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Joint intakes of milk, meat and fish and mortality from
the six-prefecture cohort study (1966-1981) in Japan

Kinjo Yoshihide, D.HS."’ Akiba Suminori, M.D,Ph.D.?

BACKGROUND: From prior analyses on dietary data from the six-prefecture cohort in Japan, we found a
possible protective effect of milk, meat and fish for cerebrovascular cisease mortality from 1966 to 1981.
However, this protective effect had not been examined for cancer and other causes of death.

OBJECTIVES: The purpose of the present analysis is to further elucidate the associations between the joint
intakes of dairy milk, meat and fish as main sources of animal protein and fat and the main causes of death in
the subjects of the six-prefecture cohort study. .

METHODS: The subjects for this analysis were 225,019 men and women aged 40 to 69 at the baseline in
December 1965, with neither prior disease -history of cancer nor other diseases except for chronic stomach dis-
ease. There were 23,108 deaths for men and 16,785 deaths for women during the study perlod. To evaluate
the joint intakes of dairy milk, meat and fish (DMF), data were re-categorized into binary data. For example,
DMF (D, M, F) means the combination of dairy milk (1-3 times/week or more), meat (1-3 times/week or more)
and fish (4 times/week or more). Thus DMF (d, m, f) was the reference group having dairy milk (less than 1
time/week), meat (less than 1 time/week) dnd fish (less than 4 times/week). Rate ratio (RR) adjusted for attained
age, sex, prefecture, occupation, alcohol drinking, cigarette smoking and DMF was used for comparison,

RESULTS: A weak joint effect on all cancer mortality was observed in DMF (D, M, F) (RR : 1.09, 95%CL 1.00-
1.17), although no statistically significant effect was found in cancer of the colon, rectum, breast, prostate, stom-
ach, lung, oesophagus, gall bladder, liver, pancreas, cervix-uteri and urinary bladder. Neither all respiratory
disease nor all external causes of death showed significant association between DMF and mortality: On the other
hand, possible protective effects in DMF (D, M, F) were observed for the mortalities of all causes of death
(RR=0.85, 95%CI: 0.81-0.88), all cerebrovascular diseases (RR=0.68, 95%CL 0.62-0.73), all cardiovascular disease
(RR=0.86, 95%CL 0.78-0.95) and all other causes of death (RR=0.83, 95%CrL: 0.73-0.89).

CONCLUSION: The present analysis indicates that animal protein and fat was not strongly associated with
cancer mortality. On the other hand, relatively high animal protein and fat intake, although much lower than
that in the western countries, may have helped to reduce mortality from vascular disease in this cohort.
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INTRODUCTION

In Japan, the Ministry of Health and Welfare
has conducted an annual nutritional survey, the
National Survey, since 1947. The survey is the
most important source of information on the nutri-
tional status of the Japanese, including average per
capita daily intake of major nutrients and foods.
After the second world war, the Japanese experi-
enced dramatic changes in their dietary habits.
The most increased, among other things, was milk
consumption, followed by meat, oil, fat and fruit,

1) Okinawa Prefectural College of Nursing,
2) Department of Public Health, Kagoshima University
Faculty of Medicine, Kagoshima, Japan

while the intake of rice gradually decreased.”’ Also
changed in the post World War II era of Japan was
cause-specific mortality. After the second world
war, infectious diseases such as tuberculosis mark-
edly decreased. Afterwards, apoplexy began to de-
crease whereas chronic diseases related -to
westernized lifestyle rapidly increased. Thus, the
leading cause of death in Japan changed from tu-
berculosis to cerebrovascular attack in the 1960s,
and later, in 1981, malignant neoplasms became the
leading cause of death.? Those changes in causes
of death resulted in the longer life expectancy.
During the period from 1965 to 1995, the life expec-
tancy increased from 67 to 72 years old, and from
76 to 82 years old in men and women,
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respectively.?

The Six-Prefecture Cohort Study conducted by
late Dr Hirayama was the largest prospective co-
hort study in Japan. This study selected six pre-
fectures from northern to southern prefectures in
Japan, and collected data on dietary habits and
other factors from over two hundred fifty thou-
sand residents. The most important product from
this study was the dose-response relationship be-
tween passive smoking and lung cancer
mortality. * Epidemiological findings from the six-
prefecture cohort study have also contributed to
the cancer prevention on dietary habits including
smoking and alcohol drinking.® The notion that
they were avoidable risks was strongly supported
by other studies.®~® From further analyses on
dietary data of the six-prefecture cohort in Japan,
we have found a possible protective effect of milk,
meat and fish for cerebrovascular disease mortal-
ity from 1966 to 1981." However, that protective
effect had not been examined for cancer and other
main causes of death. The purpose of the present
analysis is to further elucidate the associations be-
tween the joint intakes of milk, meat and fish as
main sources of animal protein and fat and mortal-
ity in the subjects of the six-prefecture cohort
study.

MATERIALS AND METHODS
Profile of cohort

A cohort of 265,070 residents, aged 40 or over,
from 29 public health districts in six prefectures
(Kagoshima, Okayama, Hyogo, Osaka, Aichi and
Miyagi) was followed-up from 1966 to 1981 by late
Dr. Hirayama and his colleagues.” A one-page
questionnaire used in the baseline survey included
questions about occupation, cigarette smoking, al-
cohol drinking, tea drinking, and other dietary fac-
tors (rice, miso soup, green-yellow vegetables,
pickles, meat, fish and dairy milk). At the begin-
ning of each follow-up year, a migration survey
was conducted through reference to the local resi-
dence registration. During the follow-up period,
the deaths were annually ascertained by thorough-
checking against death certificates kept at each
public health center. The causes of deaths were

coded by Dr. Hirayama according to the 7th revi-
sion of the International Classification of Disease
(ICD-7). The study method, age and sex distribu-
tion of the cohort have been reported else-
where ",

In the present analysis, sex, prefecture, at-
tained age, occupation, smoking and alcohol drink-
ing were treated as potential confounding factors.
Occupation was classified into the following 5 cate-
gories taking into account average years of school-
ing: (1) farmers, lumbermen, fishermen, and
workers in mining and quarrying, (2) workers in
transport and communication, craftsmen, produc-
tion process workers and labourers (3) clerical
and related workers, sales workers, and service
workers, (4) professional and technical workers,
managers and officials, (5) job unknown including
in housewives. These categories can be consid-
ered as one of surrogates for socioeconomic
status.”’ ,

Cigarette smoking was categorized into the
three categories, ie, non-smokers (never smoked),
ex-smokers, and current smokers (a cigarette per
day or more). Alcohol drinking was divided to
two categories, ie, not-daily drinkers (1-3 times/-
week or less) and daily drinkers (4 times/day or
more). To examine the joint effect of animal pro-
tein and fat, dairy milk, meat and fish (DMF) were
combined. For example, DMF (D, M, F) means the
combination of dairy milk (1-3 times/week or
more), meat (1-3 times/week or more), and fish (4
times/week or more). Thus DMF (d, m, f) was the
reference group, which was for dairy milk (less
than 1 time/week), meat (less than 1 time/week),
and fish (less than 4 times/week).

Analysis of prior disease history at the base-
line showed that the mortality rate of all causes of
death among the subjects with cancer or other dis-
ease except for chronic stomach disease at recruit-
ment was higher than that among those with no
prior disease history at recruitment. However, this
mortality among the subjects with prior disease
history of stomach disease was not significantly
different from that among those with no prior dis-
ease. Therefore, the following cohort members
were excluded from the present analysis on the
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basis of the information at the baseline: (1) those
with a history of cancer and other diseases except
for chronic stomach diseases (n=7,612), (2) those
aged 70 years or older (n=4,490), and (3) those who
had missing information on dietary habits and
smoking (n=27,949). After this exclusion, a total of
225,019 cohort members remained for analysis.

Statistical procedure

The person-years and the numbers of deaths
were aggregated and stratified by attained age
(-44, 45-, 50-, 55-, 60-, 65-, 70-, 75~ 80+), prefecture, oc-
cupation, cigarette smoking, and other dietary fac-
tors using DATAB computer program.'”
Thereafter, AMFIT regression program was used
for survival analysis with Poisson regression
model™” The rate ratio (RR) and its 95 % confi-
dence interval (95%CI) were also estimated by the
method of maximum likellhocd. A more detailed
description of the statistical methods is available
elsewhere* "

RESULTS

Distribution of sex, age, prefecture, occupation,
alcohol and tobacco were shown in Table 1 ac-
cording to the combination of dairy milk, meat and
fish consumption (DMF). The proportion of DMF
(D, M, F) was slightly higher among men, and de-
creased with the advancement of age at the base-
line. The proportion of DMF (d, m, f) was more
prevalent in Kagoshima (20.7%) than in Osaka
(3.9%). The proportion of DMF (d, m, F) was the
highest in Miyagi prefecture (14.8%). The propor-
tion of DMF (D, M, F) was higher in professionals
and managerial workers (34.1%) than in other job
groups, suggesting the relationship between die-
tary habits and socioeconomic status. Frequencies
of alcohol and tobacco were associated with the
proportion of DMF (D, M, F). Thus, current smok-
ers or daily drinkers (4 times/week or more)
tended to consume milk, meat and fish frequently.

Table 2 gives the result for all causes of death.
There were 39,893 deaths in the cohort during the
period from January 1966 to December 1981.

Table 1. Distribution of sex, age, prefecture, occupation, alcohol and tobacco by combination of dairy milk, meat and fish intake

among the subjects from the six-prefecture study in Japan (1966-1981).
DMF (Dairy milk, ' Meat, “ Fish ~)

o

Factor Category Number (d,m,ff (O,mf (d,MDH (. mF) (O Mf (D.mF) (dMF (D,MF)
Sex Men 102,919 0.7 33 229 45 24.7 22 13.7 18.9
Women 122,100 144 33 28.8 5.9 18.2 1.8 15.2 126

Age 40-49 ) 91,723 10.6 28 25.8 45 239 1.8 139 16.8
(at the bassline) 50-59 80,236 120 34 25.8 54 20.5 20 16.2 15.6
60-69 53,060 15.4 39 27.0 6.3 174 24 147 13.0

Prefecture Kagoshima 37,612 20.7 36 26.2 57 16.1 17 131 13.0
Hyogo 38,433 10.6 29 284 4.0 21.7 1.6 16.2 15.7

Alchi 37,070 14.5 51 321 17 31.0 0.8 6.0 8.8

Osaka 37,559 3.0 1.6 33.2 11 313 0.6 13.1 163

- Okayama 39,458 11.2 26 25.0 48 16.4 1.8 20.0 18.5

Miyagi 34,887 125 4.2 10.7 148 105 5.6 19.9 219

Occupation™ Farmers, mining 101,595 185 40 257 8.0 13,6 25 15.8 11.8
Transport, craftsmen 29,017 6.9 28 28.0 27 29.3 14 13.0 15.9

Clerical, sales, service 44,675 5.2 25 230 27 29.2 17 139 21.8

Professlonal, manager 8,400 28 24 14.3 1.6 328 20 10.2 34.1

Job unknown 41,332 10.0 3.0 31.6 37 229 14 139 13.6

Alcohol 1-3 times/week or less 188,708 13.3 36 268 210 5.3 2.0 13.8 14.2
4 times/week or more 36,311 6.6 2.0 224 5.0 218 21 184 218

Tobacco Non-smokers 129,200 14.3 34 27.6 5.9 18.4 1.9 151 13.5
(cigarette smoking) Ex-smokers 4,655 . 95 4.7 18.6 3.3 27.5 28 116 22,2
Current smokers 91,074 9.5 31 24.4 247 4.4 2 13.9 17.9

¥ Dairy milk consumption (d: less than 1 time/week, D: 1-3 times/week or more)
‘2 Meat consumption (m: less than 1 time/week, M: 1-3 times/week or more)
"3 Fish consumption (f: less than 4 imes/week, F: 4 times/wesk or more)

* see text in detall
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Person-years at risk were 3,140,966 in total,
1,393,344 for men, and 1,747,622 for women.
Respective RRs were mutually adjusted for at-
tained age and six variables listed in this table.
This type of calculation was applied for other
causes of death presented in the subsequent tables.
For all causes of deaths, significant associations
were observed in the DMF ((d, M, f), (d, m, F), (D,
M f), (d M, F), (D, M, F)), sex, and occupation (ex-
cept for job unknown). The RR for DMF (D, M, F)
was 0.85 with 95%CI of 0.81 to 0.88 compared to
DMF (d, m, f) as a reference group. The RR for
women was 0.65 with 95%CI of 0.63 to 0.67 com-
pared to men. When compared to Kagoshima pre-
fecture, mortalities in Aichi and Osaka prefectures
were significantly higher, and Hyogo and
Okayama prefectures were significantly lower.
The professionals and managerial workers had the
lowest RR when compared to farmers (RR=0.80,
95%CL 0.75-0.85). Mortality risks were statistically
significant among the ex-smokers (RR=1.17, 95%CL
1.09-1.24) and current smokers (RR=1.30, 95%CL 1.26-

1.34). In alcohol, daily drinkers (RR=1.14, 95%CL
1.10-1.17) were slightly higher risk than the non-
daily drinkers.

Table 3 gives the result for all cancer.
Statistically significant risks were observed in the
DMF combinations of (d, M, f), (d, M, F), and (D, M,
F). In tobacco, the RR for current smokers was
150 with 95%CI of 142 to 1.58 compared to non-
smokers. Alcohol was also associated with this
mortality (daily drinkers, RR=1.12, 95%CL 1.06-1.17).

The DMF was strongly associated with all
cerebrovascular diseases (Table 4). In comparison
with DMF (d, m, f), a statistically significant RR
was observed in all combinations except for DMF
(D, m, f). Thus, the RR for DMF (D, M, F) was 0.68
with 95% CI of 0.62 to 0.73. On the contrary to
that, alcohol (daily drinkers, RR=1.26, 95%CL 1.19-
1.32) and tobacco (current smokers, RR=1.10, 95%CI:
1.04-1.16) were adverse risk factors for this mortal-
ity. When compared to farmers, other job groups
showed lower mortality rates of cerebrovascular
disease. An exception was no-job group, having

Table 2. Mortalig rate ratio for all causes of death from six-prefecture cohort (1966-1981 ).

Factor Category Number of death RR* (85%Cl)
DMF (d.m,f) 5518 1.00 **
(Dairy milk,*' Meat,” Fish*} (D, m, f) 1552 1.02 (0.96-1.08)
(d, M, ) 10546 0.94 (0.80-0.97)
(d, m, F) 2228 0.93 (0.87-0.97)
(D, M, ) 7785 0.90 (0.87-0.94)
(D, m, F) 801 0.95 (0.88-1.02)
(d, M, F) 5803 0.91 (0.87-0.95)
(D, M, F) 5560 0.85 (0.81-0.88)
Sex Men 23108 1.00 **
Women 16785 0.65 (0.63-0.67)
Prefecture Kagoshima 6565 1.00 **
Hyogo 6516 0.5 (0.92-0.89)
Alchi 6948 1.11 (1.07-1.15)
Osaka 6735 1.07 (1.02-1.11)
Okayama 6843 0.92 (0.89-0.96)
Miyagi 6286 1.03 (0.99-1.07)
Occupation Farmers, mining 18093 1.00
{socloeconomic status)  Transport, craftsmen 4773 0.95 (0.91-0.98)
Clerical, sales, service 6652 0.96 (0.93-0.99)
Professional, managers 1167 0.80 (0.75-0.85)
Job unknown 8208 1.24 (1.20-1.27)
Alcohol 1-3 times/week or less 31142 1.00 **
4 times/week or more 87561 1.14 (1.10-1.17)
Tobacco ) Non-smokers 18877 1.00 *
(cigarette smoking) Ex-smokers 1071 1.17 (1.09-1.24)
Current smokers - 19945 1.30 (1.26-1.34)

* adjusted for attained age (44, 45-, 50-, 55-, 60-, 65-, 70, 75-, BO+) and 6 variables listed

** reference group

*1 Dairy milk consumption (d: less than 1 time/week, D: 1-3 times/week or more)
*2 Meat consumption (m: less than 1 ime/weaek, M: 1-3 times/week or more)

*3 Fish consumption (f: less than 4 imes/week, F: 4 times/week or more)
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Table 3. Mortality rate ratio for all cancer from slx-prefeéture study (1966-1981).

Factor -__Category Number of death RR* (85%Cl)
DMF {d, m, f) 1270 1.00 **
(Dalry miik,*' Meat**Fish*) (D, m, ) 387 1.09 (0.86-1.22)
(d, M, 2885 1.07 (1.00-1.14)
(d, m, F) 574 1.02 (0.91-1.12)
(O, M, ) : 2247 1.04 (0.97-1.12)
o,mPF 246 1.11 (0.96-1.27)
(dMP) 1651 1.08 (1.00-1.16)
(D,M, F) 1745 1.09 (1.00-1.17)
Sex Men 6616 1.00 **
Women 4389 0.71 (0.67-0.75)
Prefecture Kagoshima 1660 1.00 **
Hyogo 1832 1.06 (0.98-1.13)
Alchl 1944 1.22 (1.14-1.31)
Osaka 2044 126 (1.17-1.35)
QOkayama . 1794 0.94 (0.87-1.01)
Miyagi 1731 1.11 (1.03-1.19)
QOccupation Farmers, mining 5192 1.00 **
(socloeconomic status)  Transport, craftsmen 1495 0.86 (0.80-1.02)
Clerical, sales, service 2060 0.97 (0.92-1,03)
Professional, managers 368 0.83 (0.74-0.92)
Job unknown 1890 1.01 (0.95-1.07)
Alcohol '1-3 times/week or less 8468 1.00 **
: 4 times/week or more 2537 1.12 (1.06-1.17)
Tobacco " Non-smokers 4782 1.00 **
(cigarette smoking) Ex-smokers 273 1.21 (1.06-1.37)
Current smokers 5950 1,50 (1.42-1.58)
* adjusted for attained age (~44, 46-, 50-, 66, 60-, 65-, 70-, 76-, 80+) and 6 variables listed

** reference group )

*1 Dairy milk cansumption (d: less than 1 time/week, D: 1-3 times/week or more)
*2 Meat consumption (m: less than 1 time/week, M: 1-3 times/week or more)

*3 Fish consumption (f: less than 4 times/week, F: 4 times/wesk or more)

Table 4. Mortality rate ratio for all cerebrovascular disease from six-prefecture study (1866-1881).

Factor Category Number of death RR* (95%Cl)
DMF (d. m, ) 1730 1.00 =
(Dalry milk,*' Meat** Fish*j (D, m, f) 429 0.91 (0.81-1.01)
(d, M, f) 3057 0.92 (0.86-0.98)
(d,m,F) 717 0.89 (0.81-0.97)
O, M, ) 1931 0.79 (0.73-0.84)
(o, m, F) 260 0.84 (0.73-0.86)
(d, M, F) 1678 0.85 (0.79-0.92)
(D, M, F) 1324 0.68 (0.62-0.73)
Sex Men 6231 1.00 **
Women 4895 0.63 (0.59-0.67)
Prefecture Kagoshima 1806 1.00 **
ogo 1704 0.94 (0.87-1.00)
Alchi 1919 1.16 (1.08-1.24)
Osaka 1605 0.98 (0.91-1.08)
Okayama 2026 1.02 (0.95-1.09)
Miyagi 2066 1.28 (1.20-1.37)
Qccupation Farmers, mining 5679 1.00 **
(sociceconomic status)  Transport, craftsmen 1166 0.88 (0.82-0.95)
Clerical, sales, service 1610 0.88 (0.82-0.93)
Professional, managers 273 0.72 (0.64-0.82)
Job unknown ’ 2398 1.26 (1.19-1.32)
Alcchol 1-3 times/week or less 8685 1.00 **
. 4 times/week or more 2441 1.26 (1.19-1.32)
Tobacco Non-smokers 5714 1.00 **
(cigarette smoking) Ex-smokers 204 1.06 (0.93-1.20)
Current smokers 5118 1.10 (1.04-1.16)

* adjusted for attained age (-44, 45-, 60-, 55-, 60-, 65-, 70-, 75-, 80+} and 6 variables listed
** referenca group

*1 Dairy milk consumption (d: less than 1 time/week, D: 1-3 imes/week or mare)

*2 Meat consumption (m: less than 1 timeAveek, M: 1-3 times/week or more)

*3 Fish consumption (f: less than 4 times/wesek, F: 4 times/waek or mare)
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the RR of 1.26.

The DMF as a protective factor was also
found in all cardiovascular disease, although it was
not more evident than all cerebrovascular diseases
(Table 5). Tobacco was associated with the mor-
tality of this disease (current smokers, RR=1.58,
95%CL: 1.47-1.69), but alcohol was not significant.

The mortality of all respiratory disease was
modified by sex and area (Table 6). Mortality rate
of respiratory disease was much higher in men
than in women. The high mortality in Kagoshima
prefecture might be related to air pollution by vol-
cano activity.  Respiratory disease mortality
among workers with unknown job was higher
than that among the rest of the cohort members
(RR=186, 95%CL 165-209). The RR from ex-
smokers was higher than that from current smok-
ers (ex-smokers, RR=1.63, 95%CL 1.31-2.03). Both
alcohol and DMF were not associated with this
mortality.

Table 7 shows that the results for mortality of
external cause. The DMF did not show any sig-

nificant associations except for DMF (D, M, f).
Area difference was also small. Alcohol, but not
tobacco, was adversely associated with mortality
from this cause of death. The RR among profes-
sionals and managerial workers was 050 with
95%CI of 0.37 to 0.67.

Table 8 shows the results for all other causes
of death. A statistically significant RR was also
observed in several combinations of DMF, ie, (d,
M dmPF,OMI(dMF and (D, M, F).
The mortality rate in Miyagi prefecture was lower
than that in other prefectures (RR=0.68, 95%CIL: 0.61-
0.74). On the contrary, alcohol and tobacco were
risk factors.

Figures 1 to 3 show the RR by the DMF com-
binations for the cancer sites of colon, rectum,
breast, prostate, stomach and lung. The mortality
risks of these cancer sites were not associated
with the DMF combinations. No associations were
also obtained from the oesophagus, gall bladder,
liver, pancreas, cervix-uterus and urinary bladder
(data not shown).

Table 5. Mortality rate ratio for all cardiovascular disease from six-prefecture study (1866-1981).

Factor Category Number of death RR* (95%Cl)
DMF {dm,9 917 1.00
(Dalry milk,*' Meat,** Fish*} (D, m, f) 257 1.02 (0.88-1.17)
{d. M, 1) 1727 0.93 (0.85-1.01)
(d,m, F) 330 0.97 (0.86-1.10)
(D, M, ) 1266 0.91 (0.82-0.99)
(D, m, F) 162 0.98 (0.82-1.16)
(d. M, F) 950 0.93 (0.84-1.02)
(D, M, F) 899 0.86 (0.78-0.95)
Sex Men 3552 1.00 *
Women 3006 0.83 (0.77-0.89)
Prefecture Kagoshima 1068 1.00 **
Hyogo 1029 0.91 (0.83-0.99)
Alchl 1162 1.13 (1.03-1.23)
Osaka 1178 1.11 (1.01-1,21)
Okayama - 1024 0.83 (0.76-0.91)
© Miyagi 1097 1.08 (0.99-1.18)
Occupation Farmers, mining 2986 1.00 **
(socioeconomic status)  Transport, craftsmen 740 1.02 (0.93-1.11)
Clerical, sales, service 1099 1.05 (0.97-1.13)
Professional, managers 208 0.98 (0.84-1.13)
Jab unknown 1526 1.32 (1.23-1.41)
Alcohol 1-3 times/week or less 5272 1.00 **
4 times/week or more 1286 1.03 (0.95-1.10)
Tobacco Non-smokers 3119 1,00 **
{clgarette smoking) Ex-smokers 168 1.29 (1.09-1.52)
Current smokers 3271 1.58 (1.47-1.69)

* adjusted for attained age (-44, 45-, 50+, 55-, 60-, 65-, 70-, 75-, 80+) and 6 variables listed

** reference group

*1 Dairy mitk consumption (d: less than 1 time/week, D: 1-3 times/week or more)
*2 Meat consumption (m: less than 1 tme/week, M: 1-3 times/week or more)
*3 Fish consumption (f: less than 4 imes/week, F: 4 times/week or more)
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Table 6. Mortality rate ratio for all respiratory disease from six-prefecture study (1866-1981).

Factor Category Number of death RR* (95%Cl)
DMF . (d, m, ) 305 1.00 **
(Dairy milk,*' Meat,*Fish*) (D, m, f) 101 1.19 (0.95-1.49)
(d. M, ) 493 0.82 {0.70-0.95)
(d, m, F) 111 0.87 (0.69-1.09)
(D, M, ) 504 1.09 (0.93-1.26)
(D, m, F) 52 1.01 (0.74-1.38)
(d, M, F) 281 0.84 (0.71-1.00)
(D, M, F) 323 0.92 (0.77-1.08)
Sex Men 1413 1.00 **
Women 757 0.39 (0.34-0.44)
Prefecture Kagoshima 441 1.00 **
) Hyogo 326 0.67 (0.57-0.77)
Aichl 356 0.78 (0.67-0.90)
Osaka 359 0.77 (0.66-0.89)
Okayama . 365 0.72 (0.62-0.83)
Miyagi 323 0.73 (0.63-0.85)
Occupation Farmers, mining 1006 1.00 **
(socloeconomic status)  Transport, craftsmen 236 0.89 (0.76-1.03)
Clerical, sales, service 315 0.91 (0.79-1.04)
Professional, managers 67 0.78 (0.60-1.01)
Job unknown . 546 1.86 (1.65-2.09)
Alcohol 1-3 times/week or less - 1709 1.00 **
4 times/week or more 461 " 0.93 (0.83-1.04)
Tobacco . Non-smokers © 955 1.00 **
(clgarette smoking) Ex-smokers 100 1.63 (1.31-2.03)
Current smokers 1115 1.20 (1.07-1.34)
* adjusted for attained age (~44, 45-, 50-, 66-, 60~, 65-, 70-, 75-, 80+) and 6 variables listed
** reference group

*1 Dairy milk consumption (d: less than 1 ime/week, D: 1-3 times/week or more)
*2 Meat consumption (m: less than 1 ime/week, M: 1-3 times/week cr more}
*3 Fish consumption (f: less than 4 times/week, F: 4 imes/week or more)

Table 7. Mortality rate ratio for all external causes of death from six-prefecture study (1966-1981).

Factor Category Number of death RR* (85%Cl)
DMF (d, m, ) 277 1.00*
(Dairy milk,** Meat,** Fish*®) (D, m, f) 78 1.03 (0.79-1.32)
(d, M, ) 547 0.93 (0.80-1.08)
(d, m, F) 102 0.86 (0.68-1.08)
(O, M, ) 378 0.80 (0.66-0.94)
(D, m, F) 50 1.07 (0.78-1.45)
(d, M, F) 299 0.88 (0.74-1.04)
(O, M, F) 305 0.85 (0.72-1.01)
Sex ' Men 1312 100 **
Women 724 0.45 (0.39-0.51)
Prefecture Kagoshima 333 1.00 **
Hyocgo 400 1.22 (1.04-1.41)
Aichi 350 1.15 (0.98-1.34)
Osaka 300 1.03 (0.87-1.22)
Okayama 385 1.08 (0.23-1.25)
Miyagi 268 0.87 (0.73-1.03)
Occupation Farmers, mining 1058 1.00 **
(socioeconomic status)  Transport, craftsmen 290 0.85 (0.73-0.97)
Clerical, sales, service 351 0.81 (0.71-0.92)
Professional, managers 47 0.60 (0.37-0.67)
Job unknown 290 0.95 (0.82-1.09)
Alcohal 1-3 times/week or less 1487 1.00 *
4 times/week or more 549 1.40 (1.25-1.57)
Tobacco Non-smokers 940 1.00 **
(cigarette smoking) Ex-smokers 45 0.76 (0.55-1.04)
Current smokers 1051 0.94 (0.83-1.06)
* adjusted for attained age (-44, 45-, 60-, §5-, 60-, 65-, 70-, 75-, 80+) and 6 variables listed

** reference group

*1 Dairy milk consumption (d: less than 1 time/week, D: 1-3 times/week or more)
*2 Meat consumption (m: less than 1 time/week, M: 1-3 imes/week or more)

*3 Fish consumption (f: less than 4 times/waek, F: 4 times/week or more)
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Table 8. Mortality rate ratio for all other causes of death from six-prefecture study (1966-1981).

Factor Category Number of death RR* (85%Cl)
DMF {d, m, ) 1018 1.00 **
(Dalry milk,** Meat,** Fish*¥) (D, m, f) 300 1.09 (0.95-1.24)
(d, M, ) 1837 0.85 (0.78-0.92)
(d,m,F) 334 0.82 (0.72-0.93)
(DM, ) | 1459 0.89 (0.81-0.97)
(D, m, F) 141 0.89 (0.74-1.06)
(d, M, F) 944 0.81 (0.74-0.89)
(D, M, F) 964 0.81 (0.73-0.89)
Sex Men 3984 1.00 **
Women 3014 0.65 (0.60-0.69)
Prefecture Kagoshima ' 1257 1.00 **
. Hyogo 1225 0.92 (0.84-0.89)
Aichi 1217 0.97 (0.89-1.06)
Osaka 1249 0.99 (0.91-1.08)
Okayama 1249 0.88 (0.81-0.96)
Miyagi 801 0.68 (0.61-0.74)
Occupation Farmers, mining 3172 1.00 **
(socioeconomic status)  Transport, craftsmen 846 1.00 (0.92-1.08)
Clerical, sales, service 1217 1.05 (0.97-1.12)
Professional, managers 204 0.82 (0.71-0.95)
Job unknown 1559 1.41 (1.32-1.51)
Alcohol 1-3 imes/week or less 5521 1.00 **
4 times/week or more 1477 1.08 (1.01-1.15)
Tobacco Non-smokers ' 3367 1.00 **
(cigarette smoking) Ex-smokers 191 1.14 (0.97-1.32)
Current smokers 3440 1.28 (1.20-1.37)
* adjusted for attained age (~44, 45-, 50-, 55-, 60-, 65-, 70-, 75-, 80+) and 6 variables listed
** reference group

*1 Dalry milk consumption (d: less than 1 time/week, D: 1-3 times/week or more)
*2 Meat consumption (m: less than 1 time/week, M: 1-3 times/week or more)
*3 Fish consumption (f: less than 4 times/wesek, F: 4 times/wsek or more)
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Figure 1. Mortality rate ratio (RR) by the combination of DMF for the cancer sites of colon and rectum.
A square and a bar are correspondng to the RR and its 95% confidence interval, where DMF (d, m, f)
is reference grow.

*1 Dairy mik consurmption (¢t less than 1 time/week, D: 1-3 times/week or more)

*2 Meat consumption (m: less than 1 time/week, M: 1-3 times/week or more)

*3 Fish consumption (f: less than 4 times/week, F: 4 times/week or more)

NII-Electronic Library Service



Okinawa Prefectural College of Nursing

Kinjo etc : Joint effect of animal protein and fat for mortality

wr Breast
40
30
RR
20 |
Lty
10 = 4}
I bl '
Qo L L 1 L 1 1 1 ]
000 100 010 001 110 101 o1 m
(Mlk, Meat, Fish)

80r
70 |
60
50
RR40

Prostate

QO 1 ' 1 1 '} 1 1 I
000 1C0 010 001 110 101 ot1 m

(Milk, Meat, Fish)

Figure 2. Mortality rate ratio (RR) by the combination of DMF for the cancer sites of breast and prostate.
A square and a bar are corresponding to the RR and its 95% confidence interval, where DMF (d, m, f)

is reference group.

%1 Dalry mik consumption (ct less than 1 time/week, D: 1-3 times/week or more)
%2 Meat consumption (nt less than 1 time/week, M: 1-3 times/week or more)
%3 Fish consumption (f: less than 4 times/week, F: 4 times/week or more)
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Figure 3. Mortality rate ratio (RR) by the combination of DMF for the cancer sites of stomach and lune.
A square and a bar are corresponding to the RR and its 95% confidence interval, where DMF (d m,

is reference group.

%1 Dairy mik consumption (¢t less than 1 time/week, D: 1-3 times/week or more)
%2 Meat consumption (m:'less than 1 tme/week, M: 1-3 times/week or more)
%3 Fish consumption (f: less than 4 times/week, F: 4 times/week or more)

DISCUSSION :

Life-styles and dietary habits can vary with
time. In this cohort study, the second survey was
conducted for the randomly selected sub-
population of 3 % of the cohort in 1971, six years
after the initial survey. Comparison between the
results of two surveys showed good correlation
and agreement Those results could be due to
the age at the baseline, mainly 40 or over, where

individual life-style would be stable. Possibly, the
period between the two surveys, which was only
6 years, might be too short to examine the change
of life-style over years.

Over 90 percent of the cohort members con-
sumed rice, vegetables including pickles, and miso
soup 1-3 times/week or more. Thus, these were
popular dietary styles for the Japanese in the
1960s. Associations between respective food items
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and cancer mortality risk were intensively exam-
ined and reported by Dr Hirayama.® ' In the pre-
sent multivariate analysis, the joint effect of
animal protein and fat from dairy milk, meat and
fish were targeted with adjustment for not only
cigarette smoking but prefecture and occupation.
Other dietary factors in this cohort did not signifi-
cantly contribute to the risk estimation, which
might be due to the fact that mortality risk was
largely explained by age and cigarette smoking.
The present results, suggesting the inverse as-
sociation between mortalities from main causes of
death except for all cancer and the joint effect of
animal protein and fat, are in line with the
changes of leading causes of death in Japan over
the years. It changed from cerebrovascular dis-
ease to malignant neoplasms in the last 50 years.
Time trends of Japanese food consumption re-
ported by the National Nutritional Survey support
the present findings to some extent. According to
the survey, the increased animal protein and fat
intake during the period from the 1960s to the
1980s may have contributed to the extension of
life expectancy and the decreasing trend of
cerebrovascular disease mortality starting from
around 1965. Macroscopic analysis presented in
this paper is useful for understanding the changes
of mortality and food consumption nationwide.
The present study showed that cancer mortal-
ity was relatively lower within the dietary pattern
of DMF ((d, m, ) and (d, m, F)). Contrary to that,
the adverse joint effect of animal protein and fat
on cancer was only marginally significant. On top
of that, the present analysis could not confirm
such an effect in’ cancer of the colon, rectum,
" breast or prostate (Figures 1 and 2) although those
cancers are considered to be related to animal fat
and their incidence rates in Japan gradually in-
creased since 1960. But the increase in animal fat
consumption virtually stopped after 1974
Incidentally, 1973 was the year of the first cil em-
bargo crisis, which might have affected the in-
creasing trend of both breast and prostate
cancers.” Therefore, it might be an unexpected
nationwide dietary intervention against these can-
cers. Recent trend analysis using WHO mortality

database over the past three decades suggests that
the colorectal and prostate cancer mortality rates
in Japan may never reach rates similar to those of
several western countries'® Stomach cancer,
whose mortality steadily decreased during the last
20 years, has been the primary cause of cancer in
both men and women until the lung cancer death
rate in men became the leading cause of cancer
death in 1993. This decline of stomach cancer risk
in Japan may be due to the nationwide campaigns
including an active public education, and the use
of electric refrigerator, which contributed to the re-
duction of salty food intake and the increase of
fresh fruit and vegetable consumption.®

It is well known that several aspects of the
traditional Japanese life-style such as heavy work,
alcohol drinking and a largely plant-based diet
with high salt intake are associated with a high in-
cidence of hypertension and cerebrovascular dis-
ease® In the previous analysis of the six-
prefecture cohort data, the joint effect of animal
protein and fat from dairy milk, meat and fish was
strongly associated with a reduction in mortality
from haemorrhagic stroke.” This result is in line
with the NiHon-San study and recent meta-
analysis of 13 cohorts™ " In Japan, the success of
a community-based hypertension control program
in the early 1970s saw a reduction in salt intake
from 13.7 g/day in 1976 to 11.7g/day in 1987.'®
Although fat intake had increased with economic
growth, the level of animal fat intake in Japanese
is still lower than the levels in the US and
European countries. This may explain why no
large increase in the ischaemic heart disease mor-
tality has been seen alongside the decrease in
stroke mortality in Japan® In the present analy-
sis, the DMF was related to cardiovascular disease
in total but not to ischaemic heart disease only (re-
sults not shown).

Data obtained from the National Nutritional
Survey in Japan showed the increased consump-
tion of green-yellow vegetables, milk and dairy to
present, stabilization in animal fat consumption
after 1974, and reduction of salt consumptibn until
1987. However, salt intake increased after 1987,
and animal protein intake and fat consumption
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increased slightly in the corresponding period
Those trends may be related to increasing mortal-
ity rates of heart disease, colon and breast cancers.
The possibility can be examined in depth by the
recent cohort studies in Japan.® ®

In conclusion, the joint effect of animal protein
and fat on the basis of the DMF combination was
not strongly associated with the cancers in the
present analysis. On the other hand, substantial
rises in animal protein and fat intake may have
had a protective role for mortality from vascular
diseases in this cohort.
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