—~ A

=

it

il iE Baimsni{iEEE

i

it
L3, I 0 0 T

21205 i

1 §

IIET




TECHNICAL REPORT SERIES
B R 5 7 £

The ABCC Technical Reports provide the official bilingual statements required to meet
the needs of Japanese and American staff members, consultants, advisory councils, and
affiliated government and private organizations. The Technical Report Series is in no way
intended to supplant regular journal publication.

ABCC & &1, ABCCOHAAL LR ASMMA, MM, HME, BFLL R
MOMBEHABOERIZG LS 20O RTMB I L30HTEHS. LERSESELRLTEND
RBEREIRILOTEL L.




TECHNICAL REPORT
05-64
EE -

EPIDEMIOLOGY OF DIABETES MELLITUS IN JAPAN
HAICHS T DERRBDOEZF

WILLIAM G. BLACKARD, M.D.
YOSHIAKI OMORI, M.D. & # #07
LAWRENCE R. FREEDMAN, M.D.

Department of Medicine
BB 6

Amﬁcn:

ATOMIC BOMB CASUALTY COMMISSION
HIROSHIMA AND NAGASAKL JAPAN

A Cooperative Research Agency of

U.5.A, NATIONAL ACADEMY OF SCIENCES - NATIONAL RESEARCH COUNCIL
and
JAPANESE NATIONAL INSTITUTE OF HEALTH OF THE MINISTRY OF HEALTH AND WELFARE

with funds previded by
U5, A, ATOMIC ENERGY COMMISSION
JAPANESE NATIONAL INSTITUTE OF HEALTH
1.5.A. PUBLIC MEALTH SERVICE

R B # ¥ B FE £ A =

BB & kU R oE

#E Yy kR - W e m e BESEYTNHESEREMN
Em B oA W OH KRR BN

CREETHEAS, WEARLIFHEERAANS & CRELRTEROMERIZL )



CONTENTS
B X

INrOAUCHON B B vimmiainimii i v v s i e T A T AT IS s Soe o aa vesd
Historical Backpround EEE B B L ainumitnin i it s o sgebis b et s sesivon
Detection of Diabetes BEMEHE OFEEN i

Prevalence of Diabetes in Japan H 412 &5 1+ & #ili IR 358 o0 45 45 3¢

Clinical Studies from Japan H A< EifR #3

References 2 % L #k

TABLES #

1. Prevalence of retinopathy, neuropathy and gangrene in diabetics in Japanese and Western clinical studies

HA LI UBEOEKBAR ST 2BEHAFOHBE, MEEF L VEHOFERE e

2. Fasting blood ketones in Hiroshima, Japan and Cincinnati, U.S.A.
E&H & UKE Cincinnati BUZHF S ZEHEEMA T b 2 oo s

3. Increase in average body weight between ages 25 and 60 years

WEALE0FELT TOEDFEEETIEIN oo ettt ee et ee et e eseee s s eee st eseees et erenesens

FIGURES [¥

1. Deaths from diabetes mellitus by prefecture

BT e T T s vt R . e S 0 S PSSR i e S St

2. Standardized mortality rates of diabetes in England and Wales 1912-47
1912 — 474 ¢ England H X UF Wales B 2HEBREBOTEIECTE (e
3. Prevalence of diabetes in persons over age 44 in Oxford, Massachusetts and over age 40 in Hiroshima,
Japan
¥ [E Massachusetts /| Oxford @MEZL LB L VFEBOOEL LOBOBEFRERE e

17

19

11

14

13

13



EPIDEMIOLOGY OF DIABETES MELLITUS IN JAPAN
BXICHS T 2BRBOHE P

INTRODUCTION

Diabetes mellitus, one of the oldest known diseases,
is prevalent throughout the world. Its high frequency,
interrelationships with other diseases, and involve-
ment of all organ systems have stimulated many to
investigate its mysteries. A common tendency has
been to focus on limited aspects of the disease with
the advanced tools available to the modern scientist.
Hospital clinic and laboratory studies of diabetes have
been extensive and continue to dominate efforts at
unravelling pathogenesis. Epidemiology, however, is
frequently neglected as an approach to many of the
unanswered problems, no doubt due to the difficulties
in dealing with large numbers of people. Neverthe-
less, comparisons of diabetes in different geographic
areas and in people of different genetic constitutions
and social customs can contribute significantly to
our knowledge concerning the role of genetics and
environment in diabetes mellitus.

Although there has long been a suspicion that
the clinical features of diabetes in the Orient varied
from that in the West, the nature of this variation
has been difficult to document. The present
article is a review of diabetes in Japan, considering
clinical and epidemiological aspects of the disease

for comparison with diabetes in the West.

HISTORICAL BACKGROUND

Written knowledge of diabetes dates back many
centuries in both Eastern and Western cultures. The
first Japanese literature on this subject written in
984 AD was a summary of several Chinese writings.!
In the 14th century, “shokachi)’ ‘“‘shochu) and
“iinsho” were known as the three “sho” (diseases in
which water is lost). Brief descriptions suggest that
“shokachi” referred to true diabetes mellitus and
that “jinsho” referred to urinary tract diseases. Not
until the late 17th or early 18th century in Japan
did Kagawa describe the sweet taste of diabetic urine
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which is mentioned in Chinese writings as early as
752 AD. The following is an excerpt from one
of the first comprehensive clinical descriptions of
diabetes in Japan by Gencho Homma in 1864:

“During the early stage, there is no trouble except
that tea is drunk to quench thirst. The patient is
not even aware of having developed sickness. As
days and months elapse, the thirst becomes worse
and passing of water becomes frequent which is like
pouring water from a bottle. Hunger is great and
much food is devoured. Urine is thick and cloudy.
An oil-like substance sticks to the urine bucket
while a mud-like sediment collects on the bottom.
There is a strong offensive odor and the urine
appears to be sweet since dogs like to lick it,
although they are never seen to lick that of a normal
person. No matter how much nourishing food is eaten
and how much tea is drunk, they exude immediately
making it impossible to nourish the body. The
patient becomes emaciated, saliva dries up, and the
tongue and mouth become parched. The patient
sometimes has impotence, and his legs may become
weak. He may develop cataracts or carbuncles. After
having the disease for a number of years, fatigue
becomes intense and many die with a distended
abdomen. There are cases where passage of water
decreases, edema develops, and the patient termin-
ates."”

Today, many books and articles on diabetes attest
to the interest of Japanese physicians in this disorder.
Tonyobyo (sweet urine disease or diabetes) is a
journal devoted strictly to diabetes. In Japanese
reports the frequent references to Western studies
on diabetes are in contrast to the limited coverage
given by English medical literature to diabetes in
the Orient.

DETECTION OF DIABETES

Homma's description of diabetes 100 years ago
refers to the characteristics of urine of diabetic
persons. Even today, it is common for diabetes to be
detected by persons responsible for collecting excreta
from the homes. These collectors are familiar with
the odor and appearance of excreta from diabetic
persons and often inform the afflicted family of
their suspicion. In 1941, a survey indicated that 109
of diabetics were detected in this manner.?2 Despite
the postwar advent of modern plumbing in many
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large cities, this is still a means of detection particu-
larly in provincial areas. In 2 clinical studies from
Japan,?'3 less than half the diabetic patients had
first sought medical advice because of diabetic symp-
toms. Others had consulted their physicians because
of unrelated complaints, diabetes in a relative, advice
of sewage collector, or for insurance examinations.

A clinical detection program in Hiroshimat re-
vealed that less than half the diabetics had previously
detected disease. Since less than half the previously
detected diabetics would have sought medical care
for symptoms directly referable to diabetes, approxi-
mately 209 of Japanese diabetics can be considered
to have symptoms of diabetes severe enough to
consult a physician. These findings emphasize the
need for clinical detection drives to determine the
prevalence of diabetes.

Caution should be exercised in comparing results
of detection programs either within Japan or among
different countries. As age, sex, and occupation are
important variables in determining the prevalence
of diabetes, it is necessary o be specific about these
factors for the population under study. Even sex
adjusted comparisons of prevalence are open to criti-
cism because of marked variations in the sex ratio
of diabetes between different areas. Much depends
also on the screening methods used and the definition
of diabetes mellitus which is adopted.

PREVALENCE OF DIABETES IN JAPAN

There have been several diabetes detection studies
in Japan.*-8 All have shown prevalence rates greater
than 4% in persons over 40 years of age. None of
these studies is completely satisfactory for establish-
ing prevalence in the general population, however,
as the ratio of males to females studied did not reflect
the national sex distribution. The populations studied
by Kobayashi® and Nakayama® were predominantly
male and revealed respectively 4.6% and 4.2%
prevalence of diabetes in persons over 40. Results
of a more recent unpublished survey by Kobayashi
and co-workers? disclosed a 7.6% prevalence of
diabetes in persons over 40 and only 25% of those
afflicted had previously detected diabetes. The
detection drive at the Hiroshima Atomic Bomb
Casualty Commission (ABCC) involving 3581 persons
(2/3 female) indicated a prevalence of 499 in
persons over 40.4

TAE I LS, BETLH NS
TRERIMBERE2BERT2—HETH3. BAo 2
DOBRKRIFE? S Tk g, BRBEEOEHET Y
PERFIER A S - 20 TEMOTERERD 24, 20
fhoy B (SHEIRAS & EBIMR 4 AR, BB oRE, %
PRBPADOE D & 7 13 RBRMADBED 1o 12 FHRE
DL ELKD 2.

L2 2 HIRE o ERIEERMES 12 £ LI
ZER LB RE O BT S T T IR O
BEL,TWVA. FEHLUTOMERES IHERFICE
BuBEEtAERIIE LTREs kLD EEDR
20T, HAOHEREEEOND%IZIXEMOZHE 2
FH LI EBMEOMRBERYEL B2 TEL2A
v, ZhooiRit, BREOARELZRET S
AOOBFEENHESILETHLILEHATLILN
TH 5.

HEIRBHEM A HME T 32 HARENE 2 3@ HEO
R ARSE RT3 B LT EER2ET 5. 6§
B, Myl UREIBEROARELIELFTA2EES
EHTCHIZNOT, MENRERII>wTRZhLOE
FEES ICH O MbE L 6 2w, MBI - TR
DMERIZFELWENSZOT, ERICIEE LAARE
bt sc sz Moz, £l
EHEAMESIURR SN AZBERBOERIC X - TRE
HiEHILODTH 3.

BERICETABERBEORERE

HATIHERBEZEIAE (> »fTobh Tk
Z2d, 470 WFNOBETEOEL LoFo AR
4% ETas- R LL, BESREROMEE 2
EAERN A E -BLAEvoT, ZhASOMAIT—BKA
NOAEREABET 212 FF EEVE R, kS
BEUPILS FRELAMREATRBEIFETH
S THEL ETCRIBREEREIZINTRI6 % &
P4.2%Ths5 MBI URFWMEET 0L A
B IROE DR SR FE TIL408EL) TR A AR
27.6%T, FHLARAEED S LHERBOME 2 B
CloTwhiolr2s%ict s n., LERREEH
HEEBZ(ABCC W THAE -2 3B8lLA (203 5
Bixktt) 2% & LAEHAFERNFAE TIZ40EL Lo
EOEMEIILI%TH 1.4



An exact prevalence figure for diabetes in the
general population in different parts of Japan cannot
be derived. Because of the predilection of the disease
for males, Kobayashi's and Nakayama's prevalence
figures are falselv high and the ABCC figures too
low. The geographical variations in death rates due
to diabetes suggest a wide range of prevalence rates

for the 46 prefectures.

The map (Fig.l) indicates the number of death
certificates listing diabetes as the underlying cause
of death per 10,000 death certificates in each of
Japan's 46 prefectures. A geographic pattern was
observed in the distribution of areas with high and
low diabetic death rates. The proportion of deaths
attributed to diabetes is highest in western Honshu
(shaded area) which is flanked by areas with low
diabetic death rates (northern Honshu and Kyushu
to the south). Except for one prefecture with a low
diabetic death rate in western Honshu, geo-political
barriers separated these 3 areas. A water barrier in
the south and mountain ranges in central Japan
separate western Honshu from the 2 areas with Tow
diabetic mortality.

Although these natural barriers represent no
obstacle to travel and communication today, in
Japan's not too distant past intermingling of persons
in these 3 areas was kept to a minimum. Even
travel between prefectures was discouraged so as
not to disturb a delicate economic equilibrium.8
The tendency for children to live in their parents’
home or in the same or nearby prefecture is still
common. The failure of succeeding generations to
leave the environs of the homestead could have
encouraged the development of diabetic genetic
strongholds over a period of centuries.

Interesting as Figure 1 may appear, the question
immediately arises as to what 1s meant when a
physician indicates diabetes mellitus as the principal
cause of death on the death certificate. There are
many differences in death certification between
countries and there is quite likely to be considerable
variation according to local customs within a country.

ABCC studies in Hiroshima and Nagasaki suggest
that death certificate data by prefecture in Japan
reflect the true prevalence of the disease. Using
similar detection procedures, it has been found
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FIGURE 1 DEATHS FROM DIABETES MELLITUS BY PREFECTURE
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that diabetes is approximately 4 times as prevalent
in Hiroshima as in Nagasaki.? Further support for
this remarkable difference is derived from family
histories taken from nondiabetic subjects in these
cities. A family history of diabetes was obtained
twice as olten in Hiroshima as in Nagasaki.

The wide variation in prevalence of diabetes,
particularly the 4-fold difference between Hiroshima
and Nagasaki Prefectures, conflicts with the con-
ception of the Japanese people as homogeneous. The
differences in diabetes rates, even within areas of
Japan of uniform environment, illustrate the hazards
in attributing differences in diabetes rates among
countries to environmental factors.

Considerable geographic differences in diabetic
death rates are also observed in the United States.10
The annual diabetic death rate decreases from the
East Coast to the West Coast and from north to
south along the eastern seaboard. These differences
have not been fully explained.
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Geographic variations make accurate assessments
of national prevalence rates difficult. The concept
of a national prevalence of diabetes either deduced

from diabetic death rates or from sporadic detection -

drives is undoubtedly an arithmetic artifact with
little scientific usefulness.

On the other hand, data from defined small
communities are appropriate for making comparisons.
Detection studies from areas of both countries where
diabetic death rates are highest reveal prevalence
rates which are roughly comparable. In Hiroshima,
Japan, diabetes 1s present in 5.4% of persons over
age 40 for a population with equal numbers of males
and females* In a population of similar age (44+)
and sex distribution in Oxford, Massachusetts,
the prevalence of diabetes is 5%.11 The similar
prevalence rates do not conform to the marked
difference in diabetic death rates between the 2
countries. The annual death rate per 100,000 persons
is 5 times greater in the United States than in
Japan.'9:12 Although the death rates in Japan were
shown in the case of 2 prefectures to be a reflection
of prevalence, it is obvious that death rates are an
inaccurate gauge of prevalence among nations.

CLINICAL STUDIES FROM JAPAN

Four major differences have been noted between
diabetes in Japan and in Western countries: They
are infrequent occurrence of Kketoacidosis: relative
lack of atherosclerotic complications; reversed sex
ratio; and rarity of juvenile diabetes in Japan. The
existence of a form of diabetes mellitus with such
dramatic differences in its manifestations as com-
pared with Western countries provides an important
opportunity to further knowledge of the pathogenesis
of this disease. However, it is first necessary to
establish that the disease is in some respects similar
and that the supposed differences are real.

Review of clinical studies from university diabetes
clinics in Japan have revealed that the similarities
in diabetes between Japan and the West far
outnumber the differences.!® Onset occurs most
commonly between ages 40-60 in both populations.
The association of excessive weight and diabetes is
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common in Japan as in the West. In addition, the
familial character of diabetes has been established in
Japan although family histories of diabetes may not
be obtained as frequently as in Western diabetics.
Surveys in Japan have shown diabetic family histo-
ries in 1.295-27.1% of patients with diabetes!* while

studies in the West have indicated a familial occur-

rence in 1995-419 of diabetics.1® A greater number
of undetected diabetics and less knowledge about
familial ailments in Japan may be responsible for
this difference. In a Japanese study in which 52
members of 20 families of diabetic propositi had
glucose tolerance tests, 469 of the families had at
least 1 other member demonstrating a diabetic curve,
whereas by questioning only 1949 (31 families)
of the 160 members (108 males, 52 females; 1
patient from each unrelated family) had a positive
family history.1®  All family members must be
tested to accurately compare the familial frequency
of diabetes in Japan and the West.

Most important in establishing the basic similarity
between diabetes in Japan and in the West is a
comparison of the prevalence of microangiopathies
and certain chronic complications in diabetics of
both populations. Microangiopathies, the widespread
involvement of small vessels, are the cause of diabetic
retinopathy and nephropathy. Other complications
often considered with retinopathy and nephropathy
are diabetic neuropathy for which a small vessel
disease etiology has not been established and peri-
pheral gangrene which is only in part dependent on
small vessel disease. These lesions, so commonly
associated with diabetes and frequently leading to
its detection, are often considered concomitants rather
than complications of diabetes.!'? Hiroshima Univ-
ersity diabetes clinic studies have shown the occur-
rence of these lesions to be dependent on sex anddis-
ease duration, occurring most frequently in females
with long-standing disease.!3 Because reports on the
frequency of these complications by sex and disease
duration could not be found in the English medical
literature, only gross comparisons are possible. Tablel
compares the occurrence of these lesions in the
Hiroshima University diabetes clinic with that in
Western clinics, 18.18-21 A more comprehensive
review of this problem has shown that the Hiroshima
University diabetes clinic results are typical of those
in otner diabetes clinics throughout Japan.!'® Only
Western data obtained by identical or very similar
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TABLE 1 PREVALENCE OF RETINOPATHY, NEUROPATHY AND GANGRENE IN DIABETICS IN JAPANESE

AND WESTERN CLINICAL STUDIES
HAL & UHFEOBKAEC & 1T 28RBS H O RBBE,

£1

(%)

MRES L CBIHOARE (%)

Category ‘Japaln o % U S A kB Norway / L % « —
% 5% Hiroshima [£ &, Rochester Philadelphia Tonsburg
Retinopathy # i fE
Total B ....o.ceeeeeree cceeerenrresr e ssssrenes e 39 30
Duration {Years) FF8HAM (4)
ot A T T B L 21 11
[ 5 RV T 38 22
T O 57 65
16-20 oo 71 67
gt | B R e B 60 73
Proteinuria BEBAE ..o 26 8
Neuropathy (absent reflexes)
AR BRI oo e 22 2 19
Gangrene #H ... 0 6

methods of detection (in the case of retinopathy
Wagener's criteria rather than Scott’s) are tabulated
for comparison. I

The frequency of retinopathy and increasing occur-

rence according to disease duration is quite similar
in _]apah and the West. Severity is also comparable
as shown in the previous study comparing stages
of retinopathy in the Hiroshima University diabetes
clinic with those of Scott's series.!3 These findings
in Japanese diabetics on an average 20g fat diet
make it unlikely that the amount of dietary fat has
a significant influence on diabetic retinopathy. These
data do not contradict. 2 reports from the United
States,?2,23 gince the improvement noted in Western
diabetics on a low fat diet was limited mainly to
clearing exudates. Diabetic retinopathy in Japan is
perhaps characterized by less exudation, but quanti-

tation was not attempted.

Proteinuria and areflexia are common in Japanese
diabetics. The only figure found for proteinuria in
an unselected Western diabetes clinic population
unfortunately seems a little low considering the

frequency of kidney disease in diabetics at autopsy.24

Gangrene occurs less frequently in Japanese than in
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Western diabetics. However, gangrene is often partial-
ly, if not wholly, dependent on peripheral vascular
disease. The low incidence of gangrene in Japanese
clinics (Tokyo, 2%; Keio, 09; Hiroshima, 0%)13
suggests that the present tendency to include
gangrene as a microangiopathy?5 underestimates
the role of large vessel disease since the more
commonly considered microangiopathies, such as
retinopathy and nephropathy, occur as frequently in
Japan as in the West. undoubtedly, gangrene can
occur in diabetics without peripheral vascular disease
of the large vessel type, but the relatively high
frequency of gangrene in Western diabetics seems
more reasonably due to a combination of small and
large vessel disease.

The similarities in diabetic patients in Japan and
the West indicate that diabetes mellitus is basically
the same disease in both populations thus supporting
Joslin's view of the universality of diabetes.28
Because of these similarities it is of the greatest
importance to try to explain the differences.

Ketosis is rare in Japan. A review of the Japanese
literature from 1915 to 1957 by Goto and Muraki2?
uncovered only 101 case reports of diabetic ketosis
and coma. In addition, results from 8 diabetes clinics?
in Japan indicate that only 2%-11% of patients bad
ketonuria before treatment compared to 439 in
a British diabetes clinic.?® The majority of internists
interviewed in Hiroshima have never seen a case of
diabetic ketoacidosis in their training or practice.

Because of the low occurrence of ketosis, certain
studies reported elsewhere?? were undertaken to
determine the ability of Japanese diabetics to mobilize
free fatty acids (FFA) and convert them into ketones.
The ability of Japanese nondiabetic and diabetic
subjects to mobilize FFA was comparable to that of
nondiabetic subjects in the West. Although studies
on the ketonemic response of Western diabetics to
norepinephrine infusions were not available Japanese
diabetics demonstrated a greater hyperketonemic
response than Japanese nondiabetics. The hyper-
ketonemic response varied inversely with obesity and
in an unexpected fashion with the fasting blood
sugar (FBS). Paradoxically, the hyperketonemic
response in diabetics with FBS 150-250 mg/100 ml
was less than in diabetics with lower FBS. Therefore,
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it seemed unlikely that severe hyperketonemia or
ketonuria would occur in patients with FBS less
than 250 mg/100 ml. Aikawa reported ketonuria in
2.79% of diabetics with FBS less than 250 mg/100
ml and in 16.6% of diabetics with FBS more than
250 mg/100 ml.3°

These findings suggest that the relative lack of
ketosis in Japanese diabetics might be linked to a
lesser degree of hyperglycemia. At least | Japanese
author has hbeen impressed that FBS wvalues are
lower in Japanese than in Western diabetics.31 In
Japan, Kan? has reported 4% of untreated diabetics
with FBS 300 mg/100 ml while other clinics have
reported as many as 6% and 9% of patients with
FBS of this magnitude.32.33 Appropriate comparison
figures from the West are not available.

The low occurrence of ketosis in other countries
with a predominantly carbohydrate diet such as
Ceylon34 and East Pakistan®® tends to implicate the
Japanese diet as an explanation for the relz_ltj,ve
infrequency of ketosis in Japan. Japanesed6 and
Western37 investigators have shownthat high carbo-
hydrate diets are associated with better carbohydrate
tolerance (presumably less fasting hyperglycemia)
and decreased ketonemia and ketonuria. Whether the
decrease in ketonemia is due to better carbohydrate
tolerance orisrelated to other changes brought about
by the high carbohydrate diet is speculative. A
comparison of fasting blood ketones at various FBS
levels in Japanese and Western diabetics®® might
answer this question. Such a comparison is shown
in Table 2. Because of the influence of obesity on
blood ketone levels, overall comparisons of blood
ketone values at the different FBS levels have
limited usefulness unless the comparisons are made
independently in obese and nonobese persons. Also,
the standard deviations are too great for a precise
comparison. Despite these reservations, the relative
magnitude of the ketone elevations shown in Table 2
do not suggest that the rarity of ketosis in Japanese
diabetics is due to resistance to hyperketonemia.

Atherosclerosis Since the beginning of the insulin
era 40 years ago, atherosclerotic complications have
been responsible for the majority of diabetic dqaths
in Western countries. In Japan, on the other hand,
coronary artery disease is uncommon.!3 It cannot
yet be stated whether diabetes accelerates athero-
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TABLE 2 FASTING BLOOD KETONESHM/I. IN HIROSHIMA, JAPAN, AND CINCINNATI, U.S.A.
(MEAN =+ SD)
#2 B #H & UKE Cincinnati iz F a2 Embp s P l(eM L)
(*F¥y+SD)

Category Hiroshima, I:tpa_n_ (ﬁpcinnati“, U.5.A.
B 5 pm/L subjects pm/L subjects
Nondiabetics EHER % £ 5 187 + 59 11 143 + 89 94
Diabetics B & #3 2
FBS st 60-89 mg 219 + 43 8
FBS #infiEE 90-149 mg a2 + 201 48
Nonobese 3F IEif 347 123 8
Obese & i 179 £ 31 5
FBS 2t mshig 150-199 mg% 331 £ 85 9 329 £ 178 30
FBS Ziussmssig 200-299 mg% 601 + 379 7 692 +1140 19

genesis in Japan as in the West. This is a difficult
problem because the low incidence of coronary heart
disease and peripheral vascular disease in the
nondiabetic population necessitates studying large
population samples.

The infrequency of coronary artery disease in
Japan has been attributed to the low fat diet39
Similarly, the relative freedom from atherosclerotic
complications in diabetics may also be related to diet.
Whether low calories, low fat, or both are responsible
for the apparent beneficial effect of the Japanese
diet is unresolved. Albrink, Lavietes, and Man?¢
in an analysis of data from diabetic patients over
the past 30 years, believe that a low fat diet may
paradoxically increase atherosclerosis whereas a low
calorie diet reduces atherosclerosis. These conclusions
were based partly on a comparison of diabetics taking
4095 and 609 of their calories in the form of fat.
Such a comparison would not necessarily be relevant
to Japanese diabetics who take only 109 of their
calories as fat. Previous short-term studies on
Western subjects taking isocaloric low fat diets*! and
long-term studies on subjects taking low fat diets
with probably reduced calories?? do not offer a valid
assessment of the role of low dietary fat in the
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prevention or retardation of the atherogenic process.
Long-term studies of diabetics on isocaloric low fat
(20 g/day) and high fat (over 100 g/day) diets
might clarify whether low fat or low calories are
responsible for the apparent beneficial effect of the
Japanese diet.

Sex Ratio In contrast to Western countries,
diabetes in Japan is predominant in males. Most
reports have indicated a male:female sex ratio of 2,
3, or 4 to 113
in Japan suitable for determining the prevalence of
diabetes separately for males and females over the
age of 40, the prevalence in males was 2.4 times

In the only detection program

greater than for females.*

Theoretically, variations in the sex ratio of dia-
betes in Western countries as compared to Japan may
be due to genetic or environmental differences with
virtually no way of distinguishing between these
possibilities. There is some evidence to suggest sex
limitation in the expression of the diabetic trait, as
some investigators have noted that the disotder
occurred more commonly in siblings of the same
sex.+2

Sex limitation, however, has not received

widespread recognition or confirmation as an

important phenomenon in diabetic inheritance.

The reversed sex ratio in Japan loses some of its
impact when consideration is given to the changing
sex ratio in the West over the past half century. In
1912 Osler stated that diabetes was more common
in men than women.*3 Figure 2, reproduced from
an article by Harris and McArthur,4¢
1912- 47 mortality rates
and Wales.
males. After World War I, a period marked by better
living conditions, more abundant food, less energy

shows the
from diabetes in England
Fifty years ago, the sex ratio favored

expenditure, and an easier life for women, diabetic
mortality appeared greater in females. The 2 pre-
cipitous drops in diabetic mortality correspond to war
years. Such dramatic changes in sex ratio in 2
different generations suggest
than genetic causes. Although a genetic explanation
the in Japan cannot be
excluded, environmental factors seem more likely.

environmental rather

for reversed sex ratio

The prevalence of diabetes in persons over age
40 in detection programs in Hiroshima, Japan 4 and

12

FEIZEE LS. EHBORIER (20g /7
10) X UEEHAE(LI00 gl £/ 1H)®#ENT 3
HRmEAEIIS LTEMBMALT L A, BIEHGE 2
HEATY -, HAARBEOAERZDROEHTS
AELNHFBEBHAEINIZITHS ).

MH FEERGEE & Rz, HAROHRE RIS 0.
KEbroBEFEH LY 2: 1, 3
0L E0 BB MR AR E R
ET 300U HAOBEMBECIE, BEoARE
EEMoBERED 2.4ETH 5 2.4

LFEids i

ELTwa.B

Bk, BAREAEREEIZA L MAEEBOMELL
DFEGEEZEFAFIEEBELFOZERIZLE S TH A3 D,

INLDZERERENT 2 HEEBEELLZ. HEFOH

BHEHAFHTVE LI, ZoKREHIFLEEREORE

iz RELTVE2 0T, BEFOBMEEDT

FiIZMERIHIR A S S E 9B bh A, LA L, ME5IH

FRIZHERFOEE FOBELZRE L LTIECKREEZN
DR IR T VAW,

WERMADIZ DA - T, BEROMEEIELLTE
20T, BERERMNTHLHEDEROBERIE DK
b TWwa,. 191242 Osler IZHEERFAFIT LML ¢ 5
iz E2 v bR~ Harris LU McArthurd: 30
WX 26H[HLAM2IC England # £ UF Wales IC
ROON R -TEFOBERECHEI L TH 3.
SOERTIZIEBEDOREREI EHL 5 . B 1 KR KE
%, REREFSEEN, BRIBEIZL0, Bho
THEEA WAL, BAOERBIRIZL 5T, BEEAS
DIECHRIBHE IS LHICEL 25 k. HiRHRE
DIECEA 2 B L 2B T U2 ILgER oS+
5. 2O0RE - oz nk ) 2B LE
sz bit, 2ORA MBEELED L0 L AEH
ThabEEbha. HERIZASh AWMLz LT,
BIZEMHBEEMR T 223 a0y, BEN
HraE25 L7 E40L91tBbN3.

5B L& U K[E Massachusetts | Oxford 12 %
TAEHBEY " ITHbREL FoFicsA L RS



FIGURE 2 STANDARDIZED MORTALITY RATES
DIABETES IN ENGLAND AND WALES, 191247
B2 1912 -47H @ England & £ F Wales
i oMEMBEOITERCE
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Harris and McArthur 4

Oxford, Massachusetts,!! are shown in Figure 3.%
The occurrence of diabetes in Hiroshima males is
higher and that in Hiroshima females is lower than in
their Western counterparts. It should be emphasized
that both detection studies were done in areas of
their respective countries where annual death rates
due to diabetes are greatest. Although detection
procedures were not identical, this should not
influence sex ratio.

If the susceptibility to diabetes were the same in
Hiroshima and Oxford, responsible environmental
factors must necessarily have increased male preva-
lence and decreased female prevalence. This effect
of environment is unlikely although the genetic
susceptibility to diabetes in the 2 communities cannot
be estimated. A more feasible supposition would be
that different environmental factors are causing
either an increase in male diabetics or a decrease

FIGURE 3 PREVALENCE OF DIABETES IN PERSONS
OVER AGE 44 IN OXFORD, MASSACHUSETTS
AND OVER AGE 40 IN HI ROSHIMA, JAPAN
H3 #E Massachusetts #| Oxford o MEL FH# S TFERBD
0Ll Eo & OB IR A R Odord T4 E)

. .
I .

Total Female
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*Age-adjusted prevalence rates for Hiroshima compared with Oxford can only be approximated since the number of persons in the Oxford sample is given for each
10-year interval from mid-decade to mid-decade while Hiroshima data are presented for each full decade. As the age distributions in persons over 40 are roughly
comparable in both cities, age adjustment should not alter significantly the rates in Figure 3.
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in female diabetics in Hiroshima compared to Oxford.
Of the environmental factors which might lead to
alteration in diabetic prevalence, dietetic, economic,
and cultural ones causing obesily are the most im-
portant to consider.

An association between obesity and diabetes is
well established. Evidence from 2 sources points to
obesity causing diabetes rather than the reverse, or
both being manifestations of a common metabolic
disturbance. Weight reduction in obese diabetics fre-
quently leads to improved carbohydrate tolerance.
Also, experience in countries which suffered wartime
food shortage supports the contention that overeating
and overweight cause diabetes. Japanese observers
noted an apparent decline in diabetic population
during the food shortage years.*S However, this
decline was limited mainly to the mild diabetics
not requiring insulin therapy.

If obesity is an important etiologic factor in late-
onset diabetes, the frequency of obesity in a
population should affect its prevalence of diabetes.
A comparison of changes in body weight during
adult years in Japan and Western countries may
give insight into the reasons for the variation in
sex ratio. Unlike people in the United States and
European countries, Japanese gain very little weight
during adult years. In addition, Japanese women do
not surpass men in terms of percentage weight
gained during adult years as is the case in Western
societies. These relationships are shown in Table 3.48
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TABLE 3 INCREASE IN AVERAGE BODY WEIGHT BETWEEN AGES 25 AND 60 YEARS
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Country Weight Increase
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It is of interest to speculate that the predominance
of female diabetics in the Occident is due to the
tendency of Western women to gain more weight
than men. Because of the minimal and equal weight
gains of both sexes in Japan, low but equal diabetes
prevalence rates for males and females might be
predicted rather than the observed greater occurrence
in men. To consider obesity further as the responsible
variable for the reversed sex ratio, it is necessary
to postulate a greater natural predisposition of males
to diabetes.

The slight preponderance of males with early-onset
diabetes in detection programs in the West argues
for a greater predilection of the disease for males.11 47
However, the susceptibility of the sexes to late-onset
Other factors
such as obesity, parity, aging, and hormonal changes

diabetes cannot be precisely assessed.

associated with menopause make prevalence a poor
diabetes.
Perhaps in Western countries, a greater susceptibility

reflection of predisposition in late-onset
to diabetes in males is offset by the greater tendency
of females to become obese, resulting in a sex ratio
favoring females. In Japan, on the other hand, the
relative lack of obesity and equal weight gains in
males and females may have allowed the natural
predisposition to be disclosed more accurately.

Although the relative absence of obesity should
lower the prevalence of diabetes in Japanese women,
there is no proof that this factor alone accounts for
the difference in sex ratio between Japanese and
Western countries. However, environmental factors
which might lead to less obesity in Japanese women
such as the low calorie, high carbohydrate diet and
less leisure time are also common in other Oriental
Male
diabetics apparently predominate in China, Ceylon,
East Pakistan, and India.34 8%
betic Indians in a Trinidad detection drive favored

males, but the number of persons examined was

peoples with a similar diabetic sex ratio.

The sex ratio of dia-

small and the females were younger as a group.*8
In contrast, a Durban report on Natal Indians indi-
cated that female diabetic inpatients outnumbered

males.4® However, neither of these studies is satis-

factory for determining the prevalence of disease for
each sex. Studies on Orientals living in the West
would determine if the male diabetes predilection 1s
an inherent Oriental characteristic regardless of diet
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and other environmental factors. An investigation
of the sex ratio of diabetic Japanese in Hawaii and
California would be of great importance.

Preliminary results of a detection drive on wage-
earners in Hawaii indicate that the sex ratio of
crude diabetes prevalence rates was the same for
Japanese as Caucasians (1.2:1 in favor of males).
Admittedly,

studied and the lack of age-adjusted prevalence rates

suboptimal cooperation of the groups
make this finding less definite, but it does support
the contention that environmental differences might
explain the sex ratio variation between Japan and
the West.50,61

Juvenile Diabetes Tt has been stated that juvenile

diabetes is infrequent in Japan.52 Although data

are meager the low percentage (19) of juvenile
patients in the Hiroshima University diabetes clinic
is consistent with In Western
diabetes clinics juvenile diabetics comprise 5%-10%
of patients.®3 In Isoda's monograph®? Diabetes in
Children, published in 1942, a Kyoto pediatrics pro-

fessor was quoted as having seen only b cases of

this contention.!3

juvenile diabetes in over 30 years. An assistant
professor of pediatrics at Hiroshima University found
only 3 juvenile diabetics in 20,000 pediatric inpatients
and outpatients over the past 10 years.54 Although
these observations do not precisely reflect the disease
prevalence, an apparent difference in the juvenile

diabetes frequency in the 2 populations is indicated.

Juvenile diabetes differs from adult-onset diabetes
by its severity and the relative ineffectiveness of
treatment other than insulin.
diabetes is not dependent on
weight

In addition, juvenile
diet and excessive
gain as is often the case in adult-onset
diabetes. Therefore, it seems unlikely that environ-
mental factors can prevent the clinical emergence
and recognition or be responsible for differences in

juvenile diabetes frequency.

Genetic differences are the likely explanation for
less juvenile diabetes in Japan compared with the
‘West. Unfortunately, the current working hypothesis
of recessive inheritance for diabetes does not
consider the clinical variations of disease. Available
data fail to indicate a greater frequency of diabetes

in parents of juvenile diabetics than in those of
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adult-onset diabetics thereby detracting from the
theory that a homozygous and heterozygous state
Studies
have shown that for

Japanese diabetics the frequency of positive family

might account for the clinical differences.
by Saito and co-workers!4

histories does not vary with the age at onset of the
disease.

The approximately equal occurrence of adult-onset
diabetes and the discrepant frequency of juvenile
diabetes in 2 populations with presumably different
genetic constitutions such as Japan and the United
States would seem to support a hypothesis that more
than 1 gene locus is responsible for diabetes.
a single locus involved, assuming that the age of

Were

onset is not determined by environmental factors, a
similar proportion of juvenile diabetics might be ex-
pected in both countries. The clinical variants, ie.,
juvenile or adult-onset diabetes, may be determined
by different

several different genes to produce

gene loci or by the interaction of
the metabolic
defect. It can be speculated that a single common
gene is responsible for diabetes predisposition, but
that other rarer genes determine the severity and
age at onset. The varying frequency of juvenile
diabetes in 2 genetically different populations is
consistent with rarer genes having a modifying
effect on the severity and age of onset of diabetes.
Also consonant with this hypothesis is the increased
consanguinity among parents of early-onset diabetics
in Western studies.35 Despite the high incidence
of consanguinity in Japan, the prevalence of ju-
venile diabetes is apparently low.

SUMMARY

The clinical and epidemiological features of
diabetes mellitus in Japan have been compiled and
compared with data from other countries. Diabetes is
basically the same in Japan as elsewhere; however,
consideration of important differences has led to

the following conclusions:

The rarity of ketoacidosis in Japan is due to the
mild carbohydrate defect present in most diabetics.
The mild carbohydrate intolerance in diabetics is
probably in part due to a high carbohydrate intake;
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Diabetic retinopathy is more common in women
than in men in Japan; there are limited and con-
flicting data from the West on this point, but retino-
path¥, nephropathy and neuropathy occur about as
frequently in Japan as in the West. Because of
marked dietary differences between Japan and Wes-
tern countries, these findings suggest that dietary
fat has no significance in the pathogenesis of these
lesions;

Peripheral gangrene is distinctly
Japanese diabetics.
responsible vascular lesions are different from those
responsible for nephropathy and retinopathy; or
that small vessel lesions are the same but the lack
of large vessel atherosclerosis

unusual in
This suggests that either: the

in the population
accounts for the decreased incidence of gangrene;

Men have diabetes 2 or 3 times as commonly as

women in Japan. If sex-limited inheritance is

discarded as a possible reason, it is likely that
adult-onset diabetes is more common in men than
women except in those countries (the West) where

women gain relatively large amounts of weight;

The rarity of juvenile diabetes in Japan is best
explained by the infrequency of responsible genetic
factors. As a consequence, it is likely that juvenile
diabetes is caused by different or additional genetic

factors which are not significant in adult-onset
diabetes;
Diabetes prevalence varies sufficiently between

different localities in the same country to render

the concept of national prevalence of doubtful

usefulness.
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