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SUMMARY

Coronary heart disease {(CHD) incidence, during
1958-74, in a cohort of Hiroshima and Nagasaki
residents, is found to relate significantly (P=0.01)
to total leukocyte count, taken an average of two
yvears earlier, Relative risks, as a function of
leukocyte count, do not appear to depend on
sex or cigarette smoking status, but may be
larger for subjects less than 65 years of age than
for older persons. This study examines, for the
first time, differential leukocyte counts and
percentages in relation to CHD incidence. Both
neutrophil count and eosinophil count signifi-
cantly relate to CHD incidence, while there is
also a suggestion for a relationship with mono-
cyte count. A possible immunopathologic basis
for such associations is mentioned. It will be
important for other studies to confirm these
relationships, however, as the present data do
not allow one to clearly show the relative risk, at
a specified total leukocyte count, to depend on
the differential leukocyte fractions. Available
data also leave uncertainty concerning the
independence of leukocyte counts in the
specification of CHD risk, relative to such known
risk factors as cigarette smoking habits and serum
cholesterol levels.

INTRODUCTION

Friedman et al' indicated elevated leukocyte -

count to be a risk factor for myocardial
infarction (MJ). The need for validation of this
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result by other groups was emphasized, since the
association arose in an exploratory study that
screened a large number of possible predictors.
In spite of the fact that cigarette  smokers have
clearly elevated leukocyte count,*® it did not
appear that the observed relationship in Friedman
et al' could be wholly explained on the basis of
cigarette smoking status or other known CHD
risk factors. A recent report’ from the Paris
Prospective Study also found a significant
relationship between leukocyte count and MI
incidence. Their report, however, argued that
leukocyte count was only predictive among
cigarette smokers and, more specifically, only
among cigarette smokers who inhale. The
anthors further suggested that leukocyte count
may have appeared to be an independent
predictor in Friedman et al' because of a lack of
careful control of cigarette smoking habits.

This study examines total leukocyte count as a
CHD risk factor by relating biennial examination
leukocyte counts in a large cohort of Hiroshima
and Nagasaki residents, to diesase incidence in
subsequent (2-year) examination cycles. Counts
and percentages of individual leukocyte cell lines
are also studied in relation to CHD incidence.
Such study of differential counts has the
potential of identifying stronger and more
specific risk indicators thar total leukocyte
count alone and may give rise to incisive
hypotheses on disease mechanism.

The study of CHD risk factors in Japanese
populations is particularly interesting in view of
the low CHD incidence rates in comparison, for
example, to those among Japanese Americans.>®
This difference in rates has only partially been
explained on the basis of differential levels of
known risk factors.” Leukocyte counts could
contribute to this explanation since such counts
are relatively low®'® in the Hiroshima and
Nagasaki cohorts considered herein.

MATERIALS AND METHODS

Study Population

The ABCC/RERF has, since 1950, utilized a
Life Span Study cohort of cver 100,000 persons,
with residence in Hiroshima or Nagasaki as of
1950, in order to ascertain the late effects of
radiation exposure on mortality. In July 1958
a program of biennial examination, termed the
Adult Health Study {AHS), began on a subset of
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CITHRELTVWAESR - BHOBFEIIBLTIE
M EIZE WS o7, CHD @4 R H LA
iAo kEZILGNS.

HERUFZE

AEEM

ABCC/#f M, 1950 RELEBSXIRENTH
HPOFIZEELTWALW0,00A+8B 2 2H#HFHEE
EHEHRE LT, FAMREKHSEEFTECRE
RETHBEORAETLT->TWS, 1958 7 Bitid,
ZOEAPO—-HEHRIIRABERELRT S




this cohort, Though its primary purpose is the
study of radiation-related health effects, the
sample size, data ascertainment, and follow-up
duration are such that the AHS program is
valuable for a variety of other epidemiological

purposes.

Selection of the AHS samlpe has been previously
described.!! The sampling design involved a
stratification by distance from the respective
explosion hypocenters, but the cohort is other-
wise thought to be representative of these
geographically defined populations. Periodic data
analyses, including the present work, have failed
to identify any consistent relationship between
CHD incidence and radiation exposure. The
analyses presented below, therefore, make no
accommodation for radiation dose level in
studying leukocyte counts in relation to CHD.

This study is based on the 16,711 persons who
were examined at least once during the follow-up
period 1958-74. Of persons eligible for examina-
tion (alive and still resident in their city of
origin} about 85%-90% were examined in each
2-year cycle of this follow-up period.

General Procedures

Participants in the AHS program were scheduled
for biennial examination that includes clinical
history taking, general physical examination,
blood pressure measurement, complete blood
counts, blood chemistries (including serum
cholesterol), urinalysis, chest X-ray, electro-
cardiogram, stocl examination, and special tests
to confirm suspected diagnosis.”!®  Persons
unable to undergo examination at the clinic were
visited at their home or place of hospitalization.
For leukocyte counts, venous blood was diluted
with 3% acetic acid in a dilution factor of 20.
Cells were counted in eight large squares of
Neubauer's chamber. Wright’s stain was used for
differential leukocyte counts. Usually the counts
were based on 100 cells using an oil immersion
lens, though during certain time periods 200
cells were counted. It is worth noting also that
cycle-, sex-, and age-goup-specific leukocyte
counts and percentages are evidently not related
to radiation exposure level.'® Leukocyte counts
do, however, exhibit the expected decline with
advancing age.

Smoking histories during the study period were
ascertained by means of an epidemiologic
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questionnaire administered in 1965, during the
fourth examination cycle, Data were requested
on current cigarette smoking habits, on the
number of cigarettes per day, and on the
cigarette smoking starting date. Ex-cigarette-
smokers were queried as to their starting and
stopping dates. No attempt was made to
ascertain inhalation data.

Case Ascertainment and Criteria

Case ascertainment and review criteria have been
described in detail by Robertson et al.'2 Briefly,
all medical records were reviewed when there
was an indication of CHD from any one of the
following sources: AHS clinical diagnosis,
electrocardiogram, death certificate or autopsy
findings, regardless of the principal diagnosis.
Mortality information was obtained by making
periodic koseki (family register) checks on the
entire sample and by obtaining death certificates.
The mortality data is thought fo be essentially
100% complete. An autopsy rate of 30% was
maintained during the study period.

The review'? of these records used fixed detailed
criteria that pertained to the entite study period.
CHD was defined to include angina pectoris, MI,
or death from CHD. Angina pectoris diagnosis
required steady substernal discomfort, consis-
tently brought on by exertion, persisting between
2 and 30 minutes, relieved by rest or nitro-
glycerin and not attribuiable to gastrointestinal,
pulmonary, or musculoskeletal disease. MI
diagnosis required the appearance of changes on
follow-up electrocardiogram.® When the history
of prolonged chest pain was typical of clinical
MI, electrocardiogram changes not meeting these
strict criteria were accepted. Death from CHD
was defined as death within 24 hours of the
onset of chest pain in an ambulatory individual,
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. MI
diagnosis by autopsy required the finding of an
area of necrosis or discrete fibrosis measuring at
least 1 cm in greatest dimension, or an un-
measured area of necrosis or fibrosis associated
with 75% or more narrowing of the diameter of
an extramural coronary artery.

1965 Iz FEHE L R EFEMEBBIC L - THESNT
Wi, FONROBREEE, 1 Bk OBERR,
BRUBEREHECET s ERD A, BEHC
3, FOMGEMAEUREBEIIOVTHBL L.
BEOEI, E(BvA T BT 3EHO
R TbLdo 7,

ERRBRUKE

FERIEDRR eIz o1 T2, Robertson 51
EoTiHtshTwa. WMEILFLE, TEOER
EowFhaiz CHD iR & 3 B4, EFEE
FNRTERFLE, T4hb, RABENEERE
B, LEE, OSSN RFR (EESH
DuhilirdrhsF)Thds FECIZIMT E
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DAFIE2TWRELA. ZOFRCIIMT 3ERIE
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i, ThoOmELEERZHA-E L2V L0ERELS
2% LA, CHD I X AR IR, HRBRAZOES
Gl ERUERLAOTEL, F AlEmEA
ZOBAEEORBELOBEEIFMOAOED
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A total of 421 persons had some evidence of
CHD at their first attended examination and are
excluded from the analyses given below. Of the
remaining 16,290 persons, 1,003 subsequently
developed some evidence of CHD, of whom 218
were confirmed by the above criteria. Of these,
about one-third had angina pectoris as their
initial CHD event during the study period. By
the end of the follow-up period 175 of the 218
confirmed cases had documented evidence of
an MI.

Risk Period Definition

The analyses below relate CHD risk in a specific
examination cycle to leukocyte count and other
data items from one or more previous cycles. A
person therefore contributes to the analysis
(i.e., is at risk) in a particular examination cycle
if the relevant previous examinations were
attended and the necessary data recorded. The
risk period for a study subject terminates at the
earliest of CHD diagnosis, death, or the end of
1974. The study period was not extended
beyond 1974 since the necessary adjudication of
the diagnostic data was incomplete for more
recent CHD events.

Statistical Methods

The disease incidence data were analyzed in
relation to leukocyte counts and other factors
using the Cox regression method.!®> A detailed
discussion of this method, along' with various
generalizations used here, is given in Xalbfleisch
and Prentice.”® Study subjects were stratified on
the basis of sex and age (in 1960) in S5-year
classes. Denote by z(t) = {z1(®), ..., Zo()}
leukocyte count and other study subject
characteristics in examination cycle t and let
Z(t) = {z(1), ..., 2(t—1)} denote the collective
covariate information on the individual for all
cycles prior to t. Let A {t; Z(t)} denote the
CHD incidence rate for a person in age-sex
stratum s with leukocyte and other covariate
information Z(t). The Cox regression model,
used herein, assumes

RERF TR 20-81
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where, in each stratum, Ay(-) 2 0 is a completely
unrestricted ‘baseline’ disease incidence function,
x(t) = {x,(t), ..., Xq(t) }is a vector consisting of
functions of Z(t), such as leukocyte counts in
cycles t—1, t—2, .., and §' = (B, .., Bq) is a
corresponding vector of reg'r—ession coefficient to
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be estimated. Note, particularly, that the
relative risk associated with covariate value Z(1),
compared to that at some standard value Z,, (t) is

THREMMVALE, HIFERHLEZNHHS

ThEl~R3E, KOXI WL 3 EEHIHKED

B,

A ZO Y MG Zom) = exp {x(D) — x50 8.

In fact, since the A, () functions, s=1, 2, ..., are
completely arbitrary, this statistical model is
equivalent to specifying the multiplicative model,
exp {x(t) — x,(t)}B , for the relative risk. Note
that this parametric relative risk function can, in
principle, be generalized to any desired degree by
snitable definition of x(t). In particular, the
CHD relative risk as a function of leukocyte
count can readily be allowed to depend on such
individual characteristics as age, sex, and cycle
number.

It is- worth mentioning that the data analysis
method outlined above provides a very thorough
accommodation of possible confounding effects
of age and sex, since the statistical model permits
the basic incidence rate in each cycle to depend
arbitrarily on age and sex. This is important
since both CHD incidence rates and leukocyte
counts® depend quite strongly on age and sex.
The statistical method outlined zbove also
thoroughly accommodates secular trends in
disease incidence by allowing the basic incidence
rate to depend arbitrarily on cycle number.

The partial likelihood method of parameter
estimation'*!® was utilized along with a tied
data approz::imation."s This approximation,
which will be excellent in these circumstances, is
used to accommodate the fact that disease
incidence times are grouped into 2-year examina-
tion cycles. This data analysis method is quite
similar to specifying a binary logistic regression
mode! for the probability of disease development
in each examination cycle, while allowing the
logistic location parameter to depend arbitrarily
on age, sex, and cycle number. The partial
likelihood estimation procedure avoids the need
to estimate the numerous parameters that would
result from such a specification.

RESULTS

Total Leukocyte Count and CHD Risk

Table I shows the number of persons at risk for
CHD and the number of CHD cases by sex and
age (in 1960). Only leukocyte counts in
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TABLE 1 SUBJECTS AT RISK AND CHD EVENTS BY SEX AND AGE,
HIROSHIMA AND NAGASAKI 1958-74
#1 AEMRHRCCHD REH, HERFRIE:
8 - R, 1958~T44E

Age in 1960
<35 3544 45-54 55-64 65-74 75+ Total
Male
At risk for CHD 2413 766 1121 1162 458 . 82 6002
CHD cases i 11 22 51 22 7 114
Female
At risk for CHD 3526 2279 1705 1667 595 135 9907
CHD cases 1 2 15 26 25 2 71

TABLE 2 NUMBER OF PERSONS AND CHD EVENTS THAT CONTRIBUTE
TO ANALYSES OF CHD INCIDENCE IN RELATION TO PREVIOUS CYCLE
LEUKOCYTE CQUNT, HIROSHIMA AND NAGASAKI 1958-74

#£2 CHDRAEREDNORMBRSROAMGESEOMFEIZOWT
RiTIZAAT X 3MES R R CHD BEH.
8 - B, 1958~74F

Examination Cycle

3 4

5 6 7 8 9

At risk for CHD 12858 12516
CHD cases 47 26

12273 11644 10778 10292 9771

24 25 13 18 1

examination cycle 2 or later are utilized in the
analyses described below, since counts in the
first cycle were computerized with limited
precision (e.g., only a single digit was used to
record differential percentages). Table 1 there-
fore excludes persons dying or developing CHD
in the first or second examination cycle since
such persons do not contribute to the study of
CHD risk as 2 function of leukocyte counts in
cycle 2 or later. This leaves a total of 15,909
study subjects, of whom 185 developed CHD
during the study period.

Table 2 shows the number of persons at risk and
the number of CHD cases in each of cycles 3-9.
In this table, a study subjects is at risk in eycle t
only if the examination in cycle t—1 was attended
and both leukocyte count and blood pressure
(BP) measurements were recorded. There are
then 154 contributing cases and about 145,000
person-years of follow-up. The number of cases
in c¢ycle 9 is small because the study period
extends only six months into this cycle.

ARMHHO I Y Yo~y —AHTE, BESFRE
st (R, At BEOoarEORLHEIC
1KiOsFAVLNE)OT, TEOBFTIEEL2
SBEEBLIBOANRENL 2 HwE. LT,
F1ClE, BLIEE2SHEBAMIECLIVEE
RIECHD # HBELLZFEBRNLA. TOEDOI,
2Ok BRE 2 AMLUEORBIIE T 3 EMIMER
HAEL+T3 CHDOY A7 2 WML OUIFIHATE
EONEDTHD. 2OFR, BESRERAI5,909
A&Ehn, 2035 5RAEME Iz CHD O RIEA DD
5h 0185 TH - k.

#2i3, B3I~90FRAMWL Y IBRERAHRY
CHD i 45n+. “oETWE, t—1 Fmiz2&L,
ARBFHEREUCLEREHEOMEFLHEERTV S
WAL, FOHEMRER t AMCHEERL
2t h B, LAEHF-T, HATHED CHDEHIT
1544 & 2 1), BB AEIINIM6,000TH 5. FI
B s a58E s 2wy, ZHGEEBMEAIL
EENLOFGCHPBILTERVALTHS.
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TABLE 3 COX REGRESSION ANALYSES OF CHD INCIDENCE IN RELATION TO
PREVIOUS CYCLE LEUKOCYTE COUNT, HIROSHIMA AND NAGASAKI, 1958-74

#3 CHDRER L0 BMBRLEEO QMR L OMEICET 3 Cox MBI
JRE - RMf, 1958~T74%

Total Leukocyte Count Leukocyte Count (3000, 15000) only
All All All
Subjects Subjects Subjects Male Female Age <65 Age 65+
Covariate F* (x10%) F(x10%) F(x101) £ (x10°) F(x10%) F(x107) §(x10%)
Total leukocyte count 0.90 0.87 1.02 0.94 1.44 0.57
(100/mm?*) (0.01) (0.02}) (0.03) (0.06) (0.23) (0.03) (0.36)
Systolic blood pressure 0.87 0.86 0.93 0.76 1.51 0.53
(mmHg) (0.05) (0.05) (0.10) (0.29) 0.04) (0.33)
Diastalic blood pressure ~0.27 -0.28 —-0.43 0.01 —0.93 ~0.06
(mmHg) {0.76) (0.76) 0.70) (0.99) (0.52) (0.96)
Coronary Heart Disease Cases 154 154 100 54 67 87

Analyses stratified on sex and 5-year age groups. R UER (5 RERRR) 12T 5 5 LA

*ﬁ is maximum likelthood estimate of regression coefficient in the linear log-relative risk function.
B IE, SFHEARMNMY R o SBT3 ERERORKALERER.

{Significance levels for testing f=0 are given in parentheses (may be inaccurate if number of CHD cases is small).
ERAIL, F=00REMTIHARKE(CHD HHFA P2 VlER, ChSOTBRBETEETHE L L HEL).

Table 3 gives the results of applying the Cox
regression method, described above, with at risk
and case data as in Table 2, and with a log-
relative risk that is a linear function of total
leukocyte count. The first column of Table 3
shows a significant (P=0.01) positive relationship
between CHD incidence and total leukocyte
count, taken an average of two years carlier in
the preceding examination cycle. The second
column indicates that the sirength of the relation-
ship is not much altered when linear terms in
systolic (SBP) and diastolic (DBP) blood pressures
are added to the log-relative risk function. Note
that the negative coefficient estimate for DBP
arises because SBP is simultaneously included in
the relative risk function. Before considering in
more detail the form of the relative risk
function it seemed appropriate to restrict the
leukocyte range, in order to avoid undue
influence by extreme values that may arise from
leukocyterelated disorders, such as leukemia, or
possibly from measurement or recording errors.
The analyses reported on the right side of Table
3, and all subsequent analyses, therefore exclude
persons from the risk set if their preceding cycle
leukocyte count was 15,000+ or <3000. A
significant (P=0.03) relationship with total

F3Q, Z2IEEh w2 BHERUVENRLE
AMBB OB ML TH 3 HMHGE Y 2 7 BRIz
HLT, Edo Cox ML EHL ABEOBES
Y. 3o0E 1H#, CHDELERE Z UMD
FH2HEM, o DABEEAMICE S WA BEMER
HEOHEELZRE (p=0.01) R+, B2 ML, QU8
SR UHEAR MM E (2 3 (3 S ATIE & A ) R 2
BEIIMzTL2OMENRIIDENEDLS LV
T & EFT. IHEHME SRR A 7 HE
LEENA0T, HBULEOFHEEEHE A
BRI EEFSEEAL L, BHMYAAROEE
FNEMIIEET SATIZ, QOB E & E MRS
R H5VRRELNERELORENISEI NS
ABEAEIIL AL REL BTS20z, AMEk
HoREzRET LWL EEbhk LA
HoT, RIDERIBEE ATV I8EF, RUZO
FOT T ORI, BOE O 3 mER 415, 000
R EH300LI T eh - FE B L . M3k
BEDHBELHE (p=0.03) 3B L THEMTE




leukocyte count can still be detected. Following
these restrictions the average leukocyte counts in
cycles 2 through & are 6513, 6416, 6337, 6169,
6058, 6121, and 6160, respectively. Leukocyte
counts were rounded down to the nearest 100.
A decline in leukocyte counts is evident as the
cohort ages. The fraction of persons with
leukocyte counts of 9000 or greater ranged from
about 10% early in the study period to 6%
toward the end. The corresponding fraction of
persons with leukocyte counts of 4500 or less is
about 11% early, and 14% late in the study

period.

The fit of linear log-relative risk model (Table 3,
column 3) was examined by comparing the
observed and model-predicted number of CHD
cases corresponding to each of five categories for
preceding cycle leukocyte count; namely, <4500,
[4500, 6000}, [6000, 7500), [7500, 9000}, and
9000+. The observed number of CHD cases in
these categories were 12, 48, 51, 31, and 12,
respectively. The corresponding model-predicted
numbers are 154, 47.7, 48.5, 264, and 16.0
giving rise to an approximate xﬁ score test of
fit,!? of value 2.66, which is far from significant
(P=0.62). It then seems appropriate to use the
fitted model for relative risk estimation. For
example, estimated relative risks at leukocyte
counts of 6000, 8000, and 10,000 are, respective-
1y, exp {(6000-4000) (1.00) (107*)}=1.22, 1.49,
and 1.82 as compared to leukocyte count of
4000, where exp denotes exponentiation.

The final columns of Table 3 give separate
analyses by sex and aitained age. There is no
indication that the total leukocyte count co-
efficients differ between males and females
(P=0.86). There is a slight, but nonsignificant,
suggestion that leukocyte count may be a
stronger predictor, in terms of relative risk,
among younger (<65) as compared to older
subjects (P=0.33).

Analyses were also carried out to relate CHD
incidence in a particular cycle to leukocyte
counts in two or more preceding cycles. For
brevity, these results wili only be summarized in
the text: First, CHD incidence in cycle
t (t=4, ..., 9) was studied in relation to leukocyte
count (t—1), the leukocyte count in the im-
mediately preceding cycle, and leukocyte count
(t—2), the next most recent leukocyte count, as
well as blood pressure measurements in cycle
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3. ChoElB%E+ 55 2~ 8 Bl FHgE MR
#11, FHFN6513, 6416, 6337, 6169, 6058, 6121

C RUGLE0TH 3. MEBREE, FANTEGIEL1I000

WO TE ElnERED L & L ICgMmER
BoEAL AR s h A, EEMARBMEIC QMY A
900001 k¢ - A EOEIRIIMI0%TH » 2, BT
PLEL TR 6% Tdo/. 20Nz L THILRES
SWLUTFTH--EOHEE, BEMMAOMBTIE
#11%, #THTRMBTH - 2.

MOBBOEMRSE, T45H 5 <4500, (4500~
6000), ([6000~7500), (7500~9000) % 1*9000+m
SHOEZAIIM)ET 3 CHD HEBIBRFAHE L =T VA5
OTFHHE DB EIT- T, BENEMMRY A7
EFLOBESME (RS, BIM) LA ChHD
HERIzET MBI, £h 12, 48, 51, 31
BUL2TCH- Fhissd 370050 THE
1215.4, 47.7, 48.5, 26.4R U'16.0CH 0, EAM
DREHERT (r]=2.66) B EEH SERNET
3 (p=0.62). LA>T, HHMIRIETL %
Hw3o s RN THsLBhn 5. AL, AMER
$400012 o< T, B MERE6000, 8000% 710,000
LBoEEse ) 2718, $hE i exp | (6000—
4000) (1.00) (104 )} =1.22, 1.49%U1.82CH 3.
ZZTexp 5B ERT.

Z3IDRBOMIE, HEUEBIICEBITLAERE
. BAMBREOBREIBLABMTRELLIZLE
TTHLOIEE 2w (p=0.86). SEMEFIILLNT,
HESR (SELT) Tk, AMIRE R, HfI 27
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(p=0.33).
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TABLE 4 COX REGRESSION ANALYSES OF CHD INCIDENCE, IN RELATION TO
PREVIQUS CYCLE TOTAL LEUKOCYTE COUNT AND OTHER RISK FACTORS
HIROSHIMA AND NAGASAKI, 1958-74

24 CHDY 27 L MOAMKREROLANREEFZOMOY R EF LD
MR 2B 5 Cox EWRMRAT. 1ER U4EE (5 EMETE) (T 5 B LaH.

K& - &, 1958744

. Never Cuirrent’
All Subjects Smokers Smokers .
Covariate £* (x10?) £ (x10%) F (x10%) £ (x10%) £ (x10%)
Total leukocyte count 0.90 0.74 0.43 1.10 0.74
{100/mm?) 0.20) 0.21) {0.58) (0.38) (0.40)
Smeking Status 0.77 0.78
(0—never; 100—current) {0.02) (0.02)
Serum cholesterol 0.83 0.99
(mg/100 ml) (0.0006) (0.0008)
Systolic blood pressure 0.55 1.12. 0.72 0.70 0.52
(mmHg) (0.42) (0.04) (0.32) (0.55) (0.56)
Diastolic blood pressure —-0.73 -1.20 -1.26 103 ~1.64
{mmHg) (0.61) 0.27) 0.37) 0.67) {0.35)
Cases 67 98 62 21 46

See Footnote Table 3

t—1. The estimated coefficients of linear terms
in leukocyte count (t—1) and leukocyte count
{t—2) were 0,0082 (P=0.19) and 0.0041 (P=0.43),
respectively. Distinct predictive roles for
leukocyte count (t—1) or leukocyte count (t—2)
are therefore not evident. A similar analysis was
carried out to relate risk in cycle t (=6, ..., 9) to
leukocyte count (i—1) and Ileukocyte count
(t—4), the leukocyte count 6-8 years in advance
of cycle t. The estimated coefficients for
leukocyte count {t—1) and leukocyte count
(t—4) were, respectively, 0.0095 (P=0.33) and
—0.0124 (P=0.19). The nepative sign for the
coefficient of leukocyte count (t—4) is consistent
with the notion that persons who have
experienced increases in leukocyte counts during
recent years are particularly at risk.

Total Leukocyte Count, Other Risk Factors, and
CHD Incidence

Table 4 shows the results of analyses that regress
CHD incidence on total leukocyte count, along
with cigarette smoking status, previous cycle
serum cholesterol level, and blood pressure
measurements. As metnioned previously, ciga-
rette smoking data were obtained during the
fourth examination cycle. Analyses that include
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B (t—2) [ 0Bk 2 o) B E O 1 8L,
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cigareite smoking data are therefore restricted to
disease incidence in examination cycles 5-9.
This, along with the exclusion of ex-smokers,
reduces the number of contributing cases to 67.
Serum cholesterol level was not obtained for a
substantial number of study subjects in some
examination cycles, so that its inclusion in the
relative risk function also gives rise to a sub-
stantial reduction in the number of contributing
cases.

The first column of Table 4 shows the estimated
regression coefficient for total leukocyte count
to be quite similar to that given in Table 3, even
though a smoking status indicator variable is
included in the logrelative risk function. This
occurs in spite of the fact that the average total
leukocyte count is 5,899 based on 30,669
determinations in never smokers, as compared to
an average of 6,638 based on 17,558 determina-
tions in current cigarette smokers. With this
number of contributing cases, however, the
leukocyte regression coefficient is not significant-
ly different from zero. The two columns on the
right of Table 4 show the leukocyte count
regression  coefficient estimates to be quite
similar between cigarette smokers and non-
smokers, when the two groups are analyzed
separately. Returning to the first column of
Table 4, cigarette smoking is associated with
a relative risk estimate of exp(0.77)=12.16
(P = 0.02). The relationship between cigarette
smoking and CHD is, therefore, not explainable
on the basis of smoking-induced elevations in
total leukocyte count.

The second column of Table 4 shows the
leukocyte count regression coefficient estimate
to be somewhat reduced when serum cholesterol
is included in the regression vector. Further
reduction occurs (column 3) when both cigarette
smoking status and serum cholesterol are
included. These analyses, with their rather
small number of cases, therefore do not allow one
to establish a role for total leukocyte count in
the specification of CHD risk, beyond the
associations attributable to cigarette smoking
and serum cholesterol. To the extent that the
data address this question however, they do not
support the interpretation, given in Zalokar et al,*
that total leukocyte count only appears to be a
risk factor because of its association with
cigarette smoking habits. In fact, the estimated
leukocyte count regression coefficient is some-
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P EUMRITE, BS~ 98N hoEARERL
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TABLE 5 COX REGRESSION ANALYSES OF CHD IN RELATION TO PREVIQUS CYCLE LEUKOCYTE COUNTS

HIROSHIMA AND NAGASAKI, 1958-14

#5 CHD3&3 Lol FWRBHOQ0RE L OMFEIMT 5 Cox EIRMREI.

hE - FE, 1958744

Covariate

(x10%) fix10?) A(x10?) BX10%) B(X10%) A(X10%) A(x10%) Ax10%) Ax10?) A(x10?)

Neutrophil count

1.14 0.72

(100/mm?) (0.05) (0.35)
Lymphocyte count 0.53 0.46
{100/mm3) {0.62) (0.74)
Monocyte count 5.85 3.57
(100/mm?) 0.10)  (0.43)
Eosinophil count 497 6.53
(100/mm?) (0.16)  (0.18)
Basophil count 9.72 20.63
(100/mm?) (0.53) (0.28)
Systolic blood pressure 0.91 1.15 0.90 1.14 0.92 1.15 0.91 1.13 0.91 1.13
(mmHg) (0.04) (0.03) (004 (0.03) (0.04) (0.03) (0.04) (0.04) (0.04) (0.04)
Diastolic blood pressure —0.44 142 040 -139 -043 -139 -0.38 -132 -039 -1.34
(mmHg) (0.62) (0.19) (0.65) (0200 (0.63) (0200 (0.67) (0.23) (0.66) (0.22)
Serum cholesterol 0.83 0.85 0.85 0.86 0.85
(mg/100 ml)} {(0.0006) {0.0004) (0.0004) (0.0004) (0.0004)
Coronary heart discase 153 97 153 97 153 97 153 97 153 97

cases

See Footnote Table 3.

what larger among never smokers than among
current smokers. Serum cholesterol level is a
strong risk factor in this population.

Differential Leukocyte Counts and CHD

Table 5 examines preceding cycle leukocyte
differential counts in relation to CHD risk in
examination cycles 3-9. Based on the 79,274
total leukocyte and differential determinations
that contribute to these analyses, the average
leukocyte fractions were 56.6% mneutrophils,
33.1% lymphocytes, 6.9% monocytes, 2.8%
eosinophils, and 0.6% basophils.

The first column of Table 5 indicates a positive
(P=0.05) relationship between neutrophil count
(total leukocyte count times neutrophil fraction)
and subsequent CHD when only neutrophil count
and blood pressure measurements enter the
relative risk function., The second column
shows the neutrophil coefficient to be reduced
when serum cholesterol level is added to the
regression vector. As shown in subsequent
columns, none of the other leukocyte cell lines
have a significant association with CHD incidence
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TABLE 6 ESTIMATED CHD RELATIVE RISKS AS A FUNCTION OF LEUKOCYTE COUNTS
AND FRACTIONS, HIROSHIMA AND NAGASAKI, 1958-74
#6 BHHRHEUVAMKGMOMEL L TOHE CHDIEMHY X 7. -
IRES - B, 1958744

Covariate fi\ *(X10%) Relative Risk (RR) Estimate: Monocytes & Eosinophils
1 Total leukocyte count 0.94 Monocyte Count/mm?
(100/mm?®) {0.04) <360 [360, 600) >600
Lymphocyte fraction -0.53 RR Estimate 1! 0.81 (0.27)% 1.26 (0.26)
(0.56) CHD Cases 61 51 41
Monocyte fraction 1.05 . . .
(0.69) Eosinophil Count/mm?
<120  [120,300) 300+
Eosinophil fraction 243
(0.34) RR Estimate 1 1.74 (0.002) 1.78 (0.01)
Basophil fraction 1.92 CHD Cascs ] 30 68 35
(0.85) Monocyte Count/mm?
Systolic blood pressure 091 <420 420+
(mmbig) ©.04) Eosinophil <240 1 1.39 (0.10)
Diastolic blocd pressure -0.43 Count/mm? (48 cases) (56 cases)
(mmbig) 0.63) 240+ 1.52(0.12) 1.84 (0.01)
Coronary heart disease cases 153 (20 cases) (29 cases)

See Footnote Table 3.

! Relative risk defined as 1 in this category.
COEBOMAEMIAZELEERL .

2 Significance level for testing RR=1 given in parentheses.

ML, RR=10REIZMT 5 HERE.

when examined in this manner, though suggestive
relationships with monocyte count and eosinophil
count merit further consideration. It should be
noted that counts for the less common leukocyte
types may have large regression coefficients with
small corresponding risk gradients. On the
other hand, with only 100 or 200 cells counted
in order to estimate differential fractions it is
possible that measurement errors will predomi-
nate in the estimation of some regression
coefficients. For example, measurement errors
in the estimation of basophil counts could prevent
the detection of even a fairly strong relationship
between the true basophil count and disease
incidence.

The left side of Table 6 shows the results of one
type of analysis to simultancously relate CHD
incidence to the five leukocyte cell lines. In this
analysis total leukocyte count, along with the
fraction of leukocytes that were lymphocytes,
monocytes, eosinophils, or basophils enters the
linear logrelative risk function. The positive
coefficient estimates corresponding to monocyte,
eosinophil, and basophil fractions indicate the
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estimated CHD risk, at a specified total leukocyte
count, to increase as the fractions of these cell
lines increase relative to the neutrophil fraction.
On the other hand, the estimated risk decreases
as the lymphocyte fraction increases relative to
the neutrophil fraction. Note, however, that an
overall test that the four leukocyte fraction
coefficients takes value zero is not significant.
This analysis, therefore, does not allow one to
assert that any of the five leukocyte cell lines are
specifically predictive of CHD risk, beyond their
contribution to total leukocyte count.

Some further analyses were carried out fo
examine the possibility of (marginal) relation-
ships between monocyte or eosinophil counts
and disease incidence. The right side of Table 6
gives relative risk estimates and corresponding
significance levels for testing relative risks equal
to unity for some arbitrary categories for mono-
cyte and eosinophil counts. From this view of
the data there is little evidence for monocyte
count-CHD association whereas there is a fairly
strong indication (P=0.002) that even a modera-
tely elevated eosinophil count is associated with
increased risk. Omn the basis of somewhat
different count categories there is a suggestion
that each of eosinophil and monocyte counts
may be associated with disease incidence, as
shown in the lower right of Table 6.

In summary, elevated neutrophil count appears
to be somewhat predictive of CHD risk though
this association is difficult to distinguish from
the corresponding association with total leuko-
cyte count since, typically, neutrophils constitute
over half of the total count. Eosinophil count,
on the other hand, usually constitutes a small
fraction of the total. On the basis of Table 6 a
rather clear association can be seen between
eosinophil count categories and disease incidence,
Monocyte count may make an additional
contribution -to risk prediction though the
evidence is not strong. Since an overall associa-
tion between leukocyte cell counts and disease
incidence could not be detected at specified
total leukocyte count, and since these associations
were examined without specific hypothesis in
mind, this work should be viewed largely as a
hypothesis-generating activity.

Table 7 shows monocyte and eosinophil count
coefficients to be large, but not significant, when
separate analyses are carried out for cigarette
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TABLE 7 COX REGRESSION ANALYSES OF CHD INCIDENCE IN RELATION TO
LEUKOCYTE COUNTS AND CIGARETTE SMOKING HABITS,
HIROSHIMA AND NAGASAKI, 1958-74
%7 CHDR&ER: AMMRHER UBEE OMEIZHT 3 Cox RRRIT.
K& - B, 1958~T4%

Never Smokers Current Smokers

Covariate £* (x10%) B (x10%)

Monocyte count 5.54 6.83
. 0.61)t (0.28)

Eosinophil count 9.50 13.03
0.22) (0.06)

Systolic blood pressure (mmHg) 0.77 0.52
.51 (0.56)

Diastolic bloed pressure (mmHg) 1.10 -1.63
(0.65) (0.36)

Coronary heart disease cases 21 46

See footnote Table 3.

smokers and never smokets. In spite of the
small number of CHD cases the eosinophil
regression coefficient is nearly significant
(P=0.06) in smokers.

DISCUSSION

As in two earlier studies™* in Western popula-
tions, an association is observed between total
leukocyte count and CHD incidence in the
Japanese cohort considered herein, More
specifically, disease incidence in a particular
J-year examination cycle was found to relate
significantly to total leukocyte count taken an
average of two years earlier, during the preceding
biennial examination cycle. In terms of relative
risk, a leukocyte count of 10,000, for example,
corresponds to an estimated disease incidence
that is 1.82 times that at a count of 4000.
Among persons less than 65 years of age the
corresponding relative risk estimate is 2.37.
Relative risk estimates of this magnitude,
including the somewhat larger estimate among
younger persons, are quite consistent with the
results of Friedman et al' in spite of average
leukocyte counts that are here about 1000/mm>
lower. In comparison, the report of Zalokar et al*
shows average leukocyte counts that are similar
to those in the present study, but with a relative
risk estimate of over four among persons with
total leukocyte count 9000+ as compared to
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those with a count of <6000. An inter-study
difference of this magnitude is surprising. An
apparent deficiency in the work of Zalokar et al*,
however, is the lack of any cortrol whatscever
for study subject age. If, for example,
cigarette inhalers tend to be older than non-
smokers (or noninhalers) the magnitude of the
relationship between leukocyte count and MI
incidence could be markedly overestimated.
Within smoking categories the relative risks
associated with leukocyte count in Zalokar et al*
are more consistent with the other studies.

The relationship between total leukocyte count
and CHD in the present study was not explained
by the subjects age, sex, or blood pressure
measurements. In spite of elevated leukocyte
counts among smokers, cigarette smoking habits
do not appear able to explain this leukocyte
count-CHD association, though the available data
are not definitive on this point, Similarly,
leukocyte count regression coefficients were
somewhat reduced upon including serum cho-
lesterol level in the relative risk function but the
number of cases is rather small in these analyses.

When counts for specific leukocyte cell lines
were individually included in a linear log-relative
risk function, only neutrophil count was sig-
nificantly (P=0.05) related to CHD incidence.
When certain leukocyte categories were consider-
ed, however, it appeared that even moderately
elevated eosinophil counts were associated with
increased disease incidence. For example,
estimated eosinophil counts in the range 120 to
300/mm?® have a risk estimate of 1,74 (P=0.002)
times that among subjects with lesser eosinophil
counts. Elevated monocyte count may also
merit further study. Since differential fractions
were usually based on only 100 cells, the
estimated basophil counts may be dominated by
measurement errors. Confirmation of these
associations on the basis of other data sets will
be important since they arose in an exploratory
manner and since available data do not allow one
to assert an overall relationship between disease
incidence and the individual leukocyte fractions,
given total leukocyte count.

Similar analyses, with these same Hiroshima and
Nagasaki cohorts,'® show a positive association
between total leukocyte count and cerebral
infarction incidence. Neutrophil count was
clearly associated with cerebral infarction
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incidence, while counts or fractions for the other
lenkocyte cell lines did not make a further
contribution to risk specification.

There has been little attempt to date to suggest a
biological basis for the observed relationship
between leukocyte count and CHD, perhaps
because of the many possible influences on
leukocyte counts. Friedman et al' mention
psychosocial stress as possibly related to CHD
incidence and leukocytosis, the latter on the
basis of an increase in circulating catechol-
amines.'® Zalokar et al* argue that cigarette
smoking habits may largely explain the associa-
tion. To the extent that certain leukocyte ceil
lines are specifically associated with CHD, a
smoking explanation is also not supported by the
present data, since each of the leukocyte cell
line counts are increased by about the same
fraction among cigarette smokers, as is the case
in Corre et al? As an exception, a cass of
marked eosinophilia, that is apparently smoking
induced, has been reported.?’

Pathophysiological mechanisms may be consider-
ed to link leukocytosis to subsequent elevated
CHD incidence. On a descriptive level, one might
consider that the extent to which persons
experiencing chronic inflammatory processes or
bacterial infections that give rise to neutrophilia
or monocytosis?! may tend to be at relatively
high risk for CHD. One could similarly consider
whether persons with allergic disorders (e.g.,
bronchial asthma), parasitic infections, or
certain hypereosinophilic syndromes, that are
associated with eosinophilia,®*™®° may tend to
be at elevated CHD risk. The prevalence of such
disease processes is, however, such that they
seem unlikely to substantially explain the
observed leukocyte-CHD association. Infection
with parasites, such as ascaris or tape worm, was
formerly prevalent in Japan, but presumably was
not a major source of eosinophilia during the
follow-up period for this study.

An immunopathologic basis for the observed
associations may also be entertained. Of possible
relevance is the work of Jacob and
Hammerschmidt®® on  complement-induced
granulocyte aggregation. These authors find CSa
to induce substantizl clumping of granulocytes
and monocytes, without a corresponding effect
on lymphocytes. They also speculate as to how
such aggregation could be important in athero-
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genesis and MI. In particular, they argue that
the presence of necrotic cardiac tissue may give
rise to complement activation and the formation
of leukoembolisms capable of occluding small
vessels and extending infarct size.

Since platelet masses constitute a major com-
ponent of arterizal thrombi it would be of
interest to study leukocyte and platelet counts
simultaneously in relation to CHD. Platelet
counts have, however, only recently begun to be
systematically obtained on this study population.
Jacob and Hammerschmidt®® note that platelet
and granulocyte aggregation are quite different
phenomena with granulocyte aggregation parti-
cularly stimulated during inflammation. They
also offer the opinion that granulocyte aggrega-
tion is a pathological process, wherecas platelet
aggregation is primarily physiological.

Elucidation of the pathological mechanism that
links leukocyte counts to subsequent CHD
incidence promises to contribute valuably to the
understanding of this important disease process.
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