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Summary

The age of onset of diabetes and the type of diabetes were examined in 1408 Japanese patients who were
initially diagnosed as having diabetes under the age of 30 and were registered in our Diabetes Center
between 1980 and 1989. Of the 1408 patients, 538 (38.29;) had insulin-dependent diabetes mellitus
(IDDM) (male/female ratio of 2:3), and 870 (61.8% ) had non-insulin-dependent diabetes mellitus
(NIDDM) (male/female ratio of 5:4). There were significant differences of the sex ratio in both IDDM
and NIDDM. The age at which the numbers in both the IDDM and NIDDM groups were almost equal
was 13-14 (26 for IDDM and 23 for NIDDM at 13; 28 for IDDM and 30 for NIDDM at 14). A total
of 58% of IDDM patients (229, of all patients) and only 6% of NIDDM patients (4%, of all patients)
were diagnosed under the age of 14 (P < 0.01). Of the patients with IDDM, 42%, (16% of all patients)
- were diagnosed over the age of 14, as were 949, of NIDDM (589 of all patients). The percentage of
NIDDM cases increased even more over the age of 28, and no NIDDM patients developed diabetes
under the age of 9.

Key words: Insulin-dependent diabetes mellitus; Non-insulin-dependent diabetes mellitus; Juvenile-onset
diabetes mellitus

betes mellitus (NIDDM) is less common in the
younger age groups in the Western countries
[1-3]. In Asian countries, there have been only a

Introduction

Differences in the frequency of IDDM and

NIDDM have been reported between the Western
and Asian countries. Many young patients with
diabetes have insulin-dependent diabetes mellitus
(IDDM), whereas non-insulin-dependent dia-

Address for correspondence: Toshika Otani, M.D., Diabetes
Center, Tokyo Women’s Medical College, 8~1 kawada-cho,
Shinjuku-ku, Tokyo 162, Japan.

few reports published about young diabetics

[4-8].

Tokyo has a population of 11770000, account-
ing for 109, of the Japanese population in 1988
[9]. More than 1400 patients who were diagnosed
as having diabetes under the age of 30 were
referred to our department by primary-care prac-
titioners in Tokyo. Therefore, we examined the

0168-8227/90/$03.50 © 1990 Elsevier Science Publishers B.V. (Biomedical Division)
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age of onset and the number of younger IDDM
and NIDDM patients at our diabetes center in

Tokyo.

Patients and Methods

The subjects in this study were 1408 patients
under the age of 30, diagnosed as having IDDM
or NIDDM from 1980 to 1989. The type of dia-
betes was assessed 3 years after the patients had
been diagnosed as having diabetes, and was clas-
sified in the following manner. The mode of onset,
tendency to ketosis, dose of insulin, and blood
and urine C-peptide values were taken into
account in addition to the WHO diagnostic cri-
teria to classify these patients [ 10]. Patients with
secondary diabetes and unclassifiable diabetes
were excluded.

The age when diabetic symptoms or signs first
occurred, or when hyperglycemia was proven
even without symptoms or signs, was taken as the
age of onset.

Statistical analysis was performed using the
Chi-squared test. Data on 25555000 Japanese
males and 24422000 Japanese females under the
age of 30 in 1988 were used to compare the sex
ratio of both IDDM and NIDDM patients [9].
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Fig. 1. Age of onset and type of diabetes among 1408

Japanese patients with the onset of diabetes under the age of

30. Solid bar, IDDM (n = 538); cross-hatched bar, NIDDM
(n = 870).

Number

Results

Of the 1408 subjects registered from 1980 to 1989,
538 (38.2%) had IDDM and 870 (61.8%;) had
NIDDM. The IDDM patients consisted of
209 males and 329 females (male/female ratio of
2:3), whereas the NIDDM patients consisted of
483 males and 387 females (male/female ratio of
5:4). There were significant differences in the sex
ratio in both the IDDM group (P < 0.01) and
NIDDM group (P < 0.05) compared with the sex
ratio in the general population.

The age of onset for all patients are shown in
Fig. 1. The number in each group was very similar

80
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Fig. 2. Top panel, the number of Japanese patients with
insulin-dependent diabetes mellitus in relation between age
at diagnosis and sex. The solid line shows males (n = 205)
and the broken line shows females (n = 329). Bottom panel,
the number of Japanese patients with non-insulin-dependent
diabetes mellitus in relation between age at diagnosis and
sex. The solid line shows males (1 = 483) and the broken line
shows females (n = 387).



at the ages of 13-14 (26-for IDDM and 23 for
NIDDM at 13; 28 for IDDM and 30 for NIDDM
at 14). Of the patients with IDDM, 41.6%,
(15.9% of all patients) were diagnosed over the
age of 14, as were 93.9% of NIDDM (58.0%, of
all patients). Of the IDDM patients, 58.47;
(22.3%, of all the patients) were diagnosed under
the age of 14, and the peak age for IDDM was 10.
In contrast, only 6.1% of NIDDM patients
(3.8% of all the patients) were diagnosed under
the age of 14 (P < 0.01). Over the age of 28, the
percentage of NIDDM cases increased even
more. None of the NIDDM patients developed
diabetes under the age of 9.

Fig. 2A and B show the sex distribution of the
patients in each age group. The number of female
IDDM patients was generally greater than the
number of male IDDM patients, while there were
generally more male than female NIDDM
patients. In addition, the number of male
NIDDM patients showed a sudden increase over
the age of 27.

~ Discussion

This study examined the age of onset of diabetes
and the type of diabetes in young patients attend-
ing our diabetes center. Of the 1408 Japanese
patients under the age of 30 in this study, 538
(38.2%) had IDDM and 870 (61.8%,) had
NIDDM. Another Japanese study on 67 young
patients with diabetes in Tochigi prefecture also
found that 40% had IDDM and 60% had
NIDDM [4]. A study in southern California
showed that there were racial differences in the
incidence of IDDM, with a large number of cases
occurring among Caucasians and only a few cases
among Mexicans, Blacks and Orientals [11],
although more than 90%, of the younger diabetics
were reported to have IDDM in Western
countries [1-3]. Ramachandran et al. reported
that in South India 22%, of the younger diabetics
had IDDM and 57.7% had NIDDM [8]. Thus,
the Japanese younger diabetics are characteristic
of younger Oriental diabetics.
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In reports from England and Wales, the
F.R.G., and Finland [2,3,12], the majority of
patients developing diabetes under the age of 25
were in the IDDM group, while more patients
over the age of 40 had NIDDM. Our study
showed that 22.3% of all the patients with dia-
betes under 13 were diagnosed as having IDDM,
the number of cases of IDDM and NIDDM was
equal at 13-14, and 93.9Y%, of all patients over the
age of 14 were diagnosed as having NIDDM. The
pattern of the age of onset in the Japanese diabetic
patients was markedly different from that reported
in European countries. The differences in the
IDDM/NIDDM ratio and the onset-age patterns
in IDDM and NIDDM in our study suggest that
racial differences influence the prevalence of each
type of diabetes in younger patients with this
disease, as was indicated in the report from
southern California [11}].

Apparently ‘racial’ differences in the pattern of
diabetes might stem not only from genetic factors
but also from environmental factors. Among
genetic factors, a consistent association has been
found between IDDM and HLA DR3 and DR4,
and this association has also been noted in all
Asian populations thus far examined [13-17].
However, frequencies of the DR3 and DR4
haplotypes in the general population also vary
among racial groups and tend to be higher in
Western countries and lower in non-Caucasian
countries [ 18]. The lower frequency of individuals
carrying such haplotypes in non-Caucasian popu-
lations may result in a lower incidence of IDDM.
Further studies including environmental factors
are needed to clarify the racial differences in the
incidence of IDDM in the Japanese and Cauca-
sian populations.

References

1 Jarrett, R.J. (1982) The epidemiology of diabetes mellitus.
In: Bostrom, H. and Ljungstedt N. (Eds.) Recent Trends
in Diabetes Research. Almqvist & Wiksell International,
Stockholm, pp. 24-36.

2 Kobberling, J. and Tillil, H. (1982) Empirical risk figures
for first degree relatives of non-insulin dependent



244

6

10

diabetics. In: Kobberling, J. and Tattersall R.B. (Eds.)
The Genetics of Diabetes Mellitus. Academic Press,
London and New York, pp. 201-209.

Laakso, M. and Pyoérili, K. (1985) Age of onset and type
of diabetes. Diabetes Care 8, 114-117.

Kuzuya, T. and Matsuda, A. (1982) Family histories of
diabetes among Japanese patients with type 1 (insulin-
dependent) and Type 2 (non-insulin-dependent) diabetes.
Diabetologia 22, 372-374.

Kitagawa, T., Owada, M., Mano, T. and Fujita, H. (1982)
The epidemiology of childhood diabetes mellitus in the
Tokyo metropolitan area. In: Melish, J.S., Hanna, S. and
Baba, S. (Ed.) Genetic environmental interaction in
diabetes mellitus. Proceedings of the third symposium on
diabetes mellitus in Asia and Oceania, Honoluiu,
February 6-7, 1981. Excerpta Medica, Amsterdam,
pp. 45-50.

Tajima, N., Laporte, R.E., Hibi, I, Kitagawa, T., Fujita,
H. and Drash, AL. (1985) A comparison of the
epidemiology of youth-onset insulin-dependent diabetes
mellitus between Japan and the United States (Allegheny
County, Pennsylvania). Diabetes Care § (Suppl.), 17-23.
Omar, M.A.K. and Asmal, A.C. (1984) Patterns of dia-
betes mellitus in young Africans and Indians in Natal.
Trop Geogr Med 36, 133-138.

Ramachandran, A., Mohan, V. and Snehalatha, C. et al.
(1988) Clinical features of diabetes in the young as seen
at a diabetes centre in South India. Diabetes Res Clin
Pract 4, 117-125.

Kokumin Eisei No Doukou: Kousei No Shihyo (1989) 36,
pp. 374.

WHO Expert Committee on Diabetes Mellitus (1985)
Technical report series 727, Geneva, World Health
Organization.

11

12

13

14

15

16

17

18

Lorenzi, M., Cagliero, E. and Schmidt, N.J. (1985) Racial
differences in incidence of juvenile-onset Type 1 diabetes:
epidemiologic  studies in  southern  California.
Diabetologia 28, 734-738.

Barker, D.J.P., Gardner, M.J. and Power, C. (1982)
Incidence of diabetes amongst people aged 18—~50 years
in nine British towns: a collaborative study. Diabetologia
22, 421-425.

Svejgaard, A., Platz, P. and Ryder, L.P. (1980) Insulin-
dependent diabetes mellitus. In: Histocompatibility
testing 1980-Report of the 8th International Histocompa-
tibitity Workshop. P.I. Terasaki (Ed.) UCLA Tissue
Typing Laboratory, Los Angeles, pp. 638-656. -
Sakurami, T., Ueno, Y. and Nagaoka K. et al. (1982)
HLA-DR specifications in Japanese with juvenile-onset
insulin-dependent diabetes mellitus. Diabetes 31,
105-106.

Lee, B.W., Chan, S.H. and Tan, S.H. et al. (1984) HLA-
system in Chinese children with insulin-dependent dia-
betes mellitus: A strong association with DR3. Meta-
bolism 33, 1102-1105.

Zeidler, A., Loon, J., Frasier, S.D., Kumar, D., Penny, R.
and Terasaki, P. (1980) HLA-DRw antigens in Mexican-
American and Black-American diabetic patients.
Diabetes 29, 247-250.

Juji, T., Maeda, H., Tokunaga, K., Ishiba, S. and
Maruyama, H. (1984) HLA in Japanese insulin-depen-
dent diabetes mellitus. Acta Paediatr Jpn 26, 289-293.
Baur, M.P. and Danilovs, J.A. (1980) Population analysis
of HLA-A, B, C, DR and other genetic markers. In:
Terasaki P.I. (Ed.) Histocompatibility testing 1980-
Report of the 8th International Histocompatibility Work-
shop. UCLA Tissue Typing Laboratory, Los Angeles,
pp. 955-993.



wucreasea melaence ot non-msulin dependent diabetes mellitus among Japanese...
Teruo Kitagawa; Misao Owada; Tatsuhiko Urakami; Kuniaki Yamauchi
Clinical Pediatrics; Feb 1998; 37, 2; Health Module

pg. 111

X2

Increased Incidence of Non-Insulin
Dependent Diabetes Mellitus Among
Japanese Schoolchildren Correlates with an
Increased Intake of Animal Protein and Fat
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Summary: Non-insulin dependent diabetes (NIDDM) was diagnosed in 188 of more than 7 million

Tokyo schoolchildren tested between 1974 and 1994 for glycosuria followed by oral glucose

tolerance testing. The incidence rate of NIDDM in youth has continued to increase since 1976.

While the daily energy intake has not changed significantly, the consumption of animal protein

and fat by the Japanese population has greatly increased during the past two decades, and this

change in diet, with low levels of physical activity, may exacerbate insulin resistance and glucose
intolerance. Clin Pediatr. 1998;37:111-116

Introduction

traditional Japanese

diet consists of rice,

fish, soybean products,
and green vegetables. Since
1955 western influences have
penetrated Japanese daily life,
bringing important changes to
the Japanese diet and contribut-
ing to increases in the incidence
of obesity, noninsulin depen-
dent diabetes mellitus (NIDDM),
and cardiovascular diseases.!
However, reliable data concern-
ing trends in the onset of

NIDDM in children in rclation
to changes in dietary habits are
not available.

Since 1973, a program of
screening for hematuria and pro-
teinuria in schoolchildren has
been conducted by the Ministry
of Education, Science and Cul-
ture in order to achieve early de-
tection and management of
chronic renal disease.? Since
1974, the collected urine has also
been tested forglucose by our
group to detect diabetes mellitus
at an asymptomatic stage,’ and we
annually diagnose two to 15 cases

Department of Pediatrics, Nihon University Hospital, Tokyo; 2Tokyo Heaith Service Association,

Tokyo, Japan.

Reprint requests and correspoadence to: Teruo Kitagawa, MD, Department of Pediatrics,
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of NIDDM in children less than
15 years of age.

This report presents the secu-
lar rends of childhood NIDDM
in relation to the prevalence of
obesity and changes in dietary
habits in Japan.

Materials and Methods

From 1974 through 1995,
221,000 to 386,400 Tokyo school-
children were tested annually for
glycosuria by glucose oxidase
tapes to detect diabetes. Subjects
collected morning urine at home
in a small plastic bottle that was
ransferred to a screening labora-
tory by the school. If the first test
was positive, glycosuria was con-
firmed in these children with an
oral glucose tolerance test
(OGTT) using 1.75 g/kg (maxi-
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mum 75 g). Diagnosis of diabetes
was based on the WHO? or the
United States Public Health Ser-
vice diagnostic criteria.®

NIDDM children with low fast-
ing blood glucose levels usually
displayed a high insulin response
to OGTT. Slow-onset IDDM de-
tected by screening for glycosuria
was, however, always associated
with a minimal serum immunore-
active insulin (IRI) response to an
OGTT.S In some patients, how-
ever, detection of serum islet cell
antibodies (ICA) with scveral
months’ observation of glucose
intolerance and pancreatic B-cell
function were required to distin-
guish between IDDM and
NIDDM. Children with IDDM de-
tected by urine screening were
usually positive for ICA or glu-
tamic acid decarboxylase (GAD)
antibodies in the serum and
failed to show improvement in
glucose tolcrance in spite ol strict
dietary control and physical exer-
cise; they also usually requircd in-
sulin within 24 months of diagno-
sis. Some children diagnosed with
NIDDM initially required insulin
to achieve better glycemic con-
trol, but the time when insulin be-

came nccessary was often more
than 2 years after diagnosis, and
they were typically negative for
ICA and GAD antibodies.

IRI or C-peptide immunoreac-
tivity (CPR) was determined 2
hours postprandially and was
measured in order to estimate the
residual pancreatic B-cell func-
tion. Blood glucose and HbA,|C
were measured by standard meth-
ods. IRI and CPR were measured
by the double antibody proce-
dure. Human leukocyte antigen
(HLA) typing was performed by a
standard microcytotoxicity test.t
ICA were measured by an indirect
immunofluorescence technique
on a cryostat section of human
blood group O pancreas.” GAD
antibodies were detected by a ra-
dioimmuneassay using the Anti
GAD Hoechst Kit.#

The prevalence of obesity in
the primary and junior high
school population of the Kanto
area, including metropolitan
Tokyo, was obtained from the
School Health Statistics. The defi-
nition of obesity in our study is
body weight more than 20%
above the age- and height-
matched ideal weight. The secu-

lar rends of nutrition in Japan
are quoted from The National
Nutrition Survey in Japan, which
has conducted annual nutritional
surveys of the nutritonal status of
the Japanese since 1946.

Results

From 1974 through 1995,
NIDDM was diagnosed in 33 of
4,696,348 primary schoolchildren
and 155 of 2,326,964 junior high
school children in Tokyo who
werce cxamined for glycosuria.
The male-to-female ratio was
1.0:2.1 and 1.0:1.2, respectively, in
the primary and junior high
school children.

The secular trends of NIDDM
were estimated from the data of
glucose-positive subjects who
were reexamined and tested for
glucose tolerance. During the pe-
riods 1976 to 1980, 1981 to 1985,
and 1991 1o 1995, the incidence of
newly diagnosed NIDDM in pri-
mary schoolchildren was 0.2, 1.6,
and 2.0, and in junior high school
children was 7.3, 12.1, and 13.9
per 100,000 per year, respectively.

Table 1 and Figure 1 show the
rclationship between the secular
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Increased Incidence of NIDDM
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Figure 1. Yearly changes in-NIDDM incidence and obesity prevalence in Japanese school children. The secular trends
of NIDDM were estimated from the data of glycasuria screening in Tokyo schoot children, The prevalence of obesity
in school children of the Kanto area, including metropolitan Tokyo, was obtained from the School Health Statistics.

trends of NIDDM and ycarly
changes in the dietary habits of
the Japanese. While daily energy
intake per capita (mean value of
2,026-2,226 Kcal/day) has not
changed, intake of animal fat and
total fat increased 4.0 and 2.7
times, respectively, between 1955
and 1975, In addition, the intake
of eggs, meat, and milk, includ-
ing dairy products, increased ap-
proximately 3.6, 5.4, and 7.3
times, respectively, between 1955
and 1975. Since 1975, animal fat
and protein in the diet have not
increased significantly. Although
there was a difference of 10
years between the increase in
the incidence of NIDDM and in-
creascd. consumption of animal
fat and protein, the pattern of
the secular trends of NIDDM

and pattern of change in dict
ammong the Japancse are similar.

The yearly increase in NIDDM
incidence in schoolchildren
seems more closely related to the
increase in animal fat and protein
consumnption than to an increase
in energy intake or the prevalence
of obesity. As shown in Table 2,
NIDDM is more common in non-
obese female patients than in
nonobese males but is more com-
mon in severely obese males than
females.

NIDDM was known in first-de-
gree relatives in 36% (65/180) of
patients and in first- und second-
degree relatives in 53% of pa-
tients. No significant difference
was found between frequencies of
familial NIDDM in male vs female
patients.

Discussion

In 1983 we reported that in

Japan the incidence and preva-

lence of NIDDM in youth is
higher than the incidence and
prevalence of IDDM.Y This report
notes increasing incidence rates
since then (Figure 1). A similar in-
crease of NIDDM in Hispanic-
American youths and youths from
other ethnic groups has been re-
ported.!®!? The increase in the
prevalence of this disorder in
adults is thought to be related 10
dietary changes and the increas-
ing prevalence of obesity. There
are no reliable data, however, con-
cerning the cause for the increase
of NIDDM in Japanese children.
The secular trends of NIDDM
in Japanesc schoolchildren were
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similar to the patterns of in-
creased consumption of animal
fat and protein in the diet during
the period 1955 to 1975.

It is known that administra-
tion of amino acids such as argi-
nine, leucine, or histidine and the
intake of meat such as beef pro-
duce an increase in insulin re-
lease.!® The intake of foods con-
taining saturated fatty acids
induces insulin resistance and an
increased insulin response to oral
glucose tolerance.! Therefore,
the increase in NIDDM incidence
in Japanese children during the
last two decades may be related to
the increase in the consumption of
animal protein and fat, which may
help accelerate insulin resistance.
Since 1973, the prevalence of obe-
sity in schoolchildren has been in-
creasing in spite of the absence of
significant changes in total energy
intake and nutrient consumption.
This increase in obesity may be re-

lated to physical inactivity in Japan-
ese schoolchildren.

Glaser ct al!! reported a high
prevalence rate of NIDDM in
Mexican or Mexican-American
children, and 67% of those af-
fected have a history of NIDDM in
first-degree relatives, In our study,
36% of the patients have a history
of NIDDM in first-degree rela-
tives, which is lower than that re-
ported in Mexican-American chil-
dren with NIDDM.

NIDDM in nonobese children
with a slightly iapaired insulin se-
cretion is more common in fe-
males than in males. The distribu-
tion of age at diagnosis shows a
peak at puberty with a slightly ear-
lier peak in females.)s The preva-
lence ratio in males to females is
1.0:1.3. These results suggest that
puberty accelerates preexisting
glucose intolerance!t and that
this phenomenon is more pro-
nounced in females.
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OBJECTIVE — This study investigates the annual incidence and clinical characteristics of
type 2 diabetes among school-aged children as detected by urine glucose screening from 1974 to
2002 in the Tokyo metropolitan area.

RESEARCH DESIGN AND METHODS — In total, 8,812,356 school children were
examined for glucosuria. Morning urine was used for the analysis. When the urine was positive
for glucose, an oral glucose tolerance test was carried out to confirm diabetes.

RESULTS — In all, 232 students were identified to have type 2 diabetes. The overall annual
incidence of type 2 diabetes was 2.63/100,000. The annual incidence after 1981 was significantly
higher than that before 1980 (1.73 vs. 2.76/100,000, P < 0.0001). The annual incidence was
significantly higher for junior high school students compared with primary school students (0.78
vs. 6.43/100,000, P < 0.0001). The overall male-to-female ratio of students with type 2 diabetes
was 1.0:1.19 (P = 0.296), but it was 1.0:1.56 (P = 0.278) for primary school students. Overall,
83.4% of children with diabetes were obese (=20% overweight). However, nonobese girls
(<<20% overweight) with diabetes accounted for 23.0% of the patients, whereas markedly obese
boys (=40% overweight) accounted for 61.5% of the patients. The frequency of a family history
of type 2 diabetes in second- and first-degree relatives was 56.5%.

CONCLUSIONS — We confirmed that the incidence of young people with type 2 diabetes
increased after 1981 in the Tokyo metropolitan area. The increase in the frequency of this
disorder seemed to be strongly related to an increasing prevalence of obesity. Age and genetic
susceptibility may be associated with the occurrence of type 2 diabetes.

Diabetes Care 28:1876~1881, 2005

this age-group. Accumulated evidence
suggests that the number of children with
type 2 diabetes has increased in recent
years and continues to do so in the U.S.

B nformation about the epidemiology of
¥ type 2 diabetes in children and adoles-
B centsis limited because of the relatively
recent recognition of its importance in
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(1-6). Currently, approximately one-
third of all children and adolescents in
Ohio and Arkansas and one-third of His-
panic children in California have type 2
diabetes (1). It is noteworthy that several
racial and ethnic groups, such as the Pima
Indians (7), Navajo Indians (8), people
from the Arab Emirates living in the U.S.
(9), Cree-Ojibway aborigines in Canada
(10), an indigenous population in Austra-
lia (11), and Asian populations (12-14)
are reported to be at a particularly high
risk of developing type 2 diabetes.

In Japan, we previously demonstrated
that from 1974 to 1995, the annual inci-
dence of childhood type 2 diabetes was
estimated at ~3~5/100,000 school chil-
dren in the Tokyo metropolitan area, as
detected by urine glucose screening (15).
A similar trend was noted in the cities of
Yokohama and Osaka (16). Several stud-
ies have indicated that the possible expla-
nations for the emergence of type 2
diabetes in children and adalescents are
the increased rate of obesity and decreas-
ing physical activity in this age-group (1-
6). Some environmental factors and
genetic susceptibility may also be associ-
ated with the development of type 2 dia-
betes (1-6,15).

Since 1973, a program involving
screening of primary school children and
junior high school children for hematuria
and proteinuria using a morning urine
specimen has been conducted by the Min-
istry of Education, Science, and Culture
for an early detection of chronic renal dis-
ease (17). Since 1974, the collected urine
has also been tested for glucose to detect
childhood diabetes, and we have detected
a number of school children with type 1
and type 2 diabetes with minimal or no
symptoms at the early stage of the disease
(18).

In the present study, we investigated
the annual incidence and the clinical
characteristics of childhood type 2 diabe-
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tes detected by the urine glucose screen-
ing program from 1974 to 2002 in the
Tokyo metropolitan area.

RESEARCH DESIGN AND
METHODS — The study subjects
were diagnosed as having diabetes by a
urine glucose screening program. We
have annually screened primary school
children aged 612 years and junior high
school children aged 13-15 years resid-
ing in the Tokyo metropolitan area for
glucosuria concomitant with proteinuria
and hematuria since 1974. The annual
participation rate in the urine test was al-
most 100%. Urinalysis was carried out us-
ing glucose oxidase tapes in a morning
urine specimen. If a urine test was posi-
tive (urine glucose =100 mg/dl), a subse-
quent urine test was requested on another
morning. An oral glucose tolerance test
(OGTT) was performed when positive re-
_ sults were obtained on both the initial and
the second urine tests to confirm diabetes.
For the OGTT, 1.75 g/kg (maximum
75 g) of glucose was used and the U.S.
Public Health Service criteria (19) and/or
World Health Organization criteria (20~
23) for the diagnosis of glucose intoler-
ance were followed.

Inall, ~30-60% of the subjects who
showed positive results for urine glucose
in the first and second screening test and
exhibited normal glucose tolerance by
OGTT were considered to have renal glu-
cosuria. They had no symptoms of diabe-
tes, and some of them had a family history
of renal glucosuria. After the diagnosis of
renal glucosuria, we followed them and
confirmed that they never developed dia-
betes. Renal glucosuria is an isolated dis-
order of proximal tubular glucose
transport, characterized by abnormal uri-
nary excretion in the presence of normal
glucose levels. Marble (24) defined renal
glucosuria as a condition characterized by
normal fasting blood glucose level, nor-
mal glucose tolerance as assessed by an
OGTT, and a daily urinary glucose excre-
tion of 10-100 g. Laurence (25) defined
this condition as the existence of glucos-
uria with normal glucose tolerance as as-
sessed by an OGTT, regardless of the
presence of glucosuria in the fasting state.
The subjects who fulfilled Marble’s crite-
ria were few. However, Desjeux (26) re-
ported that about 60% of the subjects
with positive results for urine glucose
were diagnosed as having renal glucosuria
in accordance with the criteria proposed

by Laurence. Our finding with respect to
the prevalence of renal glucosuria in the
screening is in accord with this result.

In general, children diagnosed with
type 2 diabetes by the screening test
showed minimal or no symptoms of dia-
betes and displayed a high insulin re-
sponse to an OGTT at diagnosis (18).
However, some patients (~5%) showed
severe symptoms of the disease (such as
ketosis at diagnosis) and low insulin se-
cretion because of glucose toxicity. All the
patients diagnosed with type 2 diabetes
were negative for diabetes-related autoan-
tibodies. On the other hand, we have also
detected a small number of children with
type 1 diabetes by the screening program.
They showed low levels of serum insulin
from the time of diagnosis. All the patients
initially showed neither severe symptoms
nor ketosis but they required insulin ther-
apy for glycemic control and to prevent
ketoacidosis from the time of diagnosis or
within 15 months after diagnosis. All of
these patients were nonobese at diagno-
sis. More than 80% of the children were
positive for diabetes-related autoantibod-
ies at the time of diagnosis. This novel
subtype of diabetes is recognized as a
slowly progressing form of type 1 diabetes
(18,27).

To evaluate obesity in children and
adolescents, percent overweight is com-
monly used in Japan as an index instead of
BMI. Percent overweight is calculated
based on the age- and height-matched
ideal weight as (current weight — age-
and height-matched ideal weight)/(age-
and height-matched ideal weight) X
100%. Patients whose percent overweight
is 220.0% are classified as obese (28).

To detect diabetes-related autoanti-
boedies including islet cell antibodies,
anti-GAD antibodies, and insulin autoan-
tibodies, serum samples were collected
{from the patients at the time of diagnosis
and stored at —70°C until the determina-
tions were performed. Islet cell antibodies
were detected by the indirect immunoflu-
orescence method (27). Anti-GAD anti-
bodies and insulin antibodies were
measured by radioimmunoassay.

Statistical analysis

Frequency was analyzed using Fisher’s
exact probability test to detect differences
among the groups. P < 0.05 was consid-
ered significant.

Urakami and Associates

RESULTYS — From 1974 to 2002, we
annually screened 220,622-386,398
school children residing in the Tokyo
metropolitan area. The number of school
children screened started to decline in
1990 because of the decreased birth rate
in this area. A total of 8,812,356 school
children (5,918,758 primary school chil-
dren and 2,893,598 junior high school
children) were examined for glucosuria
using a morning urine specimen. Type 2
diabetes was diagnosed in a total of 232
school children (106 male and 126 fe-
male). The overall male-to-female ratio
was 1.0:1.19, and there was no significant
predominance in sex (P = 0.296).

Table 1 shows the annual number
and incidence of childhood type 2 diabe-
tes from 1974 to 2002. We have annually
diagnosed type 2 diabetes in 3—13 chil-
dren in this screening program. The over-
all annual incidence of type 2 diabetes
during the 29-year period was 2.63/
100,000.

We compared the incidence of type 2
diabetes every 5 years {rom 1974 t0 2002.
The annual incidences of type 2 diabetes
were 1.73, 3.23, 3.05, 2.90, and 2.46/
100,000 in 1974-1980, 1981-1985,
1986~1990, 19911995, and 1996~

. 2002, respectively. The incidence from

1981-1990 was significantly higher than
that in 1974-1980 (1981-1985, P =
0.0038; 1986-1990, P = 0.0091; 1991~
1995, P = 0.0226). There was no signif-
icant difference in the incidence of type 2
diabetes between 1996 and 2002 and
1974 and 1980 (P = 0.1182). The aver-
age annual incidence after 1981 (2.76/
100,000) was significantly higher than
the incidence in 1974~1980 (1.73/
100,000; P < 0.0001). There was no sta-
tistical change in the incidence of type 2
diabetes from 1981 to 2002.

The annual number and incidence of
type 2 diabetes in primary school and jun-
ior high school students from 1974 to
2002 is shown in Table 1. Of the 232
children with type 2 diabetes detected by
the screening system, 46 (19.8%) were
primary school students and 186 (80.2%)
were junior high school students. The an-
nual incidences of type 2 diabetes in pri-
mary school and junior high school
students were 0,78/100,000 and 6.43/
100,000, respectively. Junior high school
students showed a significantly high inci-
dence of type 2 diabetes compared with
primary school children (P < 0.0001).

Table 2 shows yearly changes in the

- Diasetes Care, voLuME 28, NUMBER 8, Aucgust 2005

1877



Childhood type 2 diabetes in Tokyo

Table 1—Annual number and frequency of type 2 diabetes detected by the urine glucose screening program in the Tokyo metropolitan area

from 1974-2002

School students Type 2 Frequency pPSC Type 2 JHSC Type 2
examined diabetes of type 2 examined  diabetes  Frequency examined  diabetes Frequency

Year (n) (n) diabetes/10° (n) in PSC in PSC/10° (n) inJHSC  in JHSC/1QP
1974 220,622 6 2.72 157,492 0 a 63,130 6 9.5
1975 225,089 3 1.33 160,609 0 0 64,480 3 4.65
1976 228,104 4 1.75 162,637 1 0.61 65,467 3 4.58
1977 343,146 3 0.87 242,740 0 0 100,406 3 2.99
1978 359,086 6 1.67 252,026 1 0.4 107,060 5 4.67
1979 362,766 7 1.93 256,761 1 0.39 106,005 6 5.66
1980 338,090 7 2.07 234,536 1 0.43 103,554 6 5.79
1981 386,398 12 3.11 264,266 2 0.76 122,132 10 8.19
1982 381,508 13 3.41 254,697 3 1.18 126,811 10 7.89
1983 367,220 10 2.72 241,793 2 0.83 125,427 8 6.38
1984 352,744 11 3.12 228,851 1 0.44 123,893 10 8.07
1985 340,059 13 3.82 214,655 3 1.4 125,404 10 7.97
1986 339,624 13 3.83 210,563 1 0.47 129,061 12 9.3
1987 345,284 7 2.03 213,617 0 0 131,667 7 5.32
1988 328,400 11 3.35 205,669 4 1.94 122,731 7 5.7
1989 319,717 6 1.88 204,940 1 0.49 114,777 5 4.36
1990 303,994 13 428 197,725 2 1.01 106,269 11 10.35
1991 319,457 4 1.25 210,832 0 0 108,625 4 3.68
1992 307,855 8 2.6 204,306 2 0.98 103,549 6 5.79
1993 295,049 12 4.07 198,283 2 1.01 96,766 10 10.33
1994 284,468 9 3.16 192,697 2 1.04 91,771 7 7.63
1995 274,732 10 3.64 186,653 2 1.07 88,079 8 9.08
1996 278,839 4 1.43 188,782 2 1.06 90,057 2 2.22
1997 263,928 9 3.41 178,134 2 1.12 85,794 7 8.16
1998 257,464 9 3.5 174,119 4 2.35 83,345 5 6
1999 250,432 7 2.8 170,539 3 1.76 79,893 4 5
2000 245,893 6 2.44 168,625 2 1.19 77,268 4 5.18
2001 249,455 4 16 172,505 1 0.58 76,950 3 3.9
2002 242,933 5 2.06 169,706 1 0.59 73,227 4 5.46
Total 8,812,356 232 2.63 5,918,758 46 0.78 2,893,598 186 6.43

PSC, primary school children; JHSC, junior high school children.

patient numbers and ratio of primary
school children and junior high school
children having type 2 diabetes every 5
years from 1974 to 2002. The ratio of pri-
mary school children with diabetes before
1995 was <<20.0%. However, it exceeded
30.0% in 1996-2002 and from 1996 to
2002 it was significantly higher than that
from 1974 t0 1980 (34.1 vs. 11.1%, P =
0.019). The male-to-female ratio in pri-
mary school students was 1.0:1.56 (P =
0.278) and 1.0:1.10 (P = 0.654) in junior
high school students.

Table 3 shows the distribution of the
percent overweight in children with type
2 diabetes. In all, 83.6% of children with
diabetes were =20.0% overweight and
were judged to be obese. Of the girls,
23.0% were <20.0% overweight and
thus were considered nonobese. Only

8.5% of boys were nonobese. Severe obe-
sity, defined as =40.0% overweight, was
more frequent in boys (65.1%) than in
girls (48.7%). The percentages of subjects
who were 40.0-60.0% overweight
(28.3%) and =60.9% overweight
(36.8%) were significantly higher than
the percentages of subjects <20.0% over-
weight (8.5%) (P = 0.0059 and P <
0.0001, respectively).

Regarding first-degree relatives,
39.2% of the diabetic children had a fam-
ily history of type 2 diabetes. When con-
sidering second- and first-degree
relatives, 56.5% had a family history of
type 2 diabetes. In all, 35.0% of the dia-
betic boys and 42.9% of the diabetic girls
had first-degree relatives with type 2 dia-
betes, whereas 51.9% of the diabetic boys
and 60.3% of the diabetic girls had sec-

ond- and first-degree relatives with type 2
diabetes. There was no significant differ-
ence in the frequency of family history of
type 2 diabetes between males and
females.

CONCLUSIONS — Several recent
studies have indicated that type 2 diabetes
is becoming an increasingly prevalent dis-
order in young people all over the world
(1-3). The estimated prevalence of type 2
diabetes among American children and
adolescents younger than 19 yearsis 1.0-
50.9/1,000 (2). Pima Indians, American
Indians, Hispanics, and African Ameri-
cans are reported to show a higher prev-
alence of childhood type 2 diabetes
compared with whites in the US. (2,4-
6). Young Asian people are also consid-
ered to be at a considerable risk of
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Table 2—TYearly changes in the patient ratio
every 5 years from 1974 to 2002 in primary
school children and junior high school chil-
dren with type 2 diabetes

Primary Junior

school  high school
Year n children children
1974-1980 36 4(11.1)* 32(88.9)
1981-1985 539 11(18.6) 48 (81.4)
1986-1990 50 8(16.0) 42 (84.0)
1991-1995 43 8(18.6) 35(81.4)
1996-2002 44 15(34.1)* 29(65.9)
Total 232 46(19.8) 186(80.2)

Data are n (%). *P = 0.019, percentage of primary
school children in 19741980 vs. 1996-2002.

developing type 2 diabetes. A 10-country
study done in Asia showed that ~10% of
children with diabetes attending major
pediatric centers had type 2 diabetes (29).
Theincidence of type 2 diabetes increased
from 5% in 1986-1995 to 17.9% in
1986—1999 among children and adoles-
cents in Thailand with newly diagnosed
diabetes (13). The annual incidence of
childhood type 2 diabetes is estimated at
4-7/100,000 in Taiwan as detected by
urine glucose screening (14). The number
of children with type 2 diabetes may be
underestimated in these Asian countries
because of difficulties in research, under-
diagnosis, and misclassification of type 2
diabetes by pediatric endocrinologists
(3,29).

In the present study, we investigated
the annual incidence of type 2 diabetes in
children aged 6-15 years in the Tokyo
metropolitan area from 1974 to 2002 by

Table 3—Distribution of children with type 2
diabetes by percent overweight

% over-

weight Boys Girls Total

n 106 126 232
<20%  9(8.3) 29(23.0) 380164
20-39  28(26.4) 51 (40.5) 79 (34.1)
40-59  30(283)* 27(21.4) 57(24.6)
=60% 39(36.8)** 19(15.1) 56(24.1)

Data are n (%). Percent overweight is calculated
based on the (current weight — age- and height-
matched ideal weight)/(age- and height-matched
ideal weight) X 100 (%). Patients whose percent
overweight is =20.0% were judged to be obese.
*<<20% overweight vs. 40-59% overweight (P =
0.0059); **<20% overweight vs. =60% over-
weight (P < 0.0001).

urine glucose screening at school. We
confirmed that the overall annual inci-
dence of childhood type 2 diabetes during
the past 29 years in Tokyo was 2.63/
100,000 and the incidence from 1981 to
1995 was significantly higher than that
from 1974 to 1980. There was no signif-
icant increase and change in the incidence
of childhood type 2 diabetes in Tokyo
since 1981.

We have also detected children with
type 1 diabetes who show a slowly pro-
gressing form of the disease (18,27)
through this screening program. In total,
46 students with type 1 diabetes were de-
tected with minimum symptoms of the
disease, and the overall annual incidence
of this form of diabetes was 0.52/
100,000. Consequently, type 2 diabetes
was more frequently detected than type 1
diabetes (P < 0.0001). There was no sig-
nificant change in the incidence of type 1
diabetes detected by the screening pro-
gram. The annual incidence of type 1 di-
abetes, including abrupt and slowly
progressing forms, in Japanese children
has been reported to be almost 2/100,000
(30,31). Therefore, the incidence of type
2 diabetes is considered to be higher than
that of type 1 diabetes among Japanese
children.

Several studies have indicated that
the increase in childhood type 2 diabetes

‘is a result of the increased frequency of

obesity in young people (1--3). Insulin re-
sistance originates from obesity, and it is
related to glucose intolerance and devel-
opment of diabetes (32). In the present
study, we found that >80% of children
with type 2 diabetes are obese. The prev-
alence of obesity in Japanese school chil-
dren has increased in the past 20-30
years. The frequency of obese Japanese
school students in 2000 was approxi-
mately three times higher than that in
1970 (33). Currently ~10% of Japanese
school children are obese (33). Since the
1970s, lifestyle and eating habits of the
Japanese, especially those of children,
have become Westernized (33). A reduc-
tion in energy expenditure due to a de-
crease in physical exercise associated with
a prolongation of television viewing is a
possible contributor to the increasing rate
of obesity in Japanese children (34). In-
creased intake of animal protein and fat in
recent years may correlate with the in-
crease in the prevalence of obesity and the
incidence of type 2 diabetes among Japa-
nese school children (15). The yearly in-

Urakami and Associates

crease in the prevalence of obesity since
1980 in school children of the Kanto area,
including the Tokyo metropolitan area, is
possibly related to the increase in the in-
cidence of childhood type 2 diabetes
(15,34).

In the present study, the majority of
children with diabetes were junior high
school students with a usual pubertal age
of 13-15 years. Puberty is considered to
be an important risk factor leading to glu-
cose intolerance. Insulin sensitivity de-
creases by ~30% during puberty, and it is
associated with a compensatory increase
in insulin secretion (35,36). The peak age
of pediatric patients at diagnosis of type 2
diabetes is between 12 and 16 years (2).
On the other hand, we found that the in-
cidence of type 2 diabetes in primary
school children tended to increase in re-
cent years. Most primary school children
in whom type 2 diabetes was diagnosed
were 10~12 years old and obese. Obese
children tend to enter puberty at a
younger age. The recent increase in the
percentage of primary school students
with diabetes may be influenced by the
early occurrence of puberty.

It is interesting to note that among
Japanese children with type 2 diabetes,
the girls more commonly had a normal
weight, whereas the boys were more fre-
quently markedly obese. In the case of
Japanese junior high school students, the
prevalence of obesity increased regardless
of sex, but boys showed a higher preva-
lence of obesity than girls (7.6 vs. 7.6% in
19801990, 12.3 vs. 10.8% in 2001-~
2002) (37). The risk of developing type 2
diabetes due to obesity was much higher
inmen than in women in a Japanese adult
population-based study (38). Poor eating
habits, which are notable in older boys
and adult men, may be one of the reasons
for the high frequency of type 2 diabetes
in men {37,38). On the other hand, most
of the studies in children indicate a higher
frequency of type 2 diabetes in girls (2).
Rosenbloom et al. (1) reported that girls
were 1.7 times more likely to have type 2
diabetes than boys. Femininity may play
an important role in the development of
type 2 diabetes, which excludes insulin
resistance associated with obesity.

We demonstrated a high frequency of
type 2 diabetes among Japanese children
with a family history of type 2 diabetes.
The frequency of a family history of type 2
diabetes in second- and first-degree rela-
tives is reported to range from 74 to 100%
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(2). In the present study, we investigated
the children’s family history at the time of
diagnosis, when the patients were <15
years of age. The frequency of a family
member with type 2 diabetes may in-
crease after children are diagnosed with
diabetes. In any case, genetic susceptibil-
ity is strongly associated with the occur-
rence of type 2 diabetes.

We think that urine glucose screening
for all school children is useful in detect-
ing childhood diabetes at the early stages
of the disease (i.e., before they develop
ketoacidosis). However, it costs ~$3 U.S.
per subject for urinalysis using a glucose
oxidase tape and ~$500 U.S. to diagnose
one subject with diabetes in this screening
program, including OGTT and the mea-
surement of HbA, .. It may not be appro-
priate to recommend this screening
program for all children, and it may be
necessary to target only high-risk subjects
for screening. The American Diabetes As-
sociation and the American Academy of
Pediatrics recommend a testing age of
>10 years or at the onset of puberty for
children with a BMI >85th percentile,
with second- and first-degree diabetic rel-
atives, in an at-tisk race or ethnic group,
and with signs of insulin resistance (2,3).

We confirmed that the annual inci-
dence of type 2 diabetes among school
children in the Tokyo metropolitan area

increased after 1981. Japanese children-

are considered to be at a considerably
high risk of developing type 2 diabetes.
Age, sex, and genetic susceptibility may
be associated with the occurrence of type
2 diabetes. However, an increasing prev-
alence of obesity associated with changes
of lifestyle in this group seems to be a
major cause of the increase in the fre-
quency of this disorder. Therefore, im-
provement of lifestyle by increased
physical activity and reduced caloric in-
take and consumption of animal proteins
and fat are necessary to decrease the prev-
alence of childhood obesity and thereby
prevent the development of type 2 diabe-
tes (1-3,39).
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Existence of Early-Onset NIDDM
Japanese Demonsirating Severe Diabetic

Complications

JUNNOSKE MIURA, MD
AXIKO SAEKI, MD
YASUKO UCHIGATA, MD
Yasue OMORIL, MD

HiroKI YOKOYAMA, MD, PHD
Maxi OKUDAIRA, MD
TosHikA OTANI, MD
Hiroxo TAKAIKE, MD

OBJECTIVE — To identify the clinical characteristics of early-onset NIDDM patients with
severe diabetic complications.

RESEARCH DESIGN AND METHODS — The clinical cases of a large number of dia-
betic patients who visited a diabetes center within the period 1970-1990 were reviewed. Of a
total of 16,842 diabetic patients, 1,065 (6.3%) had early-onset NIDDM (diabetes diagnosed
before 30 years of age). These 1,065 patients were divided into two groups, those who devel-
oped proliferative retinopathy before the age of 35 (n = 135) and those who did not (n = 930).
Development of proliferative retinopathy, nephropathy, renal failure, blindness, and athero-
sclerotic vascular disease were compared between the two groups.

RESULTYS — The subgroup of 135 patients was characterized by poor glycemic control, often
requiring insulin therapy and a higher familial prevalence of diabetes, and contained a greater
proportion of women than the subgroup of 930 patients. Of the 135 patients, 99 (67%) devel-
oped proliferative retinopathy before the first visit. The 135 patients developed severe pro-
gressive complications in contrast to the 930 patients. A total of 81 patients (60%) developed
diabetic nephropathy at a mean age of 31 years, 31 (23%) developed renal failure requiring dial-
ysis at a mean age of 35 years, 32 (24%) became blind at a mean age of 32 years, and 14 (10%)
developed atherosclerotic vascular disease at a mean age of 36 years.

CONCLUSIONS — Some Japanese early-onset NIDDM patients develop severe diabetic
complications in their youth. Most of them had no symptoms nor regular treatment regarding
diabetes until they were noticed to have developed severe diabetic complications. Although the
relevant prevalence and the pathogenetic mechanism underlying the rapid onset of the com-
plications remain to be determined, prolonged inadequate treatment of and familial predispo-
sition to diabetes may be contributing factors. Careful diabetes care in the twenties, not only
for IDDM but also for NIDDM patients, is warranted.

described as maturity-onset diabetes of the
young (MODY), which is characterized by
an early age of onset, usually before 25
years of age, and by autosomal dominant
inheritance (3-6). Vascular complications
seem to be rare in young NIDDM patients
(7, but severe vascular complications have
been reported in some cases or families
{e.g., MODY3) (6,8-14). Whether heredity
of NIDDM is associated with vulnerability
to diabetic vascular complications is impor-

incidences of diabetes. The incidence

of IDDM is, for instance, lower in
Japanese than in Caucasians. However, the
incidence of NIDDM in young Japanese is
not low (1,2). NIDDM in the young is a
heterogeneous metabolic disease where a
genetic susceptibility may play a role in
the pathogenesis of developing diabetes
and/of its vascular complications (3). A
subset of NIDDM in the young has been

E thnic differences may lead to different
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MODY, maturity-onset diabetes of the young.

tant not only for investigation of the patho-
genesis of vascular complications but also
for the prevention in the young diabetic
population (12).

For several years, we have recognized
that some young NIDDM patients develop
severe vascular complications rapidly In
most of cases, we have found that these
patients did not regularly visit a medical
clinic until they suffered from visual dis-
turbance or leg edema. In this report, we
extend these observations and describe a
group of patients who developed severe
vascular complications in comparison with
young NIDDM patients who did not
develop complications. We did not confine
early-onset NIDDM to MODY in this study,
since 1) the age at onset of diabetes cannot
be equated with the age at diagnosis and 2)
the term MODY might lead to the unwar-
ranted assumption that all cases of NIDDM
in the young have the same etiology and
prognosis.

RESEARCH DESIGN AND
METHODS — Of a total of 16,842 dia-
betic patients who visited the Diabetes Cen-
ter, Tokyo Women’s Medical College, from
1970 to 1990, 1,065 (6.3%) were early-
onset NIDDM patients who were diagnosed
as having diabetes before 30 years of age.
(Fig. 1). Early-onset IDDM patients and
their complications have been described
elsewhere (15,16). For characterization of
early-onset NIDDM associated with the
rapid development of severe vascular com-
plications, the 1,065 patients were divided
into two groups, those who developed pro-
liferative retinopathy before 35 years of age,
(group-1, n = 135) and those who did not
(group 2, n = 930). Patient profiles regard-
ing diagnosis of diabetes, medical treatment
to control blood glucose, family history of
diabetes, and diagnosis of proliferative
retinopathy and other complications were
investigated through patient records,
together with information from other hos-
pitals, Diabetes was diagnosed according to
the World Health Organization criteria (17),
and NIDDM was defined as being not keto-
sis-prone and free from insulin for >1 year
after diagnosis of diabetes and/or having
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Disbetic patients who visited the Disbetes Center from 1970 to 1990 (=16,842)

¥

% Diabetes diagnosed after the age of 30 oesecondary disbetes (n=15,126)

. |——>IDDM diagnosed before the sge of 30 (n=651)

NIDDM diagnosed before the age of 30 (5=1,065)

t

cardy-oaset NIDDM paticats who developed
prolifesative retinopathy before the age 0£35;
group 1 (x=135)

Figure 1—Paticnt sclection.

© preserved insulin secretion even when
using insulin. To ensure the diagnosis of
NIDDM, the serum C-peptide level was
measured, and the endogenous insulin
secretion in patients who were under
insulin treatment was evaluated. MODY
was defined as NIDDM characterized by an
age at diagnosis of <25 years and an auto-
somal mode of inheritance (3,4,6). Prolifer-
ative fetinopathy was determined as rétinal
neovascularization in accordance with the
modified Airlie House System (18).
Clinical outcome was reviewed up to

i

eary-onset NIDDM paticnts: wha did not develop
peoliferative retinopathy befoes the age of 35;
group 2 (=930)

July 1996 regarding diabetic nephropathy,
blindness, and atherosclerotic vascular dis-
ease. Diabetic nephropathy was defined as
the otiset of persistent proteinuria checked
was defined as elevation of serum creatine
level to >1.5 mg/dl (normal range, 0.7-1.3
mg/dl). Blindness was defined as visual
acuity =5/200. Atherosclerotic vascular
disease included coronary heart disease,
cercbrovascular disease, and peripheral
vascular disease manifested by intermittent

dlaudication. Patients were defined as ha\i-_

Yokoyama and}&ssociat

ing coronary heart disease when resting
electrocardiogram, investigated  yearly,
showed signs of probable myocardia]
infarction (Minnesota codes 1.1-2) or pos.
sible myocardial ischemia (Minnesoty
codes 13, 4.1-4, 5.1-3, or 7.1) or whey
clinical heart disease as défined above was
present. Glycated hemoglobin at the firg
visit to the Diabetes Center (or the ope
examined in 1980 for patients who visited
before 1980) was measured by high-per-
formance liquid chromatography (norma]
tange, 5.5-8.5%). Serum C-peptide level
was measured in patients who were under
insulin treatment by a synthetic human C.
peptide kit (C-peptide radicimmunoassay,
Shionogi). The detection limit of the meas.
urement was 0.1 ng/ml, and inter and -
intra-assay variation were 6.4% and 6.7%,
respectively. Statistical analysis was per-
formed using SPSS Windows version 60 -
with the unpaired ¢ test or x? test for com-
parison between the groups.

RESULYS — Table 1 shows clinical
characteristics of early-onset NIDDM
patients divided into two groups, those -
who developed proliferative retinopathy °
before the age of 35 (group 1) and those

who did not (group 2). Age at diagnosisof :
diabetes was younger in group 1 thanin -~

Table 1—Clinical characteristics of early-onset NIDDM patients (n = 1,065) who developed proliferative retinopathy before 35 years of age 1

and those who did not
Farly-onset NIDDM
Onset of prolifexative refinopathy  No onset of proliferative retinopathy ‘
before 35 years of age (group 1) before 35 years ofage (group 2) P value
n : 135 (13%) 930 (87%)
Background features
Percent male 47 (39-56) 58 (55-61) <0.05
Age at diagnosis of diabetes (years) 2045 23+5 <0.001
Percent diabetes in fixst-degree relatives 66 (58-74) 56 (53-59) <0.05
Percent MODY 81(35-1L7) 44 (15D NS
Percent diabetes in both parents 74(3.0-11.8) 7.1(5.5-8.7) NS
Clinical characteristics at first visit
Age at first visit (years) 20£6 29£10 NS
BMI (kg/m?) : 21.7+38 232452 <0.05
Glycated hemoglobin (%) 117429 9.9£23 <0.001
Therapy for diabetes (%, 95% CI)
Diet only 12 (7-18) 50 (49-52) -
Tablets 15 (9-21) 19 (16-21) <0.000} ‘
Insulin 73 (65-80) 30 (27-33)
Serum C-peptide level in insulin-users
(ngfml, mean, 95% CI)
" Fasting 1.3(1.1-15) 1.2 (1.1-13) N5
2-hpostprandial | 26(22-30) 2.5Q2.3-2.7) NS
Data are means + SD, unless otherwise indicated; 95% (1 given in parentheses.
X
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