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In the continued interest of accurately defining the late effects of the atomic bombs, the qualitative and
quantitative characteristics of the A-bomb radiation exposure doses are periodically refined. If warranted by
future dose assessments, the data reported here will be reanalyzed and subsequently reported.
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SUMMARY

To examine the possible carcinogenic effects
of frequent intake of mutagenic pyrolysates of
proteins and amino acids, a cohort study was
undertaken by following up for about 11 years
7,553 adult subjects whose personal character-
istics together -with dietary habits (including
frequency of consumption of broiled fish and
dried fish) had been examined at RERF. The
stepwise multiple regression analysis revealed
that frequent consumption of broiled fish
was significantly positively associated with
mortzlity from all cancer, as well as from cancer
of the stomach. Among the 11 independent
variables tested, consumption of broiled fish
ranked high as a variable associated with mortality
from all cancer and gastric cancer. Similar
analyses by sex and city (Hiroshima and Nagasaki)
showed that consumption of broiled fish was
associated consistently and positively with
mortality from all cancer in both sexes and
cities but, with a few exceptions, this association
was not statistically significant. The association

of broiled fish consumption with mortality -

from gastric cancer was also consistently posi-
tive, but not statistically significant by sex
and city. The relative risks of cancer mortality
associated with frequent (twice or more weekly)
consumption of broiled fish, as compared to less
frequent consumption, were 1.3 (p<0.05) for
mortality from all cancer and 1.7 (p<0.05)
for mortality from gastric cancer. Contrary to
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broiled fish consumption, frequent consumption
of dried fish was hardly associated with mortality
ftom all cancers or from gastric cancer, but
significantly positively associated'with mortality
from liver cancer.

INTRODUCTION

A strong mutagenicity of products of protein
and amino acid pyrolysis has recently been
demonstrated by several investigators.! ™ Since
such pyrolysates can be formed during cooking,
their possible role in human carcinogenesis
should be elucidated. This is particularly
important to the Japanese who often eat broiled
fish and are quite liable to gastric cancer,

According to thelatest National Nutrition Survey
conducted in 1979, broiled fish was served at
supper in 22% of 16,195 randomly sampled
households, while fish cooked with soy-sauce
or sashimi (sliced raw fish) was served in 8% and
12% of them, respectively.” Thus, broiling
seems common among current fish cooking in
Japan. A similar custom must have prevailed
in the past too, because broiled fish is generally
considered to be one of the traditional dishes of
Japan, although no precise national figures are
available to prove it. All of these facts indicate
the necessity of epidemiologic studies to
investigate the possible ill effects of frequent
intake of fish prepared in this manner. More
than 10 years ago, RERF investigated the dietary
habits, including the intake of broiled and dried
fish, of a group of persons. In the present study,
their cancer mortality, particularly mortality
from gastric cancer, was examined using the
multiple regression analysis, for possible
associations with such dietary habits and other
related parameters,

MATERIALS AND METHODS

During 1968-70, 11,203 Adult Health Study
subjects ® were interviewed for personal histories,
including current dietary and various other
habits, in Hiroshima and Nagasaki. The nurses
participating in this study interviewed the
subjects when they came for a biennial physical
examination. In both cities, these nurses were
instructed and frained beforehand to ensure
uniformity of the method of inquiry. About
three-quarters of the above population consisted
of those exposed to ionizing radiation, while
the remaining quarter formed a nonexposed
group. For 7,553 of the 11,203 subjects,
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complete records were available for the 11
independent variables and one dependent variable
prescribed. The independent variables include:

age at interview, sex, radiation dose, school

career, smoking habit, and frequency of
consumption of broiled fish, dried fish, milk,
salted pickle, fruit, and rice, all of which were
used for the present analysis. The number of
subjects by sex, city, and average age at interview
are shown in Table 1.
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TABLE 1 SUBJECTS BY SEX AND CITY, AND AVERAGE
AGE AT INTERVIEW

#1 R, BHEHMRERLERSETEER

Age in years
City Sex Subjects _—

Average £ 8D
Hiroshima Male 1781 51.1*14.4
Female 3341 51.6%13.1
Nagasaki Male 965 48.4 +13.7
Female 1466 462 *11.6
Total Male + Female 7553 50.1 134

Deaths seen among the cohort from January
1968 to December 1978 were pursued by a
periodic family registration (koseki) check with
practically no follow-up loss, Moreover, 30%-40%
of the deceased were autopsied. Cause of death
was obtained through the vital statistics death
schedules kept in health centers throughout
Japan.

Mortality rates during the observation period
for all cancer, cancer of stomach, and cancer of
liver (ICD140-208, 151, and 155.0, respectively,
classified according to the International Classifi-
cation of Diseases, 8§th Revision) were calculated
for males and females from both cities combined
by age and frequency of broiled fish intake
(once or less, or twice or more per week) and
compared. The mortality rates were then
examined by stepwise linear multiple regression
analysis, using the following linear model
without considering interaction effects of the
variables tested.’

Expected mortality rate = a5 + a3x, +...,%
apX, , where ag is constant, a;, . .., a, are
regression coefficients, and %3, ..., x, are

n
independent variables. Table 2 shows the values
given to the independent and dependent variables.
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Dried fish, often eaten after broiling, was not
included in the independent variables when the
possible effect of broiled fish intake was to be
examined by the regression analysis. Similar
regression analysis was made also for consumption
of dried fish by sex and city. When dried fish
was analyzed, broiled fish was excluded from
the independent variables, for the same reason
as mentioned above.

TAHEE, FLARLELERALLTAESRS
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TABLE 2 VARIABLES TESTED AND GIVEN VALUES
#2 Bifcshizfie, thefdsshiE

Variable

Value for variables

Frequency of broiled fish consumption*
Frequency of dried fish consumption*

Frequency of milk consumption

Frequenqy of salted pickle consumption

A I

Frequency of fruit consumption

6. Amount of rice consumption

7. School career

8. Smoking
9. Radiation dose

10. Age

11. Sex

12, Vital status (dependent variable)

o

W b= O

: once or less
: 2-4 times
: 5 times or more per week

: less than 285 g daily
: 285 g or more, daily

: no formal education

: primary or junior high school
: senior high school

: junior college

: college or university

1: no smoking; 2: 1-19 cigarettes:
3:

20 or more cigarettes, daily

estimated dose in rad but 600 rad is given for those
exposed to 600 rad or more

age at interview

0:

0:

female; 1: male

alive; 1: dead

*When the effect of frequency of broiled fish consumption was to be examined by the multiple regression
analysis, frequency of dried fish consumption was excluded from the independent variables and vice versa.
HEBOMNFAEOHNREARMBHHTITRTT 2 BEE, TLAOHMMEIRIEHR,roBIAL, TOROHEL

FHes LA,

Relative risks were calculated as ratios of the
cancer death rate of subjects who eat broiled
fish twice or more weekly to the corresponding
rate of those with less intake. This was ac-
complished by wusing the Mantel-Haenszel
method and the above-mentioned regression
equation, assuming that the variables other than
broiled fish consumption take their respective
mean values,

M fEREY, Bl 2R REREHNT 5EN
WICRE, HIALTOENERCENRELT
FE L A. ZhIZid Mantel-Haenszel ®° £ A1,
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RESULTS

Dried Fish. It was revealed that dried fish was
considerably less than broiled fish consumption
among both sexes, because the proportions of
subjects who reported dried fish intake twice
or more weekly were 23% for males and 18%
for females, while the corresponding proportions
for broiled fish were 41% and 34%, respectively.
It was also shown that the frequency of dried
fish consumption was hardly associated with
deaths from all cancer and gastric cancer; relative
risks calculated by the Mantel-Haenszel method
being 0.92 (x*=0.19) and 0.95 (x*=0.00),
respectively, as shown in Table 3. The multiple
regression analysis also yielded practically the
same results. However, frequent consumption
of dried fish was shown to be significantly,
positively associated with mortality from cancer
of the liver, with a relative risk of 2,75 (x2=5.12).
However, no further multiple regression analysis
was made, because the number of deaths from
liver cancer was limited and no deaths were seen
in some age-classes.
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TABLE 3 CANCER DEATHS AND DEATH RATES(%4)BY DRIED FISH CONSUMPTION
#3 TFLAOEIAEMNBECR UFHCE (%)

. Deaths
Subjects All cancer Stomach cancer Liver cancer
Age
g Less* Less freq.* Freq.** Less freq.* Freq.** Less freq.* Freq.**
Freq.®* -
freq.
req No. rate No. rate No. rate No. rate No. rate No. rate
Male

039 587 207 8 136 2 97 4 6.3 0 - 0 - 1 438
4049 400 143 6 15.0 1 7.0 2 50 1 7.0 0 - 0o -
50-59 402 133 23 572 6 45.1 9 224 1 75 4 10.0 1 75
60-69 463 105 39 842 11 104.8 14 30.2 S 476 3 6.5 3 286
70-79 239 45 32 1339 4 889 11 46.0 1 222 3 12.6 1 222
80-99 18 4 0 - 0 - 0 - 0 - 0 - Q -
Total 2109 637 108 512 24 317 40 190 8 126 10 4.7 6 94

Female ’

0-39 848 261 9 106 3 115 0 - 2 17 0 - 0 -
40-49 1180 329 19 16.1 5 152 4 34 1 3.0 1 0.8 0 0
50-59 754 156 23 30.5 1 64 8 106 0 - 0 - 0 0
60-69 767 116 27 352 8 69.0 7 91 3 259 3 39 2 172
70-79 327 34 15 459 1 294 5 1529 ] - 1 it 1 294
80-99 32 3 1 313 0 - 1 313 o - 1] - o -
Total 3908 3899 94 24.1 18 20,0 25 64 6 6.7 s 1.3 3 33
Male+Female RRT = 0.92, x*=0.19 RR =0.95, x2=0.00 RR =2.75,x%=5.12

*Less freq. : Dried fish consumed less than twice weekly. {88 : T LR 2# < 2 B RBERT 5.

**Freq. ; Dried fish consumed twice or more weekly, S#E: TLASE 2@ L LERT+ 5.

TRR: Relative risk. RR #il# B EE.
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Broiled Fish. Table 4 shows the number of cancer
deaths and cancer death rates by consumption
of broiled fish, age, and sex. The number of
deaths seen at most ages was relatively small
and no highly consistent difference could be
seen in mortality rates between the groups.
However, mortality rates of all cancer and
stomach cancer for all ages were higher among
theé frequent consumers of broiled fish than
the less frequent consumers, in both sexes.
Relative risks were slightly but significantly
elevated over unity for these cancers. A slightly
elevated relative risk was also seen for liver
cancer, but without statistical significance,
No further analysis was made as mentioned
previously.
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TABLE4 CANCER DEATHS AND DEATH RATES(%0)BY BROILED FISH CONSUMPTION
F£4 FEXAOFENFENBIEC K UFECE (%)

Deaths
Subjects All cancer Stomach cancer Liver cancer
Age
Less* Less freq.* Freq.** Less freq.* Freq.** Less freq.* Freq.**
- Freq.**
freq. No, rate No. rate No. rate No. rate No. rate No, rate
Male
0-39 511 283 6 11.7 4 141 3 5.9 1 35 0 - 1 3.5
40-49 308 235 6 19.5 1 4.3 2 6.5 1 43 0] - 0 -
50-59 304 231 11 362 18 7719 4 132 6 260 3 929 2 87
60-69 304 264 19 62.5 31 1174 5 164 14 530 3 2.9 3 114
70-79 172 112 21 122.1 15 113.9 7 40.7 5 446 4 23.3 0 -
80-99 9 13 0 - 0 - 0 - 1] - 0 - 0 -
Total 1608 1138 63 392 69 606 21 13.1 27 237 10 6.2 6 5.3
Female
0-39 704 405 9 128 3 74 0 - 2 49 0 - 0 -
4049 976 533 14 143 10 18.8 2 2.0 3 356 0 - 1 19
50-59 589 321 15 255 9 28.0 6 10.2 2 6.2 0] - 0 -
60-69 603 230 21 348 14 500 5 3.3 5 179 2 3.3 3 107
70-79 263 98 12 456 4 40.8 4 152 1 102 1 3.8 1 102
80-99 30 5 1 333 0 - 1 333 0 - 0 - 0 -
Total 3165 1642 72 227 40 244 18 5.7 13 79 3 09 5 30
Male + Female RRT=133,x*=4.22 RR = 1.67,x2=4.39 RR = 1.32, x2= 0.23

*Less freq. : Broiled fish consumed less than twice weekly.

s e : 2 Mme L 2 MRmPmT 5.
*#Freq. : Broiled fish consumed twice or more weekly.
EHRE: e Re I 2mL B3R S,
$RR : Relative risk.
RR xRk,



As shown in Table 5, consumption of .broiled

fish showed the fourth largest contribution to

death from all cancer, following the variables of
age at interview, sex, and radiation dose. Table 6

also shows that this variable was significantly
associated with death from all cancer.

TABLE 5 STEPWISE REGRESSION ANALYSIS FOR 7,553 PERSONS

A SHLSZEERTLOTH S,

#5 7.503&%FMBICITo ABREENE AT
All cancer Stomach cancer
Qrder
Variable F-value Variable F-value
1 Age 126.93%* Age 44 85**
2 Sex 80.22%* Sex 32.37%*
3 Radiation 56.87%* Broiled fish 23.22%%
4 Broiled fish 44, 20%* Milk 18.21%*
5 Smoking 36.25%* Fruit 14 .82%*
6 Salted pickle 30.70%* Radiation 12.45%*
7 Rice 26.54%* Salted pickle 10.71%*
8 School career 23.30%* School career §.38%*
9 Fruit 20.72%* Smoking 8.34%*
10 Milk 18.65** Rice T.51%*
**n<0.01

TABLE 6 MULTIPLE REGRESSION ANALYSIS OF DEATHS FROM ALL CANCER
#6 SWFECOERDBIN
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Regression coefficient X 10* {Standard error X 104)

Variable Male Female
Total
Hiroshima Nagasaki Hiroshima Nagasaki
Broited fish 97* (38) 214* (92) 92 (117} 15 1) 54 (70)
Milk 5 (23) 42 67 82 {79 21 (&{1)} 58 (45
Salted pickle —47 G -36 (75) —40 (91) -20 (42) -—-120* (61)
Fruit -12 G0 —84 (3] 38 D 7 43y 13 57
Rice -56 42) -131 (108) 7 (142) -50 (55) 42 (75)
School career -23 (31 5 62 =77 83) -23 (50) 65 67
Smoking 73* (36) 19 ®n 124 @7 138%* (65) 195 (105}
Radiation dose 0.48%* (0.16) 0.06 (03%) 010 (0.46) 0.84%* (0,23} 0.04 (0.26)
Age at interview 16%* (3] 25%k* CY) 27H* ) g% (2) g* (€))]
Sex 161%*  (55) - - - -
Constant -576 =791 —-985 -279 -199
R? (%) 241 3.48 4.26 1.31 1.51
Subjects 7553 1781 965 3341 1446
Deaths 244 90 42 83 29

R: Multiple correlation coefficient.

€ R .
*P<0.05

**p<0.01
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When the subjects were divided by sex and
city, broiled fish consumption still showed
a consistent positive association with death
from all cancer, but the association was not
statistically significant except for males in
Hiroshima., The age-at-interview variable showed
a significantly positive association in both sexes
and cities, Radiation dose and smoking also
showed a consistent positive association with
such deaths, but without statistical significance
except for females in Hiroshima. In contrast
with the above variables, consumption of salted
pickles showed a consistent negative association
with death from all cancer which was statistically
significant for females in Nagasaki. For other
variables, neither consistent nor significant
associations were seen.

As shown in Table 5, consumption of broiled
fish showed the third largest contribution to
death from stomach cancer, surpassed only by
age and sex. Table 7 also shows that this variable
is significantly, positively associated with death
from stomach cancer, Other variables such as
age, sex, and milk consumption as well, were
shown to be positively associated with this
cancer,

MEEEER, BHEIIEWLAHETL, MR
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TABLE 7 MULTIPLE REGRESSION ANALYSIS OF DEATHS FROM STOMACH CANCER
#7 BEHECOERZESN

Regression coefficient X 10* (Standard error Xx10%)

Variable Male Female
Total

Hiroshima Nagasaki Hiroshima Nagasaki
Broiled fish 47% (22) 105 60) 2 (62) 13 (26) 52 (42)
Milk 27* (13) 68 (38) 47 (42) -5 (15) 34 (26)
Salted pickle 9 (18) 28 49 -7 (48) 7 21 -2 (36)
TFruit -19 (17 46 (45) 1 (48) —18 (22) =22 (34)
Rice 3 (24) 44 (71) 58 15) -37 (28) 32 (44)
School career -5 (18) 15 @1 59 44) -14 (25) 8 (40
Smoking 4 (21) 40 (44) 73 (46) 47 (33) 25 63)
Radiationdose  0.07 (0.09) 026 (026) -0.20 (0.24) 009 (0.12) 0.26 (0.15)
Age at interview 6** (1) 11%* 3) 5 (£} 4k* 1) 3 (2)
Sex 92**  (32) - - - -
Constant -32¢9 —662 —-308 —-80 210
R? (%) 0.99 1.68 1.03 0.67 0.61
Subjects 7553 1781 965 3341 1446
Deaths 79 37 11 21 10

R: Multiple correlation coefficient.
EAMER.
*P<0.05 **P<0.01



When the analysis was made by sex and city,
age at interview still showed a significantly
positive association in Hiroshima. Consumption
of broiled fish gave a consistent positive associa-
tion for both sexes and cities, but without
statistical significance. None of the other
variables tested showed any consistent or
statistically significant associations at all.

Relative Risk for Consumption of Broiled Fish.
Relative risks calculated by the multiple regression
equations were slightly higher than unity with 2
statistical significance, specifically, 1.3 (p<0.05}
for all cancer and 1.7 (p<0.05) for stomach
cancer. It is notable that these figures are very
close to the relative risks as calculated by the
Mantel-Haenszel method as shown in Table 4.

Person-months. Both those who consumed
broiled fish frequently and those with less
frequent intake were much alike in regard
to average person-months of observation as
calculated by sex, age, and radiation dose.
Thus, it does not seem probable that the
observed differences in mortality between these
groups were due to any difference in length of
observation.

DISCUSSION

Epidemiologic pursuit of possible cancer
risks caused by frequent intake of mutagenic
pyrolysates in food is of course very important,
but determining the actual risks of pyrolysate
intake seems to be quite difficult, because the
heating of foods is a wuniversal practice of
mankind, rendering it difficult to find good
contirol subjects who are free from such pyroly-
sates. Even if the pyrolysates happen to be
highly carcinogenic in man, epidemiclogic
demonstration of such potency will not be
easy unless appropriate negative or positive
controls are available. Without such good
control subjects it is likely that the relative
risks of cancer attributable to the intake of such
pyrolysates, if any, would become quite small.
Furthermore, the acquisition of accurate
information on individual dietary habits over a
period of years, which is essential to elucidate
any possible diet-cancer association, is also
difficult to determine, as is well known.'!!2

In view of these inevitable difficulties, a cohort
study, rather than a case-control study, was
undertaken since the former is less prone to
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selection and information biases. Alsc mmitiple
regression analysis was used rather than the
conventional mono-variate analysis often used
in cohort studies, because the former facilitates
the full use of the information collected and is
considered to be more sensitive for detecting
excess risks, These considerations seem to have
been appropriate since a slight but statistically
significant excess mortality for all cancer and
stomach cancer was demonstrated to be associated
with frequent intake of broiled fish. It was also
notable that both the multiple regression analysis
and Mantel-Haenszel method yielded practically
the same magnitude for relative risks. These
relative risks derived from the multiple regression
equations cannot be explained by reference to
any of the independent variables other than
broiled fish which are listed in Table 2, since
those variables are controlled in the analysis.
Thus, the observed association between mortality
from all cancer as well as stomach cancer, and
intake of broiled fish seems to be a rezal one.

Any conclusive remarks, however, cannot readily

be made, because 1) the possibility cannot be |

denied absolutely that some yet unknown
confounding variable or variables other than
those tested in this study might exist or that

the observed association might be simply a

chance association, 2) the observed significant
positive association became statistically non-
significant when the analysis was made by
sex and city, 3) two casecontrol studies!™!
so far reported have failed to demonstrate
any association between consumption of
charcoal-broiled fish or foods prepared by other
methods and stomach cancer, The unreliability
of personal information about past dietary
habits also justifies the conservative attitude
taken in interpreting the present results. Much
more evidence gathered and analyzed by
similar or perhaps different epidemiclogic
approaches will be needed to reach any
convincing conclusions.

Although no detailed analysis of liver cancer
was made in this study, such analysis is highly
desirable when the number of deaths becomes
adequately large, because the relative risk
obtained for liver cancer was significantly
elevated among frequent consumers of dried
fish and also elevated, but not significantly so,
among frequent consumers of broiled fish,
and because the highly mutagenic pyrolytic
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products of tryptophan are known to induce
hepatoma in animals, '

Dried fish has been reported to be a risk factor
for stomach cancer among Hawaiian Japanese
by Haenszel et al.’*  Yet, their similar case-
control study, undertaken in Hiroshima, failed
to reconfirm such an association for Japanese
subjects.!® In view of their findings, our negative
result does not seem to be unusual. Even so, a
positive association might be expected because
dried fish is often eaten after broiling. Though,
with no certainty, the fact that dried fish,
particularly well-dried varieties, are usually
broiled only slightly as compared with the way
raw fish is broiled, might be used to explain
our negative resultf.

Our study indicated that frequent milk consump-
tion is a risk factor with regard to stomach
cancer, but this is quite contrary to the obser-
vations of Hirayama.'®'? Haenszel et al'
also observed an association of decreased risk of
stomach cancer and milk consumption only
in Japanese “Issei”, but not in “Nisei”. Again,
no reasonable explanation is available for this
discrepancy, but the following possibilities seem
to be conceivable: 1) our observation might be
simply a chance association, 2) we used the
multiple regression method for analysis while
they did not, 3) in our cohort, people with
chronic stomach trouble might have been
particularly concerned about drinking milk,
and 4) either our study or their studies might
be biased in some currently unrecognized manner.
The actual cause for the discrepancy cannot be
decided at present. The drinking of milk cannot
be concluded as an altogether effective preven-
tative for stomach cancer, since some aunthors
have failed to observe such beneficial effects of
milk,18-20
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