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SUMMARY

The relationship between serum lipids (i.e., serum
cholesterol and casual serum triglycerides) and
dietary intake was investigated in men of Japanese
ancestry resident in Japan, Hawaii, and San Francisco
as part of a large-scale comparative study of
cardiovascular diseases. The study provided a
good opportunity for such an effort because dietary
intake patterns varied remarkably among the three
cohorts although their genetic background is
essentially the same.

Serum cholesterol showed a positive regression
with dietary intake of saturated fat, animal protein,
and dietary cholesterol. The regression with
saturated fat was more strongly observed in Japan
where average body weight and serum cholesterol
levels are considerably lower than in the more
Americanized cohorts, and where average dietary fat
intakes are roughly 40% of those recorded in Hawaii
and California. Interestingly, the relationship
between saturated fat intake and serum cholesterol
was stronger in the groups with lower relative body
weight in both Japan and Hawaii. Serum cholesterol
was negatively associated with complex carbo-
hydrate intake, but no association was observed with
simple carbohydrate. Regression of nutrient variables
with casual triglyceride measurements was weak,
although consistently negative with the calorie/
weight index.
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INTRODUCTION

International epidemiologic studies! as well as
prospective studies in the United StatesZ,3 have
shown that the incidence of coronary heart disease
(CHD) increases with the serum cholesterol level.
Although there is conflicting evidence in the
literature, 4 there is much to support the findings of
Keys et all of generally high serum cholestercl
levels in areas with high mean intakes of dietary far.
While Keys and associates have found a correlation
between serum cholesterol and dietary sarurated
facty acid intake in comparisons of the population
groups studied, it has not been possible to show
such a relationship within these groups.  QOther
investigators have had similar results within groups
they have studied.’

A large scale comparative study of cardiovascular
diseases is in progress on men of Japanese ancestry
in Japan (Hiroshima and Nagasaki), Hawaii (Honolulu),
and California (San Francisco): A detailed research
protocol has been reported elsewhere.6 A significant
advantage of this study is that an opportunity is
provided to determine the risk factors of cardio-
vascular disease, among subjects having essentially
the same genetic background, but different dietary
and possibly, other environmental patterns.

This report is confined to the investigation of the
relationship between serum lipids (i.e., cholesterol
and triglyceride) and dietary intake as part of the
above comparative study.

METHODS

A 24-hour-recall dietary interview 7 was administered
to all subjects during the 1st cycle of examinations
conducted in 1965-67 in Japan and Hawaii, and to a
subsample of the cohort in San Francisco in 1970.
This study was conducted using the same method in
all three areas, and efforts were made to insure that
the data obtained would be comparable. The use of
a standardized food grouping system adapted from
the Japanese food composition tables made the
nutrient comparisons possible. Thus, it was possible
to prepare for each area comparable tabulations of
protein intake from primarily animal or vegetable
sources; fat, primarily ‘saturated’ or ‘unsaturated’;
and carbohydrate, principally simple or complex.
It should be mentioned that classification of the fats
in this paper is based on an intercenter food grouping
system, in the absence of complete information on the
fatty acid content of foods.

Serum cholesterol and casual triglyceride levels
were determined at the same visit as the dietary
interview except that in Japan the serum triglyceride
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measurements were determined in 1969-71. The
methods for determinations of serum cholesterol and
triglyceride have been reported elsewhere. 6

All subjects for whom data on both diet and serum
lipids were available are used in this analysis. The
subjects in the three areas were limited to men born
during the period from 1900 to 1919.
dictary records? were also collected from smaller

Seven-day

samples of the cohorts (159 in Japan, and 328 in
Hawaii) during the 2nd cycle of examinations in
Japan and Hawaii. These records were collected in
order to validate the results from the 24-hour recall.
The mean nutrient intakes by the two methods agreed
well, and analytical results were similar; hence, no
actual data from the 7-day study will be reported in
this paper.

Since the relationship between serum lipids and
nutrient intake might be affected by age and body
weight, all subjects are classified into two groups
by age at examination (45-34 and 55+) and into
three weight groups by relative body weight indices
as defined for the tripartite study©® (<100, 100-119,
and 1204). Analysis was made for each of these
subgroups for the relationship between nutrient
intake and serum cholesterol or triglyceride. The
number of subjects in each subgroup is shown in
Table 1. The difference in the distribution by
relative weight in the three areas is quite remarkable,
with more than half of the subjects in the Honolulu
and San Francisco cohorts falling in the high relative
weight classification. Simple linear and multiple
regression analysis methods were used, as well
as computation of simple correlation coefficients
between serum lipid levels and various nutrient
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TABLE 1 NUMBER OF EXAMINED SUBJECTS BY 12 GROUPS CLASSIFIED BY AGE AND RELATIVE WEIGHT
#1 OHEM - HESHAHIIRT 120z BT 2 HEE

Age Relative Total Japan Hawaii San Francisco
weight N
No % No % No. % No. %
Total Total 9844 174 7949 178
<100 ke 1115 11.3 491 28.6 622 7.8 2 1.1
100-119 3800 38.6 844 49.2 2893 36.4 63 35.4
120+ 4929 50.1 382 22.2 4434 55.8 113 63.4
45-54 Total 5360 646 4595 119
<100 422 7.9 157 24.3 265 5.8 0 -
100-119 1953 36.4 341 52.8 1574 34.3 38 31.9
120+ 2985 55.7 148 22.9 2756 60.0 81 68.1
55+ Total 4484 1071 33564 59
<100 693 15.5 334 31.2 357 10.6 2 3.4
100-119 1847 41.2 503 47.0 1319 39.3 25 42.4
120+ 1944 43.3 234 21.8 1678 50.0 32 54.2




parameters. In the simple linear regression analysis,
two statistical tests were employed: 1) a test to
determine whether the regression coefficient is
different from zero in each of the three areas;
2) a test to determine whether the regression
coefficients of the three areas are equal, when the
three regression lines are not identical.

RESULTS

Means of Serum Cholesterol, Triglyceride, and
Nutrient Intake. Means of serum cholesterol,
triglyceride, and nutrient intake derived from the
24-hour recall study in the three areas are shown
in Table 2. Both the serum cholesterol and tri-
glyceride values in Japan are much lower than those
in Hawaii and San Francisco. The distribution of

subjects by serum cholesterol value was also
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TABLE 2 MEAN LEVELS OF SERUM CHOLESTEROL, TRIGLYCERIDE AND NUTRIENTS INTAKE ON 24 HOURS
RECALL STUDY IN THE THREE AREAS: JAPAN, HAWAII AND SAN FRANCISCO

#2 B, Hawaii, San Francisco 3t icsit2miEaL 270 -0
PO FEEE S L 24 OHERFATIZHET Ry SR EnE

 Total

Japan Hawaii

Mean S.D.

Mean 5D Mean” VG DL ! Mg o500

Bioclogical values

Serum cholesterol (mg/100ml} 212.0
Serum triglyceride (mg/100ml) 216.8 1
Age at examination 54.8
Height {em) 162.5
Weight (ke) 62.0
Relative weight (%) 119.8
Back skinfold (mm) 15.5
Nutrients intake values
Total calories 22566
Cal/weight 37.1
Total protein (&) 90.9
Total fat (g) 76.8
Taotal carbohydrate (g 273.8 1
Cholesterol (mg) 530.8 3
Aleohol [¥:4} 15.9
Animal protein (g 65.0
Vegetable protein (g) 25.8
Saturated fat (g) 51.7
Unsaturated fat (g 25.1
Simple carbohydrate (&) 86.3
Complex carbohydrate (g) 187.6
% Cal. from protein 16.3
% Cal. from fat 30.2
% Cal. from carbohydrate 49.2
% Cal. from aleohol 4.6

Subjects 9844

40.9
56.0
5.7
6.1
10.0
16.8
6.9

717
12.4
34.6
40.8
03.3
18.9
32.9
33.2
11.9
34.4
19.0
53.3
90.0

4.0
11.4
12.7

8.8

181.1 38.5 218.3 38.2 228.2 422
133.8 87.1 230.9 161.1 233.7 144.4

56.9 5.8 54.4 5.6 52.4 6.1
160.7 6.0 162.8 6.0 164.0 5.2
55.2 9.0 63.4 9.6 65.9 9.2
109.1 15.8 121.9 16.1 126.0 14.6
10.4 4.9 16.5 6.8 16.3 8.0
2164 619 2275 736 2262 695

39.8 11.7 36.5 12.4 35.0 11.7
T6.8 27.3 94.0 35.4 B8.5 26.5
36.6 20.4 85.1 38.9 4.8 36.4
339.2 109.8 260.2 96.2 251.3 99.8
464.1 324.4 545.1 316.4 533.2 297.8

28.9 39.8 13.3 30.6 8.8 24.2
39.8 22.8 70.5 32.7 66.0 24.4
371 13.2 23.5 10.1 22,5 8.6

16.0 13.3 59.1 32.7 66.3 30.5
20.6 13.7 26.0 19.8 28.5 20.4
61.1 37.4 91.6 54.7 96.4 53.9
278.2 104.4 168.7 73.7 154.9 66,1

14.3 3.4 16.7 4.0 16.2 4.1
15.1 6.9 33.3 9.4 37.5 8.1
63.0 11.2 46.4 11.0 442 9.4
8.9 11.5 3.7 7.8 2.5 6.0
BT 7949 178




FIGURE 1

CUMULATIVE PERCENTAGE OF SUBJECTS BY SERUM CHOLESTEROL LEVEL
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significantly shifted toward the lower range in Hawaii & £ 1f San Francisco 28 L T{EVWHKA®IT
Japan in comparison with those in Hawaii or

San Francisco as shown in Figure 1; no difference
in distribution was observed between Hawaii and
San Francisco. In fact, for cholesterol the upper
85th percentile in Japan, 220mg/100ml, is equivalent

to the 50th percentile in Hawaii and San Francisco.

Means of relative body weight and back skinfold
measurements are also lower in Japan as compared
with those in Hawaii or San Francisco as shown
in Table 2.
strikingly

Average weights of men in Japan are
lower than in
although mean heights are similar.

the American centers,
This greater
adiposity probably reflects a more sedentary way of
living, since the mean caloric intakes as reported
in this study are not sufficiently different to account
for the 15-pound mean difference in body weight
between the eastern and western centers. A physical
included in the

examinations. Nominally, this showed no differences

activity history was tripartite
between eastern and western groups.
this indicates the difficulty in
kind of all

indicates a higher level of physical activity in Japan.

Almost surely
calibrating this

information since internal evidence

Subjects in Japan are characterized by lower intake
of fat, especially saturated fat; protein, especially
animal protein; simple carbohydrate; and cholesterol.
On the other hand intake of complex carbohydrate
and alcohol are higher in Japan than in Hawaii or
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FIGURE 2 FREQUENCY DISTRIBUTION OF DIETARY SATURATED FAT AND DIETARY COMPLEX
CARBOHYDRATE INTAKE
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San Francisco.
and complex carbohydrate intake in the three groups.

Figure 2 shows distributions of fat

Relationship between Serum Cholesterol and Nutrient
Intake. The results of the linear regression analysis
between serum cholesterol level and 23 indices of
nutrient intake are shown in Table 3. The results
can be briefly summarized as follows; the 23 indices
of nutrients can be classified into the following two
groups in relation to serum cholesterol.

In Japan and Hawaii, the following nutrient

indices showed significantly positive linear

(p<0.01) with cholesterol:
dietary cholesterol, animal protein, and saturated

regression serum
far; percent calories from total protein, from total
fat, from animal protein, and from saturated fart.
Positive regressions were observed for these
nutrients also in the San Francisco cohort, although
only the showed
statistical significance (p<0.05), possibly because

last-named two regressions
of the much smaller sample size.

Similarly, the following nutrient indices showed
negative regression with serum cholesterol in all
three centers and the regressions were statistically
significant (p<0.01) in Japan and Hawaiji: calories/
weight, and complex carbohydrate; percent calories
from complex carbohydrate, and from total carbo-
hydrate. Only the latter was statistically signifi-
cant (p<0.05) in California.
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TABLE 3 SUMMARY OF STATISTICAL TESTS ON THE REGRESSION COEFFICIENTS BETWEEN SERUM
CHOLESTEROL AND NUTRIENTS INTAKE

#3 MEILATO—LOEFEZRIEAOBGGFEOBFFIEEDEH
Test 1
Nutrients Japan Hawaii  San Francisco iisat.
1. Total calOoTies .oreccviviinimrmrrerrinieresssssssstia e sssn e rsn e s ssnenass seaes — NS — NS — NS NS
2. Calfweight oot s e e - .01 ol ¢ — NS N5
3, TOtAl PLOLEIN «veeers crvrrnermoncrssmssssenssmansnsmsassssn sussmnmsnsrasarsipnssssissas + .05 + .01 + NS NS
& Tokal f8E o Monvmnsms cmni ooy + .01 i | — NS5 L01
5. Total carbohydrate - .05 — 01 — NS NS
6. Diet cholesterol + "N + .01 + NS .01
B ATCOHOL | cvnererriorsrsnmssotsossonrsonaeersassans snnnannnssnunnmsssshhbLLLES S FBTERAREELEA - .05 - .01 + NS NS
8. Animal protein + .01 + .01 + NS NS
9. Vegetable protein . — NS - .0 — NS NS
10. Saturated fat ... + .01 + .01 + NS .01
11, Uhisatiratedsdat s i s i s + NS + NS — NS NS
12. Simple carbohydrate ... g + .01 - .05 — NS 01
13. Complex carbohydrate (g) — .0 - .0 — NS NS
14. % calorie from total protein ... + .01 + .01 + NS NS
15. totabfal sisinsnaas + .01 + .01 + NS NS
16. total carbohydrate ... - .0 =01 G| NS
17. aleohol - .05 - .01 + NS .05
18. animal protéin oeinadeh BMETAL TG + .01 + .01 + .05 NS
19. vegetable protein ... 4+ NS = — NS NS
20. saturated fat + .01 + .01 + .05 .01
2%, unsatupatedtlal wonocseainn g + NS + .05 NS NS
25 simple carbohydrate . + . — .05 — NS .01
23 complex carbohydrate - .n - .0 - NS NS
01 significant at 1% level 1% ? i 4i& + regression coefficient positive. 7] 2 ¥ A IE
.05  significant at 5% level 5o mARETHE — regression coefficient negative. (] 43t 1% & A5 8
NS  not significant (P>.05) HETHW(P > .05)

Test 1: Test that regression coefficients are zero.
Test 2: Test that regression coefficients are all equal.

individual
nutrients showing a significant relationship to serum

A more detailed description for some

cholesterol level is given below.

Serum Cholesterol vs Saturated Fat Intake. Serum
cholesterol shows a positive regression with saturated
fat in Japan and Hawaii, butno signi ficant relationship
was observed between serum cholesterol level and
unsamrated fat as classified in this study. Mean
cholesterol values for each subgroup classified by
fatc in Table 4 and
Figure 3. Figure 3 also presents the same information
when the subjects in Japan and Hawaii are classified
by In Japan the
serum cholesterol values increase as saturated fat
intake the
in Hawaii but to a lesser degree.

saturated intake are shown

relative weight levels as well.

increases; same trend was observed

In San Francisco
the variation was large and no definite trend could
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FIGURE 3 MEAN SERUM CHOLESTEROL BY SATURATED FAT INTAKE BY STUDY AREA, AND RELATIVE WEIGHT
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TABLE 4 REGRESSION COEFFICIENT BETWEEN SERUM CHOLESTEROL AND SATURATED FAT INTAKE
BY AGE AND RELATIVE BODY WEIGHT

a4 MFET VAT O LOEFNEHEIRE OB IGFE S £8 - REE0

Age Relative Japan Hawaii San Francisco  Test for three
weight regressions
Total Total 0.434 i 0.0766 ** 0.0965 NS o
<100 kg 0.625 E 0.230 i too few b
100-119 0.489 s 0.0804 ** =0.0009 NS 2
120+ 0.0602 NS 0.0347 * 0.136 NS NS
45.54 Total 0.200 NS 0.0639 ** 0.284 ¢ NS
<100 0.470 * 0.241 ' too few NS
100-119 0,202 NS 0.0800  ** 0.113 NS NS
120+ —0.105 NS 0.0266 NS 0.482 L »
55+ Total 0.603 ** 0.0862 ** —0.280 NS b
<100 0.739 ** 0.268 G too few "
100-119 0.673  ** 0.0877 * —0.188 NS i
120+ 0.217 NS 0.0328 NS  —0.333 NS NS




FIGURE 4 MEAN SERUM CHOLESTEROL BY COMPLEX CARBOHYDRATE INTAKE AND STUDY AREA

B4 ZHBEEREICHLZME L 270 - L PEHE: BEBER
260 -
Japan y = 190.6 — 0.0344 x

240 N
- L —=— Hawaii y =223.6 — 0.0310
(=]
o M i ) — California y = 238.6 — 0.0668 x
— ot i //
2 220 =
2 ‘“\V‘H . 2
§ \"""---...._ ,a/ \\\
[+H]
& 200}
[=]
£
Q
£
i~ |
g 180F

160 |-

| L ! 1 1 I | ! I ] |
100 140 180 220 260 300 340 380 420

Complex Carbohydrate Intake (g}

be observed because of the small number of subjects.
The positive regression between serum cholesterol
and saturated fat intake was more remarkable in the
low relative body weight groups in both Japan and
Hawaii, although Figure 3 clearly shows that even
when relative weight is fixed, serum cholesterol
levels at any level of saturated fat intake are higher
in Hawaii than in Japan, alluding to the importance
of factors other than body weight, saturated fat
intake, and racial background in determining serum

cholesterol levels.

Serum Cholesterol vs Complex Carbohydrate Intake.
There between
cholesterol and complex carbohydrate both in Japan

was negative regression serum
and Hawaii as shown in Figure 4; no consistent
tendency was observed in the relationship between
serum cholesterol and simple carbohydrate. Although
the negative regression line observed between serum
cholesterol and complex carbohydrate is not identical
in the three areas, the slope of the regression (i.e.,
the regression coefficients) did not differ among the
three areas (Figure 4).

Serum Cholesterol vs Saturated Fat Intake by Range
of Complex Carbohydrate Intake. Both saturated fat
and complex carbohydrate intake are significantly
related te serum cholesterol level, and saturared
fat intake and complex carbohydrate are mutually

(negatively) correlated, particularly in japan. In
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order to determine the independent effect of saturated
fat intake, a regression analysis was performed by
level of complex carbohydrate intake as shown in
Table 5. Levels of complex carbohydrate intake
(<170g, 170-269g, and >270g) were chosen on the
basis of mean intakes observed; mean complex
carbohydrate intake in Japan was 278 g and 169g in
Hawaii. A positive regression between serum
cholesterol and saturated fat intak e was still observed
in the subgroups classified by amount of complex
carbohydrate intake in both Japan and Hawaii, and
the slope of the regression is steeper in Japan than
in Hawaii in each of the three subgroups.

HBA e A, BEHAEHEREOHRL L AZHEELET S
@, FE5IIWT & DI E EAE R B B BT A 0T
B, HPEEOFHEREICETCT, SRR
% 170g #il, 170- 269g # LU 270g LLEIZKRBIL .
ZRBE O FEEENE L HAT 278 , Hawaii T 169g T
hof. HAE LU Hawail & & 12, SHEIEHTIAERIC
WMAEU G LM TV A7 O — VEO BRI
W izxT 2 E0BEFERAE LTEON, /4, B
Fizsitaohs =o0MESEIZET S EFEROHE
Fhr v+t Hawaii 0HEFA30EVL 230K TH 2.

TABLE 5 REGRESSION COEFFICIENT BETWEEN SERUM CHOLESTEROL AND SATURATED FAT INTAKE
IN THE GROUPS CLASSIFIED BY AMOUNT OF COMPLEX CARBOHYDRATE INTAKE

#5 EZHEEDEMCISELAZEFCETAME I L AT O — VO EHIEHREEE ~ o BIEF

Complex carbohydrate Japan Hawaii San i rancaco Test for three
intake per day regressions
<170 g 0.158 NS 0.0640 ** 0.178 NS NS

Subjects .....cocnieiinns 222 4451 116

170-269 0.470 ** . 0.0888 ** —0.0608 NS %
Subjects ..ciiininnn 671 2780 55

270+ 0.469 ** 0.172 % —0.00163 NS *:
Subjects .ooveviiniiinin 824 718 7

Serum Cholesterol vs Calories per kg Body Weight
{cal/weight). Naturally those who have heavy
physical activity will remain lean with a higher
caloric intake than those of the same stature with
less physical activity; thus the cal/weight index is
a better indicator of calorie utilization than is the
total caloric intake per se. As would be expected,
a negative regression was observed between serum
cholesterol and cal/weight in the three areas; no
difference was observed in the slope of regression
among the three areas (Figure 5). These observations
seem to show that serum cholesterol level decreases
as calorie utilization (through physical activity)
increases.

Results of Simple Correlation and Multiple Regres-
sion Analysis. Simple correlation coefficients
between serum cholesterol and the indices of
nutrient intake were also computed and are shown
in Table 6. These are in general very low, but
do support the findings observed in the simple
regression analysis. The results of the multiple
stepwise (step up) regression analysis are shown
in Table 7. The significant variables which were
found to be related to the serum cholesterol level
in Japan are saturated fat, cal/weight, total
calories, simple carbohydrate, percent calories
from protein, animal protein, and cholesterol in the

10

MiEaL2FO—LEFEE kgL npay—(H0O
J— REHR). AEAES@EICERFTIEE, A0 -
ENEAZTH, RLSEOBHHEOEIILNT,
HTWENDIIEETHE, LA -T, #a))— FE
BisEk, a0y —EREZo0 0L A
HOEn@Enz-45ETs s, THRERL L2, 3
CHELTMEIVATO— VTR Y = SRR
LrEoElEemL A, 25 3O M TERERO
HighzEaaohah-72 (5 ). Zh 6 QBRI
M= L AFo— vy (EEesds L 5) hoy—FH
QIR THLPTAZLERTEITHS.

HEgEMAHE LUVERRSMOER. ME2L AT
0 — Uil 2 S FEEEL 1P A B AR Bk o [ ) BB
FHLHE s, ZhEg6IImLA. Filld — iz 3k
WiV, BB TEE s R E LT
WA, BT E RS OMSRE ET AL L.
BACsFLTMEILAFO -V HEELMFEEZRL
AENE, TEHoEVIEIZ, KOEENTHoiz: fid
HAsHE, nay— JikER, Bh0)—, BEEME EB
BT Hn) —OESE, HHEEARSEF L
27—, LHAL, Thst2o0FEHIZE- TMHE2



FIGURE 5 MEAN SERUM CHOLESTEROL BY CALORIES PER BODY WEIGHT AND STUDY AREA
H5 HAEESADOHIO) —BlCHAMETL AT — VESE: BN

260 — Japan y = 196.1 — 0,378 x
——-—— Hawaii y =2254 —0.193 x
———— California y =236.8 — 0,245 %

o | Pl
£ 240 Ty //\\
o / b N
5 o ~< f
= ~

220 | —— c— N / g
- N — —
& ' e ) e e
8
2 200}
[&]
13
=
]
w

180 |

160 |-

| 1 I | 1 ] 1 | 1 |
20 25 30 35 40 45 50 55 60

Calories per Body Weight (cal)

TABLE 6 SIMPLE CORRELATION COEFFICIENTS BETWEFEN SERUM CHOLESTEROL AND NUTRIENT INTAKE
6 M T L AT O — bk SRR o) HOA R B (R

Nutrient Japan Hawaii San Francisco
Total calories =0.018 NS5 —0.015 NS —0.073 NS5
Cal./weight -0, 115 ** —0.063 ** —0.068 NS
Total protein 0.050 * 0.045 ** 0.063 NS
Total fat 0.107 ** 0.064 ** —0.004 NS
Tatal carbohydrate . g =0.052 * —0.057 *= —(0.145 NS
Cholesterol ....... 0.116 ** 0.038 ** 0.140 NS
Aleohol & —(.054 * =0.080 ** 0.017 NS
Animal protein co@ifocnmaniomsb i i imrso e e ) 0.066 ** 0.064 ** 0.109 NS
Vegetdble protein il cinnandilea i B SnnnnisnlnilBi e g —0.010 NS —0.050 *=* —0.116 N3
Saturated fat ... B o S 0,150 ** 0.066 *=* 0.070 NS
Unsaturated fat | ossiiaiuiiaiaiiniasiii : ) 0.014 NS 0.017 NS —0.112 NS
Simple carbobydrate: oo iianmivissiiaan HE 0.106 ** —0.023 * —0.141 NS
Complex carbohydrate ... (8) —0.093 ** —0.060 ** —0.105 NS
% cal. from protein ... 0.110 ** 091 ** 0.139 NS
fat. ... 0.128 == 0,122 ** 0.119 NS
CARBOMPITEIE oy bors oo S vesbaias b et SEs stids —0.067 ** —0.074 ** L
GRS o B A LB DRI LR —0.048 * —0.086 ** 0.050 NS
animal protein 0.101 ** QI10L e 0.168 =
vegetable 0.002 NS =0.042 =** —0.110 NS
EAIRAt B AT el ol e . i A B 0.147 *= 0.099 ** 0.168 *
unsaturated fat ..o s 0.023 NS 0.029 * —0.091 NS
simple carbohydrate ... 0.128 = —0.023 * —0.116 NS
complex carbohydrate —0.127 ** —0.059 ** —-0.118 NS
BBIBEEEL s imnpsis s N o o e N A e e o 1717 7949 178




TABLE 7 STEPWISE REGRESSION: SERUM CHOLESTEROL AND 17 NUTRIENTS
#F7 O OBBMNESH: MiSoLrA5Fo— L 17EEOSESE

Japan Hawaii
% of variation Partial % of variation Partial %
Variable explained c:::f?::;;?.? Variable explained :g;l[‘;ailca;ilstn
(R% (R2)

Saturated fat 2.3% % Cal. from fat 1.5%
Cal/weight 4.7 =158 Cal/weight 2.0 —0.073
Total calorie 6.0 0.117 Total protein 2.7 0.083
Simple carbohydrate 6.8 0.091 Simple carhohydrate 2.9 0.046
% Cal. from protein 7.5 0.083 Total carbohydrate 3.0 0.027
Animal protein 8.1 —0.084 Vegetable protein 3.1 —0.028
Cholesterol 8.5 0.064

R: Multiple correlation coefficient

AR 1% 3

TABLE 8 REGRESSION COEFFICIENTS BETWEEN TRIGLYCERIDE AND NUTRIENT INTAKE BY RELATIVE WEIGHT
#8  PUZYEY FOSBEUEAOBEFES: LEEE

Relative

Nutrients : Japan Hawaii San Francisco  Lest for three
weight regressions
1. Cal/weight Total —0.763 ** —0,897  ** —1.21 NS NS
<100 0.399 NS 0.342 NS too few NS
100-119 —0.288 NS —0.416 NS =1.10 NS NS
120+ = bl R 0.478 * —0.130 NS NS
2. Saturated fat Total 0.215 NS 0,227 0.298 NS NS
<100 DR =+ 0.226 NS too few NS
100-119 0.149 NS 0.00732 NS =0.277 NS NS
120+ —0.371 NS 0.193 i 0.679 NS NS
3. Simple carho- Total 152 * 0.0937 =** 0.0645 NS NS
pagate <100 0.0633 NS 0.124 NS too few NS
100-119 0.0634 NS —0.0389 NS —0.0853 NS NS
120+ 0.273 * 0.118 E: 0.187 NS NS
4, Complex carbo- Total —0.0175 NS —0.0351 NS —0.150 NS NS
fyduate <100 —0.0307 NS ~0.0510 NS too few NS
100-119 —0.05627 NS —0.0815 * =0.197 NS NS
120+ —0.0469 NS 0.0236 NS —0.0776 NS NS

order of importance, but these seven variables
explain only 8.5% of the total variance in serum
cholesterol levels. In Hawaii, the significant
variables are percent calories from fat, cal/weight,
total protein, simple carbohydrate, total carbohydrate
and vegetable protein in this order. In Hawaii,
saturated fat was not one of the significant variables
in the regression, and the six variables chosen in
the regression explained only 3.1% of the total
variance.

Relationship
Nutrient Intake. Simple regression analysis on the
relationship between serum triglyceride and the

between  Serum Triglyceride and
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indices of nutrient intake revealed that there were
few nutrients showing significant regression with
serum triglyceride. The regression coefficients
with simple carbohydrate, complex
carbohydrate and saturated fat are shown in Table 8.

cal/weight,

A negative regression between serum triglyceride and

cal/weight was observed, showing the expected

effect of calorie balance on triglycerides. A positive
relationship between serum triglyceride and both
saturated fat and simple carbohydrate and a negative
with respect to complex carbohydrate, are

consistent with current ideas, but are too weak for

one

meaningful interpretation in these groups on the basis
of a single nonfasting triglyceride determinarion.

DISCUSSION

When data collection in

epidemiologic study,

considering dietary an
one is forced to choose between
methods which yield more precise information and
those which are feasible in a large population study.
After the 24-hour recall
dietary employed this study.
Although this method is rather simple and feasible
for a food
intake from day to day may dilute the results and

careful consideration,

interview was in

large population study, variations in

weaken subsequent interpretation of the effect of
dietary intake. Kahn et al8 failed to detect more
than a faint relationship between serum cholesterol
and nutrient intake in a population study in Israel.
While they found that the variation in ddily dietary
intake of individual subjects was very large, there

was no indication that this accounted for their

negative findings.

the
subsamples of the cohorts in Japan

In order to validate the method employed in
present
and Hawaii were asked to keep written 7-day diet

study,

records and in addition underwent a second 24-hour
dietary recall interview. The detailed results are
given elsewhere,? but generally the mean nutrient
intakes obtained from both methods were very similar

and the correlation

coefficients between mean
nutrient intakes by the two methods for these
individuals were sufficiently large to indicate

reasonably good agreement.

Data obtained from the 7-day dietary records were
also subjected to the same analytical procedures as
the data from the 24-hour recall dietary study. The
results obtained for the two kinds of data were
generally very similar. Thus, it is believed that
the former method, practical for use with a very
large sample size, yields results suitable for this
kind of epidemiologic study.
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In the present study, simple regression and corre-
lation analysis showed consistent and positive
relationships between serum cholesterol level and
dietary intake of saturated far, animal protein and
dietary cholesterol. The findings were statistically
significant in both Japan and Hawaii, but less so
in Hawaii; in both areas the relationship was stronger
in the subjects with low relative body weight. In
a lean individual who is using, rather than storing,
calories, an excess of dietary lipid intake may be
reflected in a higher serum cholesterol value.

The relationship may be overshadowed by other
metabolic processes such as those associated with
calorie-storing in individuals adapting to more
sedentary cultural patterns. This may account for
the paucity of demonstrable diet- serum lipid relation-
ships found in studies of westernized groups where
subjects are generally not as lean as the Japanese.
Keys and Kimura,? in their study of 24 Japanese
farmers found positive correlations between dietary
intake of fat or saturated fat and serum cholesterol
(r=0.167 and 0.228 respectively), but with the small
sample size these could at best be only suggestive.

In a case-control study of myocardial infarction
(MI) patients in Japan, Hyams et all0 found that
79 MI patients had mean serum cholesterol levels
significantly higher than 157 control subjects.
The only significant difference in dietary intake
between the two groups was higher bread intake
in the MI cases; intake of meats and fats was
similar. The authors concluded that bread intake
could be taken as an indication of westernization
and noted that failure to demonstrate other relation-
ships might have been due to difficulty in obtaining
reliable dietary information, another common problem
in studies of diet and CHD.

Consistent negative relationships were found between
serum cholesterol and dietary intake of complex
carbohydrate. Some experimental and clinical
studies11,12 have reported a positive relation
between serum cholesterol and simple carbohydrate
intake and a negative one with complex carbohydrate,
and our findings in general, support these observations.
In the present study it would appear that, although
intake of saturated fat and complex carbohydrate tend
to be mutually intercorrelated, intake of the two
nutrients have some independent influence on serum
cholesterol.

While mean caloric intakes in the three centers are
remarkably similar, men in the two American centers
are considerably heavier. This would indicate that
men in Japan are using their dietary calories while
the more Americanized cohorts are storing excess
calories as far. [t was not possible to demonstrate
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any direct relationship between caloric intake and
cholesterol
intake was related to body weight (cal/weight) the
This
can be considered as an indirect evaluation of the

serum levels; however, when caloric

expected negative relationship was observed.

effect of physical activity on maintenance of ideal
body weight.

Multiple regression analysis, taking into con sideration
nutrients, showed the
Japan, but were less
corroborative in Hawaili, where saturated fat intake
was not shown as one of the more important dietary

some seventeen expected

relationships in results

variables. This does not necessarily mean that
saturated fat is not a significant dietary component
in relation to serum cholesterol levels, but indicates
that there are other variables, dietary and nondietary,
which may relate more closely to serum lipid levels
in Hawaii. This is borne out by multiple regression
analysis showing that the dietary variables accounted
for a relatively small percentage of the variance in
serum cholesterol levels in both Japan and Hawaii.
However, as indicated in Table 9 persons with lower
intakes of saturated fat and cholesterol and higher
intakes of starch along with more favorable calorie-
weight indices are more likely to be found in the
lower quartile of serum cholesterol values for their
cohorrs.

Since it was not feasible to collect fasting blood
samples on these large groups of working men, the
lack of strong relationship between dietary variables

AUy —EERREIMEILATO—LiEEOBIZEEA
SHEBEMNCMESEMTAZLETE R, LAL,
Ao —HREERTEORFR (AT = ERELL) &K
haAE, BFxhrsL)cAOMERERAD L, ZhITH
R (A EOSERC B S ARG @0 RE A MM
FHiTr2L0ErELHAZENTES,

MITRAOREEZE L ZECAN-BERBSHTOMARE, OF
TS E )OS &M 25, Hawaii T3 2 0 HE
EFRIEEEEMNTIES L, MANEHEREF B LR
Izt AEHD—2 L 3RBEREF2 . 2D L
F, BUHINENS AN 2 L A F O — Vil & HEZMFHE R
FTEERSTCEVE VNI ZEELTLLEE®RT ALDT
7% <, Hawaii Tl3, MiFEEMEE: EVEELMEL
AT ot EEMNs L UFIEERMNOEHLI S5 &
ARLTWA, ZhIZEMW Sz L THEE L.
+HhL, BAESLS LU Hawaii S & ZMEILATT—
HOLEFHO—HOAFEEER L THMATESIZT
FrwzrkAFBHonik L2ALENS, EIIIRT L
SIZRIFINEE & 2 L A F 0 — LB E A D g T E
FENWRFE, o, )= RELOKEVEIT,
FOEMPOITTE T L A7 O — LD F M52/
TABIZBLTWEZ LN E 0,
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TABLE @ MEAN NUTRIENT INTAKES OF SUBGROUPS IN HIGH AND LOW QUARTILES OF SERUM CHOLESTEROL
%9 MIETL AT O—NO LKL & OTF HISHL I %7 5 MK 5 B 0 5 R R
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I Japan Hawaii San Francisco _
- Low High  Test Low High  Test Low High  Test
TolaE BAlorIE i s e e 2130 NS 2274 2254 NS 2210 2203 NS
Cal/weight ... .. (eal) 37.6 % 37.5 355 E 33.8 34.0 NS
Diet cholesterol ... (ME 4265 B05.1 & 523.6 556.8 *¥ 487.0  5H84.8 NS
% cal from animal protein ..o 7.0 7.7 = 11.9 13.0 s 1127 12.9 NS
vegetable protein ... 6.7 7.0 NS 4.3 4.2 i 4.1 3.9 NS
saturated fat 5.8 7.5 Y 217 241 i 24.6 28.0 NS
unsaturated fat ... 8.0 8.3 NS 9.9 10.5 " 12.4 11.4 NS
simple carhobydiate s 104, 9.8 # 16.4 16.0 NS 188 149 =*
complex carbohydrate 53.8 50.0 " 30.9 29.4 b 27.6 26.1 NS
Y] 101 LU P o1 e O LN 9.3 8.0 NS 4.8 3.0 L 1.0 3.0 NS
SHBEEEE . 0o sarassssesssssmesssmnssirmammssnennrenrn e A LN SA R 3 0 S g eSS Vo 406 413 2105 2105 a6 63
Japan Hawaii San Franciscn
Low <155mg/100ml <195 <195
High =205 =240 =240



and casual serum triglycerides might be ascribed to
the methodology employed as much as to a true lack
of relationship. The negative regression with the
calorie/weight index was significant in the two
larger cohorts and moved consistently in the expected
direction in all three, tending to corroborate the
relationship between triglycerides and body weight
as observed in clinical studies.13 Keys and Kimura?
reported a positive correlation between percent of
calories from dietary fat and fasting triglycerides in
their study, but it also failed to reach the level of
significance in their small sample.

Results of this study tend to confirm results of
clinical studiesl4,15 where it has been possible to
affect serum cholesterol levels by altering dietary
intake. However, the fact that the nutrients
considered in this study account for a relatively
small amount of the variance in serum cholesterol
levels emphasizes the importance of other, perhaps
nondietary, factors. Methodologic  difficulties
involved in collecting meaningful dietary information
in sufficiently large numbers of individuals continue
to plague investigators; these may have been parually
overcome in this smdy.

However, the fact that in all three areas it can be
demonstrated that those in the lowest quartile of
serum cholesterol level had lower mean intakes of
animal protein, saturated fat, and dietary cholesterol
and higher mean intakes of complex carbohydrate
along with more favorable calorie/weight indices
emphasizes the potential for lowering serum lipids by
relatively simple dietary changes. Atherosclerotic
diseases develop slowly over many years and, while
autopsies of young combat soldiersl6 have shown
prior development of arterial changes, the full
effects of the disease are usually not manifest until
later in life. This study seems to show the potential
lifetime effect of rather small changes in dietary
habits.
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