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Table 2. Incidence density of diabetic nephropathy in patients with type 1 and type 2 diabetes diagnosed before the age of 30, by the
duration of diabetes and the postpubertal duration of diabetes®

Duration of diabetes years

0-4 5-9 10-14 15-19 20-24 25+ Total
Duration of diabetes years
Type 1 :
N new cases 0 2 32 16 5 0 55
Person-years of duration 3009 2672 1898 1077 520 181 9357
Incidence density (/1000 person-years) - 4] 0.75 6.86 486 9.62 0 588
Type2
N new cases - 10 26 57 33 14 3 143
Person-years of duration 4034 - 3149 2012 1051 492 179 T 10917
Incidence density (/1000 person-years) 248 826 2833 3140 2846 16.76 13.10
Rate ratio® .
Type 2 vs. type 1 NC 1101 1.68 211 296  NC 223
95% CI 2.61-46.4 1.09-2.59 1.10-3.54 107822 1.63-3.04
P value : . 0.001 0.006 0.02 0.02 0.001
Postpubertal duration of diabetes years ) :
Type 1
N new cases 0 6 31 14 4 0 55
Person-years of postpubertal duration 2938 25712 1720 867 365 99 8560
Incidence density (/1000 person-years) 0 233 18.02 - 16.15 10.96 0 6.43
Type 2
N new cases 10 26 57 33 14 3 143
Person-years of postpubertal duration 4034 3146 2012 1055 490 168 10905
Incidence density (/1000 person-years) 249 8.26 2833 3128 2857 17.86 i3.11
Rate ratio®
Type 2 vs. type 1 NC 355 1.57 1.94 . 261 NC 204
95% CI . 142-8.62 1.01-2.43 1.04-3.62 0.86-7.93 1.50-2.78
P value 0.005 0.02 0.001 007 - - 0001

*Abbreviations are: Cl, confidence interval; NG, not calculated; in these patients incidence density of diabetic nephropathy in type 1 diabetic patients during the

period was 0

Calculated as the incidence density of diabetic nephropathy in type 2 diabetic patients divided by the incidence density in type 1 diabetic patients during the

same period
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Fig. 2. Camulative incidence of diabetic nephropathy according to-
postpubertal duration of diabetes in patients with type 1 (M) and type

2 (®) diabetes diagnosed before the age of 30. Patients with type 2

diabetes had asignificantly higher incidence of nephropathy than those

with type 1 diabetes (P < 0.0001). :
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was similar for the type 1 and type 2 diabetic patients.
The distribution of patients according to the age at diag-
nosis of diabetes differed for the type 1 and type 2 dia-
betic patients. However, for three subgroups based on
the decade in which diabetes was diagnosed (that is, at
ages 0 to 9, 10 to 19, and 20 to 29 years), the age at

diagnosis, age at first visit, age at final examination, and
postpubertal duration of diabetes were comparable be-
tween the type 1 and type 2 diabetic patients. Body
mass index and blood pressure levels were higher, and
glycosylated hemoglobin (HbAlc) levels were lower in
patients with type 2 diabetes than in those with type 1
diabetes. Thirty-six percent of the type 2 diabetic patients
were treated with insulin. However, their serum C-pep-
tide levels were apparently preserved as compared with
the levels in the type 1 diabetic patients. The proportion
of patients who visited with referrals was similar for the
type 1 and type 2 diabetic patients (71%, 95% CI, 67 to
75% vs. 66%, 95% CI, 62 to 69%). The proportion of
patients with a family history of diabetes in first-degree
relatives was 24% (95% CI, 21 to 27%) in the type 1
and 56% (95% CI, 53 to 59%) in the type 2 diabetic
patients. ’

End points of the obsexrvation

For a total of 9357 person-years in type 1 diabetes, end
points of the observation were development of diabetic
nephropathy for 55 patients (791 person-years), the end
of follow-up without nephropathy for 447 patients (7403
person-years), death without nephropathy for 12 patients
(173 person-years), and discontinued visits for 106 pa-
tients (990 person-years). For a total of 10,917 person-
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Table 3. Incidence of diabetic nephropathy in young patients with type 1 and type 2 diabetes, by age at diagnosis of diabetes*
Age at diagnosis of diabetes years
0-9 10-19 20-29

Type 1

N new cases 14 25 16

Person-years of postpubertal duration 2875 3771 1914

Incidence density (/1000 person-years) 487 6.63 836
Type 2

N new cases 2 37 104

Person-years of postpubertal duration ° 78 2974 7855

Incidence density (/1000 person-years) 25.53 1244 1324
Rate ratio®

Type 2 vs. type 1 (95% CI) 524 1.88 158

95% CI 1.19-23.05 113312 1.01-2.67

P value 0.04 0.003 0.04

*CT denotes confidence interval

dCaleulated as the incidence density of diabetic nephropathy in type 2 diabetic patients divided by the incidence density in type 1 diabetic patients

Table 4. Incidence of diabetic nephropathy in young patients with type 1 and type 2 diabetes, by calendar year at onset of diabetes®

Calendar year at diagnosis of diabetes

1965-69 1970-74 1975-719 1980-84
Type 1
N new cases 13 18 13 7
Person-years of postpubertal diabefes 1224 1811 2058 1928
Incidence density (/1000 person-years) 1062 9.94 632 363
Rate ratio® (vs. calendar year 1965-69) 1.0 0.94 0.60 034
95% CI 046-192 - 028-129 0.14-0.85
P value NS NS 0.002
Type 2 :
N new cases . 29 47 41 2
- Person-years of postpubertal diabetes 1713 2208 2659 2199
Incidence density (/1000 person-years) 1238 2129 1542 9,98
Rate ratio® (vs. calendar year 1965—69) 10 126 091 059
95% CI 1.13-1.41 0.57-1.46 034-1.03
P value 0.02 NS NS
Rate ratio® :
Type 2 vs. type 1 117 2.14 244 274
95% CI 0.61-2.25 124-3.68 131-4.55 1.17-641
P value NS 0.002 0.002 0.005

*CI denotes confidence interval; NS denotes not s:gmﬁcant; Person-years were cakculated until 20 years of postpubertal duration to compensate for the short
observation of the recently diagnosed group for comparing the éffect of calendar year at diagnosis of diabetes

*Caleulated as the incidence density of diabetic nephropathy in each group (that is, calendar year at diagnosis of diabetes between 1970 and 1974, 1975 and 1979,
and 1980 and 1984) divided by the incidence density of patients with diabetes diagnosed between 1965 and 1969 as reference

Calculated as the incidence density of diabetic nephropathy in type 2 diabetic patients divided by the incidence density in type 1 diabetes

years in type 2 diabetes, end points of the observation
were development of diabetic nephropathy for 143 pa-
tients (1867 person-years), the end of follow-up without

nephropathy for 403 patients (6464 person-years), death.

without nephropathy for 3 patients (44 person-years),
and discontinued wsnts for 409 patients (2542 person-
years). -

Incidence density of diabetic nephropathy in type 1
and type 2 diabetes

The incidence density of diabetic nephropathy was
calculated for five-year periods on the basis of both the
entire duration of diabetes and the postpubertal duration
of diabetes (Table 2). Both calculations revealed a statis-

tically significant and persistently high incidence of ne-
phropathy in patients with type 2 compared with those
with type 1 diabetes. The rate ratio for type 2 diabetic
patients relative to type 1 diabetic patients was 2.04 (95%
CI, 1.50 to 2.78).

‘The cumulative incidence of nephropathy after 30
years of postpubertal diabetes was significantly higher
(P < 0.0001) for patients with type 2 diabetes (44.4%,
95% CI, 37.0 to 51.8%) than for those with type 1 diabe-
tes (20.2%, 95% CI, 14.9 to 25.8%; Fig. 2). Provided that
the type 2 diabetic patients who discontinued their clinic
visits without nephropathy had no nephropathy until the
final date of this study (March 1997), it still would have
remained significantly higher (P < 0.0001) for the pa-
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Table 5. Estimated cumulative incidence of diabctic nephropathy in the Poisson multivagiate regression models
Postpubertal duration of diabetes years
5 10 15 2
Type 1 .
Diagnosed between 1965 and 1969 '
Cumulative incidence % 0 34 24 - 342
95% CI 1583 133-373 209-537°
Diagnosed between 1980 and 1984
Cumulative incidence % ; 0 1.1 7.7 123
95% CI 0.5-2.6 42-14.0 6.5-231
Type 2 ~
Cumulative incidence % - 22 9.7 2.0 359
95% CI 1437 6.8-13.8 173-303 28.1-453

Cldenotes confidence interval. Covariates considered were sex, age at diagiosis of diabetes, calendar year at diagnosis of diabetes, observation year (postp{xbcnal
duration of diabetes). The quadratic term of observation year was necessary to get an adequate fit to data. The cffect of calendar year was significant only for type
1 diabetic patients. The final model included only the linear term of observation year, the quadratic term of observation year and the calendar year of diagnosis as

significant covariates.
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Fig. 3. Cumnulative incidence of diabetic nephropathy in patients-with early-onset type 1 (A) and type 2 (B) diabefes, according to the ;zlcndir
year of diaghosis. Bach astérisk denotes a significant difference in incidence (P < 0.05 with log-rank test) between the group indicafed and the

group with diagnosis of diabetes between 1965 and 1969.

tients with type 2 diabetes (32.9%, 95% CI, 273 to
38.5%) than for those with type 1 diabetes. The cumula-
tive incidences were similar for males and females in
bothi types. The cumulative incidences were also similar
between those who visited with and without referrals
and between those with and without a family history of
diabetes, in both types. 4

Analysis of the incidence of diabetic nephropathy in
three groups according to the age at diagnosis of diabetes
revealed a consistently higher incidence of nephropathy
in the patients with type 2 diabetes than in the patients
with €ype 1 diabetes (Table 3).
* The effect of the calendar year at diagnosis on the
incidence of nephropathy is shown in Tables 4 and 5.
The incidence of nephropathy among the patients with
type 1 diabetes declined during the past two decades,

whereas the incidence among the patients with type 2
diabetes remained persistently high. Patients who dcv?l-
oped type 1 diabetes between 1980 and 1984 had a i£”.
nificantly lower incidence (3.63 out of 1000 person-years)
than those who developed type 1 diabetes between 1965
and 1969 (10.62 out of 1000 person-years, rate ratio 0.34,
P = 0.002). The rate ratio for patients with type 2 diabe”
tes diagnosed between 1965 and 1969 relative to that for
patients with type 1 diabetes diagnosed in the same PS”
riod was 1.17 (95% CI, 0.61 to 2.25; Table 4). The rat¢
ratio for the type 2 diabetic patients relative to the type
1 diabetic patients increased during the past two d.ecades’
being 2.74 (95% CI, 1.17 to 6.41) in the patients with tYP®
2 diabetes diagnosed between 1980 and 1984 relative tz
the patients with type 1 diabetes diagnosed in the sarm
period.
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Table 6. Clinical features of patients who did and did not develop nephropathy
Developed nci)hmpathy Did not develop nephropathy P values
Type 1
Male % (95%CI) . 30.1 (19.1-44.8) 393 (352-43.3) NS
© Ageat diagnosis of diabetes years 153+71 14075 NS$
HbAlc at first visit % i 10320 94x19 0.0002
Systolic blood pressure at first visit s Hg 12+16 112+11 0.003
Diastolic blood pressure at first visit mim Hg 77£10 70+9 0.0001
Age at diagnosis of nephropathy or at end point* years 29772 202+83 NS
Type 2 ;
Male % (95% ?I) 552 {47.1-63.4) 553 (51.9-58.8) NS
Age at diagnosis of diabetes years 23150 29+53 NS
HbAlc at first visit % 9.6+21 85422 <0.0001
olic blood pressure at first visit mim Hg 1nx19 116+16 0.04
Diastolic blood pressure at first visit mun Hg 7811 411 0.006
Age at-diagnosis of nephropathy or at end point* years 362%72 340%99 ‘ NS
Plus-minus values are mean = SD.
Definition of the end point is described in the method
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Fig. 4. Comparison of the impact of xisk factors on incidence densify of diabetic nepliropathy between fype 1 ((J) and type 2 (H) diabetes.

Figure 3 showed the cumulative incidence of nephrop-
athy in patients with early-onset type 1 (Fig. 3A) and
type 2 (Fig. 3B) diabetes, according to the year of diagno-
sis. The cumulative incidence was significantly lower in
patients with type 1 diabetes diagnosed between 1975
and 1979 and between 1980 and 1984, than inthose with
type 1 diabetes diagnosed between 1965 and 1969.

For simuitaneously analyzing the effect of multiple
factors, multivariate Poisson log-linear models were fit-
ted to the data. As covariates, sex, age at diagnosis of
diabetes, calendar year of diagnosis, and observation
year (postpubertal duration of diabetes) were consid-
ered, Simple models that allowed an interpretation con-
sistent with that of a crude analysis could not be obtained
if we included patients who were diagnosed before age
10 because of the complicated interaction among age at
diagnosis, year of diagnosis, and observation year. We
- therefore deleted those patients and used the observa-
tion after 20 years for increasing the reliability of predic-
tion based on the models. In all, 128 events in 10,791
person-years for type 2 diabetes and 44 events in 6288

person-years for type 1 diabetes were used for model
fitting. The final models included only the linear term
of the observation year, the quadratic term of the obser-
vation year, and the calendar year of diagnosis as signifi-
cant factors, which corresponded to the results of crude
analyses. The quadratic term was necessary to get an
adequate fit. The effect of calendar year was significant
for only type 1 diabetic patients and was included as a
linear term. Models were fitted to typé 1 and type 2
diabetes separately because parameters were entirely
different. Predicted cumulative incidences were calcu-
lated based on fitted models, and confidence intervals
were calculated using asymptomatic variance matrices
of the estimated parameters.

The estimated cumulative incidence from the Poisson
regression models after 20 years of postpubertal diabetes
declined from 34.2% (95% CI, 20.9 to 53.7%) in the
patients with type 1 diabetes diagnosed between 1965
and 1969 to 123% (95% CI, 6.5 to 23.1%) in those
with type 1 diabetes diagnosed between 1980 and 1984,
whereas it remained unchanged among the patients with
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type 2 diabetes and was 35.9% (95% CI, 28.1 to 45.3%;
Table 5).

Risk analysis for diabetic nephropathy in type 1 and
type 2 diabetes ]

In both type 1 and type 2 diabetes, patients who devel-
oped nephropathy showed significantly higher levels of
HbA1c and blood pressure than those who did not (Ta-

ble 6). The incidence of nephropathy increased with in-
creasing HbAlc values and blood pressure levels in both .
types of diabetes (Fig. 4). The incidence of nephropathy

was higher in patients with type 2 diabetes than those
with type 1 diabetes at every stratum of HbAlc, Patients
with type 1 diabetes and the highest blood pressure levels
showed a significantly higher incidence of nephropathy
than those with type 2 diabetes and the same blood
pressure value (P < 0.05).

DISCUSSION

This study did not aim at investigating the effects of
* putative risks (such as glycemic control, blood pressure,
or lipid profiles on the development of diabetic nephrop-
athy), but aimed at determining associations of the type
of diabetes and year of diagnosis with the incidence of
nephropathy under thé conditions that: (Z) both type 1
and type 2 diabetes occur in the young homogeneous
population in' Japan; (2) direct comparison was made
within the same unit between type 1 and type 2 diabetes;
(3) type of diabetes was carefully defined; (4) referral
bias was evaluated; and (5) alternative causes of protein-
uria were excluded. The study showed the incidence of
nephropathy to be twice as high in the patients with'type
2 as in the patients with type 1 in early-onset diabetes.
The incidence of nephropathy was not influenced by

gender, referral, and existence of diabetes in first-degree ‘

relatives. While the incidence of type 1 diabetes has
decreased in our patient population during the past two
decades, type 2 diabetes has remained persistently high.
Consequently, the rate ratio for the incidence of ne-
phropathy in type 2 diabetic patients relative to type 1
diabetic patients has become more prominent in those
young, recently diagnosed diabetic patients in Japan. The
increasing rate ratio for the incidence of nephropathy in
type 2 diabetic patients relative to type 1 diabetic patients
suggests that we will see a furthér increase in BSRF in
patients with type 2 diabetes in the future. This situation
calls for urgent, intense educational efforts in the medical
community and the general population. Such efforts
could save lives and lead to considerable ecoriomic sav-
ings, not only in type 1 [41] but also in type 2 diabetes.

The increased incidence of diabetic nephropathy in
type 2 diabetic patients was found within 10 years after
the diagnosis of diabetes. This may be explained by the
systematic delay in the diagnosis of type 2 diabetes be-

cause of the lower frequencies of symptoms early in
the disease. A lack of awareness of diabetes and its
complications is unique to type 2 diabetes and could be
responsible for such patients developing diabetic ne-
phropathy and ESRF [17, 22, 42]. Interestingly, the inci-
dence density of diabetic nephropathy in our patient
population declined after 15 to 20 years of diabetes dura-
tion in both types of diabetes. The finding has been
confirmed in type 1, but not in type 2 diabetes.
Clinical features such as sex and age at diagnosis of
diabetes were different between the two types. The dif-
ferences are not due to a selection bias, as other reports

-include more female Japanese patients with type 1 diabe-

tes [28), and patients with type 2 diabetes were older at
diagnosis than those with type 1 diabetes in a population
with early-onset diabetes [16]. The high incidence of
nephropathy for patients with type 2 diabetes shown in

- our study is unlikely to be affected by these different

features, since the analysis according to the sex and age
at diagnosis of diabetes showed the same results (Table
3). True duration of diabetes may be longer than the
known duration in type 2 diabetes, but the difference -
between the two in the present study is presumed to be
less than a few years because type 2 diabetes rarely
occurs before the age of 15. Provided that patients with -
type 2 diabetes had a period of few years of diabetes

. before the diagnosis, it could not have accounted for the

significant high incidence of nephropathy in patients with
type 2 compared with those with type 1 diabetes.
Ethnicity profoundly affects the incidence of diabetes
as well as its vascular complications. The results of the
present study showed that type 2 diabetes occurred as

_early as the teens in our Japanese population, and that

the incidence of diabetic nephropathy in early-onset type
2 diabetic patients was extraordinarily higher than that
in type 1 diabetic patients in Japan. The high incidence
of diabetic nephropathy in type 2 diabetic patients com-
pared with type 1 diabetic patients in this study is consis-
tent with the findings of Cowie et al [3]. They demon-
strated a high and increasing incidence of diabetic ESRF
among black patients with type 2 diabetes as compared
with black patients with type 1 diabetes, although they
neither investigated the onset of diabetic nephropathy
nor included patients with type 1 and type 2 diabetes of
a comparable age. That study clearly revealed an ethnic
difference between whites and blacks for the incidence
of diabetic ESRF, particularly in type 2 diabetes.- Eth-
nicity may be one reason for the high incidence of dia-
betic nephropathy among Japanese patients with early-
onset type 2 diabetes. While it appears that the incidence
of diabetic nephropathy in patients with type 2 diabetes
varies markedly according to ethnicity, this is not neces-
sarily the case for type 1 diabetes. .
Our study demonstrates that the incidence of diabetic
nephropathy in Japanese patients with type 1 diabetes
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has decreased with the increasing calendar year at diag-
posis of diabetes. This confirms the finding reported by
Bojestig et al that the cumulative incidence of nephropa-
thy in type 1 diabetes has decreased substantially during
the past two decades [18]. We were unable to clarify the
reason for the declining incidence of nephropathy in this
study; however, itis speculated that metabolic regulation
and systemic blood pressure control, both of which evi-
dently affected the development of nephropathy (Table
6 and Fig. 4), have been improved in recent years and
.thus reduced the incidence in patients with type 1 diabe-
tes. The effects of these two factors on inhibiting ne-
phropathy have been supported by prospective and/or
observational studies both in type 1 and type 2 diabetes
(27, 43-51]. For patients with type 1 diabetes, regular
clinic visits are mandatory, which may induce better met-
abolic and blood pressure control; thus, this may have
¢éaused a cumulative decline in the incidence of nephrop-
athy with increasing calendar year at diagnosis of diabe-
tes. However, this is unlikely the case for type 2 diabetic
patients, presumably because their disease is not neces-
sarily accompanied by symptoms of hyperglycemia even
without medical treatment, which may readily cause their
total lifetime exposure to poor control of blood glucose
and blood pressure to be longer. Interestingly, compar-
ing these risk factors between the two types of diabetes,
the incidence of nephropathy in type 2 diabetes was
. higher-at every stratum of HbAlc value, whereas the
one in type 1 diabetes was higher at the highest blood
pressure level. The impact of risk factors on the develop-
ment of nephropathy appears to be different between
the two types of diabetes.

In a large, clinic-based population study, one must
account for bias because of selective referral and/or
dropout. We have looked for diabetic nephropathy until
the patients’ final visit to the clinic. Therefore, the reason
to discontinue clinic visits was not related to develop-
ment of nephropathy. Our diabetes clinic does not spe-
cialize in treating either type 1 or type 2 diabetes; the
distribution of patients with type 1 and type 2 diabetes
according to the calendar year at diagnosis of diabetes
was similar. The proportion of patients who were re-
ferred was similar for the two types. The cumulative
incidences of nephropathy were also similar between
those who visited with and without referrals in both types
of diabetes. Therefore, selective referral on the basis of
the type of diabetes appears to be unlikely. We have
excluded those who had nephropathy at first visit to the
center; the present result might yield an underestimation
. of the incidence of nephropathy. However, an analysis
including those who had nephropathy at first visit re-
vealed the same result: the higher incidence of nephropa-

thy for those with type 2 diabetes compared with those .

with type 1 diabetes (P < 0.0001; data not shown). Fi-
nally, when the cumulative incidence of nephropathy was
calculated after first visit to the center, it was significantly

Yokoyamna et ol: Diabetic nephropathy in young Japanese patients

higher (P < 0.0001) for the patients with type 2 diabetes
than for those with type 1 diabetes (data not shown).
This suggests that type 2 diabetes is the major cause of
nephropathy in early-onset diabetes in Japan.

In conclusion, the present study demonstrates signifi-
cant differences in the incidence of diabetic nephropathy
according to the type of diabetes and the year of diagno-
sis in early-onset diabetes in Japan. Such an analysis,
particularly in the non-Caucasian population, is awaited.
Diabetic nephropathy and progression to ESRF in type
2 diabetes should be preventable through metabolic con-
trol [45-47], control of blood pressure [26, 48], use of
angiotensin-converting enzyme inhibitors [26, 49, 50},
protein restriction [51], and discontinuation of smoking
[26]. The increasing prevalence of type 2 diabetes [52]
and of ESRF in type 2 diabetic patients worldwide 3,
8-12, 21-25] urgently demands programs for prevention of
diabetic nephropathy, especially in a high-risk population.
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Abstract

on~of metabolic syndrome in adults. In children, waist
. However, waist circumference measurement is not as
aminations in schools. This means BMI data is available for
tigated whether there is an alternative way to estimate waist

efetice measurement has not been taken. We evaluated the relationship
between BMI and the waist circumference of schoolchildr gg;ﬁg arelatively large-scale population-based cohort in Japan. There
was a significant linear relationship between BMI and Wai“ﬁ“i;gcmnference noted in each age- and sex-divided group [3-10-year-old
boys: waist = 13.99 + 2.63BMI (r = 0.940, p < 0. 0013 3971 year-old girls: waist = 15.09 + 2.61BMI (r=0.933, p < 0.001), 12-
13-year-old boys: waist =23.67 + 2.22BMI (r = 0.880, p%:0.001), 12-13-year-old girls: waist=23.83 4+ 2.15BMI (r = 0.859,
p< 0.001)]. This means it is possible to estimate waist circumference from height and weight, at léast among those age groups of
children in Japan. This estimation could be an alternative way and useful in detecting childhood metabolic syndrome or obesity
disease in which a waist circumference figyfe.
© 2006 Elsevier Ireland Lid. All rights

Waist circumference, not BMI, is one of the factors in ‘the de
circumference is also a well known predictor of metabolic s
commonly recorded as weight and height measurements in physi
every child; but waist circumference is not. Therefore, we in
circumference even in those children whose waist circumfefé

Keywords: Whaist circumference; BMI; Children

mass index (BMD), is In Japan, a waist circumference of 80 cm has been
established as one of various cutoff points for.childhood
obesity disease [6]. In these definitions, waist circum-
ference is included as a means by which to detect
abdominal obesity, but BMI is not. Moreover, compared
to BMI, waist circumference is an even better predictor
of cardiovascular disease risk factors [7].

However, in physical examinations in schools, waist

‘Waist circumfetence, dy
one of ~the factors in, il definition of metabolic
syndrome in adults {1,2}26 %_Inldren, waist circamfer-
ence is also a wc11~ wn predictor of metabolic
syndrome [3-5], alth' gh definitions for childhood
metabolic syndzg are stﬂl different between studies.

s Corresponding author. Tel: +81 3 3433 1111x3249;
fax: +81 3 3578 9753.
E-mail address: aya@jikei.ac.jp (A. Morimoto).

circumference measurement is not as commonly
recorded as weight and height measurements by which
BMI can be calculated. This means BMI data is available

0168-8227/% — see front matter © 2006 Elsevier Ireland Ltd. All rights reserved.
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Fig. 1. The linear relationship between BMI and waist circumference i

for every child, but waist circumferernce is not. To kai
what is the waist circumference in children is becer
important, as mentioned above. Therefore, we inv
gated whether there is an alternative way to estimate
waist circumference even in those children whose waist
circumference measurement has not bee;

participants in this study are
promotion plan targeted only;
12-13 in Ina town, S
approximately 30km

health promotion® a detailed health examination
in conjunction withignnual health checks at school per
Japanese school regulations. We have reported the
results of this health promotion plan previously [8~10].
The children underwent physical examinations. Mea-
surements of height, weight, and waist circumference
were taken. Waist circomference was measured at the
navel level, while another examiner checked verticality

10 15 20 25 30 35
h age- and sex-divided group. »: Péarson’s correlation coefficients.

from the side. We then investigated the relationship
between BMI and waist circumference with Pearson’s
correlation coefficients using the SPSS program.

The results are as shown in Fig. 1. There is a signi-
ficant linear relationship between BMI and waist
circumference noted in each age- and sex-divided
group [9-10-year-old boys: waist=13.99 +2.63BMI
(r=0.940, p < 0.001); 9-10-year-old girls: waist=
15.09 + 2.61BMI (r=0.933, p < 0.001); 12~13-year-
old boys: waist = 23.67 + 2.22BMI (r=:0.880, p < 0.
001); 12-13-year-old girls: waist=23.83 +2.15BMI
(r=0.859, p < 0.001)]. This means it is possible to
estimate waist circumference from height and weight, at
least among those age groups of children in Japan. Of
course, the best way is to measure waist circumference
itself, but in Japan it is culturally somewhat difficult to
conduct waist circumference measurement that
involves the raising of clothes because this activity is
considered shameful. Therefore, estimation using
height and weight could be an alternative way for
those who do not have waist circumference data and
useful in detecting childhood metabolic syndrome or
obesity disease in which a waist circumference figure is
necessary.
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Further investigations are necessary to evaluate
whether there is a similar linear relationship between
BMI and waist circumference in other age groups of
children and adolescents.
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Abstract

This study examined the relationships between serum adiponectin, (AD) and leptin (LP) levels, and obesity using a population=
based cohort consisted of 315 (9-10 year olds: G1) and 308 (12~13 v sar oids G2) school children. Serum AD, LP and other markers
were compared according to the presence of obesity.

The prevalence rates of obesity were 14.9% in G1 and 9.4% in G .?.The medmns of serum AD (pg/dl: non-obese/obese) were
statistically lower in obese children (9.6/8.3 in G1, p < 0.05; 8.9/6.6'in G2, p < 0.05), and the medians of serum LP (ng/dl) were
statistically higher in obese children (3.7/12.5 in G1, p < 0.0 4in G2, p < 0.05). The serum LP levels were significantly
positively correlated with percent overweight (POW) irrespe ge and sex, and the serum AD levels were significantly
negatively correlated with POW except for boys in G1. Multivariatéregression analyses revealed that LP, LDL and gender in G1,
and LP; AD, blood pressure and gender in G2 were significan ly correlated with POW.

A large-scale, population-based study revealed that Al ower and LP higher in obese children; and that the obese status in
G2 was related to a worse metabolic profile than the cas
© 2006 Published by Elsevier Ireland Ltd.

Keywords: Children; Obesity; Leptin; Adiponectin

Adipocytokines, including leptin and adiponectin have
been proven to be one of the determinants of insulin
obesity is a resistance [6,7]. Obese adults are reported to have higher
4n countries serum leptin and lower serum adiponectin levels,
[1-3]. Obesity is a serious healthcare i8sue, as it is compared to non-obese subjects [8,9]. Similar findings
associated with hyperinsulinemia, “diabetes mellitus [4], regarding serum leptin in children have been reported
dyslipidemia hypertension and atherosclerosis [5]. from Taiwan and the United States{10,11], and regarding
adiponectin have been reported by studies based on Pima

Indians and Japanese children [6,12,13]. However, these

* Cotresponding author. results were not derived from population-based samples;,

1. Introduction

Increasing prevalence of childhéd
global problem, and especially so-in

0168-8227/% — see front matter © 2006 Publistied by Elsevier Ireland Ltd.
doi:10.1016/j.diabres.2006.09.023
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but from relatively small population samples, and
conclusions derived from this data cannot be applied
to the general population. From a public health perspe-
ctive, itis very important to be able to identify childrenin
the general population who are at risk for becoming obese
or developing metabolic syndrome.

The current study, therefore, assesses the relation=
ship between adipocytokines and obesity in children in
general, using a population-based cohort in Japan.

2. Methods

The current health promotion plan was initiated in 1994 for
the promotion of a healthy lifestyle in children who live in Ina-
town, Saitama Prefecture [14,15]; this area hosts a population of
approximately 35,000 and is located approximately 30 km
north of metropolitan Tokyo. Occupations of the residents range
from farming through to commuting to work in Tokyo. The
main activity involvedin the health promotion plan is a detailed
health examination — including blood sampling and lifestyle
intervention, if necessary — in conjunction with annual health
checks at school as per Japanese School Law. The subjects of
this study were participants in the health promotion plan, which
was conducted in September 2002; the subjects comprised 169
boys (participation rate: 98.3%) and 146 girls (99.3%), aged 9~
10 years (i.e., fourth-graders), from all three public elementary
schools in Ina-town, and 158 boys (98.8%) and 150 girls
(97.4%) aged 12~13 years (i.e., first-graders) from all three
public junior high schools in Ina~town. The participants repre:
sented almost the entire children of the same age in the town

The children underwent physical examinations consistingz,

of venous blood sampling to measure serum levels of g§ta1
cholesterol (TC), triglyceride (TG), low density lipoprotéin
cholesterol (LDL), plasma glucose (PG), leptin and adi

pressure were also taken.
TC, TG, LDL and PG were measured with routi

which was reported in a paper by Arita et al.]
were measured using commercially avai

recommendations by the Instltutlonal ReV1ew "‘Board (IRB).

Blood pressure was measured in the right arm with a
standard mercury sphygmomanometer, with the subjects sit-
ting in a relaxed state.

Obesity, for purposes of this study, was defined as a body’
weight at least 120 percent overweight (POW) compared to
the sex- and age-matched ideal standardized body weights for
Japanese children {19].

Serum adiponectin, leptin and other markers for obese
children were compared to non-obese subjects. The correla-
tion between leptin, adiponectin and POW was examined by
univariate regression analyses. Step-wise multivariate regres-
sion analyses were employed to'assess the potential predictors
of POW with the independent ﬁ@ab;;s of adiponectin, leptin,
LDL, TG, PG SBP and sex: =~

As leptin and adiponecﬁn distributions were skewed, each
variable was expressed as a median and intraquartile range in
parentheses. Non-paramietric: analyses using the Wilcoxon
rank sum test were employed:for comparison. Spearman’s
correlation coefficients gmployed for univariate regres-
sion analyses. Statisti alyses were conducted using the
SPSS program %

The study pr

ol.was approved by the two independent
IRB at Jikei University School of Medicine and Showa
University School:of Medicine. Written informed consent
was obtained from“al]l participants and their parents.

3. Results =

3.1 Prevalence of obesity

The }irevélence rates of obesity were 17.8% for boys

The levels of serum adiponectin were statistically
lower in obese children compared to non-obese, with
the exception of girls in the 12~13-year-old group
(Table 1). The levels of serum leptin were statistically
higher in obese children compared to non-obese,
irrespective of age and gender (Table 1).

3.3. Clinical variables according to obesity status

Regarding TC, TG, LDL, PG and SBP, 9-10-year-
old obese boys and girls had higher levels in all
variables with the exception of PG-Obese boys aged 12~
13 years had higher levels in TG and SBPF, and 12-13-
year-old obese girls had higher levels in TC and SBP
compared to non-obese subjects (Tables 1 and 2).

3.4. Regression analyses

The serum leptin levels were significantly positively
correlated with POW irrespective of age and sex, and
the serum adiponectin levels were significantly
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Table 1
Percent overweight (POW), systolic blood pressure (SBP), and serum adiponectin and Ieptin according to age, sex and obesity status
9--10 years old 12~13 years old
Obesity — Obesity + (%) Total Obesity ~ Obesity + (%) Total
N o
Boys 139 30 (17.8) 169 139 19 (12.0) 158
Girls 129 17(11.6) 146 140 10 (6.7) 150
Total 268 47 (14.9) 315 281 29 (9.4) 308
POW (%) o
Boys —2.5 (—8.5-4.5) 32.8 (26.8-45.2) 0.2 (=7.2-14.3) ~2.6(—9.2-4.0) - 274.(23.2-389) —55 (—84-8.1)
Girls ~2.5 (—8.0-7.1) 349 (28.7-38.4) —1.1(~7.4-9.7) —~6.1 (—13.8-3.7) “30.5, (24 7-46.6) —-5.0 (—13.5-4.4)
Total ~2.5 (~8.5-6.0) 332 (27.0-40.5) -0.3 (~7.4-11.8) —4.5(~10.9-3.8) 29 0 (24.0-38.9) —-2.5 (—10.3-7.0)
SBP (mmHg) A
Boys 110 (102~118) 119 (114-130)" 112 (104-120) 104 (99-116) _.. 120 (106-131)" 106 (100-117)
Girls 108 (102~116) 118 (110-126)" 110 (102-118) 105 (98-115): 117 (112-124)" 106 (98-116)
Total 110 (102-118) 118 (114-126)" 110 (103-120) 104 (98-115), 120 (112-125)° 106.(99-116)
Adiponectin (ng/dl)
Boys 9.7 (7.2-12.0) 7.6 (5.6-10.2)" 9.5 (6.9-11.6) 8.5 (6,8-11.0) 64 (5:3-10.8)" 8.3 (6.6~10.8)
Girls 9.6 (1.5-11.9) 83 (5887 9.2 (713-11.5) 9.5 (7. 7-12. 1) 8.3 (5.9-9.4) 94 (7.6-12.1)
Total 9.6 (7.3-12.0) 8.3 (5.6-9.9)" 9.3 (7.0-11.6) 8. 9 (’7_\3—-11 2) 6.6 (5.8-9.4) 8.7 (1.0-11.1)
Leptin (ng/dl) :
Boys 2.8 (2.1-5.0) 10.6 (8.3-14.9)" 3.7 (2.2-1.3) 2 0 1 5—-2 8) 7.0:(5.3-10.8)" 2.2 (1.6-3.4)
Girls 4.1 (3.2-6.2) 13.0 (104-18.5)" 4.5 (3.3-7.1) ; 13.3 (9.2-15.5)" 4.7 {3.1-6.8)
Total 3.7 (24-5.5) 12.5 (8.6-164)" 4.1 (2.5-1.1) 8.4 (6.8-11.8)" 3.2 (2.0-5.9)

Values are expressed as median and intraquartile range in the parenthesis.
overweight compared to the sex- and age-matched ideal standardized bod;

* p < 0.05 by Wilcoxon rark swm test.

negatively correlated with POW with the exception of

9-10-year-old boys (Fig. 1).

Multivariate regression analyses revealed that the
higher level of leptin and LDL, and male gender in the
9-10 age group and the higher levels of leptin and SBP,
the lower level of adiponectin and male gender in
12-13 age group were the significantly correlated, with
POW (Table 3).

4. Discussion

The prevalence of childhood obesity s 1ncre331ng
worldwide. Nonetheless, information rega
hood obesity and its relationship to adip -ytokmes in
children is still limited. This is the first:study“6 observe
adiponectin and leptin levels in groups th.or without
obesity, within a populatxon—based cohort f children in
Japan.

As was reported in adult and chﬁdhood populations
[6,10-13], the serum leptin level was higher and the
adiponectin level was lower in obese children,
irrespective of age and sex, as compared to those in
the current study who Wwere not obese.

Regarding the age-specific levels of these adipocy-
tokines, several reports have been published. The level

Te obesé Status was defined as a body weight at least 120 percent
“Weights for Japanese children according to ref. {19].

f serum leptin increésed with age, with a peak noted at
0 years [20]; the levels of serum adiponectin donot

‘change with age in 18-80-year-old women [21]. In the

Surrent study, the serum leptin and adiponectin levels in
girls were the same between 9-10 years and 12-13
years. In contrast, both values in the 12-13-year-old
boys group were lower than those in the 9-10-year-old
boys group. Similar findings have been reported in
Germany and in Ohio, USA, with adiponectin values of
post-pubertal children lower than in pre-pubertal
children, especially in boys [22,23]. Theése studies
indicate that the low adiponectin level in adolescent
boys was significantly related with plasma androgen
levels [23]. Regarding leptin, Huang et al. reported that
the plasma leptin levels were significantly higher in
girls than boys aged 10-19 years old, possibly due to a
stimulatory effect of estradiol on leptin concentration in
girls and a suppressive effect of testosterone on leptin
concentration in boys [24].

Multivariate regression analyses revealed that higher
levels of SBP and lower levels of adiponectin were
significantly correlated with POW only in the 12-13-
year-old group, not in the 9-10-year-old group. The
results indicate that the obese status in the 12-13-year-
old group was related to a worse metabolic profile than
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Plasma glucose (PG), Total cholesterol (TC), Triglyceride (TG), LDL cholesterol (LDL) according to age, sex and obesity status

9-10 years old

1213 years old

Obesity — Obesity + Total Obesity ~ Obesity + Total
N
Boys 139 30 (17.8) 169 139 19 (12.0) 158
Girls 129 17 (11.6) 146 140 10 (6.7) 150
Total 268 47 (14.9) 315 281 29 (9.4) 308
PG (mg/dl) T
Boys 92 (88-95) 93 (88-98) 92 (88-95) 90 (84-95) 92 (88-95) 90 (84-95)
Girls 88 (86-93) 92 (89-95)" 89 (86~94) 88 (83-92) _ 91°(88-97) 88 (84-92)
Total 90 (87-94) 93 (88-97)" 91 (87-95) 89 (84-94) ..% . 92 (88-95)" 89 (84-94)
TC (mg/dl) L
Boys 169 (155-186) 186 (172-200)" 172 (157-190) 161 (145 .. 162 (150-191) 161 (145-177)
Girls 170 (152-193) 183 (172-205)" 171 (155-195) 172 (159-187) 157 (134-171)" 171 (158-187)
Total 170 (155-189) 185 (172-205)" 172 (157-192) 167 (151182) 159 (143-189) 166 (151-183)
TG (mg/dl)
Boys 64 (43-89) 97 (63-138)" 69 (46-99) ) (3] 67 (47-177)" 52 (38-79)
Girls 69 (53-98) 113 (73-126)" 73 (54-103) 60 (42-83) . 66 (44-88) 60 (42-84)
Total 67 (48-95) 103 (66-138)" 71 (50-101) 54.(30-78) 67 (44-130)" 55 (40-83)
LDL (mg/dl) :
Boys 92 (81-109) 114 (83-130)" 95 (81-114) 92 (77-105) 102 (90-114) 93 (78-105)
Girls 95 (81-113) 117 (105-127)" 97 (83-117) 103,(89-116) 89 (74-118) 103 (89-116)
Total 94 (81-110) 115 (91-129)" 96 (82-115) 97 (83-110) 94 (84-114) 97 (83-111)

Values are expressed as median and intraquartile range in the parenthesis. The obese’status was defined as a

overweight compared to the sex- and age-matched ideal standardized body wei

* p < 0.05 by Wilcoxon rank sum test.

Qeiogxears'nldhqu_s__

9-10 years old girls

359n=169
39-
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20+
15+
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body weight at least 120 percent
ghts for Japanese children according to ref, [19].

Tn=146

-10 years old giris

12-13 years old boys
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percent over weight (POW)

r: Spearman’s rank correlation coefficients

Fig. 1. Correlation between percent overweight (POW) and serum leptin/adiponectin levels in children according to age and sex from a population-
based cohort. r: Spearman’s rank correlation coefficients.
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Table 3

Factors associated with percent overweight (POW), assessed by the step-wise multiple regression analyses by age

9-10 years old

12-13 years old

Independent variables B )4 Independent variables g B )4
Leptin 0.824 <0.001 Leptin 10,692 <0.001
Sex (girls/boys) —0.139 <0.001 Sex (girls/boys) ~0.321 <0.001
LDL 0.066 0.041 SBP : ‘0.198 <0.001
Adiponectin L. —0.088 0.023

Variables included in the model: adiponectin, leptin, plasma glucose (PG), low density lipoprotein cholcstero (LDL) triglyceride (TG), systolic

blood pressure (SBP), sex.

that seen in the 9-10-year-old group, probably due to
increased secretion of gonadal hormones after puberty
[23,24].

A limitation of thlS study was that it was based on
cross-sectional data, and not as a follow-up study.
Therefore, markers in 9—10-year-old children were not
necessarily predictors for 12—13-year-old children. We
plan on following the participants of this study who
were aged 9-10 years for the next three years, to
identify possible predictors of obesity status and
adipocytokines.

" Another limitation is that we did not obtain markers
for puberty status (e.g., Tanner’s stage) of the study
participants. However, there are more than 600 children

_participating in the study and it is technically

impossible to obtain information from all participants.

The current study indicates that serum leptin level is
higher and serum adiponectin lower in obese children
than those in non-obese children, within a populatio
based cohort in Japan. A follow up study is warrantex

especially regarding the values of adipocytokines and:

the levels and types of obesity in the study participant
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