s
risk period does not include any cycle immedi-
ately following a cycle during which the exami-
nation was missed or cholesterol and blood
pressure were not measured. Thus persons at
risk in previous-cycle analyses were substantially
fewer than in first-examination analyses because
at any examination not all patients had serum
cholesterol measured. As usual, one must assume
that in any cycle the individuals with available
covariable data are representative of all cohort
members having the same covariable values,
whether known or unknown.

Risk Factor Determination

Information on systolic blood pressure (SBP)
and diastolic blood pressure (DBP), ECG,
hematocrit, proteinuria, and relative body weight
(RBW) was gathered at the RERF clinic using
standard methods.*

Serum cholesterol was measured using three
different techniques until September 1967,
after which a Technicon N24A autcanalyzer
was used: for uniformity pre-1967 values were
adjusted to N24A autoanalyzer equivalents by
means of. a linear regression predictive formula
for which the correlation coefficient was always
at least 0.96.%°

The presence of diabetes mellitus was determined
by clinical diagnosis following laboratory
screening and was coded as a binary variable.?

Smoking information was available for 12,668
individuals by means of a survey taken between
1964 and 1966 (examination cycle 4), A binary
covariable was assigned to indicate whether a
person was a present smoker of cigarettes.

A binary covariable was used to indicate the
presence of either left ventricular hypertrophy
{LVH) or left ventricular strain {LVS) on ECG,
Proteinuria was categorized as negative, trace,
1+ or 2+, and 3+ or 4+ and was coded using
corresponding categorical values of 0, 1,2, and 3.
RBW is the ratio of weight to a standard body
weight determined for the Japanese.?’
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Statistical Methodology

The statistical methodology used is the Cox
proportional hazards regression analysis.'"?
For this analysis, individuals were stratified on
the basis of sex and 5-year age categories. Denote
by A¢(t;z) the disease incidence rate in exami-
nation cycle t for a person in stratum s,s=1,2, ...

with covariable measurements z=(z,,22, . . ., zp).

The Cox model specifies that

As(t;z)=Rgs(t) -exp{z B},

where A,(-} is an underlying disease incidence
rate whose dependence on examination cycle
is unspecified, and 8=(8;, ...,B,) is a vector
of regression parameters to be estimated from
the data. Relative incidence rate (relative risk)
is conveniently expressed in terms of §; the
relative risk of an individual with covariable
values z relative to an individual with covariable
values zg is just exp {(z—2zo)}B}. The analyses
reported here allow the underlying rate Agg(.),
s=1,2, to depend through the stratum
definition on the factors sex and age, known to
be strongly related to disease incidence,! and
thereby effectively adjust for these factors in a
nonparametric fashion, Inaddition to facilitating
conirol of confounding factors in a comprehensive
manner through the use of siratification, the
Cox rtegression analysis can also conveniently
accommodate  incomplete follow-up  and
competing risks due, for example, to deaths from
causes other than CVD.

The covariables z in (1) used in the analyses
are defined in two different fashions, depending
on whether the risk investigated is a} the overall
risk during the entire follow-up period after
initial measurement, or b) the short-term risk
during the cycle following the cycle of measure-
ment, Sepcifically:

a) When overall risk during the entire follow-
up period after initial measurement is investi-
gated, then the covariables z used in the
analysis are the initial measurements on each
person. The estimated coefficients § in (1)
then have the interpretation of an estimate
of the overall relationship between the initial
measurements and the risk during the entire
follow-up period.
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b) When short-term risk is invesrigated, then
the covariables z used in the analysis depend
on the cycle at risk, and are defined to be the
measurements taken at the previous cycle.
Such an analysis uses the covariable measure-
ments from all cycles, and in essence considers
simultaneously the relationships between the
covariable measurements in c¢ycle 1 with CVD
in cycle 2, between covariable measurements
in cycle 2 with CVD in cycle 3, and so on.
The estimated coefficient § in equation (1) is
a summary of these relationships and has an
interpretation of an estimated measure of
short-term risk,

RESULTS

Age, Sex, and Risk Factor Profile of Study
Population

Table 1 provides a description of the study
population, The distribution of the population
by sex and age (in July 1958) is shown in part
(a) and the mean and standard deviation of
serum cholesterol, SBP, DBP, and other first-
examination risk factors are shown in part {(b).

b) HEAMSERIE 2 @3 & 22, BIRTHY
At i, BEERBCRAEL, MR RS
CEAHEETHILERENS. 0L %
BTk, 2RMOEEHAEE Ay, Ef
B, S1AM S 2R TEHPEEEE 2 A
CHETLEBMNERERSE:DRE, S2RAMI
BT AHERNEMEFEIFMIET 3 LEBME
FEREOME, FoEFBCEETS. (1) R
B AHESEHARChSOBREOEATSY,
EHMEREOREEES 5.

B R

HMEEBOFE, KRUBRETFOEE
FILHEMSEESR LA, B UEER (19584F
TR MoNRENGH % (a) IRL, M2 L
AFu—, RHEHELE, JREHMERGETOMRD
MEE RSO EBRE T-O LT ICHERES (b)
IZmL 2.

TABLE 1 NUMBER OF PERSONS AND MEAN AND STANDARD DEVIATION OF RISK
FACTORS, IN CHD AND CVA STUDIES

#1 FROFRECRLRVRBEGHECHEIMBREHEVCRRATFOTHRUEERZ

{a) Number of persons by sex and 10-year age-groups %55 FI0EFERBEMAR S

Age in July 1958

<25 25-34 35-44 45-54 55-64 65-74 754+ Total

CHD Female Instudy 829 2856 1740 1629 1315 414 63 8846
CHD 0 2 3 18 32 18 2 15

Male In study 596 1574 758 1018 1030 327 41 5344

CHD 0 2 12 31 49 26 3 123

Total Instudy 1425 4430 2498 2647 2345 741 104 14190

CHD 0 4 15 49 81 44 5 198

CVA Female Instudy 830 2860 1756 1672 1341 430 67 8956
CH 0 2 4 14 12 10 5 47

CI 0 7 7 24 74 53 11 176

Male In study 577 1590 767 1050 1064 337 46 5431

CH t] 3 2 12 15 4 2 38

CI 0 1 15 54 109 65 i 251

Total Instudy 1407 4450 2523 2722 2405 167 113 14387

CH 0 5 6 26 27 14 7 85

CI 0 8 22 78 183 118 18 427

{Continue ¥ <)



TABLE 1 {(Continued %t %)
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(b) Mean and standard deviation of first-examination risk factors for persons in CHD

study (similar for CVA study)

EREFEEOELTR ST 3L BOVERLEHORREFOTHR U FEREE

(B == i 98 & HAED
Risk factor Mean £ 8D
Cholesterol {mg/100ml) 165.76 £ 34.64
SBP (mm Hg) 126.99 £24.92
DBP (mm Hg) 75.84 £14.07
LVH or LVS (% positive finding) 2.69 £16.19
Diabetes (% positive finding) 2,27+14.89
RBW (relative to 1.0) 0.992 +0.141
Hematocrit (fraction of 1.0) 0.398 £0.050
Proteinuria (0-3 scale) 0.051 £0.219
Smoking (% present smokers) 35.09£47.73

The number of persons at risk and incident
CVD cases by examination cycle are shown in
Table 2. Part (a) shows the data for analyses
using blood pressure and cholesterol data from
only the first-attended examination and part
(b) shows the number for analyses using blood
pressure and cholesterol data from successive
cycles to investigate next-cycle risk.

HEAOBBUREL 2 L0BOLERBER&H2
Bz g2imLA. (a) T, WEOHREOL
PEBLAENELIVAFI-LOF—FERHV3S
Eiroyr—sEmL, (b)) T, KOBEOGEE
RENERD, EHB LA S BoRMERT
TILAFTU—NDF—~F VRO ODT— 7 %
AL

TABLE 2 NUMBER OF PERSONS AT RISK AND NUMBER OF CVD EVENTS IN
EACH EXAMINATION CYCLE

#£2 ZFHBREMBISTIHZEAOEEVORELEESRESS
(2) For analyses using first-examination blood pressure and choelesterol data
MEREBII ST ANMERYILAF - LT -5 & A S8EITA

Examination Persons at risk CHD cases Persons at risk CH CI
cycle¥* for CHD for CVA cases cases
1 14190 1 14407 1 5
2 14189 16 14401 10 37
3 14145 45 14329 15 80
4 13838 36 14000 18 73
5 13324 26 13463 18 65
6 12670 25 12789 11 45
7 11968 22 12070 6 55
8 11152 18 11238 8 47
9 10209 9 10287 2 10
Total cases 198 85 417

{Continue %t )
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TABLE 2 (Continued %t )

(b) For analyses using blood pressure and cholesterol data from successive cycles (next cycle CVD risk)
HHELARMASESRANMERYILAFO—-LF— 2 #AVEENE (REAMOLRIMEREDY A7)

Examination Persons at risk Persons at risk H
cycle* for CHD CHD cases for CVA c(a:ses caggs

]_ - - - - -
2 5673 16 5808 8 27
3 4850 18 4904 5 45
4 3431 8 3456 8 16
5 8402 20 8511 7 49
6 11378 25 11512 10 38
7 10349 13 10481 4 47
8 4574 13 4642 3 16
9 5578 1 5665 0 2

Total cases 114 45 240

*Two-year cycles beginning on 1 July 1958. In the ninth cycle the study period extends from 1 July

1974 to 31 December 1974,

1958 7H 1A 50 2HEEM. & 9B, MIDMMIEZ, 94F 7R 1 BA26EF1ZANBZTTH 3.

Resnlts of Analyses Using Baseline Risk Factor
Data

The relationship between cholesterol, blood
pressure, and other measurements and subsequent
CVD events during a follow-up period of 16
years was investigated using baseline (first
examination) risk factor data.

Coronary Heart Disease. Serum cholesterol and
blood pressure were shown to be strongly
associated with CHD after stratifying on age
(in 1945) and sex, and remained the stronger
correlates when other risk factors (LVS or LVH,
diabetes, RBW, hematocrit, and proteinuria)
were controlled for (p always less than or equal
to .01), as shown in Tables 3 and 4. From
column (4) of Table 3, serum cholesterol levels
of 200, 240, and 280 correspond to relative risk
estimates for CHD of exp {.706(200 —-160)/100 }
=1.33, 1.76, and 2.33, respectively, compared
with a level of 160 while taking account of the
estimated effect of blood pressure. Additional
analyses (not shown) were done replacing the
single cholesterol covariate with indicator
cholesterol covariates to estimate the relative
risk in the following cholesterol ranges: less
than 150mgf100ml, 150-180 mg/100 ml, 180-
220 mgf100 ml, and greater than 220 mg/100 ml,
The results were estimated. relative risks for the
three upper intervals (relative to the first) of 1.30,
1.89, and 2.23, respectively. These estimates were
consistent with the magnitude of the relative
risks reported above for the log-linear model.

10

MeBHOERERTOTF— % £ HWEBRESE
BLAFU— L, 0F, FoModlEifis, BEO
BRI L AR ERELEOMEEE,
VREECEIAChoNEREFEE TR
L.

BRBRMSEOESR, FHIBUVAITRTLIC, Eib
(19458 M AE) RUKTRILY 3 &, IFEzL 25
O— L e MR EARBIRE CER LR EEN S 2
TEFHEaNnL, £, FOMOBEREF (ELE
PEASITBEGR, BRMA, EHE, ~~v 7Yy ),
BHR)RHIEL T, BOMHMMEI B sh i
(p=.01}). Z3ICWHERS L, MFTLAFO—LH
200, 240% ¢F 280, MEDHEFELEEL T1600
HE AT 5 &, BIRBIRME DEROHR M ERERE T
fixehen exp[ .706 (200— 160) /100 } =1.33,
1.76, 2.33ThH3. B—0O3ILAFo0—NEHEHH
DILATO—LEEEH BRI THEIEN (22
IERLT LW 2/, KOES5 4TV AFo—0
HOBEBCE T HNERESHELS. Tabb,
150mg LT/ 100md, 150 —180mg/ 100m!, 180—
220mg/ 1008 & U1 220 mg L £/ 100w, % D5,
BEOZOOXMOMEEHE R E (RMOXRIC
#$TZ)EEAFH, 1.30, 1.89, 2.23C -7
ZhoniEEffl, SEEETFLTOLRLE
HafEmREORs s LB L.
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TABLE 4 RESULTS OF COX REGRESSION ANALYSIS, STRATIFIED ON AGE AND SEX,
OF CHD INCIDENCE IN RELATION TO BASELINE MULTIPLE RISK FACTORS

F4 HERBRGEOCEARZRER:VRREZEGCREAFLEORFRICET S
Cox MIRMRIT DR (FR R UML)
Covariate
Cycle 4 smoking indicator Cycle 4 smoking indicator covariate
covariate not included included
W @ &) @ ®
B B8 B i B

Cholesterolf100 0.650 0.643 1.122 1.213
(.001) (.001) (.0014) (.0008)
SBP{100 1.494 1.326 0.535 0.604
(<.0001) (.0005) (.25} 39)
DBP/100 0.119 —0.063
(.88) (.96)
Diabetes 0.358 0.340 0.652 0.688
.20 (23) (39 (.032}
Smoking 0.477 0.431 0.447
(.048) (.13) (12)
LVH or LVS 0.433 0.423 0.678 0693
077 (.86) .027) (.024)
RBW —0.003 —0.600
.57 (.95)
Hematoerit 0.786 ~3.710
(.71) (.30)
Proteinuria 0.461 —0.009
A 029 97
Number of persons 12925 12735 12315 8066 8010
Number of cases 183 181 92 66 66

A
Shown are estimated regression coefficients {3); two-sided significance levels for testing =0 are given

in parentheses, '

FLussEREY. B=0%BEtTAAnOBRAAERE L ELA TR LA,

Both serum cholesterol and blood pressure were
strongly associated with CHD, but generally
blood pressure was associated with larger relative
risks per standardized unit of measure. Results
using several models that allow modeling of
statistical interaction suggested that their joint
effect in this population may not be simply
multiplicative on the relative risk. Column (6}
of Table 3 shows some mild evidence (p=.075)
that the relationship between serum cholesterol
and {diastolic) blood pressure and CHD incidence
may be attenuated in the upper range of these
variables; a log likelihood ratio ¥ (equation 1)
statistic for the inclusion of a DBP-serum
cholesterol interaction term in the relative

12

miFaLRFOo—NEMFIR &5 FRBIRE
DHBEEIMELTWAY, BLT, DEDH,
BUMEELSEZD0BMEEEFAE {, Ban
Bhok., HHFNHEEROEFMMEDP THEL
BOPOEFVEERLAEER, oL@
EUHSIhs0REHRE, HMBERECHL,
BUIREM 2 aReE52530TR 2w ERBLAS.
3D T, OFILAFO-LEU (HEH
0 & REREIREELREBEER L OBEN, Zhs
NEHEOLOBEHTEB T 3228 Lhivnins
ZEFhTFrED SRS (p=.073). MHfakE
EFNIET AEEBAE-—AF I LA Fe—LdD



risk model is —2(—1134.73+1133.12)=3.22
(.05<p<.10).  Analyses reported in columns
(7) through (10} continued the investigation of
cholesterol-blood pressure interaction by focusing
on high and low cholesterol and blood pressure
subgroups. A comparison of the results of
columns (9) and (10), for example, indicates
that the magnitude of the cholesterol coefficient
is large (and significant) in the low DBP group,
whereas it is small (and not significant) in the
high DBP group.

The above CHD analyses were repeated using M1
(both fatal and nonfatal) alone as endpoints
(yielding 162 cases), since MI is often considered
by some to be a more reliable indicator of the
presence of atherosclerotic disease than angina
pectoris alone, The results (not shown) were
essentially the same as for all CHD. Similarly,
since atherosclerosis and other forms of vascular
disease are thought to develop in diabetics in a
possibly different manner than in nondiabetics,?
CHD analyses were repeated excluding individuals
with diabetes to ensure that the latter cases did
not have an undue effect on the results in this
particular study population; results were again
virtually unchanged. Thus the inclusion of
confirmed cases of angina pectoris in the CHD
group and diabetics in the population at risk
apparently does not alter conclusions to be
drawn about the various CVD processes and may
allow more precise estimation.

Analyses of CHD incidence using a regression
procedure that incorporated several other risk
factors in order to facilitate comparisons with
well-known studies investigating similar questions
in other populations!®?®3! were also done
(Table 4). Analogous multivariate analyses on
CVA endpoints in this population have been
reported elsewherel® The presence of proteinuria
and of either LVH or LVS gave some indication
of adding predictive power as regards CHD
incidence in the presence of other risk factors.
RBW {a measure of obesity) and hematocrit
were not found to be related to CHD incidence
after controlling for other factors.

Of particular interest are the often cited but
poorly understood risk factors of smoking and
diabetes mellitus as they relate to CHD incidence
in this Japanese population. The AHS data
set has some difficulty shedding light on the
smoking question largely owing to the limited

13
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REEROEBE*SOHELE R EHFIOR T
— 2 (—1134.7341133.12) = 3.22 (.05< p< .10}
Thad. (NP5 (10) FISRL ABEHTR, oLy
O— LB ETLRAFOo— LR, BOER ELE
BiifoT, ILAFU—NLLMEGBEERD
SHEHELA. HAE O () HoBERE %
BETEE, qLATO-LEHOKE SIHEHIEY
NE#H#TEL (FE), —H, SEERNnERE Y
(BETIRZV) Z TN

FROFTIREGIRME CFEBCET BN, LHEE
(B RV ERTEN) & 2B TEIELIT-A
(162 ##E3R) . 2 oBEmlE, LIREED, FOE
DNHEEDLTTFO— AMEIKRECEOTIZERTE S
HET 2L —HOAX OB TCRLELIEEZS NS
PEThHD. TOFEREX(RLTOLV) HEE1212
FTRTOBRMRE LR LERTH- L. BRIz,
TrFu—-LMEHRELERCZoBROMERSEE,
HRBEBRBELEZITAVLDETEREOBAN
RAEHLEZLNA0T,® MEBELEN, ZoE
DEEMNSHENEFCTELS L BELE5I 4 0wED
2, BERWLRETRMLT, SRMRELHEED
BHLIBIVELTH- - BEREC-CLHEL
TRt LT, HELEOCHEDEN S
BREBREOHEARCISYD, BEHLEEAOL
BHTEH, HLeoLBMEHEBCIHELTEIRS
FRIE e, BUEHAHEES TR THS.

FnhOoRENREACRUOMBEEZ RT3
FREMET T LB ERERBICT S0, Eod
D DERRE T % & A h Z0RFH ik & w2 Eik
RGO REREZ I T 2T LT /2 (F4).
ZOMBEMOBREF T SHUO L ERBEIC
DUWTRHRBIIRE LAY RAROFEERUVELE
BAXIEEOEEL, Z0MOGBRESITE
T 354, BIRHRECHEBREECET 5 TR
AHET S5 ES5BEREL L. KT (B#E
BEIRUAY 7Yy M, 2000BTE*ME
T3E, SRMRIELELREL OMEZED SH
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TEHEEIMT3BRAFMoN TV, B
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smoking information available, When CHD
incidence in individuals on whom smoking
information was obtained in cycle 4 was
examined from cycle 5 over a risk period of 8%
years, smoking showed a significant relationship
with CHD incidence in univariate analyses but
not in the presence of other factors (Table 4).
Diabetes did not appear to be associated with
CHD overall, although in the restricted popu-
lation followed from 1966 an apparent associ-
ation appeared, as shown in columns (4) and (5).

Finally, attention was focused on a subsample of
males over age 55 at the beginning of the study.
In contrast to the inconclusive results often
reported for certain risk factors in this age-sex
subgroup in Western populations,® distinct
patterns emerged from this study. Both SBP and
serum cholesterol emerged as strong predictors
of CHD (or MI only) as did the presence of
ECG abnormalities reflecting LVH or LVS.
Diabetes mellitus, RBW, and smoking (examined
as above) were not important risk factors in this
age-sex group (Table 5).

DWTORBELEERATIZLIEETH S, BGEH
SADERAMTRL MAREEC VT, DRLE
HREAREHEY, ESHS» S SUEOBERGIZ
hitoTHET S L, BER, BERKBIFIC v T
LEOLEFERCEEZMEETR LAY, Toho
B FHEETIPAERE S ho 2 (F4) . BWRERG
LB OBME LA OMBER XL b2,
W RTEHICRLAES I, 1966ELBREHBE
VEREMSEAICE, HAZMEFRS Ak,

B, AMEOTDHIZ, S5EL L Th- B
oW TERLAE BEROSRERCIEITSCO
R —FEEC O W THEENTEWERY AFFLELE
WESNTWAOE B, Bl 1y —oht
EEHLLSESRE. ELERAXGEBRLTRT
LEREXELBUC &Sz, WHEHMMERFMLE
TLAFO—MHFERGIRELER (H30 L
BEOLZ)DEWTFHET L5 ahk WERA,
BHEBERCRE (&L ZHE B, o0
FER—MERTHEELREREF T34 (FB).

TABLE 5 RESULTS OF COX REGRESSION ANALYSIS, STRATIFIED ON AGE
AND SEX, OF CHD INCIDENCE IN MALES OVER AGE 55
#5 HOELNEOBMEILEFT IERBRELELSBERED Cox EIFEIFO
EE (EBEUCERNCEL

Covarjate
At risk from
~ ~ ~ cyc}\e 5
g g 8 8

Cholesterol/100 0.891 0.763 2.120 1.389
(.004) (.014) (.16) (.008)
SBP/100 1.289 2.857 0.176
(.0001) (.10) (.78)

SBP X Cholesterol —0.893

100 100 (.36)
LVSorLVH 0.847
{.034)
Diabetes 0.368
(140
Smoking 0.343
(37
Number of persons 1399 1399 1399 720
Number of cases 18 78 78 32

Maximum log -

partial likelihood —421.26 —415.47 —415.04 —148.14

14



Cerebrovascular Accident. The results for CVA
endpoints contrast markedly with those for CHD.
It was found that baseline serum cholesterol
measurements were largely unrelated to the
incidence of CH and CI (Table 6). A 95%
confidence interval for the relative risk of CI at
a serum cholesterol of 260 compared to 160 is,
from column (1), 0.761-1.362. As with CHD,
there was some statistical evidence for the
inclusion of cholesterol-blood pressure interaction
terms as shown in columns (4) and (5). Analyses
by blood pressure and cholesterol subgroups
did little to clarify such interaction (not shown).

In the case of CH, the general trends observed
suggested that in fact a low serum cholesterol
value may be associated with an increased
incidence of disease, but in all cases such findings
did not reach statistical significance, The
exclusion from analysis of patients diagnosed as
having diabetes, which is assocjated with many
forms of vascular disease,?3%% tended to
strengthen (p=.10) this Inverse CH-serum
cholesterol relationship (not shown). The strong
association between CVA incidence and blood
pressure is presented in detail elsewhere. 101

Results of Analyses Using Serial Risk Factor Data
Short-term Risk of Coronary Heart Disease. The
short-term (0-4 year) risk of cholesterol on CHD
was investigated by using model (1} with the
{cycle-dependent) covariate z specified to be the
values of previous-cycle risk factors. The results
for CHD are shown in Table 7. As in the results
of 0 to l16-year risk (Table 4), the short-term
association between cholesterol and CHD
incidence was strong and significant. Column
(2) shows that a strong short-term estimated
effect of cholesterol on CHD was present even
when one controlled for SBP and DBP. As in
the baseline analyses reported above, there was
a botderline significant interaction (p=.052,
Table 7 column (3)) between SBP and serum
cholesterol: persons with lower SBP tended to
have a larger cholesterol coefficient than persons
with higher SBP.

Short-term Risk of Cerebrovascular Accident.
The results of analyses on short-term (04 year)
risk of cholesterol on CI and CH are shown in
Table 8. As in the analyses of overall risk (Table
6), there is no evidence of any association
between serum cholesterol and short-term risk
of CI, and this result holds regardless of whetiher

15
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TABLE 6 RESULTS OF COX REGRESSION ANALYSIS, STRATIFIED ON AGE AND SEX, OF CH AND CI INCIDENCE IN RELATION TO

BASELINE MEASUREMENTS OF SBP, DBP, AND SERUM CHOLESTEROL

#6 B MR UREESSEE L AERME, SORMIER R T L AT O — A OWMBEIERE OMRICHT 3
Cox B BEHT DFER (FM B UHERNIZ R

Covariate .
(1) 2) 3) 4) (5) €) ) (8) ()] (10)
Cerebral Infarction (CI)- 417 cases Cerebral Hemorrhage (CH) - 85 cases
B i ] B B8 8 i ] B B
Cholesterol/100 0.018 —-0.127 -0.137 1.303 1.488 -0.142 ~0.497 —0.494 1.186 —0.836
[R11)] (.39) (.36} (.058) {079 67 (.15) (.15} (.44) (.64}
SBP/100 1.930 1.719 3.446 0.608 4.625
(<.0001) (<.0001) (<.0001) (40) - (.003)
DBP/100 0.562 6.461 6.258 7.237 6.635
(.28) {<.0001) (<.0001) (<.0001) (.036)
SBP « Cholesterol —-0.893 —0.913
100 100 {.036) .31)
DBP _ Cholesterol -1.811 0.347
100 100 (.053) (.85)
Maximum log -2401.12 -2330.15 —2349.80 —437.04 —451.56
partial likelihood -2330.74 —2328.50 —491.82 —437.57 -437.55

There are 14,409 individuals at risk.
MEEACIL14,409 0

78-€ 41 393949



TABLE7 RESULTS OF COX REGRESSION ANALYSIS, STRATIFIED ON AGE -
AND SEX, OF CHD INCIDENCE IN RELATION TO PREVIOUS CYCLE SERUM
CHOLESTEROL, SBP, AND DBEP

#7 FEHRELER/LFEEAMODEDLAFT -0, NHEELERT -
PEEEMAMIE & OBFICE F 5 Cox MUBRROEHERE (BEH R UHEMIZFL)
Covariate
(}\) (22 (i) (‘}\)*
i B o B
Cholesterol/100 1.13 1.09 3.21 1.08
(<.0001) (<.0001) (.0032) (<.0001)
SBP/100 1.83 4.57 2.07
(.0002) (.002) (.0002)
DBP/100 -2.01 -2.03 -2.50
(.0002) (.03) (.02)
SBP _ Cholesterol —1.43
100 X7 100 (.052)

The estimated coefficients ﬁ\ are measures of short-term (0-4 year) CHD risk. These
analyses are based on 105 cases.
MEFEHZ AN, HH(0~4 %) oFRWRECELVA2ORETHS. Th s O IE 105
LHEHETuELDTH S,

* Analysis restricted to nondiabetics.
HEREHRBECHREL LER

TABLE 8 RESULTS OF COX REGRESSION ANALYSIS, STRATIFIED ON AGE
AND SEX, OF CI AND CH INCIDENCE IN RELATION TO PREVIOUS CYCLE SERUM
CHOLESTEROL, SBP, AND DBP

#8 MFERCIEMBELERE FFEBRMOLE T VA5 o —0, LH#EHMLE
BUHRIAME & OBSEICET 4 Cox REFTOER (EREUMERNIZFEL

RERF TR 3-82

Covariate
Results for CI Results for CH
ey @ @ @ ©) ©*
i g B8 B g8 B
Cholesterol{100 010 —.057 2.14 005 231 —0.10
(.96) (.76) {.02) (.99) (.55) 017
SBP/100 1.59 4.04 477 71
(<.0001) (.0002) (.52) (37)
DBP/100 778 TI70 6.72 6.61
(.26) 27 (<.0001) (<.0001)
SBP  Cholesterol -1.40
100 X~ 100 (.014)

The estimated coefficients 1’9\ are measures of short-term (04 year) CI and CH risk, There are 441 cases

of Cland §3 of CH.

HEEN AL, EM (0~4%) OMBEEUREN VR 7ORETS 5. WEEAAIH, K5,

*Nondiabetics.
FFHERBE
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or not one controls for SBP and DBP (Table 8
columns (1) & (2)). Neither in these analyses nor
in the baseline analyses did the exclusion of
persons with diabetes change the results for CI
appreciably (not shown).

There was, however, a significant (p=.014)
negative statistical interaction between choles-
terol and SBP (Table 8 column (3)), which led
to additional analyses on the effect of cholesterol
on CI incidence in various blood pressure groups.
In analyses that controlled for SBP and DBP,
the estimated cholesterol coefficients were .179
(p=.51) and —.941 (p=.012) for normotensive
(DBP<90, SBP<140) and hypertensive persons
(DBP 95+, SBP 160+) respectively {not shownj}.
Finally, the risk of serum cholesterol was
observed to differ significantly (p=.043) between
persons under 65 (fi\ =,438) and persons over 65
(f=—.34) (not shown).

Cotumns (4) and (5) of Table 8 show no evidence
of an overall relationship between serum
cholesterol and short-term CH risk. However,
column (6} shows a strong negative association
of cholesterol when the analysis is restricted to
persons withont diabetes.

DISCUSSION

Results of the analyses tend to confirm findings
with regard to CHD in Western populations while
results for CVA have been less well demonstrated
previously. In both cases findings are duplicated
in both short- and long-term settings.

Blood pressure and serum cholesterol are known
to be strong predictors of CHD and, with some
qualification, other manifestations of athero-
sclerotic CVD. Of the risk factors identified to
date these two measurements come closest to
reflecting primary vascular alterations through
which it may be possible to draw conclusions on
the nature of the atherogenic process. This
study represents an investigation of several risk
factors in a prospective epidemiologic study in
a Japanese population, with special emphasis
on the interrelationship between blood pressure
and serum cholesterol. It is always difficult to
draw conclusions about pathophysiological
mechanisms from population studies in which
the response variable is a clinical disease Tather
than a measure of the extent of the underlying
pathological process, but it is of interest to
examine the extent to which these results are
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consistent with current theories on vascular
disease formation and progression. On the
other hand the uniformly strong predictive
power of blood pressure for CHD demonstrated
here and in other studies in this same population,
contrasted with the lack of importance of blood
pressure on  angiographically  determined
coronary occlusion,® reinforces the notion of a
strong role for blood pressure in the development
of angina pectoris and MI events (increased
myocardial work, oxygen consumption) beyond
its suggested primary role in atherogenesis,!*
That serum cholesterol was found to be somewhat
more weakly related to CHD than blood pressure
may reflect not only a possibly more varied and
important role for blood pressure in CHD but
also an overall lower range of serum cholesterol
values in Japan as compared to Western
countries.” In this respect, the study confirms,
in a Japanese population with a lower incidence
of CHD, findings in other CHD risk factor studies.

The association of cholesterol and CHD in
older male populations has sometimes been
inconsistent, but in this population the relation-
ship remained quite strong in men over age 55.

Findings with respect to CVA may be of greater
interest in that the relationship of similar risk
factors {particularly serum cholesterol) to
the incidence of cerebral vascular events and how
the natural history of disease leading to those
events may in fact differ from that in CHD
are less well explored. While it is commonly
held that CI in Western populations is the result
of a pathological process in the branches of the
carotid and vertebral arteries similar to that
in the coronary arteries in CHD, the role of
serum cholesterol was seen to be dramatically
less important in CI in this population. The
other major type of stroke (CH) is thought to
be the result of a related but different vascular
lesion, in which the degree of atheromatous
involvement is unclear,®? and in this light it
is perhaps less surprising that serum cholesterol
was not a significant risk factor for this disease
entity. Our data may support the hypothesis
that stroke, in both its major forms, results from
a pathological lesion that is characterized by
mechanical distension of small arteries and
subsequent loss of structural integrity on the part
of the vessel wall permitting insudation of plasma
constituents.®®  This lesion, though possibly
related to atheroma, > may well be funda-
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mentally different from that found in CHD.*
Moreover it has been suggested?? that in Japan
a significant number of lesions related to CVA
may more rtesemble artericlosclerosis®™ with
hyaline degeneration (also called small vessel
sclerosis) than classical atherosclerosis involving
the larger arteries. The relationship of this
pathological entity to that described by
Russel®® is not entirely clear, but again the
rale of plasma lipids in thé formation of such
arteriolosclerotic changes may be of minor
importance. In CVA in this population then,
it may be that serum cholesterol levels are largely
unimportant and that blood pressure plays a
more central role than in CHD. How decreased
serum cholestercl may tend to be associated with
increased occurrence of CIH in this Japanese
population is unknown but probably merits
further investigation.

The use of cycle-dependent covariables allowed
examination of the relationship between near-
term risk factor measurements and CVD inci-
dence. These analyses reinforced the results
using baseline measurements, and lend support
to the use of continuous follow-up measurements
of various risk factors to predict an individual’s
current risk of CHD.

In order to examine the joint effect of blood
pressure and serum cholesterol several statistical
models accommodating interaction terms were
employed. Whereas blood pressure has usually
been thought to act permissively or synergis-
tically* in the formation of atherosclerotic
lesions, the relationship between blood pressure
and cholestercl in CHD seems to exhibit some
mutual modification in the high range of either
variable, at least within a model in which risk
factors act multiplicatively on the relative risk.
Hence in an interactive proportional hazards
model at a DBP of 70 the estimated relative risk
of an individual in our study with a serum
cholesterol value of 280, compared to a value
of 180, is 3.12, while at a DBP of 100 the same
relative risk estimate is 1.61. Despite a lack of
statistical significance for the 1ole of serum
cholesterol in CI, the same sort of inter-
relationship trend in the high ends of both
scales was seen.

The finding that smoking and diabetes did not
consistently influence the risk of CHD after
controlling for serum cholesterol and blood
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pressure not only underscores the relative
importance of the latter two factors but also
calls, attention to differences between this and
Western populations. American and European
studies have found smoking and carbohydrate
intolerance or diabetes mellifus to be strong
predictors. In Japan, the link between smoking
and heart disease has not been as readily demon-
strated as in the West,® while diabetes may be
of a milder nature (predominantly of the adult
onset type)®> with less frequent vascular
complications?®?%3® as compared to Western
countries,  Still, the fact that smoking was
significantly associated with CHD incidence in
a univariate setting cannot be ignored, especially
in light of previous studies in which no associa-
tion was found.” That the size of the relative
risk estimate for smokers does not change
greatly when other risk factors are accounted
for, but loses statistical significance, may indicate
only an insufficient number of cases. Otherwise
the effect of smoking in this population may well
be mediated by, or at least explained by changes
in, other risk factors.

This study also revealed nonnegligible contri-
butions to CHD risk by LVH or LVS on ECG
and proteinuria, as gauged by their role in
multivariate analysis. = RBW and hematocrit
were seen to be significant risk factors for
CHD in preliminary univariate analyses only.?%*°
It is well to remember that factors primarily
related to clinical disease itself rather than to
underlying atherosclerosis ought to be more
weakly associated with risk of disease in
populations with lower rates of atherosclerosis.>®

Cox regression analysis has been used to examine
the relationship between blood pressure, serum
cholesterol, and other risk factors to the short-
and leng-term incidence of various forms of
vascular disease in a Japanese cohort. The
estimated relative risk of CHD is confirmed to
increase as a function of increasing levels of
blood pressure and serum cholesterol; CVA
relative risk also showed a strong association
with blood pressure, but how incidence of CI
and CH may depend on serum cholesterol is
more complex. Other risk factors for CHD,
particularly smoking and diabetes mellitus,
have been identified but need to be investigated
further in Japanese populations.
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