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Introduction

There is growing concern over the worldwide
increase in childhood obesity [1]. In Japan, the
prevalence of obesity in children of primary school
age increased by almost 1.7-fold between 1977
and 2005 [2]. In particular, the increase in severe
obesity has attracting attention in view of the
risk of future health problems. In recent years,
the relationships between childhood obesity and
cardiovascular and related metabolic risk factors
have been discussed widely in Japan, and evalua-
tion of accumulated epidemiological data suggests
that further clinical studies are required. It has
been established that childhood obesity is at an
increased risk of adulthood obesity [3,4], with
resultant high morbidity and mortality [5,6]. It is
likely that this risk will be elevated if cardiovascu-
tar and metabolic risk factors are already present
in childhood.

Several studies have shown an association of
childhood obesity with cardiovascular and related
metabolic risk factors [7—11]. However, the rela-
tionships of the degree of obesity, sex and age
with cardiovascutar and metabolic risk factors have
yet to be clarified. In the present study, the sub-
jects were limited to children aged 11—12 years
old who were examined in the Setagaya Lifestyle-
related Diseases Prevention and Screening Project,
which is targeted at school children of this age.
For stratification of obesity, in the previous stud-
ies has commonty used categories of moderate or
severe. However, since we considered this may be
too rough to provide an estimate for determining
the associations of the degree of obesity with car-
diovascular and related metabolic risk factors. We
therefore chose to stratify subjects into 3 obesity
categories in the present study.

Methods

Overview

The ‘Setagaya Lifestyle-related Diseases Preven-
tion and Screening Project’ was started in 1978.
The project is supported by the Setagaya Medical
Association and Board of Education, and has the
goal of promoting early treatment of obese children
attending public schools in Setagaya ward, which
is a relatively populous part of Tokyo. There were
20,953 public primary schoolchildren in Setagaya
ward in 2000, and 21,052 in 2002. The preva-
tence of childhood obesity, (defined as body weight
exceeding the standard weight by 30%), was essen-
tially stable from 2000 to 2002 (4.9% and 4.7%,

respectively), but the proportion of severely obese
children in the ward increased from 18.0% to 19.2%
from 2000 to 2002.

Participants

The subjects in the present study were recruited by
the Setagaya Lifestyle-related Diseases Prevention
and Screening Project in 2000 and 2002. Medical
check-ups (including blood tests) were performed
as part of the project, which was targeted mainly at
5th and 6th grade schoolchildren with obesity. Our
data were obtained from 355 volunteers (235 boys
and 120 girls) out of 917 obese children aged 11-12
years old. None of the subjects were receiving med-
ical treatment for diseases related to obesity. The
study protocol was approved by the Setagaya Med-
ical Association and Board of Education. Informed
consent was obtained from the children’s parents.

Measurements

Weight and height were measured with a digitat
scale by a school nurse at each school, in accor-
dance with methods recommended by the Japanese
government. The degree of obesity was estimated
using the obesity criteria of Murata’s monogram
{12]. These criteria rely on a weight-for-height by
sex-and-age chart for Japanese children derived
from a nationwide school health survey, and con-
stitute conventional criteria for Japanese children.
Systolic blood pressure (SBP), diastolic blood pres-
sure (DBP), and circulating metabolic parameters
including fasting blood glucose (FBG), total choles-
terol (TC), high density lipoprotein cholesterol
{HDL-C), triglycerides (TG), aspartate aminotrans-
ferase (AST) and alanine aminotransferase (ALT)
were also examined. Cut-off points for abnormal
blood pressure and serum factors were defined
according to the criteria of the Setagaya Medical
Association: >149 mm Hg for systolic blood pressure
{SBP), >89 mm Hg for diastolic blood pressure (DBP),
>109mg/dL for FBG, >200 mg/dL for TC, <35 mg/dL
(boys) or <41mg/dL (girls) for HDL-C, >170 mg/dL
for triglycerides, >36 1U/L for AST, and >351U/L for
ALT.

Data analysis

We categorized the subjects into 3 obesity groups
based on the percentage relative body weight:
30—39% (moderate 1), 40—49% (moderate Il), and
>50% (severe). A x? test was used for comparison of
proportions. Logistic regression models were used
to estimate odds ratios (ORs) with corresponding
95% confidential intervals (Cls) for each risk fac-
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Table 2 Association of cardiovascular and metabolic risk factors and degree of obesity among participants in the

Setagaya Lifestyle-related Disease Prevention Project (2000—2002).

Degree of obesity

Adjusted OR (55%Cl)

FBG TC HBL-C TG
Moderate | 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
Moderate || 0.75 (0.24—2.37) 1.20 (0.59—2.44) 0.70 (0.15-3.35) 1.40 (0.78—-2.52)
Severe 0.47 (0.10-2.12) 2.16 (1.08—4.30) 1.28 (0.33—4.98) 0.40 (0.17-0.94)

Degree of abesity

Adjusted OR {95%Cl)

Liver abnormality®

>2 complications®

AST ALT
Moderate | 1.00 (ref) 1.00 (ref)
Moderate Il 1.13 (0.37-3.42) 1.50 (0.65—3.47)
Severe 2.59 {0.97-6.90) 3.51 (1.61-7.63)"

1.00 (ref)
1.40 (0.61-3.24)
3.62 (1.69-7.75)"

1.00 (ref)
1.59 (0.77-3.23)
1.97 (0.93—4.18)

Odds ratio was adjusted by sex and age.

Blood pressure is not analyzed because of small number of cases.

2 Estimated by AST and/or ALT.

b Counted from blood pressure 6 serum biochemistry items.

* p<0.05.
“ p<0.01.

tor relative to each level of obesity, controlling for
sex and age. All statistical analyses were performed
using SPSS 14.0J for Windows. p value of <0.05 was
considered to indicate a significant difference.

Results

Almost all the subjects (99.7%) had normal blood
pressure. Approximately half (50.1%) had one
abnormal serum parameter and 14.9% had at
least 2 abnormalities among high blood pressure,
hyperglycemia, hypercholesterolemia, low HDL-C,
hypertriglyceridemia, and indicators of liver abnor-
mality {elevated ALT and AST). The associations of
the prevalence of cardiovascular and metabolic risk
factors with sex are shown in Table 1. Elevated
ALT and AST (indicating abnormal liver function),
and elevated TG were significantly more common in
boys than in girls, whereas lower HDL-C was signifi-
cantly more frequent in girls. A significantly higher
prevalence of at least 2 risk factors was observed
in obese boys compared to obese girls.

Associations of each risk factor with the rela-
tive body weight are shown in Table 2. For FBG,
OR tended to decrease with an increase of obesity,
but the difference did not reach statistical signifi-
cance. The risk of hypertrigltyceridemia decreased
in severely obese subjects (OR = 0.40). Severe obe-
sity was also associated with a higher risk of
hypercholesterolemia (OR=2.16), and liver dys-
function (OR = 3.62). The OR for a risk of more than
2 abnormalities tended to gradually increase with
an increase in obesity, but the differences among
the categories of obesity were not significant.

Discussion

Our results showed a higher prevalence of elevated
ALT and AST in obese boys compared to in obese
girls, which suggest the presence of non-alcoholic
fatty liver disease (NAFLD) in obese boys [13,14].
An increased prevalence of abnormal TG was also
observed in obese boys. These results are consis-
tent with the previous reports, showing high rates
of cardiovascular and related metabolic disorders
in childhood obesity [7—-11].

We classified the subjects into 3 categories based
on the percentage relative body weight. Moder-
ate obesity (30—50%) was stratified into moderate
| (30—39%) and moderate 1l (40—49%), and the
third category was defined as severe (>50%). To
our knowledge, the characteristics of subjects with
40—-49% obesity have not been examined previ-
ously. Our results suggest that liver-related risk
factors (elevated ALT and AST) are more com-
mon in severely obese children, particularty in
boys. Clustering of coronary risk factors including
obesity, hyperglycemia, dyslipidemia and hyper-
tension is defined as a metabolic syndrome in
childhood [15,16], and this is a high risk con-
dition for coronary heart disease in adulthood.
To our surprise, more than 2 risk factors were
already associated with in severely obese children
particularly in boys. The finding of multiple asso-
ciations of coronary risk factors with obesity in
the present study is consistent with this syndrome.

In the present study, we found that severely
obese children were more prone to have coronary
and related metabolic risk factors, with this being
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particularly apparent in boys. This may be due to
multiple phenomena [17], including early adipos-
ity rebound, in which BMI (body fat) rises during
infancy, then declines to a nadir at 5-6 years of
age, and then begins to accelerate again [18,19];
and nutritional transition, in which increased avail-
ability of food and reduced physical activity lead to
increased obesity {19].

The interpretation of the results of the present
study has several limitations. First, the partici-
pants were volunteers who accounted for 38.7% of
the targeted obese children. Therefore, this may
have produced a bias in our observation of the car-
diovascular risk factors among obese children in
Setagaya ward. Second, the number of metabolic
parameters evaluated was limited due to finan-
cial constraints. In the Setagaya Lifestyle-related
Diseases Prevention and Screening Project, several
metabolic parameters have been added to the med-
ical check-up (abdominal circumference, body fat,
HbA1c) with revision of the cut-off points, and
we have also extended the target population of
children since 2006. This study is ongoing and we
expect to improve the reliability of the findings.

In conclusion, coronary and metabolic risk fac-
tors are already evident in school-aged obese
children particularly and in boys. Early detection
and intervention is necessary for obese children
to prevent the progression of metabolic disorders,
which result in increased morbidity and mortality
associated with obesity in adulthood.
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BEREREV R 7 2R L 2. BEREGARE
£ - BARRINS:S D IHZBWT N (1984, 1999 4E)
B > THEBRBEIRIB O 2 M % 17 - 7243, HbAlc
6.1% LA Lo 2 IRF I 3% 77 v 2 — A {# 126 mg/d!
M EDfEGI D & e BEIRAR & B b L 2 IERIZER
L.

SEMD, STARWIMAIR, AEURNT BMI, B—Bl% o8l
RIRORKEE, FRESHO UM - FEDE
JEGE, AEEEIC R L TIBE R CHERICE
lHTdHh - 7-55(p<0.001~0.01), ZDMLDOETFIZ
TPRERE R B e RBE TR Lo (T 1), H
HABE 220 B & & UTEBERE SRR BY 149 Blic BT 2
HEBAEGTROA MRS ERAYHEERL,
TR SR BEA S IRARE 12 LUl L DS A R E
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# 1

BT U - RIWMAER®W)

Impaired glucose tolerance

OAV+GDM OAV GDM Control
" 146 81 65 217
Age (year) 36.7£4.05% %7 36313877 37.1+£4.25*" 34.844.23
Usual BMI 222:1442° %7 22244407 %% 2222450%%% | 199222
Family history of diabetes (1st degree relations) 56(384%) %Y 32(39.5%) "% 24(36.9%)*** | 18(8.3%)
Pregnancy by ART 27(18.5%) 13(16.0% 14(21.5% 30(13.8%)
Hypertension diagnosed before pregnancy 8(5.5%) 8(9.9%) 0 0
History of GDM/HFD 8(5.5%) 5(6.2%) 3(4.6%) 0
History of PIH 4(2.7%) 4(4.9%) 0 5(2.3%)
History of habitual miscarriage/preterm delivery of | 10(6.8%)***  6(74%)***  4(62%)*** 1{0.5%)
unknown etiology
History of perinatal death of unknown etiology 5(3.4%) 1(4.9%) 1(1.5%) 2(0.9%)
History of offspring with a congenital malformation 4(2.7%) 3(3.7%) 1(1.5%) 3(1.4%

OAV : one abnormal value in glucose tolerancetestt, GDM @ gestational diabetes mellitus, ART : assisted reproductive
technology, HFD : heavy for date, PIH : pregnancy induced hypertension.

FERp<0.001, 7Y 1 p<0.01 ¥ 1 p<0.05 vs. control.

7 FL(E), EINEFROTA
WeRTREC 11.7% & R EE D 2.8% 1 Jbliz U T
THhH, WA TROW A ERE R T
1.7%, SIEEET 2.8% L FEOWATH - 7 (F
1). u%uﬁmﬂwme%waLru%ﬁ'ﬂw
IROAESh O IRRIRE SRS T 0 T 2 814 » XL
(% 4.57, AEBRIEIRMIC X B HLA v XL 6.45 TH
D, AEE OTIRHE SR S B A K &M
Wiz Zzh #4612, 828 &, EHICIY AL
otz (B 2), 4T, FHEEHA: T (4,000 g~)
DUEhh DR MR IS T 5 4 v LI,
A2 MR L BTl e d o k. SOt
RIS A RO MR IR FIE Y A 7 iy
17~37THLHILZEAD L, HHOOHEY
AR LUARNZIECREM§ 5 L 08 LB, BRE
2 (iR A A D IEIRBE RIS FERE D L D
BYAVHTEBELOND,

IEERTTE

| {EHHEAE EHRTTHEE RS REORIE
JRHAE pA TS i %AWAM%&%N@?-
A= LTHEZENDH, HWAERGBIGEC b
ééh:kﬁ%<,MW*ﬁﬁﬁ$ﬂhlomm
Pl BRI L T 2 WD H 2. 0
&9 %I - AL RN O B E 0 TllE o)
ERRMO BT ES = 27 1 » 2%{k) £ Wil
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£3: Control {n=220)
50/  M:IGT(OAV+GDM){n=149)
3
@
o
B HAEKE (g)
B1 SRPOFRBEREHINBROBEHER

i (k]

AT i o EBIEGE S A5 (OAV+GDM) 149 5 & X} 1Y
220 PO RHEHVE RO IR OIS BB i %
AU, ERRE PR TR IR X0 A HE L L

o
Gy

FERMATAVEL, WA, IRV, NFHERC BT 5 4
v A Ao kR, KIZE T 5 Bl ONE
TXoA v A VRIMET, BT T a4l %

DESIAE, BIETHIC BT 5 20X — Bk
Mo fus e Ehs i C &5, IRAROIN

=1 1]



IGT (OAV+GDM) OR (95%CI) p
Adjusted : None 18——@-46— 119
Age 1.8 — 47 1125 0.002
Age+BMI 20 —4@-56—1153 0.001
Age-+BMI-+family history of diabetes+ 21 ————@-61——1 176 0.001
habitual miscarriage or preterm delivery
OQAV
Adjusted : None 1.1 9-32 — 9.9
Age 1.3 — 9-3.9 — 11.8 0.016
Age+BMI 13 ————@-42—1 137 0.019
Age-+BMI+family history of diabetes+ 1.2t 942 { 15.3 0.027
habitual miscarriage or preterm delivery
GDM
Adjusted : None 22 ——4@-65—1 185
Age 20—@-60—1 179 0.001
Age+BMI 22t —4-6.9 121.3 0.001
Age+BMI+family history of diabetes+ 25— €-83—1274 0.001
habitual miscarriage or preterm delivery
0.1 1 10 100

2 R MG (2,500~3,999 g) £ B E L A EHESTE (2,499 ghlF) DIFF-HOMHBEERRRBECHT 24 v Xtk

HHEREEBELP T R3EEILNATL
W ERP O RERIEIC OV THRIRD
BRFESHEETE 5,
EHEGEROMBERERIEDE bLIREL
LT, %L OBMERTIZA R ViEHitkoK
A& & URALGN 2 BRI DK B M0 R & 5
BERICEEA VAR Y FAENREINTY
BWS) (R EICH T 2 BRI TIEEA v
A VIMFER A v A Y viETiiEgE A R LB
DEH R ENRTVRENE® 4 22 VAR
2ERLESHERE LV, EMET 10 -tV
PANKBOWMEGETH -7 19 I 20 4
trnIcNTsarvro—- B2 MlicknT,
ARy 25y 7EXURANBREICL 24~
AN VBB LA YR Y iR i L 7
WG TIE, 4 VRAY CBEREICEII R o108,
AV A VEBRETHIEL 724 » 2 ) v i,
3 b b disposition index (DI) (&4 BT 30%
WAL T,

o1, EFIRMBREH DA 5 v S HMIHIA:
2+ — PPN SRE CP 4R 58 i) @ 5 B IEH
THRERER 96 44 1CREMARIIBE ELRTAR AL 2 T L, A

VAY VIEHItE L 4 VA v EEE HLERICHR X
NTORVWATIEEE & LB L R D 5, IR
cHRIcEB XN DI, 4 v A S
flE1d 20% D{ET, DI i i# 53%IE T 2R L 7295,
4 v A VASHIEEEICE R ko 72D,
X5, EHAEGEE 2 OHBOTBERE DR
Ex2E2 59 2T, HEHNFEHERPZOROBUER
FLEETH Lz TEL Y, BENEEICEL
T, 1999 £EIC Hattersley? 13854 ¥ 2 Y ¥
BRIEA 22300 R o) BRI BHLHE & 453 5K o) Bl RIS T4 D
JEHEBEREE R D ) B L0 “RRA v R SRS
ZRE LKL, EE, 2 BRREEGRE TS
L7 4 FHEERITD 5% { O BBELRETF R
EEN, ZO—HBOBETDIH L BMKRESRE
L oEtEAS Vb T 3 CDKALL & HHEX-
IDE2®) DS (A & DBl s s 0, BH
NOBRREAR 2 &R A AT, 2 BIBSIRAE S69E 0 3630
BEEROMESLREINTWS,

[ EHEFEZEOHREOXRIERICH T DEE
(intergenerational effects)
(KiHEEETETFND L, HABICHIDLE,
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RYPRE, LMERBLE2HBICRELRTL
2, ThoDRBBEERETFMHE L bIcER
YORFNMEEEDENR, ThbbIEY 2
T4y I RELLRBRAKEREINZY, LK
BEHEGECE N ZEOBEEIZ, HSOER
DOBFICHHRBRE %13 U DR INT RS,
B, (SHAEGERY S, RBSREREL & %2 A0
LTI EBBiEEnTns®, ZoZ i,
EHEFETE N ZEOKRBER I S Ik
REREL V) ATHEI N TRIER~ABEERENS
AREEEZ R L Tw 3, XiERADERBEEDORE
ZWibYI5 L) mrs, EBHEGETEEN:
ROAIRMEY, 248 v o EERIE OB E
b, EHAEGBETHE L Lo R Iz RAE
BBt w0+ REREREZTILH
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