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A STUDY ON THE INTERNATIONAL COMPARISON
OF THE PATTERN OF FOOD ENERGY INTAKES

INTRODUCTION

In discussing on foods, diets, nutritions and .also
their problems in the world, per caput consumptions
or intakes of single food items and nutrients or major
food groups among countries have tended to be
examined individually for the purpose of clarifying
nutritional conditions of respective countries?. And
besides the relationship between health status and’
diet in a country has often been explained by looking
into the association of mortality, morbidity or incidence
of disease with the quantity of individual food items,
food groups or nutrients consumed?~®, .

However, when diet in a population group is
observed, consumptions or intakes of individual food
items are not determined independently of other foods
with each other but synergistic or antagonistic relation
is found between food items or food groups. Thus,
such ‘relation constructs what is generically called

. food .consumption structuret~?. This fact supports

importance of understanding the health status of a

population group not in relation to a single food item

individually but by systemically considering the dietary
patterns of the population group.

The authors now applied techniques of multivariate
analysis which have often been used in various fields
such as public health these days®~9, to the most recent
data of FAO: The purpose for this application may be
possibly 1) to make clear the food consumption struc-
ture of the world, 2) to grasp the state of food intakes
of countries as dietary patterns, 3) ‘to classify the
countries according to the similarity of said- dietary
patterns and 4) to quantitatively determine degree of

the recent change in the dietary pattern of each country.
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MATERIALS AND METHOD

1. Data

The data used in this study were obtained from the
tables of food energy supplies in 163 countries in the
world in 1961~65, 1972, 1973 and 1974 which wEre
published by Food and Agriculture Organization of
the United Nations!®~1®, The figures of 1961~65
are mean values of energy supplies from 1961 to 1965.
In the tables, per caput energy supplies per day (Cal)
from 16 food groups‘are shown. The 16 food groups
comprise cereals, roots and tubers (hereinafter referred
to as tubers), sugar, pulses, tree-nuts, vegetables,
fruit, meat and offals (hereinafter referred to as meat),
eggs, fish, milk and products (hereinafter referred to
as milk products), vegetable oils and fats (hereinafter
referred to as vegetable oils), animal fats and oils
(hereinafter referred to as animal fats), spices, stimu-
lants and alcoholic beverages. The figures of the per
caput energy supplies were obtained by subtracting
amounts of export, increase in the stock and amount
of non-human consumption from the total amount
of national production and import and dividing thus
obtained total supplies for human consumption by
the number of population in a country. Therefore,
the figures could be considered as average per caput
food energy supplies for the people of the country at
a kitchen level. Although the original table of FAO

© gives figures of 163 countries, those of Namibia were

not used in this study, as they were partly missed.

Thus, figures for 162 countries were submitted to the

following analysis.

2. Procedure of the analysis

(1) Correlation coefficients between 16 food groups

in terms of the energy supply » ‘
Correlation coefficients between 16 food groups in

terms of energy supplies were calculated, using the

data of 162 countries of the year 1974 and those of

the three f)eriods (1961~65, 1972 and 1974) (the
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Fig.1 Configuration of 16 food groups by factor
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Fig.2 Configuration of 16 food groups by factor
loadings (factors 3 and 4)
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number of the data amounts to 486 for each food

two 16*16

thus producing

group) respectively,

correlation matrices.
-(2) Factor analysis'®
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Factor analysis by means of the varimax method was

(1

applied to the 16¥16 correlation matrix of the three
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Tab. 2 Factor loadings of 16 food groups -

Factor 1 - Factor 2 Factor 3 Factor 4 communality
Cereals —0.292 —0.839 —0.042 0.093 0.799
Roots and tubers —0.214 0.781 —0.023 0.033 0.657
Sugar, syrups, honey 0.757 —0.089 0.115 0.018 0.595
Pulses’ —0.292 0.084 —0.409 0.116 0.273
Tree-nut —0.282 . 0.355 0.417 —0.059 0. 383
Vegetables 0.376 —0. 164 0.224 0.495 0.464-
Fruit —0.035 0. 505 —0.233 0.413 0.481
Meat 0. 881 0.033 0.032 0.003 0.778
Eggs 0.828 - —0. 104 0.141 0.238 0.772
Fish 0.139 0.156 0.530 0. 083 0.332
Milk and products 0. 867 - —0.042 —0.035 —0.113 0.768
Vegetable oils and fats 0. 502 0.013 0.251 0. 364 0.447
Animal oils and fats 0.842 —0. 004 —0.087 —0.098 0.727
Spices —0.073 —0.229 0.174 —0.014 0.088
Stimulants 0.768 0.094 0. 066 0. 005 0.603
Alcoholic beverages 0.719 0. 066 0.036 0.258 0. 589

‘ Fig.3 Configuration of countries by factor scores
(factors 1 and 2)—for the numbers refer to Tab. 3

Factor 2
4.0

‘i ‘2351 3.9

© 1961-65
& 1972

® 1974

periods combined. Furthermore, factor scores were

calculated for the 486 data, using the factor loadings

as weights.

(3) (
From the figures of the energy supplies 1n the 162

Cluster analysis'4

countries of the year 1974, a matrix of Euclidian dis-

Tab. 3 List of countries illustrated in Fig. 3 and 4
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20
21
22

25
26
27
28
29
30
31
32
33
34
35
36

0O U RGN

—
o

23.
24

Switzerland
New Zealand
Germany Fed.
U.S.A.
Austria
France
Canada
Czechoslovak
Australia
Norway
Poland
Hungary
Italy

Malta

Spain

Israel
Argentina
U.S.S.R.
Portugal
Greece
Bulgaria
Yugoslavia
Japan
Singapore
New Caledonia
Hong Kong
Chile
Venezuela
South Africa
Cuba’

Libya
Colombia
Brunei
Mexico
Nicaragua
Peru

37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67 .
68
69
70
71
72

Paraguay
Mal W Malays.
Brazil
Iraq

Fiji

El Salvador
Bolivia
Korea
Iran
Sudan
Philippines
Somalia
Maldives
Egypt
Indonesia
Gabon
Tonga
Uganda
Tanzania
Kenya
Cameroon
Burma
India
Nigeria

" Congo

China
Ghana
Ethiopia
Guinea
Zaire
Chad

Togo
Burundi
Bangladesh
Upper Volta
Rwanda
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Fig.4 Configuration of countries by factor scores (factors 3 and 4) —for the numbers

to Tab. 3
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Fig.5 Dendrogram of 7 clusters (162 countries
in the world)

Distance §—— 307

5T 35

Cluster A

Cluster B

Cluster C

Cluster D

Cluster F

Cluster G

tance was obtained, and a cluster analysis called
Ward’s method was applied so as to yield clusters of
the countries with maximum similarities measured

in terms of the energy supply.

RESULTS

1. Correlation coefficients with regard to the
food groups
Correlation coefficients between food groups meas-

ured in terms of the energy supply of the year 1974

Fig. 6 Dendrogram of 11 countries in cluster F

Distance
0

Grenada
Fiji
Fr.Polynesia

Maldives

Hong Kong

Macau

Singapore
Japan

New Hebrides

:}_
_F
_F

Samoa

Sao Tome etc.

are shown in Tab. 1.
By convention of inferential statistics, correlation

coefficients with the absolute value not less than
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Tab. 4 Countries constituting each cluster

Cluster A
- (14 countries)

El Salvador, Honduras, Guatemala, Kenya, Botswana, Cape Verde, Haiti, Brazil, Nic-
aragua, Mexico, Upper Volta, Niger, Rwanda, Burundi

" Cluster B

(55 countries)

South Viet Nam, Viet Nam, Thailand, Philippines, Mal Sarawak, Bangladesh, Nepal,
Bhutan, Cambodia, Lao, Burma, Yemen Ar., Lesotho, Afghanistan, Rhodesia, Mali,
Zambia, Indonesia, Madagascar, China, Chad, Malawi, Korea Rep., Korea Dpr.,
Guinea, Guin. Bissau, Liberia, Sudan, Senegal, Gambia, Sierra Leone, Algeria, Iran,
Jordan, India, Pakistan, Albania, Iraq, Somalia, Mauritania, Swaziland Mal W. Ma-
lays., Mauritius, Morocco, Saudi Arabia, Yemen Dem., Egypt; Turkey, Syria, Tu.nisia,'
Libya, Mal Sabah, Brunei, Ethiopia, Sri Lanka ‘

Cluster C
(18 countries)

Nigeria, Angola, Mozambique, Togo, Benin, Tanzania, Cent. Afr. Emp., Solomon Is.,
Zaire, Congo, Tonga, Ghana, Cameroon, Ivory Coast, Ugondo, Comoro Is. Gabon,
Papua N. Guin. '

Cluster D
(38 countries)

Colombia, Ecuador, Venezuela, Panama, St. Lucia, St. Vincent, Dominican Rp.,
Paraguay, Guadeloupe, Martinique, Peru, Dominica, Bolivia, Lebanon, New Caledonia,
Guyana, Surinam, South Africa, Reunion, Cuba, Trinidad etc., Costa Rica, Jamaica,
Belize, Chile, Romania, Yugoslavia, Bulgaria, Cyprus, USSR, Poland, Argentina,
Barbados, Antigua, Neth. Antille, Bahamas, Uruguay, Mongolia

Cluster E

(6 countries)

Spain, Italy, Portugal, Greece, Malta, Israel

Cluster F

(11 countries)

Grenada, Fiji, Fr. Polynesia, Maldives, Hong Kong, Macau, Singapore, Japan, New
Hebrides, Samoa, Sao Tome etc.

Cluster G
(20 countries)

Germany Fed., Austria, France, Germany DR., Belgium-Lux, Canada, UK, U.S.A,

. Australia, Czechoslovak, Hungary, Denmark, Netherlands, Sweden, Norway, Finland,

Ireland, New Zealand, Iceland, Switzerland

0.152 are presumed to have statistical significance
at the 5% level. ‘

As apparent in the Tab. 1, high correlations were
observed between milk pfoducts and sugar, between
meat and animal fats, between milk produéts and
animal fats and between milk products and stimulants.
On the other hand, cereals had strong negative
correlation with tubers.

2. Factor analysis

Applying the technique of factor analysis to the

16*16 correlation matrix of the three periods, we’

extracted four factors. The contribution ratios of the
first, sécond, third and fourth factors were 3&2_%,
11.59%,, 5.4% and 4.6%, respectively.

The factor loadings of 16 food groups are shown
in Tab. 2, and the graph of the first and second
factors and that of the third and fourth factors are
displayed in Figs. 1 and 2, respectively.

Of the scores of the four factors with respect to the

162 countries, those for about 70 countries are plotted

and linked in sequence of the three periods, i.e.
1961~65, 1972 and 1974 in Fig. 3 (for the factors
1 and 2) and in Fig. 4 (for the factors 3 and 4).

As seen in Figs. 1 and 2 showing the configuration

of the 16 food groups, eggs, milk products, sugar,

‘meat, animal fats, stimulants and alcoholic beverages

were located near with each other and vegetables
were in the vicinity of vegetable oils. Both facts indicate
that consumptions of meat, eggs, milk products,
sugar, animal fats, stimulants and alcoholic beverages
were closely related with each other and consumption
of vegetables was related w1th that of vegetable oils
as well. .

Now, we shall inspect what the four factors dispiay
in view of Tab. 2 and Figs. 1 to 4.

The first factor: High factor loadings were found
in cases of meat, milk products, animal fats, eggs,
stimulants, bsugar and alcoholic beverages, resulting
in such a high contribution ratio as 33.29%,. Countries

with high scores of the first factor were those devel-
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Tab. 5 Mean values and standard deviations of energy supplies from 16 food groups in clusters A to G

(per caput kilocalories per day)

Cluster Cereals Roots- & Sugar Pulses Tree-nuts | Vegetables Fruit Meat
tubers ‘

A 1069(281) 181(261) 227(160) 183 (82) 23(18) 14( 6) 120(151) 74(51)

B 1473 (254) 82(107) 162(106) 48(33) 53 (54) 29(23) 61( 55) 75(41)

C 615(115)  832(127) 77( 20) 56(20) 123(33) 22(:8) - 167( 66) 71(21)

D 1037( 94) 151( 32) 367( 35) 51(11) 30(10) 33( 6) 119( 24)  257(50)

E 1134(133) 132( 66) 366( 59) 59(14) 59(23) 90 (11) 135( 25) 319(40)

F 882(166) 191( 97) 266( 56) 47(17) 187(83) '41(13) 75( 36) 199(75)

G 758( 69) 161( 23) 473( 30) 17( 4) 23(7) 45( 7) 89(" 9) 557(45)
Eggs Fish Milk & | Vegetable | Animal Spices Stimulants | Alcoholic
products oils fats : beverages

A 10(10) 7(6) 67(41) 77 (54) 40(35) 1(1) 3(3) 49(35)

B 7(7) 24(25) 63(58) 127(96) 28(25) 7(9) 2(3) 24(32)

C 3(1 32(11) 21( 9) 110(19) 14( 6) 4(3) 2(1) 47(24)

D 18( 3) 31(7) 172(26) 178(25) 90(20) 3(1) 13( 3) 91(19)

E 48(17) 47(20) 224(41) 433(59) 67(32) 2(1) 17(12) 171(89)

F 22(12) 111(31) 66(25) 165(36) 56(19) 3(2) 9( 3) 56(28)
G 51( 4) 40(11) 388(49) 265 (50) 295 (50) 4(3) 32( 8) 197(26)

Tab. 6. Size of change of the pattern of energy in Asia and in Africa.

intake expressed by the Euclidian dis-
tances based on the four factors between
1961-65 and 1974 )

The third factor: Fish and tree-nuts had highly
positive factor loadings, while pulses and fruit had

negative factor loadings. Japan had a prominently

Order Name of country Euclidian distance high score of this factor reflecting that she was one of
1 Libya 2.312 the distinguishing fish-eating countries in the world.

2 Japan 1.932 On the other hand, very low factor scores were found

3 Singapore 1.851 in Rwanda and Brundi where much pulses were

4 Malta 1.812 consumed.

2 ;():::agiep. i 2;(1) The fourth factor: Vegetables, fruit and vegetable

7 Yugoslavia 1 447 oils had high loadings and Mediterranean countries

8 Greece 1.433 ) such as Spain, Italy, Israel, Portugal etc. had high

9 Spain 1.417 scores of this factor. Vegetables and vegetable oils
10 Hungary 1.392 had relatively high loadings on this factor as well as

on the third factor, and therefore, they could not be
oped industrially in Europe, North America and explained simply in terms of the fourth factor.
.Oceania. The increase of scores was observed as the The scores of the third and fourth factors were
year proceeded on in the countries possessing relatively generally increasing in the countries with high scores

high scores of this factor. As for Japan, the score of these factors as the year proceeded on, as apparent

increased remarkably from the first (1961~65) to
the second period (1972). .

. The second factor: Tubers, fruit and tree-nuts had
Vhighly positive factor loadings and cereals had a highly
negative factor loading. Countries with high factor
scores were located in Africa and in the South Pacific

Ocean, while countries with low scores were scattered

in Fig. 4.
3. Cluster analysis

By applying cluster analysis to the motrix of Euclid-
ian distances calculated between countries based on
the data of energy supplies of 16 food groups in 1974,
the 162 countries of the world were first divided into

two clusters of countries, one of which consisted of -
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20 industrially developed countries in Europe, North
America and.Oceania and the remaining countries
were divided into clusters successively according to
the distances between countries. According to the
criteria of Euclidian distances 12.8 specified a priori,
the 162 countries could be divided into seven clusters
ultimately. Fig. 5 illustrates the dendrogram of
the seven clusters labelled by A, B, C, D, E, F and G.
Cluster G was the most distinguishing since it consisted
of above-mentioned 20 developed countries.

Now, we describe what each cluster reveals.

Cluster A consisted of some countries in Latin
America and Africa and is characterized by relatively
high consumption of both cereals and pulses.

Cluster B consisted of most of Asian countries,
some countries in Africa and Albania and high
importance attached to cereals in the diet distinguishes
this cluster from others.

Cluster C consisted of some countries in Africa and
the South Pacific Ocean and characteristic of the diet
of this cluster is the large consumption of tubers,
treenuts and fruit.

Cluster D consisted of mainly Latin American and

East European countries and is remarkable in that

none of the energy supplies from 16 food groups
éurpassccl those of the other clusters from the corre-
sponding food groups.

Cluster E consisted of six countries located around

the Mediterranean Sea and was distinguished by the

greatest dependence on vegetables and vegetable -

oils in the world. Furthermore, energy supplies from
the food groups other than tubers, sugar, treenuts,
animal fats and spices ranked second in the world.

Cluster F consisted of several Asian countries and
countries in the Pacific Ocean and high consumption
of fish or tree-nuts is the characteristic found in this
cluster.

Clus.ter G consisted of the so-called industrially
developed countries in Europe, North America and
Oceania and large consumptions of sugar, meat,
eggs, milk products, animal fats, stimulants and
alcoholic beverages mark this cluster.

Japan belonged to cluster F and the dendrogram
of 11 countries constituting the cluster F is shown in
Fig. 6. It is seen in the figure that Japan was situated
nearest to Singapore. Countries constituting the seven

clusters are given in Tab. 4 and mean values of energy

o6k RANEN H6E ' 313

supplies of 16 food groups in each cluster are shown
in Tab. 5.

DISCUSSION

1. Materials

Data used in this study are those collected and
published recently by FAO on the basis of the official
informations or reliable unofficial informations of the
countries. It is believed that they are one of the most
comprehensive and reliable data available on food
supplies or food consumption of the countries in the
world.

So far, various studies have been made to compafe
the food supply patterns of countries using the data
of food weight. It should be noted, however, that our
study is distinct from those studies, since we used
data on food energy supplies instead of food weights.
As foodstuffs classified into the same food group on
an international scale are much diversified, use of
data of energy supplies will be justified in the sense
that the influence of water content of foodstuffs may.
be eliminated.

2. Correlation coefficients between food groups

As already mentioned, sugar, meat, eggs, milk
products, - animal fats, stimulants ‘and  alcoholic
beverages pdssessed high correlation coefficients with
each - other indicating that large amounts of these
foodstuffs were consumed in the lump to constitute
a specific diet. In other words, sugar, eggs, milk
products, animal fats, stimulants and alcoholic bever-
ages were also essential energy sources in countries
where meat was important. On the other hand,
cereals had a relatively high negative correlation coeffi-
cient with tubers and no positive correlations were
observed in any other food groups except forbvegetablcs
and spices. Thus, it is suggested that tubers were not
generally important and that excessive importance
was often attached to only cereals, in countries where
cereals were taken as staple foods. Tubers also had
no significant positive correlation with other food

‘groups except for tree-nuts and fruit and this fact also

reveals the nutrition problems encountered in roots-

and tubers-eating countries.

"Correlation coefficients calculated in our study were
considerably different from those obtained by
Yoshikawa et al.®» who used international consump-

tion data of 11 food groups expressed by weight.
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The differences stated above might be attributable
not only to the difference in the way how the food-
stuffs were classified and in-the year of the data used
but also to the fact that data analyzed by Yoshikawa
et al. were of 37 countries including onlyé few develop-
ing countries. )

Furthermore, the correlation coefficients between
food groups obtained in our study were generally
mﬁch higher than those calculated by Toyokawa
et al.” who used the domestic food consumption data
from the Japanese Nutrition Survey conducted in
1971. From the statistical point of view, absolute
values of correlation coefficients obtained from
international data will be usually larger as compared
with those obtained from the data within a country,
since the data obtained from the homogeneous sample
may sometimes yield low correlation coefficients due
to small variation of data.

3. Factor analysis

As seen from Tab. 2 and Figs. 3 and 4, sugar, eggs, .

milk products, animal fats, stimulants and alcoholic
beverages were situated near with each other. Thus,
we may safely say that these foods were consumed
in a closely related manner so as to constitute a specific
dietary paftcrn. The countries characterized by the
dietary pattern were the so-called developed countries
in Europe, North America and Oceania consuming
much-meat. So let us name these foods “meat-related
foods.”

The first factor might be interpreted as a factor
which determined the degree of relative importance
of the meat-related foods in the diet. Nakayama
et al.’® showed by a cross-sectional study in 1963
that consumption of starchy foods increased with the
increase of income in developing ' countries, while
consumption of starchy foods was negatively correlated
with income in developed countries. He also described
that Japan, Portugal etc. were situated at the bqundéry
point between the developing countries and the
developed countries and that consumption of animal
foods increased as income increased except for high
income countries in which increase of the consumption
of animal foods was inconspicuous. As seen in Tab. 3,
the factor scores of the first factor increased remarkably
as the year proceeded on in countries with medium
factor scores. The fact indicates that consumption of

the meat-related foods substantially increased during

WS4 6 A158
the years from 1961~65 and 1974 in these countries,

while there was little increase in the consumption of
meat-related foods in countries with low scores. These
results seem to support Nakayama’s opinion in a sense
and thus the first factor may be suppésed to be asso-
ciated with the economical standard of life in the
country. However, consequence of history or conven-
tion of the country!” should never be disregarded.
The second factor is supposed to be a factor influenc-
ing degree of importance of either cereals or tubers
in the diet. Thus, among countries with low scores of
the first factor, countries with tubers-based diet and
those with cereals-based diet were distinguished
by the scores of the second factor. It is noteworthy
that very few countries possessed high factor scores
of both of thelﬁrst and second factors. This fact
indicates that the diet taken by the tubers-eating
countries does not contain much animal foods. Autret
et al.’® has mentioned that diets based on roots and
tubers often cause serious protein deficiency due to
low protein content as well as low protein scores of
these foods, and that it is preferable to substitute

cereals for roots and tubers in the diet gradually

_ in order to improve such nutritional situation in roots

and tubers-eating countries rather than to supplement
these foods with animal foods. As seen in Fig. 3, the
factor scores of the second factor of some countries
with high scores decreased as the year proceeded on.
This fact suggests that consumption of roots and
tubers decreased and consumption of cereals increased.
This fact may well conform to the recommendation
made by Autret et al'®,

In order to measure the size of change in the pattern
of energy supplies of each country from the first period
(1961 ~65) to the third period (1974), we calculated
Euclidian distances based on the scores of the four
factors. Ten countries having the highest distances
are shown in Tab. 6. Regardless of the direction of
the change, it may be said that change in the dietary
pattern of Japan was the largest next to Libya. It
should be noted that gross domestic product (GDP)
of most of these countries shdwn in Tab. 6 had under-
gone great changes during the period from 1960 to
1973. This fact suggests close connection between
change of the dietary pattern and economical status
on the national level, as has been pointed out by J.

Perrisse et al.'®®, who has mentioned that gradual
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restructuring of the diet as a function of income is
a general phenorﬂenon and that each country moves
from features basic to it and reflecting its dietary
heritage at the speed corresponding to the rate of
increase of per caput income.

It is worthy of attention how will the food consump-
tion pattern of Japan change in future, from the view
point of possibility of change which will be recognized
in the national health status as well as from the
standpoint of agricultural policy.

4. Cluster analysis
At the first glance, the structure of the clusters

obtained by cluster analysis seems somewhat different

from the visually seized results of factor analysis as

shown in Figs. 3 and 4, and distinctness of Japan,
Rwanda or Brundi seems to have been weakened.
However, it is duely understood that the results of
cluster analysis and those of factor analysis are consis-
tent, when we recollect that the contribution ratio
of the first factor excelled those of the remaining factors
to a great extent.

It is interesting to note that Japan constituted a
cluster with such countries as shown in Fig. 6 and that
Singapore whose GDP was the highest next to Jgpan
in Asia was situated at the-nearest position to Japan.
With regard to only the energy intake from fish, the
figure of Japan (183 Cal) is nearer to that of Maldives
(202 Cal) or that of New Hebrides (154 Cal) rather
than that of Singapore (119 Cal). The similar situation
applies to figures of other food groups, too. Thus,
the fact that Singapore is situated at the nearest
position to Japan implies the best resemblance of the
pattern of food energy intake of Japan to that of
Singapore as a whole.

Tamura et al.?® had divided 96 countries in the
world into six clusters by applying cluster analysis
(the nearest neighbor method) to the similarity matrix
of food consumption pattern calculated by using data
of food supplies expressed by food weight in 1960~63.
Although the results of our study agree with those of
Tamura et al. in that both Japan and Singapore
belonged to the same cluster, the great difference
observed between the both studies in constitution of
other clusters may be attributable to the difference
in the classification of foods as well as to the differenceA
in the method and in the year of data used.

The present results do not support the opinion of
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Yoshikawa et al'® who applied principal component
analysis to the international food consumption data
of 1964 that dietary pattern of Japan bore the Best
resemblance to that of Spain, Italy etc. The difference
between the results of Yoshikawa et al. and those of
our study might be attributable to the fact that data
of almost all the countries in the world, i.e. 162
countries were submitted to analysis in our study,
while those of only 37 countries were used by
Yoshikawa et al.

Finally we should mention some points on the
methodology of the analysis used in our study. We
applied factor analysis and cluster analysis to the
data, so that we may be able to find some clusters with
respects to foods and countries. From the methodologi-~
cal point of view, we could obtain these clusters simply
by factor analysis, taking the location of countries as
shown in Figs. 3 and 4 into consideration. It should be
noted, however, that Burbank® used cluster analysis
in order to find some clusters with regard to the
geographical distribution and emphasized that cluster
analysis prevails over factor analysis in the sense that
application of cluster analysis would provide the
successive hierarchical structure of many sites of cancer.
We don’t agree with this assertion, since some difficul-
ties may arise also in cluster analysis such that results
of cluster analysis do not provide enough information
as to how the extracted clusters relate to each other,
although the factors extracted by any method of
factor analysis are independent to each other. In view
of this, we think that application of factor analysis
and cluster analysis to a set of data both simultaneously
would never fail to yield meaningful results for develop-

ing some hypothesis on food problems.

SUMMARY

1. Factor analysis (the varimax method) was applied
to the data of food energy supplies in 162 countries in
1961~65, 1972 and 1974 published by Food and
Agriculture Organization of United Nations. We
used 16 food groupé as variables and obtained the
following results. \
(1) We extracted four factors which determined the
pattern -of food energy intakes of the countries. The
contribution ratios of the first, second, third and fouth
factors were 33.2%, 11.5%, 5.4% and 4.6%, res-
pectively. '
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(2) The first factor might be regarded as the factor
determining the degree of dependence of the diet on
meat, eggs, milk and products, animal fats. sugar and
alcoholic beverages (hereinafter referred to as meat-
related foods). _ .

(8) The second factor might be considered as the
determinant of the degree of dependence of the
" diet either on roots and tubers or cereals.:

(4) The third factor might be considered to deter-
mine the importance of fish, tree-nuts or pulses in
the diet.

(5) The fourth factor might be regarded as the factor
giving an influence on the intakes of vegetables and
vegetable oils.

(6) The general trend of the change of the food
energy intake pattern during the period from 1961~65
to 1974 seems to be in the direction of decrease of roots
and tubers consumption and increase of cereal con-
sumption in roots- and tubers-eating countries and
of increase of the consumption of meat-related foods
and decrease of the cereal consumption in the diet in
countries which were situated in between cereal-
eating countries and countries consuming a large
quantities of meat-related foods. o

2. Cluster analysis was applied to a matrix of
Euclidian distances obtained from the data of food
energy supplies of 162 countries in 1974 and as the
result, the countries in the world were classified into
seven clusters having respective characteristic patterns
of food energy intakes. It was made clear that Japan
was at the shortest distance from Singapore, i.e.
that the pattern of food energy intake of Japan bore

the best resemblance to that of Singapore.

(=% 54 1.17)

REFERENCES

1) Norinsho (Ministry of Agriculture and
Forestry, Japan): Nogyo Hakusho (Agrir;ultural
White Paper) 1974, 22~23, Norin Tokei Kyokai
(Tokyo), 1975 (in Japanese) .

2) Y. Hirayama: Gan no Ekigaku (Epidemiology
of Cancer), Kosei no Shihyo, 10(4), 13~31, 1963

3) N. H. Moss & J. Mayer: Food and nutrition
in health and Disease, 360~378, The New York
Academy of Sciences (New York), 1977

4) H. Toyokawa: Shokuseikatsu to Kenko (Diet
and health), Koza Gendai to Kenko, vol. 4,

fEFfn544£6 B15H
254~270, Taishukan (Tokyo), 1975 (in

Japanese)

5) H. Toyokawa: Koshu Eiyo (Public health
nutrition), 134~148, Koseikan (Tokyo-), 1976
(in Japanese)

6) H. Toyokawa: Keiryoteki Shokuseitaigaku
(Quantitative ecology of diets) in Shokuseikatsu
kenkyu, 112~117, Daiichi Shuppan (Tokyo),
1974 (in Japanese)

7) H. Toyokawa etal.: A study on the food intake
in Japan, Japanese Journal of Public Health,
22(10), 571~578, 1975 (in Japanese)

8) F. Burbank: A sequential space-time analysis
of cancer mortality in the United States:
Etiologic implications, American Journal of
Epidemiology, 95(5), 393~417, 1971

9) H. Yanai et al.: An epidemiological study on
mortality rates of various cancer sites during 1958
to 1971 by means of factor analysis, Behavior-
metrika, (5), 55~74, 1978

10) FAO: Food supply-Calories per caput per day,
Monthly Bulletin of Agricultural Economics and
Statistics, 25(4), 3~14, 1976

1 1) FAO: Food supply-Calories per caput per day,

Monthly Bulletin of Agricultural Economics and
Statistics, 25(7~8), 37~48, 1976

12) FAO: Food supply-‘Calories per caput per day,
Monthly Bulletin of Agricultural Economics and
Statistics, 26(1), 24~35, 1977

13). FAO: Food supply-Calories per caput per day,
Monthly Bulletin of Agricultural Economics and
Statistics, 25(2), 5~16, 1977

14) H. Yanai & Y. Takane: Tahenryo Kaisekiho
(Method of multivariate analysis), Asakura
Shoten (Tokyo), 1977 (in Japar_xése)

15) S. Yoshikawa et al.: Analysis of international
food consumption pattern by principal com-
ponent analysis, Norinsho Shokuryo Kenkyujo
Hokoku (Report of National Food Research
Institute), (24), 23~30, 1969 (in Japanese)

16) S. Nakayama & S. Namiki: Shokuryo no
Keizaigaku (Economics of Foods), 13~15,
Dobun Shoin (Tokyo), 1972 (in Japanese)

17) T. Sabata: Nikushoku no Shiso (The thought
of meat eating), Chuo Koronsha (Tokyo), 1966
(in Japanese) )

18) M. Autret et al.: Protein value of different




FRFn544:6 B15H 26k HANES E6H , 317

types of diet in the world, their appropriate 20) 8. Tamura et al.: Studies on food consumption
supplementation, FAO Nutrition Newsletter, pattern (part 4), Classification of 96 countries
6(4), 1~28, 1968 ‘ by cluster analysis, Shokuhin Sogo Kenkyujo
19) J. Perrisse et al.: The effect of income on the Hokoku (Report of National Food Research
structure of the diet, FAO Nutrition Newsletter, Institute), (28), 100~113, 1973 (ih Japanese)

7(3), 1~9, 1969

AR A VF B2 -0
FE] 2 i e B S % B

SRR

WE BT, B EX B Bz
CTFERFASCFELEEHE

W WX

1. EEAiEmmi sk Uic1961 ~6548 (), 197268 L 1F 19748 D ik 1620 E D&MRFERID = F L ¥ —
BB — 5 KEFAH (RY vy 7 2%) REA Lk, TORR, 4o0RTEHH Sk, 1 poH4RT
i?O%E%D%EBEﬁ, Zheh33.2%, 11.5%, 5.4%, BXU4.6%Thol.

%1 JFEA, 55 9. RS, SR, DRI U7 va—A g (T, WBIEAR LT ), 52 I’ﬁ%
BAREEIIRE B3 lﬁ%uz LLCH, BRELRER 2L THE4RTREER LUHEDHORTETCRITS
SEPRETIRFLELOND,

ZDYHRENREFTIERTFOERTFELALD LSWT, BCREERZNOTFINF —FERZ — v ORI X
S THET B LB TE L, | | |

Fir, 1961 ~654E 5 19744E & TOHE O = 3N F— G~ & — v OBLO—EEBER & LT, BESERI BT
BHREOWEEORD L BENEBROBIN S pibh, EBELARLAEERGESAT 2EOTRIMET 5
Criciiy 5 HEEAROHEOBAN R b,

2. 19740 162pEO 16 REAO T 3N F—EEP OB Lica—2 U v FEEHTSIC SR 5 —5Te B
LR, 2hbnECIE, TRENEED XN F—VERETRET DD FAF—ICHRTHT
LIATET, B, BAREV VIR LRLEERICSY, AROZIVEERAZ — VBV VTR-LVOER
CBELEELTWS Z B L,




