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SUMMARY

Blood pressure values were compared in men of
Japanese ancestry tesident in Japan, Hawaii, and
California as a part of a large-scale comparative
study of cardiovascular diseases.

The median of systolic and diastolic blood pressure
values failed to show a difference between men in
Japan and Hawaii, but the median for those in
San Francisco tended to be higher than the other
tWo  groups. However, blood pressure levels
generally increase with weight. Therefore, when
correction is made for the weight difference among
the three groups, the foregoing difference in medians
between the San Francisco and the other two groups
is decreased, and with the exception of one or two
age categories, the difference is not statistically
significant.

INTRODUCTION

In 1957 Gordon! first documented the observation
that moreality from stroke and coronary heart disease
varied among Japanese migrant populations to Hawaii
and California. He found rates for strokes highest

B4, Hawaii & & OF San Francisco ZEET3HERT
OLBIERACHET 2 ABRECHERAEO—RELT,
MO HEE T - 7.

IRHEHAME, HERMAMIE & & R ( median ) HA S
LU Hawaii HZBFOMII B ERITZO 5 LA,
San Francisco AENHREFIEfio 2B LD L EVHE
BAESNS. L LMEEZES, FEFHETIZ2H
&L 30T, B, Hawaii # & UF San Francisco #f
MnEEDOEZELBWIFL (455, #EOD San Francisco
Lo 2BHOMEBEDZERE IS ED, —, ZOER
HaiRw i zoZERIHMANIETECL 5.
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in Japan, intermediate in Hawaii, and lowest in’
Califomia, while rates for coronary heart disease
followed a reverse trend. Since there was no
pamicular feason to believe that migrant Japanese
were genetically different from nom-migrants, this
variation in rates offered an opportunity to study the
effects of changing environment on these major
causes of death. Furthemmore, the existence of the
Atomic Bomb €asualty Commission in Hiroshima and
Nagasaki provided che facility to mount epide-
miological studies in an area which had fortuitously
been the main source of migrants to Hawaii and
California. About 1965, plans were made for a series
of comparable collaboracive studies in Japan, Hawaii,
and California to explore the phenomenon. The
populations, methods, and marerials of the collabo-
rative studies are documented in a prier publication.?
Since it has been long established rhat blood
pressure is a major factor determining risk for both
stroke and coronary heart disease, it is of consider-
able interest to examine the distribitions in the
three areas. "

Several studies have examined the blood pressures
of migrants and compared them with their non-migrant
counterparts. The results have been variable for
_these diverse populations. For Easter Islanders
migrating to Chile, it appeared that a pattern
characterized by a lack of rise of systolic blood
pressure with age was converted to a pattern in
which the blood pressure rose with age.? For
Chamorros? and Cape Verdeans,” migrants appeared
to have the same blood pressure levels and pattemns
as their non-migrant counterparts when body habitus
was taken into account. On the other hand, Zulus
who migrated from mural to urban communities in
. South Africa had higher rates of hypertension than
their rural counterparts.® Similarly, Navahos who
migrated from rural to urban environments in North
America were shown to have systolic and diastolic
blood pressure rises.’ The relationship of blood
pressute levels in blacks residing in Africa to
those who have migrated to America and ctheir
descendents has never been adequately smdied.

It is well known that blood pressure varies by race,
region, sex, and age.8'11 The relationship of blood
pressure to such personal and social factors as
occupation and education remains equivocal, For
example, in a study made in Osaka, Japan, physicians
and managers had mean blood pressures substantially
higher than clerical and manual workers, 11 while in
Alameda County few consistent differences in mean
blood pressure by occupation were evident for white
or black males. Alse, in Alameda County an inverse
relationship was found between systolic blood
pressure and educational level, although differences
between groups were not statistically signiﬁcant.12

HAFRETH-T, KT Hawail, #{%(% California
DRTHY L HFL, BHRELCRERLOBULECHE %
MLAZEZMOTHREL -, BELABRAY, BT
Lid-70RAEBIEENISZFH3L3EI00,
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A, ElmE P LMENERT Ay L Eh o 23
&3 CH 3. Chamorro fE* £ X U Cape Verde 5% ¢
i, FELEELESE, BESOMEMRIBEL 2L
ABFELALNAY - ERLAELITHS. —FH, ET 7
YAD Zulu RTIE, BASBE~ABEFELAFZR
CHEFBLTw3RI0LEMEORREFGS, 7. 8
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In another Northem California population investigators
have shown that racial differences in blood pressure
persist even when analyzed within identified social
classes, 13 !

Presented here are the blood pressure distriburions
observed in the three study areas with the additional
subclassification of the migrant populations of
Hawaii and California into those born in Japan {Issei)
and those bom in the United States (Nisei). The
data represent observations in men aged 45-69 and
include consideration of relative weight.  Other
papers in this series deal with the relationship of
blood pressure to disease occurrence. 14

The citations offered form a brief background for
the current study and indicate some of the major
considerations involved in studying migrant popu-
lations. Other reviews have appeared which trear
the subject more exhaustively.!3

METHODS

The study design, research plan, and population
characteristics have been reported elsewhere.?
In Table 1 the study populations for the three areas
are presented according to age and generation. As
expected, the Issei populations of Hawaii and
Califomia are considerably older than the Nissei.
The population under study in Japan has an inter-
mediate age distribution. Therefore, analyses will
"be applied to the populations grouped in 5-year age
intervals from 45 through 69 years.

All of the data presented in this paper were obtained
by direct measurement with the exception of subject
reporting of age and generation. The blood pressures
were obtained in a standard fashion with mercury
manometers and regular cuffs applied to subjects’
left amms at heart level in the sitting position.
Systolic blood pressure was taken at the first
phase (appearance of sound) and diastolic bloed
pressure at the fifth phase (disappearance of sound).
The geographic distances berween study areas
precluded the standardization of observers. While
this and the use of automated recording devices
would have been desirable, it is not unreasonable to
assume that this problem did not cause substantial
bias in the findings. It has been shown in other
studies thac observer variability is less of a problem
in blood pressure studies than intra-subject
variation. 16,17 Of greater concem is the fact that
the California and Hawaii blood pressure determina-
nations were made during the *'First Exam’’ while
the Japanese determinations were made at the
**Second Exam'’. Since it has been shown that bleod
pressures generally decline in prospective swmudies

LB ARORERBTE, F-ORLMERIOVT
BET &1 - 86T ABI 2 REZEFHRT 52 &4
BHEATVE.Y

i & T, Hawaii & & tF California (2B 1T 3 H&E A
BPEEERHEAFEsh () £ LUREE £ (TH)
OB S ITHSHELT, Eo0@EEhRcHEsALME
AOFHmeERLE, ZOEBIE, S5-60E0HIZMT3
BEERTHY, AHHEBIIO>VWTLERELE. D
—HEOPAFIIMTAMOBRE T, MIE & RiEF L ORE
2w TENTnE. Y

FIRAXERS 121k, FAXEOWFR I > THELHAHN &
nTEY, 27, BFERMCETIEELEENN(D
HPARERTVS. ZOE,, HREBIZOVWTHESIZ
HEMip s shTwa.
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THEEOFECHELA. NFELETIE1IMHLED
BRIV T, FAUEMMETESHLOEFOHEREK) CElE
LA, EFNMBITHEIEEECHL20T, BEHE
WEMOE—FMAZ X TELE /. H—%H532
AT EBEROABAAZE LV I ETIRS 24,
cnZEHFRIIKERREOEL AL LALEELGN
Zv, FOMONEREOERS S, BESHOZTH
SEMAOKEBISITZZLIMEI DAV ENED S
NTVE. Y §okkEVERER California & Hawaii
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TABLE 1 STUDY POPULATION ACCORDING TO AGE, AREA, AND GENERATION

#1 HAEEH: £8, HE s EU—# - ZH#H
Japan Hawa;i California
Age Issei Nisei Issei Nisei
n % n % n % n % n %

45-49 302 13.4 18 2.0 1813 25.7 23 8.6 705 44.8
50-54 457 20.3 38 4.0 2753 39.0 34 12.6 489 310
55-59 481 21.4 127 ¢ 13.5 1465 20.7 34 12.6 238 15.1
60-64 543 242 501 53.% 836 11.8 55 20.5 111 7.1
65-69 466 20.7 256 27.2 195 2.8 123 45.7 32 2.0
Total 2249 100.0 941 100.0 7062 1000 269 100.0 1575 100.0

between first and second examinations, this could
be a source of bias.18 It should be noted, however,
that the declines are very small.

Relative weights were calculated using a table of
"ideal’’ weights. This table of ideal weights is
based on the mean weight at edch height of men in
Hawaii whose back and arm skinfold summed to
10-12mm. 2 The subject’'s measured weight was
divided by the “ideal’’ weight for his height and
this fraction was multiplied by 100 to give the
relative weight for each subject.

Since blood pressure distributions, particularly
systolic, are generally skewed to the right, it was
decided to present the complete percentage distribu-
tions and to employ the median and qguartiles as
descriprive statistics. However, in order thatr the
findings of the study may be compared to those from
other populations, the means and standard deviations
for the various age, area, and generation groupings
are given in Appendix A. To describe the distribu-
tions the blood pressures will be classified into
10mm intervals bracketing values temminating in
zero. This is done to minimize the effect of the
expected zero terminal digic preference.

RESULTS

As already indicated, in this study it was necessary
to utilize standard blood pressure measuring devices.
Thus, the occurrence of zero terminal digit preference
was not unexpected. The pattem for the three areas
is shown in Table 2. For diascolic blood pressure
each area exhibited the expected pattem, while for
systolic blood pressure the Hawail population
deviated from expectation. Instead of zero rerminal
preference, the Hawaiian measurements exhibited
zero terminal digit avoidance,

E2EEORBOFIBETETSOT, 2OZ LR
WOBERELYELES AxL, TEOBEREECD
7,

REEFEL AV THAMNEEZHE TR L. ZoF
kIR, FHLROEEOHHFI0—12mTH 5/
Hawaiil OB oG R+ 2 FHEHER2HECERL L2
ERNREOFENEMZ FANF R I T 2 FHEEET
WH, coBE 0L CEFREOHSHEELHED
L.

e, HueiHHnEos#1L, sehaIZF-oTw
50T, BREORHEETANTRL, PRIESLUEAS
g sEdfitle LAy LA. UL
FHEOMRehoAFTEAO IR LB TEE LI 12T
BRIz, Ff, i, LU ZHAHNOFHES
FUEBHEEELNBAILRLA. HELRTAHMER
W0mBERIESBLT, 0CHbLAHIES v ITHE. 2
NEFHEI N0 CRHIUFHIFATERS LB
EFRARIZT2-0THB.

s R

FeIEBL AL, FEUECEEEH L MENER
BERfIAT 208 bo oT, OTHLIHESN
FATCERshZZ AR THEhZVLOTIEro7.
#Z212, Zo0OMRIHETERN Y~ ERLALOTH
3. EERMOEIZ2L TR, &hEE L HFESED O
y—rvERLTOAS, WHEBMEIZ>WTIE Hawail
MEERAHFE»S5 3TN, Hawail TREATEHFO
THHIPEE*HATERTAIENLOTHELZLDE
BT TWwA.



TABLE 2 SYSTOLIC AND DIASTOLIC TERMINAL DIGIT PREFERENCE:
JAPAN, HAWAII, AND CALIFORNIA

#2 NEBHFLICEEHLTEOXKEOHEFEORINME: A%, Hawaii, California

Japan Hawaii California
Terminal Digit
n % n % n %
Systolic
0 1064 47.7 1264 15.8 529 34.5
2 289 13.0 2265 28.3 247 13.5
4 281 12.6 1513 18.9 300 16.4
-] 304 13.6 973 12,2 260 14.2
3 292 13.1 1986 24,2 391 21.4
Total 2230 8001 - 1827
Diastolic
0 1124 50.5 2486 311 673 37.4
2 211 9.5 1600 20.0 2056 11.4
4 315 4.1 1126 14.1 336 18.7
i} 289 13.0 1043 13.0 286 15.9
8 287 12.9 1743 21.8 209 16.6
Total 2226 7998 - 1799

It was interesting to note that in Japan there was a
clustering of diastolic values at 80mmHg (16% of
all values). In Califomia 13% of all diastolic values
clustered at 90mmHg. In Hawaii the clustering
effect was not as striking although a diastolic blood
pressure of 80 mmHg was the most frequent value in
the distribution comprising 9% of all values. There
was no evident excess clustering of particular values
in the systolic distributions of any of the geo-
graphic areas.

The frequency distributions for systolic and diastolic
blood pressure in the Japanese population and in the
Honolulu and California Nisei are shown in Figures 1
and 2. The detailed distributions for all subgroups
are given in Appendix B. The frequency distri-
butions reveal the expected skew for systolic blood
pressure and the increasing variability with age.
The diastolic distributions do not reveal as much
decomposition as systolic with increasing age and
show substantial kurtosis at younger ages.

Selected percentiles (25, 50, 73) for systolic and
diastolic blood pressure are presented in Tables 3
and 4. The medians (50th percentiles) are graphed
in Figures 3 and 4. These data show an expecred
rise in systolic blood pressure with age in each of
the five population subgroups. For diastolic blood
pressure only the California Issei show such
a pattem.

B4, HEEATEM#EOmH 0H0FEFENI6%E
A EERWREGCRE TH -/, California T,
SRR EHE 0 13% 5 90mm Hg TH - 7/-. Hawaii Tif,
HRAMIEIX 2 RIECEBRTIE LS, AR TRLAEN
Ehoi80mHe 9% THo. oMkt E
WTIHHMIED S HIEHEOEACBENLE DPLRD
Shihot.

1212, BAEONRER %L 5 VU Honolulu & &
U California @ " #1287 3 IRE W& L CHERAMED
EEsHERLE, TRTOMGEHEOERE 2R
BBIlIRY. EEAHTE, PHsAS L I CIENI
EEOEESIVERIEIZROERIFEDLNS.
PEERIMLE O 570 CIE AN LR IR S g o) BRI
Tbosht, BEERETCRIRENPEIEV,

FIFLTATE, BUBAZNENE L UERELE
DEFILHE (25, 50, 75) &RL A PRl (00 E s
M) BEIFLTALERRLE. ChonER P LI
Ao SHEEOBODEOID, THENL LI CERIL
5 EMMLED LREAES S h. FEHALE T
California BfEo—tHa Rl 20 &k 3 %/5% — ¥ HFED
bk



TABLE 3 SELECTED SYSTOLIC BLOOD PRESSURE PERCENTILES BY AGE, AREA, AND GENERATION:
JAPAN, HAWAII, AND CALIFORNIA

#F3

PHLUOEO A E: £, BRs —it - ZHk5l; B4, Hawaii, California

Age and Percentile

Age and Generation 45-49 50-54 55-59 60-64 65-69
25 50 75 25 50 75 25 50 75 25 50 75 25 50 75
Japan 110 120 136 112 128 144 120 130 150 120 138 154 124 140 160
Hawaii — Issei 118 122 138 120 128 142 118 132 144 118 134 152 124 140 156
Nisei 114 128 140 116 130 144 118 132 148 122 136 154 122 138 158
California — Issei 110 118 130 120 128 136 120 140 154 130 144 160 128 146 166
Nisei 120 130 142 124 136 146 128 140 154 130 140 154 13¢ 142 154

TABLE 4 SELECTED DIASTOLIC BLOOD PRESSURE PERCENTILES BY AGE, AREA, AND GENERATION:

JAPAN, HAWAII, AND CALIFORNIA
#£4 PEEMOEOESOE: £, MEE L - ZH5; H%, Hawaii, California
Age and Percentile

Area and Generation 4549 50-54 55-59 60-64 65-69
25 a0 75 25 50 75 25 50 75 25 50 75 25 50 5
Japan 70 80 90 74 80 99 74 82 92 72 80 90 74 82 99
Hawaii — Issei 70 78 920 76 82 92 72 80 90 70 80 90 72 80 90
Nisei 74 80 90 72 80 90 72 82 90 74 82 90 72 8¢ 90
California — Issei 70 ki 88 80 82 90 80 88 97 80 89 100 80 87 100
Nisei B0 88 94 80 88 96 80 80 98 80 g0 48 80 89 96

With respect to blood pressure level, subjects living
in Hawaii and Japan have similar levels for both
sy stolic and diastolic pressure, while the California
Issei and Nisei are substantially higher in general.
"There are, however, several exceptions. California
Issei have lower median systolic values for the
45—49 year age group than any other subgroup,
while Hawaiian Nisei have median systolic values
close to the California Nisei. Japanese in the two
oldest age groups have higher median systolic blood
pressure than the Hawaiian Issei or Nisei. With
respect to diastolic blood pressure, the young
California Issei again have similarly low median
values, although the Hawaiian Nisei are not nearly
as high as the Californiz Nisei. In the oldest age
group, the Japanese in the home islands have higher
median diastolic blood pressure than do the Hawaiian
Issei or Nisei.

Since body habitus is known to be directly associated
with blood pressure level, the data were analyzed
to take into account differences in this characteristic
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FIGURE 1 SYSTOLIC BLOOD PRESSURE FREQUENCY DISTRIBUTIONS:
JAPAN, HAWAIL NISEI, & CALIFORNIA NISEI
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FIGURE 2 DIASTOLIC BLOOD PRESSURE FREQUENCY DISTRIBUTIONS:
JAPAN, HAWAII NISEI, & CALIFORNIA NISEI
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among populations. In Table 5 the proportions of
each subgroup with relative weight greater than
120% are shown by age. At all ages the Japanese
living in the home islands have very substantially
lower proportions with relative weight greater than
120%. Furthermore, there is no particular age
pattern among those in Japan although the oldest
age group has the smallest proportion in this relative
weight class. The patterns for Hawaii and California
are generélly similar with the highest proportion of
individuals with relative weight greater than 120%
in the 45—49 year age group. The only deviation from
this is the California Issei who have a small
proportion of their population in the heavier class.
In California there are slightly higher proportions
in the heavier groups at all ages for both Issei and
Nisei with the exception of the youngest Issei group.

f. EBS50, HNMEEN120%UETCH3HEEE/]
SEBY - FERAICIT LA wTFThoERTFCEVTL,
BEIZEBELTWABAATIE, fHMAFEA 120 %11
FoEo@WARHERERY. 0L, FHOERAMTE
W, BERETCRBMMEFENCOXFCBTSIED
HE&iEHmb P ad -2 Hawaii & &0 California 123813
Ay —IEEHMPLTHEY, HAAEES 120 %LLLET
HolBOESRG—VEHIIRATH K. E—0@
Shit, California — ¢, ZOEBBTHFEOTVE
M ENE A&, California BiEE TR, —tHdEHmRD
BbEVEIRIE, —H, ZHEbICTNTOEMRE
LELTHAOHEVWEIIST 2 PREL.

TABLE § PERCENT WITH RELATIVE WEIGHT GREATER THAN 120 BY AGE,
AREA, AND GENERATION

#5 HIMBEEHII0NETHILOOENE: £ff, s I U—it - TH5

Age Japan Hawaii California
Issei Nisei Issei Nisei
45-49 17.8 63.2 62,0 38.1 69.8
50.54 23.9 52.6 56.5 54.5 68.5
55.59 241 50.4 51.9 57.6 63.4
60-64 20.4 39.7 49.8 47.2 53.6
65-69 15.2 41,6 46.2 47.0 50.0

To take account of these differences in relative
weight discributions, the systolic and diastolic
blood pressure medians were adjusted using a simple
method (See Appendix C).
along with the unadjusted medians for comparison
are shown in Tables 6 and 7.

The systolic and diastolic blood pressure medians
for the Japanese in Hiroshima and Nagasaki are
essentially unchanged by the adjustment procedure.
However, in general, the adjustment results in
lowering median values in both Hawaii and Califomia,
thus decreasing the differences ameng the three
areas. For systolic blood pressure after adjustment
the California Nisei remain somewhar higher than
other subgroups in the three younger age groups.
For diastolic blood pressure, after adjusument the
California Nisei have substantially higher pressures
only for the 45—49 year age group.

In order to analyze the data more exhaustively,
a multiple t-test!? was used, comparing the Japanese
in the home islands with the Nisei in Hawail and

The adjusted medians .
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TABLE 6 SYSTOLIC BLOOD PRESSURE MEDIANS* ADJUSTED TO RELATIVE WEIGHT DIFFERENCES
BY AGE, AREA, AND GENERATION: JAPAN, HAWAIIL, AND CALIFORNIA

#6 HMNBEOCEZLTE L ARHEELE®SRE: £, B,
—1 - ~H#30; O4; Hawaii, California

Hawaii California
Age Japan

Issei Nisei Issei Nisei

£5-49 123 124+ 122 119+ 129
(120) (122) (128) (118) (130)

50-54 127 125 124 127 132
(128) -{128) (130) (128) (136)

55.59 131 130 126 132 141
{130) {132) (132) (140) (140)

60-64 138 130 132 140 134
(138) ] (134) (136) (144) (14%)

65-69 142 134 136 146 135
(140) (140) (138) (146) (142)

* Mean of medians from the relative weight groups: <90, 90-100, 100-110, 110-120,
120-130, 130+,
** Values based on n < 30.

{Unadjusted medians shewn in parentheses)
RTIEFRERFERAIIRL -

TABLE 7 DIASTOLIC BLOOD PRESSURE MEDIANS* ADJUSTED TO RELATIVE WEIGHT DIFFERENCES
BY AGE, AREA, AND GENERATION: JAPAN, HAWAII, AND CALIFORNIA

#7 HHHFEOSELITEL AHEANED Rl 55, b,
—4tt .« ZHH5; HA, Hawaii, California

Hawaii California
Age Japan

Issei Nisei Issei Nisei

45.49 80 79%* 7 TG+ 85
(80} (78) (80) (77) (88)

50-54 82 77 78 83 84
(80} (82) (80} (82) (88)

55-59 84 76 78 84 87
{82) (80} (82) (88) (50)

60.64 82 78 80 84 85
{80) (80} (82) (89) (90)

65-69 84 79 79 88 78
(82) (80) (80) (87) (89)

Mean of medians from the relative weight groups: <90, 90-100, 100.110, 110.120,
120-130, 130 +.

**+ Values based on n <30.

(Unadjusted medians shown in parentheses)
FATIE R &2 BMAICR L £
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TABLE 8 MULTIPLE COMPARISONS OF RELATIVE WEIGHT ADJUSTED MEDIANS AMONG JAPANESE
FROM THE HOME ISLANDS, HAWAII NISEI, AND CALIFORNIA NISEL

#£8 HMMEBEOEL#TELATAa{Eo 2 HEILE; HE A, Hawaii Z#, California Zfit

Multiple t-value by age

Area and Generation

45-49 50-54 55-59 60-64 65-69

Japan —Hawaii Nigei SBP 0.405 1,723 2.532% 2.824* 1.718
DEP 2.005 3.704* 5.360* 1.719 3.248*

Japan —California Nisei SBP —2.705* -2.175 —3.565* 0.790 1.048

DBP  —3.436* —0.905 —1.803 —1.353 1.734

Hawaii Nisei —California Nisei SBP —4.208% —4,316*% --5,929*% —0.406 0.143

DBP —8.345* —2.955* —5.809+* —2.402 0.290

* t.values significant at the 0.05 level.

California. The results are shown in Table 8 and
confirm the more general statements made in the
preceding paragraph. In addition, other differences
attain statistical significance although they do not
follow any consistent patrem,

DISCUSSION

The effect of non-response on the findings of the
study has been discussed elsewhere.l4  Another
important consideration in assessing the findings
for the three areas is the validicy of the measure-
ments. There is no reason to question the accuracy
of ascertainment of place of residence, age,
generation, height, and weight. However, the
validity of any series of blood pressure measurements
is always subject to question.

We have already indicated that standardization of
observer technique and equipment among the areas
was not possible. Furthermore, a test of reproduc-
ibility of blood pressure measurements was carried
out only in the California cohort. There, two types
of comparisons were made on subsamples of the
study population. In the first, measurements were
made in the clinic %4 hour before, % hour after, and
1 hour after the recorded measurement. In the
second, measurements were made at home after an
interval of approximately ¢ months.

Table 9 shows the results of the reproducibility
tests made in the clinic. For systolic blood pressure
the recorded values were slightly lower than the
reproducibility test measurements but the differences
between them only reached statistical significance
for taken 1 hour after the
recorded For diastolic blood
pressure the recorded measurements were all slightly
higher than the reproducibility measurements but

those measurements
measurement.
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TABLE 9 SYSTOLIC AND DIASTOLIC BLOOD PRESSURE COMPARISONS IN
NORTHERN CALIFORNIA SCREENING CLINIC

#9 NG E & UIEEMBMIE @ e #; dbEf California Sereening Clinic
Systolic Diastolic
Comparison Sample
Difference*  Signif. Difference*  Signif.
1/2 hour before 40 +3.3 NS -0.9 NS
1/2 hour after 59 +0.8 NS —4.8 P<.,05
1 hour after 51 +5.6 P<.05 -1,2 NS

* Reproducibility Test Measurement — Recorded Value (mmig)

were only significantly different for the subsample
measured ¥ hour after the recorded measurement.
For all tests the differences were small and support
the conclusion that the recorded measurements were
valid estimates of the group values.

The measurements taken in the home on a subsample
of 100 were significantly lower than the clinic
measurements for both systolic and diastolic blood
pressure with average differences of 9.8 mmHg for
systolic and 7.1 mmHg for diastolic. This difference
is consistent with other observations of clinic-
home differences. 2022

The effect of zero temminal digit preference and
clustering of diastolic values at 80 and 90mmHg
was minimized by the use of the I0mm class interval.
It would have been preferable to utilize the Index
of Classification Accuracy16'17 to determine the
appropriate  interval  size, but, unforrunately,
comparable duplicate measurements
available from the three study areas.

were not

When the blood pressure distributions were initially
examined, it appeared that for most age groups the
California Issei and Nisei had substantially higher
values than their counterparts in Hawaii and the
Japanese in Hiroshima and Nagasaki. Furthemmore,
the differences between the summary values for the
Hawaiian cohorts and the Japanese home islands
population appeared very small and variable in
direction. When the blood pressures were adjusred
for relative weight the differences among all three
populations became smaller and for some age groups
disappeared altogether. the California
cohort remained somewhat higher than the Japanese
and Hawaiian cohorts in most comparisons.

However,

It is worth noting that the relative weight disczibu-
tions of the Hawaiian Japanese were similar to,
although somewhat lower than, the Califomia
Japanese, while they were substantially higher than
the home islands cohort. Nevertheless,
adjusted, both the systolic and diastolic blood

when
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pressures of the Hawaiian Nisei were in general
Iower than the Japanese in the home islands. The
reason for this paradox is chatr the relationship
between relative weight and blood pressure among
the Japanese in the home islands is not as consistent
as it is among the Hawajian Nisei. Consequently,
when the blood pressures are adjusted for relative
weight, the Hawaiian Nisei, though
subpopulation than the home islands Japanese,
have generally lower adjusted median blood pressures.

a heavier

A similar relationship between blood pressure and
weight has previously been observed for descendents
of Cape Verdeans who migrated to New England in
the mid and late nineteenth cenmury.’ That is, the
migrant population blood pressures were higher than
those of their home island counterparts until body
weight was taken into account.

Weight is a function of nutrition and energy outpurt,
The precise mechanism of its relationship to blood
pressure remains unknown. While dietary salt has
been suggested as a factor!®23 jts role has not
been definitively established.25:26 In the present
study dietary information as well as physical
activity parterns are available for the various
subgroups.24 Thus, in subsequent analyses it may
be possible to iselate various components of this
complex relationship.

In a separate paper“ the relationship between
blood pressure and the prevalence of coronary heart
disease in the three smdy areas is presented and
discussed. Despite the higher blood pressures in
the California cohorts when the individual risk was
assessed, coronary heart disease was not correlated
with increased blood pressure, This might have been
due to a selective sampling bias in which persons
with manifest disease systematically refused
participation in the study. It might have been due
to selective mortality in which persons with these
conditions were removed from the study population.
Or, it might have been due to a difference in the
relarionship of blood pressure to coronary heart
disease in persons of Japanese ancestry. It seems
clear that the explanation for the paradoxical
findings will have to await the completion of the
longitudinal phases of this study.

Finally, these analyses suggest that much, though
not all, of the wvariation in blood pressure among
areas znd subgroups in this study is a function of
the differences in relative weight. Presumably this
is dependent on both environmental facrors and
behavioral patrerns. Furthemore, it would appear
that comparisons among various populations with
respect to blood pressure should give careful
attention to relative weight.
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APPENDIX A. SYSTOLIC & DIASTOLIC BLOOD
PRESSURE MEANS & STANDARD DEVIATIONS
FOR ALL POPULATION SUBGROUPS

fT8A. RN L CERALEOTSE S X UIFE
mz: gy

45-49 50-54 55-59 60-64 65-69
Area & Generation
X STD X SsTp X sTD X STD X STD
Japan
SBP 126 £22.8 130 £23.4 136 £25.2 140 £26.2 143 +26.0
DBP 81 £13.7 82 +13.6 856 £14.0 83 +£13.8 83 +123
Hawaii
Issei
SBP 131 +21.8 134 £24.6 135 £ 24.4 137 £25.2 141 £ 26.3
DRP 80 £13.0 86 +13.7 82 £13.0 80 +£12.8 81 £125
Nisei
SBP 128 4 19.1 132 £21.8 134 £ 22.5 136 £24.0 141 £24.7
DBP 821118 32 +1238 83 +13.1 83 £ 12.6 81 1125
California
Issei
SBP 123 +18.0 132 £17.4 139 £21.8 146 £ 21.5 148 £23.9
DBP 79 +£12.8 84 £10.0 88 +13.8 89 +13.9 89 +14.2
Nisei
SBP 133 £ 16.4 137 £ 17.9 142 4+ 20,4 142 +19.8 146 £ 27.2
DBP 88 +11.5 89 £11.5 90 £ 12.6 891114 80 £ 15.0
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APPENDIX B. SYSTOLIC & DIASTOLIC BLOOD
PRESSURE FREQUENCY DISTRIBUTIONS FOR
ALL POPULATION SUBGROUPS BY AGE

8B, IHEME L CERMANED B S: hEE -
3 o]l

Systolic Blood Pressure

%4 A i FE
Area, Generation, & 45-49 50.54 55-59 60-64 65-69
P (mmHg)
n % n % n % n % n %
Japan
<106 53 17.7 61 13.4 39 8.1 42 7.8 23 5.0
106-114 53 17.6 62 13.7 58 12.1 87 10.7 42 9.0
116-124 60 19,9 83 18.3 84 17.5 59 11.0 51 11.1
126.134 56 18.6 79 17.4 82 I7.1 80 15.0 65 14,1
136-144 29 9.6 54 11.9 63 13.2 80 15.0 76 16.5
146-154 20 6.6 48  10.6 52 10,9 83 155 58 126
156-164 13 4.3 29 6.4 29 6,2 40 7.5 55 119
166 + 19 5.7 38 8.3 72 14.9 94 17.5 a1 19.8
Hawaii-Issei
<106 1 5.3 2 5.3 8 6.3 39 7.8 19 7.5
1056-114 1 5.3 4 10.5 16 12.6 64 12.8 23 9.0
116-124 g8 420 10 263 23 181 99  12.8 30 1.7
126.134 4 21.0 7 18.4 23 18.1 74 19.8 43 16.8
136-144 2 105 6 15.8 26 205 49 14.8 36 14.0
146-154 1 5.3 4 10.5 Q 7.1 41 9.8 39 15.2
156-164 I 5.3 0 v} 8 6.3 34 8.1 23 9.0
166 + I 5.3 5 13.2 14 11.0 a7 14,1 43 16,8
Hawaii-Nisei
<106 170 9.4 253 9.2 116 7.9 46 5.6 12 6.2
106-114 303 16.7 398 145 191 130 81 9.7 9 4.6
116-124 388 214 509 18.5 240 16.4 129 15.4 33 169
126-134 369 20.4 502 18.2 259 17.7 161 19.3 36 185
136-144 251 13.8 436 I5.8 241 16.5 123 147 25 128
146-154 176 9.7 275 10.0 189 12,9 98 11.7 26 13.3
156-164 83 4.6 180 6.5 106 7.3 78 9.3 27 138
166+ 73 4.0 198 7.3 123 8.3 120 14.3 27 139
California-Issei
<106 2 8.8 0 0 1 3.1 1 1.8 0 0
106-114 8 3438 2 6.0 3 9.4 2 3.6 8 6.5
116.124 5 218 14 424 5 15.6 6 10.9 19 15.4
126-134 3 130 5 15.2 4 125 10 18.2 11 B.9
136-144 1 4.3 6 18.2 5 15.6 9 16.4 20 16.3
146-154 3 139 3 9.1 7 219 10 18.2 18 146
156-164 0 0 0 0 4 125 6 10,9 13 10.6
166 + 1 4.3 3 9.1 3 9.4 11 20,0 34 217
California-Nisei
<106 16 2.3 5 1.0 0 0 1 0.9 1 3.3
106-114 70 10.0 37 7.6 15 6.4 7 5.4 3 10.0
116-124 154 22.¢ 87 20.0 27 11.5 10 4.1 2 6.8
126-134 169 24.1 99  20.4 52 221 24 218 3 100
136-144 149 21.3 117 24,0 47 20,0 26 23.6 7 233
146-154 72 10.3 66 13.6 40 17.0 17 15.5 7 233
156-164 41 5.9 31 6.4 26 11.0 10 9.1 1 3.4
166+ 29 4.1 4 7.0 28 12.0 15 13.6 6 199
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APPENDIX B CONT.

Diastolic Blood Pressure

RN
Area, Generation, & 45-49 50-54 55-59 60-64 65.69
BP {mmHg)
n % n % n % n % n %
Japan
<56 3 i.0 8 1.8 3 0.6 4 0.8 3 0.7
56-64 27 9.0 , 32 7.0 20 4.2 36 6.8 31 6.8
66-74 82 272 83. 183 96 200 113 21.2 89 19.4
76-84 82 212 185  34.1 133 278 156 29.3 129 28.1
86-94 67 223 103 228 118 246 122 229 132 28.8
096-104 23 7.6 50 11,0 75 15.8 70 13.0 60 13.0
106-114 13 4.3 15 3.3 26 5.4 23 4.3 13 2.8
116-124 2 0.7 [ 1.3 5 1.0 6 1.1 2 0.4
126 + 2 0.7 2 0.4 3 0.6 3 0.6 0 0
Hawaii-Issei
<56 0 0 0 0 0 4] 8 1.6 4 1.6
56.64 0 o} 2 5,3 7 5.5 40 8.0 19 74
66-74 8 421 5 13.2 33 26.0 124 248 57 22,3
76-84 5 263 16 421 37 291 152 304 B3 324
86-94 5 263 7 184 33 26.0 111 22.2 63 24.8
96-104 0 0 3 7.9 9 7.1 47 9.4 21 8.2
106-114 0 0 5 13.1 5 3.9 14 2.8 5 1.9
116.124 1 5.3 0 0 3 2.4 3 0.6 3 1.2
126+ 0 0 \] 0 0 0 1 0.2 1 0.4
Hawaii-Nisei
<56 11 0.6 26 0.9 11 0.8 5 0.6 4 2.1
56-64 97 5.4 165 6.0 91 6.2 44 5.3 15 7.7
66-7T4 434 239 615 22.4 311 212 162 19.4 47  24.1
76-84 611  33.7 898 327 455 311 293 351 55 2B.2
86.94 435  24.0 653 23.7 383 260 204 24,4 47  24.1
96-104 157 8.7 262 9.5 145 9.9 83 9.9 18 9.2
106.114 55 3.0- 96 3.5 48 33 35 4.2 9 4.6
116-124 11 0.6 24 0.9 13 0.9 8 1.0 i} 0
126+ 2 0.1 11 0.4 8 0.6 1 0.1 1] 0
California-Issei
<56 0 0 0 0 0 ] 0 0 0 0
56-64 2 9.1 2 6.1 4 11.8 2 3.7 1 1.0
66-74 9 409 3 9.1 0 0 8 14,8 17 13.8
76-84 4 18,2 15 455 9 2865 11 204 36 29,5
B6.94 4 18.2 10 30.3 12 353 15 27,8 3z 26.2
86104 2 9.1 2 6.0 3 838 13 24.0 20 16.4
106.114 1 4.5 1 3.0 6 176 2 3.7 11 9.0
116.124 0 0 4] 0 0 0 3 5.6 3 2.5
126 + 0 o 1} 0 0 0 0 0 2 1.6
California-Nisei
< 56 2 0.2 1} 0 0 0 0 0 0 0
56-54 11 1.6 4 0.8 1 0.4 0 0 0 0
66-74 61 8.9 42 8.8 24 10.3 13 122 4 133
- 76-84 218 30.8 142 29.8 61 26.1 26 243 6 200
86-94 251  36.6 161 338 74 316 36 336 12 40.0
96-104 94 13.8 81 17.0 £6  19.7 22 206 5 16.7
106-114 44 6.4 39 8.2 23 9.8 9 8.4 0 0
116-124 9 1.3 6 i.2 2 0.9 1 0.9 1 3.3
126 + 3 0.4 2 0.4 3 1.2 0 0 2 6.7
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APPENDIX C.

METHOD OF ADJUSTING FOR

RELATIVE WEIGHT DIFFERENCES
82 C. M EOZOFWIEF &

Since relative  weight subgroups have
substantial numbers of subjects, the observed
median can be assumed to be a good estimate of
central tendency.  Therefore, the medians have
been averaged over the various relative weight
groupings in order to obtain an adjusted mean for
each area and subgroup. An example is shown
below. This method is analogous to the method of
direct age adjustment in which a standard population

most

with equal numbers in each group is used in the

adjustment. 27

AHHEENREABEOE LA YGHLEHORNRELS
ATV30T, BEshAFREGFROEEZTRTRIT
BMEMEEIONTVS. f£2T, BHREBHELIVCES
BOTEMSB5 01, EAANGEORIBIIH
ZhhiEnFEHEERD A VHERKIORLE 20K
B, ERBECIZERTENAHREMHET, FTELE
EROWRKIAKTH S EBEMFFAVE 5.7

EXAMPLE

P

e

Hawaii Nisei {50-54)

Relative Weight {N} Median Systolic Blood Pressure
<90 55 117

90-10¢ 164 114
100-110 395 123
110-120 604 127
120.130 712 129

130+ 842 137

Average median =124.5 = Relative weight-adjusted median

RREOTFH=124.5 —HdmkRoZ£TEL bRl
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