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OBSERVATIONS

Proportion of
Diabetes Type in
Early-Onset Diabetes
in Japan

ince 1990, we have reported hospi-

tal-based studies concerning Japa-

nese patients with early-onset
diabetes in our Diabetes Center, Tokyo
Women’s Medical University, Japan (1).
Our goal is to confirm the proportion of
type 1 versus type 2 diabetes in early-
onset diabetes in Japan in our center with
that of the Asian group in The SEARCH
for Diabetes in Youth, a recent popula-
tion-based study concerning the preva-
lence of diabetes in youth (2).

Our study consists of 4,063 Japanese
patients who were initially diagnosed as
having diabetes under the age of 30 years
and registered in our Diabetes Center be-
tween 1960 and 2004. Of the 4,063 pa-
tients, 1,746 (43.0%) had type 1 and
2,317 (57.0%) had type 2 diabetes based
on the diagnostic criteria of the Japan Di-
abetes Society (3), which is identical to
that of the World Health Organization.

Other specific types of diabetes were ex-:
cluded from the study. We divided the "

subjects into three groups according to

age at onset of diabetes, namely, 525 pa-
tients with diabetes diagnosed from 010 9
years, 1,382 from 10 to 19 years, and
2,156 from 20 to 29 years, to investigate
the proportion of type 1 versus type 2
diabetes in each group. The proportion of
type 1 versus type 2 diabetes in the three
groups was 95.0 versus 5.0%, 50.9 versus
49.1%, and 25.2 versus 74.8%, respec-
tively.

Approximately 10% of diabetic pa-
tients who resided in the Tokyo metro-
politan area were registered in our
Diabetes Center (4); therefore, although
our study was hospital based, we believe
it reflects a general trend of a proportion
of diabetes type in early-onset diabetes in
Japan. The SEARCH for Diabetes in Youth
showed that the proportion of type 1 ver-
sus type 2 diabetes in Asian/Pacific Is-
lander patients from 0 to 9 and 10 to 19
years of age at onset is 86.6 versus 6.7%
and 58.5 versus 40.1%, respectively (2).
Not only The SEARCH for Diabetes in
Youth but also our study suggests that
type 2 diabetes accounts for ~5~7% of
Asian children with diabetes and that the
proportion of type 2 diabetes is nearly half
of all Asian adolescents with diabetes.
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Urine Glucose Screening Program at Schools in Japan to Detect
Children with Diabetes and Its Outcome-Incidence and Clinical
Characteristics of Childhood Type 2 Diabetes in Japan
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ABSTRACT: A large number of children with type 2 diabetes have
been detected by a urine glucose screening program conducted at
schools in Japan since 1975. The incidence of type 2 diabetes in
children has increased over the last three decades, and the incidence
is estimated to be approximately 3.0/100,000/y during 1975-2000.
The incidence of type 2 diabetes in junior high school children is
three to six times higher than that in primary school children. More
than 80% of children with type 2 diabetes are obese, and boys are
more likely to be obese than girls. It is speculated that the increase in
the incidence of childhood type 2 diabetes over the years may be a
consequence of the increase in the frequency of obesity in school
children. However, this trend of increasing incidence of childhood
obesity has recently become weaker, and perhaps as a consequence,
the incidence of type 2 diabetes has also decreased after the year
2000 in some cities of Japan. Improved attention to physical activity
and eating habits among young people may be responsible at least in
part to the decrease in the incidence of type 2 diabetes noted in recent
years in big cities of Japan. (Pediatr Res 61: 141-145, 2007)

n the 21st century, type 2 diabetes is increasing in preva-

lence all over the world, and approximately 150160 mil-
lion people worldwide are currenily estimated to suffer from
the disease. The World Health Organization (WHO) estimated
that as many as 200-300 million people worldwide would be
suffering from type 2 diabetes by the end of the year 2005 (1).
The majority of patients with type 2 diabetes are aduits.
However, various reports have indicated that the incidence of
childhood type 2 diabetes has increased and continues to be on
the rise (2,3). Accumulated evidence has demonstrated that
the number of children with type 2 diabetes has elevated in
recent years and continues increasing in young people in the
United States. Currently, approximately one-third of children
and adolescents in Ohio and Arkansas, and one-third of
Hispanics in California have type 2 diabetes (4). It is note-
worthy that some ethnic groups such as Hispanics, African-
Americans, and Asians, including Japanese, have been re-
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ported to be at a high risk of developing type 2 diabetes in
youth as well as during adulthood (2,3).

Several Japanese studies have indicated a high incidence of
childhood type 2 diabetes detected by urine glucose screening
program conducted at schools in Japan (5-7). Since 1973, a
program involving screening of primary and junior high
school children for hematuria and proteinuria using a morn-
ing urine specimen has been conducted by the Ministry of
Education, Science and Culture for an early detection of
chronic renal disease (8). Since 1974, the collected urine
has also been tested for glucose to detect children with
diabetes, and a number of school children were identified as
having diabetes with minimal or no symptoms at the early
stage of the disease. While the vast majority of children
detected by the screening program are eventually diagnosed as
having type 2 diabetes, a small number of children have also
been diagnosed as having type 1 diabetes by the screening
program. They showed neither symptoms of severe hyperglyce-
mia nor those of ketosis at the time of diagnosis. This novel
subtype of diabetes has been described as a slowly progressive
form of type 1 diabetes (9).

The incidence of type 1 diabetes in Japanese children has
been reported to be among the lowest in the world (10) and it
has been estimated to be lower than that of childhood type 2
diabetes. On the other hand, the prognosis of juvenile-onset
type 2 diabetes is considerably poorer in Japan possibly due to
inadequate management. Yokoyama et al. (11) reported a
higher incidence of severe diabetic complications in cases
with type 2 rather than type 1 diabetes among children with
early-onset diabetes. Therefore, it is important to detect chil-
dren with type 2 diabetes and treat them appropriately during
the early stage of the disease to prevent the occurmrence and
progression of the complications.

This article reviews the urine glucose screening program
conducted at schools in Japan to detect children with diabetes
and its outcome, i.e. the incidence and clinical characteristics
of childhood type 2 diabetes in Japan.

Abbreviations: IGT, impaired glucose tolerance; OGTT, oral glucose tol-
erance test
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METHODS

Urine glucose screening program at schools in Japan.
Together with the screening for hematuria and proteinuria to
detect chronic renal disease, urine glucose testing was started
in Tokyo in 1974 (5). Thereafter, some local governments and
cities like Yokohama (6), Fukuoka, and Niigata (7) also
adopted this screening program to detect childhood diabetes.
In 1994, the school health law was revised in Japan to mandate
urine screening of all primary and junior high school students
for glucosuria.

In regard to the method of testing, the participants are
instructed to collect midstream urine samples from the first
urination in the morning at home after emptying their bladder
the previous night. Urine samples are then transported in
refrigerated containers to the test center for analysis of urine
glucose together with that of urine protein and red blood cells.
Urine glucose is determined using a glucose oxidase tape. The
minimum sensitivity for positive glucose testing is 100 mg/dL
or, in some areas, 50 mg/dL. Those children who are found to
be positive for both glucose and ketone bodies in the urine are
advised to visit a hospital for an immediate clinical evaluation
to rule out diabetic ketoacidosis. If one urine sample is

positive for glucose, a repeat urine test is requested on another

morning. If the second test is also positive, an OGTT is
performed to confirm the diagnosis of diabetes (Model A,
adopted in Tokyo, etc.). In some local governments and cities,
OGTT is performed even after a positive result of the first
urine glucose test (Model B, adopted in Yokohama, Niigata,
etc.). For the OGTT, 1.75g/kg (maximum 75g) of glucose is
used, and WHO criteria (12) are currently followed for the
diagnosis of glucose intolerance. The diagnostic accuracy of
Model A and Model B for detection of diabetes has been
reported to be almost the same by adopting either Model A or
Model B (5,6). In most governments and cities, HbAlc, serum
insulin, serum cholesterol, serum triglyceride, etc. are also
examined at the same time. Children showing diabetic patterns
on OGTT are eventually referred to a specialized hospital for
detailed examination and treatment of diabetes (Fig. 1).

RESULTS

Positive Rate for Urine Glucose

The positive rate for glucosuria in the first test has been
reported to be approximately 0.05-0.1% in primary school
" children and 0.12-0.2% in junior high school children (6,7).
Thus, the positive rate in junior high school children is about

close examination

urine glucose

urine ketone bodles
1st 2nd OGTT

{ BG, IRI)

AST, ALT

total cholesterol
triglyceride
anti-GAD antibody

urine urine

b, dlagnosls
morning morming of diabetes

urine positive urine positive

Figure 1. Urine glucose screening system at school in the Tokyo metropol-
itan area.

twice as high than that in the primary school children. The
positive rate for glucosuria in the second test has been re-
ported to be approximately 0.05% in both primary and junior
high school children in Tokyo (7). This result indicates that a
positive result cannot be reproduced in the second test in about
half of the children who show a positive result in the first test.
The vast majority of these children are, therefore, considered
to have renal glucosuria.

Approximately 30-60% of children who show positive test
for urine glucose are eventually diagnosed to have renal
glucosuria. These children have no symptoms of diabetes and
some have a family history of renal glucosuria. They exhibit
normal glucose tolerance in the OGTT. Renal glucosuria is an
isolated disorder of proximal tubular glucose transport, char-
acterized by abnormal urinary excretion of glucose in the
presence of normal blood glucose levels. Marble (13) defined
renal glucosuria as a condition characterized by a normal
fasting blood glucose level, normal glucose tolerance as as-
sessed by OGTT, and a daily urinary glucose excretion of
10-100g. Laurence (14) defined renal glucosuria as a condi-
tion characterized by normal glucose tolerance as assessed by
OGTT, regardless of the presence of glucosuria in the fasting
state. Cases satisfying Marble’s criteria appear to be few,
whereas, Desjeux (15) reported that about 60% of the subjects
with positive test results for urine glucose were diagnosed as
having renal glucosuria in accordance with the criteria pro-
posed by Laurence. The prevalence of renal glucosuria as
determined by the urine glucose screening program is consis-
tent with this result.

- Incidence of Type 2 Diabetes as Detected by the
Screening Program

Result in Tokyo. Between 1974 and 2004, a total of
9,242,259 school children including 6,225,971 primary school
children and 3,016,288 junior high school children underwent
urinary testing for glucosuria. Of these, a total of 236 children
including 47 primary school children and 189 junior high
school children were diagnosed as having type 2 diabetes
through this screening program. The numbers of the target
population were fluctuated according to the students’ numbers
residing in the Tokyo metropolitan area for each year. How-
ever, the participation rate in the urine test was scarcely
changed and almost 100% of the students during the study
period. The number of school children screened has decline
since 1990 because of the decreased birth rate in Japan
including the Tokyo metropolitan area.

The overall incidence of type 2 diabetes was estimated to be
2.55/100,000/y. Junior high school children had a significantly
higher incidence of diabetes than primary school children
(0.75 versus 6.27/100,000, p < 0.0001). Table 1 shows the
annual number and incidence of type 2 diabetes as detected by
the screening program for 5-y periods from 1974 to 2004 in
Tokyo. The annual incidences over the six consecutive 5-y
periods from 1974 to 2004 were 1.73, 3.23, 3.05, 2.90, 2.70,
and 1.41/100,000, respectively. The incidence in 19741980
was significantly lower than that recorded in 1981-1985,
1986 —1990, and 1991-1995 and tended to be lower than that
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Table 1. Annual number and incidence of type 2 diabetes as detected by the urine glucose screening program for 5-y periods from 1974
to 2000 in Tokyo

Overall frequency

Frequency of Frequency of type

School students Type 2 of type 2 PSC Type 2 diabetes  type 2 diabetes JHSC Type 2 diabetes 2 diabetes in
Year examined (1)  diabetes (n) diabetes/10° examined (n) in PSC (n) in PSC/10° examined (n) in JHSC (n) JHSC 1n0o°
19741980 2,076,767 36 1.73 1,466,801 4 0.27 609,966 32 5.25
1981-1985 1,827.870 59 3.23 1,204,262 11 0.91 623,608 48 7.70
19861990 1,636,969 50 3.05 1,032,514 8 077 604,455 2 6.95
1991-1995 1,481,518 43 2.90 992,771 8 0.81 488,747 35 7.16
19962000 1,296,521 3s 2.70 880,199 13 148 416,322 22 5.28
| 2001-2004 922,614 13 1.41 649,242 3 0.46 273,190 10 3.66
Total 9,242,259 236 2.55 6,225,971 47 0.75 3,016,288 189 6.27

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

incidence/100,000/year

35

* Rk

25

05

1991-1995 1956-2000 2001-2004

1986-1990

1974-1980 1981-1985
Figure 2. Overall incidence of type 2 diabetes as detected by the urine
glucose screening program for 5-y periods from 1974 to 2004 in Tokyo. *The
incidence in 1974~1980 was significantly lower than that recorded in 1981—
1985, 19861990, and 1991-1995 (p = 0.0038, 0.0091, 0.0226, respectively)
and tended to be lower than that recorded in 19962000 (p = 0.0672). **The
incidence in 2001-2004 was also significantly lower than that recorded in
19811985, 1986-1990, and 1991-1995 (p = 0.0056, 0.0120, 0.0194, re-
spectively) and tended to be lower than that recorded in 1996-2000 (p =

0.0557).

recorded in 1996-2000. The incidence in 20012004 was also
significantly lower than that recorded in 1981-1985, 1986
1990, and 1991-1995 and tended to be lower than that re-
corded in 1996--2000 (5,16) (Fig. 2).

The annual incidence of diabetes from 1974 to 2004 in
junior high school children was 5.25, 7.70, 6.95, 7.16, 5.28,
and 3.66/100,000, respectively. The incidence in junior high
school children in 2001-2004 was significantly lower than
that recorded in 1981-1985 (p = 0.0315) and tended to be
lower than that recorded in 1991-1995 (p = 0.0622). There
were no significant changes in the incidence of diabetes in
primary school children over the corresponding periods (16).
Therefore, the overall trend of decreasing incidence of child-
hood type 2 diabetes in 2000—-2004 was most strongly asso-
ciated with the decrease in the incidence of the disease in
junior high school children.

Results in Other Governments and Cities in Japan. The
incidences of childhood type 2 diabetes detected by the urine
glucose screening program in Tokyo and other cities in Japan

are shown in Table 2. Taking into account these results, it is
speculated that the overall incidence of childhood type 2
diabetes in Japan is approximately 3.0/100,000/y. The inci-
dence in junior high school children is three to six times
higher than that in primary school children.

Kikuchi ef al. (6) reported the annual incidence of type 2
diabetes in Yokohama city during the 5-y periods 1987-1991
and 1992-1996 were significantly higher than the incidence
recorded in 1982-1986. However, Yokota ef al. (17) demon-
strated that the incidence in 1997-2001 was lower than that in
19921996 for the same population in Yokohama city. In
Fukuoka city, the incidence of type 2 diabetes in junior high
school children has been steadily decreasing after 1999 (7).
Taking into account these findings and the results obtained in
the Tokyo study, it may be deemed that the incidence of
childhood type 2 diabetes in big cities of Japan has somewhat
decreasing in recent years.

Impaired glucose tolerance. Among children who showed
positive test results for urine glucose, a few were diagnosed as
having IGT by OGTT. In the Tokyo study, a total of 16
children were identified as having IGTT. Of these, six children
finally progressed to type 2 diabetes. In the Yokohama study,
33 children with IGT were found by the screening program,
and one third of them developed to type 2 diabetes after 5 y
from diagnosis. Obese children showed significantly high
incidence of developing diabetes, and all of the diabetic
patients showed worsening of obesity at the point of onset of
diabetes (18).

Clinical Characteristics of Type 2 Diabetes as Detected
by the Screening Program

Gender. Rosenbloom et al. (2) reported that gender is an
important predisposing factor in the occurrence of type 2
diabetes, with analysis of a large number of studies revealing
that girls are 1.7 times more likely to develop diabetes than
boys. However, there appears to be no statistically significant
gender difference in the incidence of type 2 diabetes among
Japanese children (5-7).

Age. The majority of children with type 2 diabetes are
Junior high school children with the usual pubertal age of
13-15 y at diagnosis (5-7). Puberty is an important risk factor
leading to hyperglycemia. Insulin sensitivity decreases by
30% during puberty and is associated with a compensatory
increase in the insulin secretion (19,20).
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Table 2. Incidence of type 2 diabetes as detected by the urine glucose screening program in various areas of Japan

References

Incidence/100,000/y

Tokyo (1974-2004) (5,16)

Overall: 2.55 (PSC: 0.75; JHSC: 6.27) 1974-1980: 1.73; 1981-1985: 3.23; 1986-1990:

3.05; 1991-1995: 2.90; 1996-2000: 2.70; 2001-2004: 1.41

Yokohama (1982-2001) (6,17)

Overall: 3.19 (PSC: 1.50; JHSC: 6.65) 1982-1986: 1.89; 1987~1991: 3.19; 1992-1996:

4.97; 1997-2001: 4.56

Niigata (1982-2003) (7)

Overall: 3.57 PSC: 1982-1988: 0; 1989-1993: 1.7; 1994-1998: 1.3; 1999-2003: 2.8

JHSC: 1982-1988: 0; 1989-1993: 6.0; 1994-1998: 14.6; 1999-2003: 13.4

Fukuoka (1989-1998) (7)

Overall: 2.77 (PSC: 1.62; JHSC: 5.05)

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

Obesity. Various studies have reported that greater than
80% of Japanese children with type 2 diabetes are obese at the
time of diagnosis (5-7). In the Tokyo study (5), 83.4% were
more than 20% overweight and 48.7% had severe obesity
defined as more than 40% overweight. On the other hand,
some studies have indicated that obesity is significantly more
prevalent among males with childhood type 2 diabetes; e.g. in
the Tokyo study (5), boys showed a higher frequency of
obesity than girls (91.5 versus 77.0%). Sugihara et al. (21)
also reported a higher frequency of obesity in males (78%
versus 63%) based on the results of a survey conducted with
the participation of major pediatric departments in Japan.
Besides severe obesity being more prevalent among males
with childhood type 2 diabetes, nonobesity has also been
reported to be more prevalent among females with type 2
diabetes (5,21). This may suggest gender difference in the
pathogenesis of type 2 diabetes, whereas obesity, which
causes insulin resistance, is highly likely to be involved in the
development of hyperglycemia in males, other mechanisms
may be involved in females with diabetes.

Several studies have indicated that the observed increase in
the incidence of childhood type 2 diabetes is a result of
increased frequency of obesity among young people (2-4).
The prevalence of obesity in Japanese school children has
increased significantly over the past three decades. The prev-
alence of obesity among Japanese school children in the year
2000 was reported to be approximately 10%, three times as
high as the prevalence recorded three decades ago (22). Since
the 1970s, the Japanese people, especially Japanese children,
have become westernized in relation to their lifestyles and
eating habits. Increase in the prevalence of a sedentary life-
style (watching television and playing TV games) and nutri-
tional problems, such as increased intake of animal protein
and fat (23,24), possibly contribute to the increased preva-
lence of obesity and development of type 2 diabetes among
Japanese school children. However, this trend of increasing
incidence of childhood obesity appears to have become
weaker recently. The Ministry of Education, Culture, Sports,
Science and Technology of Japan reported in recent years of
a decreasing prevalence of obesity among junior high school
children (25). This could be related to the significant increase
in awareness and concern regarding childhood obesity and
associated metabolic disorders has spread in the Japanese
population, especially among children and adolescents resid-
ing in big cities. These children, therefore, appear to take
sugar-sweetened beverages and snacks as well as high-fat
foods less frequently than before. In addition, they seem to

have emerged from sedentary lifestyles to actively participate
in various sports activities (25). These lifestyle changes may
contribute to the decrease in the incidence of type 2 diabetes
observed in recent years in big cities of Japan.

Family history of type 2 diabetes. In regard to the role of a
family history of diabetes, 56.5% of children with type 2
diabetes in the Tokyo study (5) and 69% of the patients
reported by Sugihara et al. (21) had a family history of type 2
diabetes in second- and first-degree relatives. The frequency
of a positive family history of type 2 diabetes in second- and
first- degree relatives has been reported to range from 74 to
100% in Caucasian population (2—4). The frequency of de-
tection of type 2 diabetes in family members may possibly
increase after children are diagnosed as having diabetes.
Therefore, the family history plays a crucial role in the
majority of children developing type 2 diabetes.

Future Prospects

In 1994, when urine glucose screening at schools was made
obligatory, no further budgets were allocated for the formation
of committees to evaluate cases with positive results. Conse-
quently, no committee for the diagnosis and follow-up of
cases showing a positive urine glucose screening test results
have been established yet in many governments and cities in
Japan (17). In Tokyo, however, all the participants of screen-
ing programs with positive test results have undergone ade-
quate evaluation at a unique examination institute and fol-
Jow-up system established by pediatric diabetes specialists
with the support of the Tokyo Health Service Association (5).
It is important to constitute such committees composed of
pediatric diabetologists for the establishment of a system for
confirmation of the diagnosis, treatment and follow-up of
cases showing positive screening test results in all areas of
Japan.

The major purpose of urine glucose screening is to diagnose
the disease in the early stage in children with type 2 diabetes
and provide appropriate treatment. However, no guideline for
the management of childhood type 2 diabetes has been estab-
lished as yet in Japan. Moreover, the Japanese government has
not approved most of the oral hypoglycemic agents available
currently for use in the pediatric population. It is, therefore,
extremely important to establish appropriate strategies for the
treatment of type 2 diabetes among children at the earliest.

Ritchie et al. (26) reviewed the possibility of prevention of
type 2 diabetes among youth, and concluded that this disease
can be potentially prevented or delayed by improvement of the
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eating habits and physical activity among children (27,28).
Several clinical trials in adults have shown that even moderate
weight loss can reduce the risk of development of type 2
diabetes (29-31). However, the efficacy of dietary and exer-
cise programs in the prevention of type 2 diabetes among
youth still remains to be studied. A recent study by Urakami
et al. (16) reported a reduction in the incidence of type 2
diabetes in Tokyo during 20012004, possibly due to a de-
creased frequency of childhood obesity associated with im-
proved eating habits and physical activity among children. An
interventional trial of the effect of lifestyle alterations should
be begun in obese children residing in all areas of Japan to
establish its efficacy in the prevention of type 2 diabetes as
well as the so-called metabolic syndrome in children.

SUMMARY

The increase of childhood type 2 diabetes is observed not
only in Japan but is also reported in various countries includ-
ing the United States, especially among young people with
risk factors for type 2 diabetes (i.e. pubertal age, obesity,

family history of type 2 diabetes, high-risk racial or ethnic

group, etc.) (2—-4). It is, therefore, principal to establish a
screening program to detect children with having type 2
diabetes at the early stage and create a strategy for prevention
and treatment of the disease during childhood worldwide.
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Letters

SMHEALL

Recent Trend Toward
Decrease in the
Incidence of

Childhood Type 2
Diabetes in Tokyo

e previously reported that the
Wannual incidences of children
with type 2 diabetes as detected

by urine glucose screening at school in
Tokyo during 19811995 were signifi-
cantly higher than the incidence in 1974~
1980 (1). We evaluated recent changes in
the annual incidence of childhood type 2
diabetes in Tokyo. The results were ana-
lyzed using Fisher's exact probability test.
From 1974 to 2004, a total of
9,242 259 school students were tested for
glucosuria to detect diabetes. A total of
236 children were diagnosed as having
type 2 diabetes through this screening
program. Overall, 83.9% of children with
diabetes were obese. The overall inci-
dence was 2.55 per 100,000 per year.
Junior high school children had a signifi-
cantly higher incidence than primary
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school children (0.75 vs. 6.27 per
100,000; P < 0.0001). The annual inci-
dences over the 5-year periods from 1974
10 2004 were 1.73,3.23,3.05,2.90,2.70,
and 1.41 per 100,000, respectively. The
incidence in 1974-1980 was significantly
lower than those in 1981-1985, 1986—
1990, and 1991-1995 (P = 0.0038,
0.0091, and 0.0226, respectively) and
tended to be lower than that in 1996
2000 (P = 0.0672). The incidence in
2001-2004 was also significantly lower
than those in 1981-1985, 19861990,
and 1991-1995 (P = 0.0056, 0.0120,
and 0.0194, respectively) and tended to
be lower than that in 19962000, as well
(P = 0.0557). The annual incidences of
junior high school children from 1974 to
2004 were 5.25,7.70, 6.95, 7.16, 5.28,
and 3.66 per 100,000, respectively. The
incidence of junior high school children
in 2001-2004 was significantly lower
than thatin 1981-1985 (P = 0.0315)and
tended to be lower than that in 1991~
1995 (P = 0.0622). For the same periods,
there was no significant change in the in-
cidence of primary school children.
Therefore, the overall trend toward de-
crease in the incidence of childhood type
2 diabetes in 2000-2004 was most
strongly associated with the decrease in
that among junior high school children.
After the 1970s, the tendency toward
childhood obesity rapidly increased in the

8- to 14-year age-group in Japan, contrib--

uting to the increase in childhood type 2
diabetes (2). However, this trend has
recently seemed to be weakened. The
Ministry of Education, Culture, Sports,
Science and Technology of Japan re-
ported a recent trend toward a decrease in
the prevalence of obesity among junior
high school children (3). Recently, signif-
icant concern regarding childhood obe-
sity and associated metabolic disorders
has spread in the Japanese population, es-
pecially among children and adolescents
residing in cities (3). They are likely to
ingest fewer sugar-sweetened beverages
and snacks as well as fat-rich foods than in
the past. In addition, they tend to limit
sedentary activities and participate in var-
jous sports (3). These lifestyle changes
may contribute to the decrease in the in-
cidence of type 2 diabetes in 20012004
in the Tokyo metropolitan area.
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Higher incidence of diébetic nephropathy in type 2 than in
type 1 diabetes in early-onset diabetes in Japan
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Higher incidence of diabetic nephiropathy in type 2 than in
" type 1 diabetes in early-onset diabefes in Japan.
Background. Whether the type of diabetes, race, and year
. and age of diagnosis affect the incidence of diabetic vascular
complications is unknown. That both type 1 and type 2 diabetes
occur in the young Japanese population prompted us to investi-
gate whether the type of diabetes and the year of diagnosis
. are related to the incidence of nephropathy.

Methods. Of the 17,256 diabetic patients who visited the .

outpatient clinic at our diabetes center between 1965 and 1990,
1578 (9.1%) had early-onset diabetes (diagnosed before the
age of 30); of these; 620 (39%) had type 1, and 958 (61%) had
type 2 diabetes. The incidence of nephropathy was analyzed
in the patients according to postpubertal duration and year of
diagnosis.

Results. The cumulative incidence of nephropathy after 30

years of postpubertal diabetes was significantly higher (P <
0.0001) in type 2 diabetic patients (444%, 95% CI, 37.0 to
51.8%) than in type 1 diabetic patients (202%, 95% CI, 14.9
t025.8% ). The incidence of nephropathy among type 1 diabetic
patients has declined during the past two decades, whereas it
has not among type 2 diabetic patients. The rate ratio for type
2-diabetic patients diagnosed between 1980 and 1984 relative
to type 1 diabetic patients diagnosed in the same period was
2.74 (95% CI, 1.17 to 6.41).

Conclusions. ‘The incidence of nephropathy has declined in
Japanese patients with type 1 but not in those with type 2
diabetes, In young Japanese patients, because of the higher
incidence of nephropathy in type 2 diabetes and the higher
prevalence of type 2 than type 1 diabetes, type 2 diabetes is
likely the major cause of diabetic nephropathy.

The relationship of the type of diabetes to the risk of
diabetic vascular complications has not been studied in

Key words: insulin-dependent diabetes, noninsulin-dependent disbe-
?&' childhood diabetes, end-stage renal failure, proteinuria, retinop-
y. .
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detail [1-3]. Type 1 (insulin-dependent) diabetes mellitus
has been recognized as an important cause of diabetic
nephropathy, leading to diabetic end-stage renal failure
(ESRF) and early death [4-7]. However, several reports
have identifiéd an increasing incidence of ESRF in pa-
tients with type 2 (non-insulin-dependent) diabetes, es-
pecially in minorities such as African Americans, Mexi-
can Americans, and Pima Indians {3, 8-14].

Ethnic differences likely lead to differing incidences
of diabetes as well as differing incidences of the accompa-
nying vascular complications [3, 10, 12, 14]. Type 2 diabe-
tes is not rare in the young Japanese population [15, 16].
We have recently reported that Japanese patients with
carly-onset type 2 diabetes can develop severe diabetic
vascular complications, such as blindness or ESRF, when
in their thirties [17]. On the other hand, a recent report
in young Swedish patients with type 1 diabetes indicated
a declining incidence of diabetic nephropathy [18], al-
though whether the decline is universally inidependent
of ethnicity or nationality is a matter of debate [19, 20}.

The incidence of diabetic ESRF is rising at a much
faster rate than ESRF because of all other etiologies
worldwide [21, 22], that is, in the United States [23], in
some European countries [24], and in Japan [25]. The
progression to ESRF is relentless-unless treated inter-
vention occurs not only for type 1 but also for type
2 diabetic patients [26, 27], and regular hemodialysis
treatinent costs between $50,000 and $100,000 US per
person annually, The rising incidence of diabetic ESRF,
therefore, has prompted the re-evaluation of patients at
risk for developing diabetic nephropathy according to
race, type of diabetes, and year at diagnosis of diabetes.
Because both types of diabetes occur in the young Japa-
nese population, we investigated whether the type of

.diabetes and the year of diagnosis are related to the
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incidence of diabetic nephropathy.
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Diabetic patients who visited the Diabetes Center from 1965 to 1990 and

who were diagnosed as having diabetes after 1965 (N = 17,256)

1
Diabetes diagnosed before the age of 30 {N = 1,638, 9.4%)

3 Age at examination younger than 10 yea:s {(N=32)

| |

Type 1 diabetes (N = 620, 3.6%) Type 2 diabetes (N = 958, 5.6%)

METHODS
Study population
We performed a clinic-based epidemiologic observa-
tional study. Patients can visit the outpatient clinic at the
Diabetes Center, Tokyo Women’s Medical University,
without any referrals, and the charge for treatment paid
by the patient is the same as in the other hospitals. A
large population of diabetic patients (N = 17,256) who
resided in the Tokyo metropolitan area (about 5400 km?)
attended the outpatient clinic between 1965 and 1990,
which. corresponds to approximately 10% of diabetic
patients attending to a medical clinic in the metropolitan
area. Among them, 1638 (9.4%) had early-onset diabetes
(diagnosed before the age of 30; Fig. 1). Thirty-two early-
onset diabetic patients were excluded because they were
prepubertal (younger than 10 years old) at examination.
Eight patients were excluded because of coexisting non-
diabetic renal disease, and 20 patients were excluded
because they already had nephropathy before their visits
to our clinic. Of the remaining 1578 (9.1%) patients with
early-onset diabetes, 620 (39%) with type 1 and 958
(61%) with type 2 diabetes were included in the study.
The proportion of male sex in each type was consistent
with previous reports in a young Japanese diabetic popu-
lation [16, 17, 28].
The diagnosis of diabetes and classification of diabetes
. type (type 1 or type 2) was made according to the World
Health Organization criteria [29]. Briefly, type 1 diabetes
‘was defined as the patient being prone to ketosis and
requiring insulin therapy within one year after the diag-
‘nosis. Type 2 diabetés was diagnosed if the patient was
found not to be ketosis prone, did not require insulin
therapy for more than one year after thé diagnosis,
and/or exhibited preserved insulin secretion evén when
treated with insulin. Type 2 diabetes was diagnosed be-
cause of symptoms (27%), other complaints (28%), or
screening tests (45%). To confirm the diagnosis of the

= Diabetes diagnosed after the age of 30 or secondary diabetes (N= 15,618)

——» Excluded because of coexistent nondiabetic renal disease (N = 8)
——»= Excluded because diabetic nephropathy pre-existed at their visits (N = 20)

Fig. 1. Patient selection.

diabetes type; serum C-peptide levels were measured in
patients treated with insulin using a synthetic human C-
peptide kit (C-PEPTIDE RIA; Shionogi, Tokyo, Japan).
The limit of detection of the kit was 0.1 ng/mL, and
interassay and intra-assay coefficients of variation were
6.4 and 6.7%, respectively.

- The patients visited the clinic every one to three
months (8 visits per annum on the average). Blood pres-
sure was measured using a sphygmomanometer and an
appropriately sized cuff with the patient in a seated posi-
tion. Glycosylated hemoglobin (HbA1c) was measured
by high-performance liquid chromatography (HPLC;
HAS8110; Kyoto Daiichi Kagaku, Kyoto, Japan). The
normal range of HbAlc by HPLC was 4.8 to 6.4%. An
average of the HbAlc values during a year at first visit
was calculated. For the patient who had no data on
HbAlc at the first visit (before 1980, HbAlc measure-
ment had not been instituted), the average of the first
available year for HbAlc was used. Patient profiles re-
garding the diagnosis of diabetes and medical treatment
to control the blood glucose level were compiled from
information obtained through interviews and data ob-
tained from other hospitals attended by the patients.
Data on the history of diabetes (any type of diabetes)
in first-degree relatives were obtained from patients by

- interview.

Outcome measures

In accordance with suggestions by Parving et al, dia-
betic nephropathy was diagnosed clinically if the follow-
ing criteria were fulfilled: persistent proteinuria, pres-
ence of diabetic retinopathy, and absence of clinical of
laboratory evidence of disease other than diabetic ne-
phropathy in the kidneys or renal tract [30]. Proteinuria
was measured at each visit (every 1 to 3 months) using
Albustix (Miles-Sankyo, Tokyo, Japan), which has a de-
tection limit of 300 mg/L. The onset of proteinuria was
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defined as the time when the first positive test was ob-
tained.

Statistical analysis

The incidence density and cumulative incidence were
used as measures of the frequency of diabetic nephropa-
thy. The incidence density is presented as the number
per 1000 person-years based on the ratio of the observed
number of patients experiencing the event (cases) to the
total person-years of exposure (at risk). The 95% CL was
computed by a modification of the Mantel and Haenzel
procedure for follow-up data [31-33]. The association of
covariates with the risk of an event (developing diabetic
nephropathy) was assessed through the computation of
rates with stratification and regression models. Log-lin-
ear Poisson regression models using SAS-GENMOD
were used to assess the effects of covariates on the abso-
lute risk and to estimate the cumulative incidence
[34-36]. A comparison of the incidence density with the
rate ratio was performed using the score chi-squared test,
and the normal approximation after log-transformation
was used for the calculation of confidence intervals
[33, 35]. The rate ratio was calculated by dividing the
incidence density of diabetic nephropathy in type 2 dia-
betic patients by that in type 1 diabetic patients. The
cumulative incidence was plotted using the Kaplan—
Meier method with the log-rank test statistic.

Person-years were primarily accumulated from the di-
agnosis of diabetes. The incidence density was calculated
for five-year periods using two types of observation peri-
ods: the entire duration of diabetes and the postpubertal
duration of diabetes. The observation based on postpu-
bertal duration of diabetes is considered more relevant
in this study since (1) the duration of diabetes before
puberty does not contribute much to the risk of diabetic
nephropathy [37-40}, and (2) it can compensate for the
considerable differences in age at diagnosis between type
1 and type 2 diabetic patients. Patients who developed
diabetes before the age of 10 years were entered into

the calculation of postpubertal diabetes when they -

reached age 10. For patients who developed nephropa-
thy, the contribution of person-years was accumulated
until the year of onset of nephropathy. Those who re-
mained free from nephropathy or those who deceased
without developing nephropathy contributed to person-
years until the last examination (the end of follow-up
up to March 1997). Those who had no nephropathy and
discontinued visits, presumably because they went out-
side of the Tokyo area, contributed to person-years until
the last clinic visit. Differences between relevant groups
were tested using the Student’s unpaired t-test for contin-
uous variables and the chi-squared test for dichotomized
Variables. P values under 5% (two-tailed) were taken to
Indjcate statistical significance. Analyses were run on a

Yokoyama et al: Diabetic nephropathy in young Japanese patients

Table 1. Clinical characteristics of patients with type 1 and type 2
diabetes diagnosed before the age of 30

Diabetes
Type 1 Type 2
Characteristic (N = 620) (N = 958)
Male sex N of patients (%) 239 (39) 530 (55)
Calendar year at diagnosis of diabetes
N of patients (%)
1965-69 67 (11) 94 (10)
1970-74 104 (17) - 137 (14)
197579 137 () 195 (20)
1980-84 165 (26) 250 (26)
1985-90 147 (24) 282 (30)
Age at diagnosis of diabetes
N of paticents (%)
Diabetes diagnosed at 0-9 years 205 (33) 5()
Diabetes diagnosed at 10-19 years 257 (41) 278 (29)
Diabetes diagnosed at 20-29 years 158 (26) 675 (70)
Age at first visit
Diabetes diagnosed at 0-9 years 15462 20178
Diabetes diagnosed at 10-19 years 20148 20.6+63
Diabetes diagnosed at 20-29 years 27.6x51 30.7x6.7
Body mass index kglm? - 19.8+29 23052
HbAlc at first visit % 9.5+20 87+22
Systolic blood pressure at first visit
mm Hg 11312 11716
. Diastolic blood pressure at first visit
num Hg n=x9 74+12
Diabetes in first-degree relatives %
(95% CI) 24 (21-27) 56 (53-59)
Therapy for diabetes at first visit ) ’
N of patients (%)
Diet only 0 (0) 431 (45)
Tablets . 0 (0) 182 (19)
Insulin . 620 (100) 345 (36)
Serum C-peptide levels in insulin users '
ng/mL
Fasting
Mean 0.1 12
95% CI 0-02 1.1-13
Two hours postprandial :
Mean 0.1 25
95% CI 0-02 23-27
Age at final examination
Diabetes diagnosed at 0-9 years 246277 292273
Diabetes diagnosed at 10-19 years 29665 27681
Diabetes diagnosed at 20-29 years 37270 38590
Postpubertal duration at examination
years 15772 12484

Plus-minus values are mean + SD. CI denotes confidence interval.

personal computer using SPSS for Windows, version 6.0,
and SAS for Windows, version 6.11.

RESULTS

Clinical features of patients with type 1 and type 2
diabetes diagnosed before the age of 30

Clinical and biochemical characteristics'of the patients
with early onset diabetes are shown in Table 1. Thirty-
nine percent of the type 1 diabetic patients and 55% of
the type 2 diabetic patients were male. The distribution
of patients according to the calendar year at diagnosis






