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Table 2 Relation between QT Interval and ECG leads with Early Repolarization

ECG leads No. of patients QT interval (ms) QTc interval (ms)
Anterior 1064 (59.9) 401 437 0ot 17
(Via)

Lateral

+19
(I, aVL, Vsg) 73 (4.) 398 % 58 413
Inferior
(i, I, avF) 54 (3.0) 392 % 50 406 £17
Anterolateral
(Vi |, aVL, Vsg) 118 (6.6) 406 + 39 407 + 18
Anteroinferior
(Vi_a, 11, 111, aVF) 325 (18.3) 396 £ 45 404+ 19
Inferolateral 141 (7.9) 398 4 52 08217

(1, M aVvF, |, avL, Vsg)

Values are expressed as N (%) or mean + SD.

Table 3 ECG Abnormality Complicated with Barly Repo-
larization

ECG abnormality pﬁ':i)ér?:s Corr:t;:i?;ot)ion
LVH 75 4.0
RVH 16 0.9
AF 15 0.8
PVC 24 13
Bradycardia 293 15.7
Tachycardia 85 45

LVH: left ventricular hypertrophy, RVH: right ventricular
hypertrophy, AF: atrial fibrillation, and PVC: premature
ventricular contraction

Bradycardia is defined as a sinus heart rate of 50 beats per min
or lower; tachycardia, a sinus heart rate of 100 beats per min or
higher.

implication of QT interval in early repolarization
appears to be important, we need to pursue this study
to evaluate the prognostic value of QT interval in
early repolarization.

In contrast to ischemic ST-segment elevation that
is caused by injured current, ST-segment elevation
in early repolarization is unrelated to ischemic
injury.!” However, Haissagurre et al.” reported that
early repolarization in inferolateral leads was asso-
ciated with the generation of malignant ventricular
arthythmia in idiopathic ventricular fibrillation. To
date, observation of early repolarization was also
reported in Brugada syndrome!? and arrhythmogen-
ic right ventricular cardiomyopathy.'® In addition,
ST-segment elevation of early repolarization shared
a similar pharmacological response with that in
Brugada syndrome.!*!” These similarities suggest
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that early repolarization may represent a non-
ischemic ST-segment elevation related to the elec-
trophysiological substrate.!5!” An experimental
study demonstrated that early repolarization could
be arrhythmogenic in case loss of the epicardial
action potential plateau generates a net repolarizing
current that causes reentry.!>

It may be meaningful to investigate whether or not
early repolarization is present in coexistence with
other ECG abnormalities to stratify the risk of early
repolarization. In our patients, LVH, RVH, PVC, and
AF were complicated with early repolarization. The
left ventricular wall is thicker than the right
ventricular ‘wall. This might explain why LVH was
more complicated than RVH. Of interest, heart
rate seems to be related to the presence of early
repolarization. Especially, sinus bradycardia was
highly complicated with early repolarization. This
finding suggests that transmural heterogeneity of
ventricular repolarization may become pronounced
when heart rate abnormally decreases.

Although early repolarization might be considered
as a normal variant of the ECG phenotype, unless
otherwise proven, the prognostic value of early
repolarization remains undetermined in this study.
Therefore, we need further investigation to deter-
mine whether or not our patients with early repola-
rization are at risk for ventricular arrhythmia.
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Abstract Background: There are few cross-sectional and longitudinal studies on identitication of the age of onset of obesity. The
purpose of the present study was therefore to investigate M vears of cross-sectional and longitudinal changes in the
prevalence of obesity from 1978 1o 2007 in Japanese children and adolescents between 5 and 17 years of age. using
population-based samples.

Methods: Subject duta were oblained from the Annuat Reports of the School Health Survey published by the Ministry
of Education. Cullure, Spons. Science and Technology. Japan. Obesity was defined as a body mass index (BMI) at or
ahove the Y5th percenile tor age and gender based on the reference years from 1979 to 1981 in Jupan, The BMI was
caleutated as weight in kg/theight in m).

Results: Cross-scctional analysis of §-, 8. 11-. 14-, and 17-year-olds showed that the prevalence of obesity has
gradually decreased sinee the carty 20005, with the highest prevalence in the late 1990s (o early 20005, except forin 17
vear-old boys. Longitudinal studics showed that the critical periods for developing obesity were in late infancy (between
S and 6 years of age) and in the high school period in boys, and mainly in late infancy in girls.

Conclusions: Intervenion 1o prevent obesity should be focused on Lue infuncy in huth genders and male adolescents in

Japan.

Key words ohesity. populution, prevention and control,

Obuesity is considered a threat 1o public health. and the ongoing
ubesily epidemic represents @ major public healih concemn

worldwide.'  In the Japanese adubt population, the prevalence of

ubesity (body mass index {BMI| 2 25 kg/m’) increased rapidly
between 1984 and 2004 in men.! Men tend 1o develap obesity in
their 40s or younger.® and tend 1o develop combined cardiovas-
cular risks.” Obesity-associated risk factors arise in mildly to
moderately obese conditions not only in adults but also in chil-
dren in Japan,™ indicating that primary prevention of obesity is
impartant (rom childhood.

Analyzing the onset of obesity might identify periods of greai
vitlncrability. There are few cross-sectional and fongitudinal
studies, however. on identiticauon of the age of onset of obwe-
sity." "' This information could be uscful for determining when to
prevent obesity.' Therefore, the aim ol the present study was o
investigate 30 vears of crossssectiomal and longitudinal changes
in the previlence of obesity [rom 1978 10 2007 in Japanese

Correspondence: Masao Yoshinaga, MD. PhD, Department of Pediat-
vics. Nattonal Hospital Organization Kagoshima Medicat Center,
Shiroyami-cho ¥-1, Kagoshima 892-0883. Japan. Email: m-yoshi@
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Receved 16 February 2009; revised 17 June 2009; accemed 2 July
2009,
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children and adolescents between 5 and 17 years. using
populaion-based sumples.

Methods
Nationwide population-based data

The Ministry of Education. Culture. Sports, Science und Tech-
nology has performed the School Health Survey for height and
weight since 1948. The data are collected by sampling with
probaubility proportionate to size every year.!” The Ministry col-
lects information cach year from 72 380 kinderganiners aged §
years (from 1645 kindergartens), 270 720 elementary school
children aged 611 years (from 2820 schools), 225 600 junior
high school adolescents aged 12-14 years (from 1880 schools),
and 126 900 high school adolescents aged 15-17 years (from
2820 schaols).”” These samples corresponded to 4.7% of all chil-
dren and adolescents in Japan in 2007."?

Measurements of height and weight in Japan

In Japan. all children and adolescents in kindergartens and
schools undergo 2 mandatory medical examination, performed
by school doctors and nurses. Height and weight are measured by
school nurses in carly April cach year. Height is measured to the
nearest 0.1 ¢em without shoes and weight is measured to the
nearest (L1 kg in underwear.
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Collection and input of data for the present study

The fregueney tables in the Annual Report ol the School Health
Survey'" show {requency per thousand children for height (every
Fem)and weight (every | kg for cach age and gender. Data are
eapressed to one decioal place.

The height and weight in the reports were input inta a1 com-
puter by personnel from o wemporary-employvinent ageney or
seerctaries of the National Hospitad Organization Kagoshima
Medicad Center. and re-checked to ensure data were the sume as
the frequency Gibles. Financial support for the data input was
provided by grants, as stated 10 the Acknowledgments section.

Definition of obesity

huthe present study. ubesity was detined as a BM1 i or above the
Y5th pereentile for age and gender based on the reference data in
Japurt. The BME was caleutated as weight in kg/theight in m)”.

Reference data for the BMI percentile value for each age
and gender

The previlence of abesity (BMI 2 30.0y in adults is relatively low
in Japin compared with that in Western populations, and thus i
BMI 2 25 s usuadly used For the definition ol obesity in Japiancse
adults.” Therefore, we used the Japanese data as a reference, and
not the International duta provided by Cole et af.™ The percentile
vitlue of the BMI for cach age and gender was determined from
the Trequency tables of Beight and weight from thiree stceessive
yars from 1979 1o 81." The prevalence of obesity in the refer-
ence years (1979-81) was 3% in all ages and genders, The cut-off
points bor abesity s the present study are shown in Table |

Cross-sectional survsillance of the prevaience of
obesity

The prevalence of obesity was determined tor 3- 8-, 11-. 14-, and
1 7-year-old boys and girls between 1978 and 2007.

Longitudinal surveillance of the prevalence of obesity

We oblained data Tor the subjects between 5 and 17 years of age
Crom 1978 For the presemt study. Subjects who were § vears of age
in 1978 were born in 19730 and we then made consecutive 4

Table 1 Cul-oft points for ohesity
Age (yvars) Male Fenale
5 17.65 17.68
6 17.80 17.80
7 183 i8.27
X 19.48 19.22
4 )66 .10
) 2174 21.09
H 2235 2213
12 23,06 23.20
I3 2346 23.94
14 ud 2456
I8 252K 2545
o 25,39
17 2547 2532

2000 Japan Pediatnie Socicry

year-intervil cohorts, which were named as the 73-76, 77-80,
R1=84. 85-K&. 8Y-42, Y3-96, and 9700 birth colworts.

Results
Prevalence of obesity in each age and gender in 2007

The prevalence of obesity in boys during the clementary school
period (6=11 years o age in Japan) in 2007 was 4-5 points higher
than that (55 in the relerence years (1979-81). while the preva-
lence in S-yvear-old hoys was 1.3 poimts higher than that in the
reference vears (Figo D) Aler a decrcase in the prevalence ol
obesity during the junior high school period (12-14 years ol age),
the prevalence of obesity during the high school period (1517
years of age) was approximately 6 points higher than that m the
reference years,

A rapid increase in the prevalence of obesity was found in
girls between 3 and 6 vears of age. similar (o that for boys
(Fig. 1). The prevalence of obesity gradually decreased until the
tunior high school period. and then gradually mnereased during
the high school penod.

Cross-gectional surveillance of the prevalance of
obesity
Changes in the prevadence ol obesity for subjects who were 5. K.
T, B and 17 vears o age are shown in Figure 2. The increase in
the prevalence ol obesity was smallest in S-year-old boys, and it
then decreased atter the mid-1990s (Fig. 2a). A rapud increase in
the prevalence of obesity was present in 8-, [1-, and 14-year-old
hoys from the fate 19808 10 Te 194905; the prevadence of obesity
af these ages then decreased after 2000, Tn comrast. the previ-
lenee ol vhesity in 1 7-year-old boys had a prominem increase in
2002, and thereatter it increased (o its highest point among these
age groups in 2006,

The prevalence of obesity in 5=, 8-, - amd 1d-year-old girls
had u similar increise (o that in bovs from the late 1980s 1o late
1990s. and decreased afier 2000 (Fig. 2by. The prevalence of

14
~ 12
= 10
£y
g 6
g
K. 4
£ 1
0
S5 6 7 8B 9 1011 12 1314 15 16 17
Age tyears)
Fig. I Creonssectional analyses of the presalence of obesity 1n

suhjeets between 5 and 17 years of age in () boys and € h @arls
2007, A pronmunent sncrease i the prevalence of obesity occurred
between 5 and 6 vears of age m both genders. The prevalence of
obesty increased agim during high school e boys,
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Fig. 2 Thirty year cross-sectional change in the prevalence ol
obesity in subjects (9) 5.0 8.(A) 11,(3) 14, and (@) 17 years ol
age from 1978 (o 2007 1 (a) boys und (h) grls, The previfence of
obesity graduaily decreased from the early 20005, with the highest
previdence occwrring in the fate 1990s—carly 20005, except tor in 17
year-old bovs.

obesity in 1 7-year-old givls incveased in 2002, similar 1o that tor
boys. but il then decreased after this time.

Longitudinal surveillance of the prevalence of obesity
The fongitudinal change m the prevalence of obesily in each
calort 15 shown in Figure 3. A sharp increase in the prevalence of
abesity occurred hetween the ages of 5 and 6 in boys from the
1UR0s hirth cohorts; the highest difference bhetween 5+ and
t-vear-old boys was 17 painis in the 93-96 hirth cohorts
iFig. 3a). Amung male birth cohorts. the more recent the cohort
wis. the higher the prevalence of obesity in aimost all ages. until
the ¥9-92 birth cohorta: the §9=92 birth cohort had the highest
previdence of vhesity between the ages ol 7 and 15 years. The
prevalence of ubesity in this cohort increased again at 15 years of
age. after a decrcase during the juntor high school period. This
tendeney toward a higher prevalence of obesity was ot present in
the 93-96 and 97-40) birth cohorts,

A sharp ncrease in the prevalence of obesity alsv occurred
hetween the ages of 5 and 6 in girls from the 1980s hirth cohurts,

Prevalence of childhood obesity in Japun - 215

and the highest difference was 33 points i the 93-90 birth
cohoris (Fig. 3bs. Among female birth cohorts. the prevalence of
obesity in the 89-92 birih cohort was highest at the ages of 7-13
vears, which was similar 1o that for boys. The prevalence of
uhesily during junior high and high school decreasad i all
coliorts except (or the 85-88 cohort.

Discussion

In the present study. cross-sectional analysis demonstrated tha
the prevalence of obesity gradually decreased from the early
2000s, with the highest prevalence aceurring in the late 19908
carly 20008, cxeept for in | 7-year-old girls Longitudinul studies
Shewed that the eritical periads for developing obusity were in
lse infancy (hetween § and 6 yeurs of age) and the high school
petiod in boys. and mainly in late infancy in girls, indicating that
interventions Lo prevent ohesity should be Tocused on these
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Fig. 3 Longitudinal changes in the prevalence of obesity in the 4
year-inteeval birth coborts at cach year of age w G boys and ()
zirls, The (@) 89-92 birth cohort had the highuest previdence ol
abestty between the ages of 7 and 15 years in boys and between the
ages of 7 and 13 years in girls. Birth cohorts: (#173-76.1<C) 77-80:
(A R1-84: L) 35-88: (@) R9-92: () 93-Y6; () 97-00.
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Cut-Offs for Screening Prolonged QT Intervals From
Fridericia’s Formula in Children and Adolescents
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Background: The corrected QT interval (QTc) according to Bazett's formula (QTc=QT/RR'2) has been used
in clinical practice. Bazett's formula, however, overcorrects the QT interval at fast heart rates and undercorrects
it at jow heart rates. Guidelines and some investigators have recommended using Fridericia's formula (QTc=
QT/RR") in these cases, especially in tachycardic subjects. The aim of the present study was to determine cut-
offs for QTc suitable for screening pediatric subjects with prolonged QT intervals, based on manually measured
values corrected by Fridericia’s formula in a large number of subjects.

Methods and Resuits: Three consecutive QT and RR intervals were measured in 4,655, 4,655, and 5,273 1st,
7th, and 10th graders, aged 6, 12, and 15 years, respectively. Each QT interval was corrected by Fridericia’s
formula, and mean values were calculated. Determination of the cut-ofts for screening was based on the prevalence
of abnormal electrocardiographic phenotypes of 1:1,164 and on the upper 0.025 percentile in the QTc distribution
derived from previous studies. The tentative cut-offs suitable for screening subjects with prolonged QT intervals
were 430ms for 1st graders, 445ms for 7th graders, and 440 and 455 ms for 10th grade boys and girls, respec-
tively.

Conclusions: These tentative cut-offs can be used to screen subjects with prolonged QT intervals in the clinical

ORIGINAL ARTICLE
Pediatric Cardiology and Adult Congenital Heart Disease

setting. Further studies are needed to confirm their validity. (CircJ 2010; 74: 1663—1669)

Key Words: Cut-off; Fridericia’s formula; QT interval; Screening

terized by prolonged ventricular repolarization and

increased propensity to syncope and sudden cardiac
death.!-? Because the QT interval is inversely related to heart
rate, measured QT intervals are generally corrected for heart
rate to identify prolongation.# Among many formulae investi-
gated,S the corrected QT interval (QTc) according to Bazett’s
formula (QTc=QT/RRY2) has been used in clinical practice
and in the medical literature 46 Bazett’s correction, however,
overcorrects the QT interval at fast heart rates and under-
corrects it at low heart rates.¢ Published diagnostic criteria
using the QTc from Bazett’s formula recommend additional
diagnostic caution when scaling with tachycardic patients.”
Under these circumstances, the guidelines of the International
Conference of Harmonization,* as well as some authors,? rec-
ommend using Fridericia’s correction (QTc=QT/RR!?). Cut-

L ong QT syndrome (LQTS) is a rare disease charac-

offs used to screen children and adolescents with prolonged
QT intervals, corrected according to Fridericia’s formula,
have previously been reported using automatically measured
data for QT and RR intervals (QT/RR data).” The accuracy
of automatic QTc measurements, however, is questionable
in many cases, and should be supplemented by manual read-
ings®

Editorial p1534

The estimated prevalence of symptomatic patients with
LQTS is around 1 in 5,000 subjects.? The prevalence of
abnormal electrocardiographic (ECG) phenotypes, namely
that of abnormally prolonged QT intervals irrespective of the
presence or absence of symptoms and/or family history, was
estimated to be 1 in 1,164 among 7th graders aged 12 years.!
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rected QT interval in 7th grade
girls.

No criteria have been proposed for the pediatric population
using Fridericia’s correction with manually measured data,
although subjects in this age group are frequently tachycardic.
No criteria have taken account of the prevalence of abnor-
mal ECG phenotypes. Thus, the aim of the present study was
to determine cut-offs for QTc suitable for screening children
and adolescents with prolonged QT intervals, using manu-
ally measured QT/RR data corrected by Fridericia’s formula.
Determination of the cut-offs was based on the prevalence of
abnormal ECG phenotypes and on the statistical distribution
of the QTc intervals by grade and gender.

Methods

Subjects

Subjects were 1st, 7th, and 10th graders, aged 6, 12, and 15
years, respectively, in Kagoshima, Japan. Of these, the 1st
and 7th graders were the same cohort. ECGs of 4,655 subjects
(2,368 boys and 2,287 girls) were recorded when they were
in the 1st grade in 1994 and again when they were in the 7th
grade in 2000. The same 1st and 7th graders were the subjects
of a previous report.1® ECGs from 10th graders were obtained
3 years later, in 2003; only 2,735 subjects (1,312 boys and
1,423 girls) from this cohort re-entered the present study,
either because they moved out of Kagoshima or because
they entered private high schools. Children and adolescents
in public schools participated only in the Kagoshima City
Medical Association programs during the study period. In
2003, 2,538 new 10th graders were included, giving a total
of 5,273 15-year-old subjects (2,598 boys and 2,675 girls).
None of the subjects had any abnormal findings including
arrhythmias with wide QRS, except for QT intervals. Infor-
mation on the subjects (name, sex, and ECGs) was collected
from the Screening Program for Heart Diseases in Kagoshima,
operated by the Kagoshima City Medical Association. We ob-
tained permission from the ethics committee of the National
Hospital Organization Kagoshima Medical Center to use and
analyze these data, on the condition that the confidentiality
of all personal data would be maintained.

Measurement and Correction of QT Intervals

All resting ECGs were recorded at a speed of 25mm/s at
each school, by medical technologists from the Screening
Program for Heart Diseases in Kagoshima. The QT interval
of 3 consecutive beats was measured from the onset of the
Q wave to the end of the T wave in lead Vs. The end of the
T wave was defined as the isoelectric line intersecting a tan-
gential line drawn at the maximal downslope of the positive
T wave. Bifid T waves, but not U waves, were included in the
QT measurement. When the notch was present in more than
3 leads’® and the notch appeared at the same timing,! the
T wave was defined as the bifid T wave. The QT/RR data
from the 1st and 7th grade subjects in the previous report?
were used in the present study. The data in the previous study?
were measured by 2 authors (T.F. and M.Y.); the intra-
reader coefficient of variability for mean QT interval for the
2 authors was 1.7%, and the interreader coefficient of variabil-
ity was 1.9%." The QT/RR data for the 10th grade subjects
were measured by 1 author (M.Y.) in the present study. The
QT/RR data for each of 3 consecutive beats were corrected
using Fridericia’s formula (QTc=QT/RR13) and the mean
values for the 3 consecutive QTc were used.

Comparison of Bazett’s Formula With Fridericia’s Formula
for QTc

To assess the effectiveness of the present study, association
between the RR intervals and the uncorrected QT intervals,
QTc from Bazett’s and from Fridericia’s formulas were deter-
mined using data of 7th grade girls.

Cut-Ofis for Screening Subjects With Prolonged QT Intervals
In the previous study using the same cohort,!? the prevalence
of abnormal ECG phenotypes was 4 in 4,655 subjects (1 in
1,164) in the 7th grade and O in 4,655 in the 1st grade.! In
another study using automatically measured data corrected
using Fridericia’s formula,® a long hiatus was identified at the
statistical point of the upper 0.025 percentile in the distribu-
tion of QTc intervals in both genders in all groups (1st, 7th,
and 10th graders). The hiatus was defined as the absence of
subjects between neighboring QTc¢ in the distribution of the

Circulation Journal Vol.74, August 2010

— 181 —



Fridericia’s QTc¢ in Pediatrics

1665

3000

. ) n=2,287
- . = -(0.464
E 30 -
1
S
_;n
=
v o
8 400 -
m
>
D
2
=~ 350 A
Q
=
o
300 T T T T
400 GO0 804 1600 1200 Figure 2. RR interval vs correct-
ed QT interval (QTc) from Bazett's
RR (ms) formula in 7th grade girls.
SO0
. n=2287
"'; r=0.035
E 4501 . . p=0.10
&
i
‘=
.2
g 400 4
e
ol 3
P
—Q -
£ 350- )
()
=
<o
300 T T T T
400 600 $00 1000 1200 Figure 3. RR interval vs correct-
ed QT intervals (QTc) from Frid-
RR (ms) ericia's formula in 7th grade girls.

QTec. Cut-offs for screening were then determined by grade
and gender, using 2 different methods. First, cut-offs were
determined based on the long hiatus in the distribution of the
QTc intetvals near the statistical point of the upper 0.025
percentile (mean QTc+3.480756xSD). Second, cut-offs were
determined to screen the 7th graders, at least at a rate of 1 in
1,164. Because the incidence of subjects with abnormal
ECG phenotypes and/or symptomatic patients may increase
with age,? the cut-offs should screen more than 1 in 1,164
for 10th graders. The cut-offs for 1st graders could be based
only on the statistical distribution, because none of the cohort
had abnormal ECG phenotypes in the 1st grade in the previ-
ous study.!?

Statistical Analysis
Difference in the mean QTc between genders was examined

using unpaired Student’s t-tests. P<0.05 was considered
statistically significant.

Results

Comparison of QTc From Bazett’s and Fridericia’s Formulas
Association between RR intervals and the uncorrected QT
intervals, QTc from Bazett’s and Fridericia’s formulas were
determined using the data of 7th grade girls. Because the
QT intervals are affected by the RR intervals, namely by
heart rates (Figure 1), the QT intervals are corrected by the
RR intervals to minimize the effect of heart rates usually
with Bazett’s formula, but the QTc intervals from Bazett’s
formula were still affected by the RR intervals (r=-0.464,
P<0.0001; Figure 2). Bazett’s correction overcorrects at high
heart rate (at short RR intervals) and undercorrects at low
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Tabls. Number of Subjects vs Manually Measured QT/RR Intervals
1st graders 7th graders 10th graders
Boys Girls Boys Giris Boys Girls
(n=2,368)  (n=2,287) (n=2,368)  (n=2,287) (n=2,598)  (n=2,675)
RR interval {ms) 7641108 733106 805+132 765122 949+185 873+154
QT interval (ms) 332423 327+22 353125 350+25 360+29 358127
HR (beats/min) 82412 8412 7712 81x13 66113 7113
Mean QTc (ms) 367118 364118 380218 38418 368+20 376+20
0.025 percentile (ms) 430 427 443 447 438 446
Data are expressed as mean+S8D.
HR, heart rate; QTc, corrected QT interval.
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Figure 4. Corrected QT intervals (QTc) using Fridericia’s formula in (A, B) 7th grade boys and (C, D) girls. (A) Total boys and
(C) total girls; (B) 51 boys and (D) 74 girls with the longest QTc.
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heart rate (at long RR intervals). In contrast, the QTc inter-
vals with Fridericia’s formula were not affected by the RR
intervals (Figure 3).

Cut-Offs for Screening Subjects With Prolonged QT Intervals
The mean QT intervals increased in duration with age (Table).
The mean heart rates of 10th grade boys were lower than
those of 10th grade girls, and 7th grade boys and girls. Thus,
the mean QTc¢ for 10th grade boys was lower than that for
10th grade girls, and 7th grade boys and girls. There were
gender differences in mean QTc in all grades (P<0.0001 for
all groups). The upper 0.025 percentile cut-offs were around
430ms for 1st graders, around 445ms for 7th graders, and
0.440 and 0.445ms for 10th grade boys and girls, respec-
tively (Table).

The distribution of QTc in 7th graders contained the 1st
long hiatus between 438 and 448 ms in boys, and between
436 and 446 ms in girls (Figure 4). Supposing a cut-off for
QTc of 445ms for 7th graders, this point is included in this
hiatus, and the cut-off would identify 4 out of 2,369 boys
(1 in 592) and 3 out of 2,286 girls (1 in 762). The 1st long
hiatus in the distribution of QT¢ in 10th graders (Figure 5)
occurred between 437 and 442 ms in boys and between 455
and 504 ms; tentative cut-offs could therefore be 440 and 455

for boys and girls, respectively, if the long hiatus is thought
to be important. These cut-offs identified 5 out of 2,598 boys
(1 in 520) and 4 out of 2,675 (1 in 669) girls, indicating a
slightly higher incidence in 10th graders compared with 7th
graders. Because there were no 1st graders with abnormal
ECG phenotypes in the previous study,!® 430 ms, near to the
start of the upper 0.025 percentile, was tentatively used as
a cut-off for 1st graders (Figure 6). The tentative cut-offs
suitable for screening subjects with prolonged QT intervals
are 430ms for 1st graders, 445ms for 7th graders, and 440
and 455 ms for 10th grade boys and girls, respectively.

The present study identified tentative cut-off QT'c for screen-
ing children and adolescents with prolonged QT intervals in
the 1st, 7th, and 10th grades. These cut-offs were measured
manually and corrected with Fridericia’s formula for children
and adolescents and can be used in the clinical setting to
screen subjects with prolonged QT intervals, even those with

“high heart rates.

Bazett’s formula remains the standard for clinical use
worldwide, although it may over- or undercorrect when the
heart rate is fast or slow, respectively.?? Fridericia’s formula
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suffers from the same limitations at slow heart rate, but could
provide a more accurate correction factor in subjects with
tachycardia.® Figure 2 clearly shows that Bazett’s formula
over- or undercorrects when the heart rate is fast or slow,
respectively. Figure 3 shows that Fridericia’s formula over-
corrects a little at low heart rate (at long RR intervals),
because the correlation coefficient was slightly positive (r=
0.035), but the association was not significant. The former
and the present data suggest that we may recommend using
Fridericia’s formula.

Clinically applicable pediatric cut-offs for QTc intervals
for Fridericia’s formula are needed. Aihoshi et al determined
cut-offs for QTc corrected with Fridericia’s formula to
screen children and adolescents with prolonged QT interval,
and these criteria have been used clinically in the Screening
Program for Heart Diseases in some areas in Japan.'0.1?
These values, however, were based on automatically mea-
sured data, and criteria using manually measured data are
lacking. One of the reasons why Fridericia’s formula has not
been used nationwide may be the lack of clinically appli-
cable pediatric cut-offs. To our knowledge, the present study
is the first to derive cut-offs using manually measured data
corrected with Fridericia’s formula.

The cut-off for 10th grade boys was lower than that for

7th grade boys. This may be because the mean heart rate in
10th graders was significantly lower than that in 7th graders,
although the mean QT interval was longer in 10th graders
than that in 7th graders.

There were limitations to the present study. We produced
only tentative cut-offs based on data for 1st, 7th, and 10th
graders, aged 6, 12, and 15 years, respectively. Subjects in
the 1st, 7th, and 10th grades are required to participate in the
Screening Program for Heart Diseases in Japan, and ECG
data are therefore available for children in these grades, pro-
vided that we obtain permission from the ethics committees
to use and analyze these data. It would be more difficult to
obtain a large sample of good ECG data from children in
other grades, although cut-offs should be prepared for all ages
in the future. Another limitation is that the tentative cut-offs
in the present study have not been applied clinically to the
Screening Program for Heart Diseases in Japan. We should
determine whether these cut-offs are appropriate to screen
all children who are genetically or clinically diagnosed with
long QT syndrome.

In conclusion, these cut-offs can be used to screen pediatric
subjects with prolonged QT intervals in a clinical setting, and
further studies should be conducted to confirm the validity of
these results.
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Aim: To investigate the factors that influence visceral fat accumnlation in adolescence, we performed
a medical examination of high school students and assessed abdominal fat thickness and fatty change
of the liver.

Methods: A cohort of 374 Japanese high school students aged 15-16 years (193 boys and 181 girls)
in public high schools in Chiba prefecture were enrolled. Anthropometric parameters, blood cell
count, blood chemistry and adipocytokine levels were measured. Preperitoneal fat thickness (PFT)
and echoic contrast of the liver were measured by ultrasonography.

Results: Anthropometric parameters, systolic blood pressure, blood cell count, ALT, AST, FBS,
y-GTE, HDL-C, LpL, UA, adiponectin, resistin and leptin levels differed between sexes. Multivariate
regression analysis revealed that leptin was the most appropriate marker for PFT in both sexes (p<
0.0001). Visceral obesity, categorized as PFT exceeding 8 mm, was observed in 9.6% of all students.
Boys with visceral obesity showed apparent liver dysfunction, hyperlipidemia, hyperinsulinemia, and
high leptin and low adiponectin levels. Overall, 16.6% of boys and 30.4% of girls showed hepatorenal
echo contrast positivity. Boys with visceral obesity and fatty liver had more risk factors for atherosclerosis.
Conclusions: Physical examination of high school students is important for early detection of athero-
sclerosis.

J Atheroscler Thromb, 2010; 17:546-557.
Key words; Visceral fat accumulation, Ultrasonography, Adipocytokines, Sex

Introduction

The prevalence of obesity, as defined by the
World Health Organization, is relatively low in Japan
compared with western countries. According to a

study by the Ministry of Health and Welfare, the per-
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centage of young women with a body mass index
exceeding 25 kg/m* was only 7%, and more than 20%
of Japanese young women had a body mass index less
than 18.5". There are many studies about adolescent
obesity in western countries?, but it is unclear whether
adolescent obesity occurs in Asian adolescents in the
same manner because of the different environmental
and genetic factors. Recently, the number of studies
about metabolic responses in Asian adolescents has
increased and some have evaluated the levels of bio-
chemical data or compared the number of cardiovas-

cular risk factors>®; however, few studies have assessed
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actual visceral fat accumulation. We had an opportu-
nity to obtain anthropometric data of apparently
healthy high school students, many of who belonged
to sports teams. This is particularly important because
insufficient data from high school student health
checkups are currently available in Japan. To our
knowledge, this is the first study to report abdominal
fat thickness and fatty change of the liver using ultra-
sonography in Japanese high school students. In addi-
tion, we attempted to determine the prevalence of vis-
ceral fat accumulation in these students and to evalu-
ate the causal associations between visceral fat accu-
mulation and various other factors, such as adipocyto-
kine levels.

Subjects and Methods

Subjects

The 374 study subjects were 193 boys and 181
gitls, in the first grade of three different public high
schools in Chiba prefecture, who wished to have
health checkups. Informed consent for the procedure
was obtained from all participants. Height was mea-
sured to the nearest 0.1 cm without shoes and weight
was measured to the nearest 0.1 kg including the same
clothing. Body mass index (BMI) was calculated as
weight divided by height squared (kg/m?). Waist cir-
cumference was measured at the umbilical level with-
out clothing to the nearest 0.1 cm. Blood pressure was
determined by the conventional cuff method using a
mercury sphygmomanometer after the students had
rested for at least 15 minutes sitting on a chair. We
measured blood pressure three times and the average
of the second and third measurements was used.
Blood samples were taken in the morning after an
overnight fast to analyze the blood cell count and
serum levels of AST, ALT, y-GTP, FBS, FIRI, triglyc-
eride, total cholesterol, high-density lipoprotein
(HDL)-cholesterol and uric acid. All enzymatic and
immunoassays were performed at a commercial labo-
ratory center (SRL Inc., Tokyo, Japan). The levels of
preheparin LpL mass were measured in fasting-state
serum by an enzyme-linked immunosorbent assay.
Adiponectin, leptin, desacyl-ghrelin, resistin and high
sensitivity C-reactive protein (hs-CRP) were measured
at the same laboratory (SRL); these adipocytokines
and/or inflammatory markers were measured using a
human adiponectin ELISA kit (Otsuka Pharmaceuti-
cal Inc., Tokyo, Japan), human leptin RIA kit (Linco
Research, Inc., St Chatles, MO, USA), desacyl-ghrelin
ELISA kit (Mitsubishi Kagaku Iatron Inc., Tokyo,
Japan), human resistin ELISA kit (Bio Vende Labora-
tory Medicine, Modrice, Czech Republic) and an

N-latex CRPII kit (Dade Behring Inc., Marburg, Ger-
many), respectively.

Ultrasonography

Fat thickness was measured by SonoSite Micro-
Maxx ultrasonography equipment (SonoSite, Inc.,
Bothell, WA, USA)® with a 3.75-MHz convex-type
probe by the method of Suzuki ez 4..”. The probe was
held perpendicular to the skin in the upper middle of
the abdomen while the subject was in the supine posi-
tion and a longitudinal scan was performed from the
xiphoid process to the umbilicus. Scanning was per-
formed with breath holding to keep the surface of the
liver parallel to the skin as closely as possible. If the
thickness was uneven, we used the maximum thick-
ness of preperitoneal fat as the PFT, and the minimum
thickness of the abdominal wall subcutaneous fat as
the subcutaneous fat thickness (SFT). PFT was previ-
ously shown to be positively correlated with the vis-
ceral fat area obtained with computed tomography
(CT) (r=0.70, <0.001)” and we found that 8-mm-
thick preperitoneal fat was equivalent to a visceral fat
area of 100 ¢cm?, as measured by CT®. Therefore, we
categorized the participants according to the presence
of visceral obesity, which was defined as PFT >8 mm.
We diagnosed fatty liver using hepatorenal echo con-
trast scans. Hepatorenal echo contrast was diagnosed
based on a marked contrast between the hepatic and
right renal parenchyma on a right intercostal sono-
gram performed along the midaxillary line. Fatty liver
was graded stepwise based on the intensity of the
ultrasonography findings as either none (no hepatore-
nal echo contrast), mild (hepatorenal echo contrast-
positive), moderate (hepatorenal echo contrast-posi-
tive with hepatosplenic contrast-positive), and severe
(hepatorenal echo contrast-highly positive with hepa-
tosplenic contrast-positive), as previously described”.
All ultrasonographic images were stored as photocop-
ies and two specialists reviewed the photocopies and
classified the findings without knowledge of the par-
ticipants’ data.

Statistical Analysis

Values are expressed as the means*standard
deviation. Statistical analyses, including Scudent’s
t-test, correlation analyses and linear regression analy-
sis, were performed using SAS 8.0 software (SAS Insti-
wte Inc.,, Cary, NC, USA). A level of p<0.05 was
considered significant.

Results

The general characteristics and laboratory param-
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Table 1. Anthropometric and clinical characteristics

Characteristics Boys (n=193) Girls (n=181) 2 value
Age (y) 15.2x0.03 15.6£0.02 0.46
Body composition Height (cm) 169.7£5.9 158.7%5.5 <0.0001
Weight (kg) 61.1x£9.6 52.2%7.4 <0.0001
Body mass index (kg/m?) 21.2%3.1 20725 0.092
Waist circumference (cm) 72.3x7.3 71.2+£6.4 0.138
Waist/body height ratio 0.426=0.04 0.449+0.039 <0.0001
Fat thickness PFT (mm) 421%28 4.73%2.35 <0.05
SFT (mm) 5.10%3.20 8.11+3.11 <0.0001
Blood pressure SBP (mmHg) 119.3%£10.0 109.3£85 <0.0001
DBP (mmHg) 64.9%9.1 63.9+7.8 0.030
Count of blood cells WBC (uL) 6,265% 1,543 6,440 142.4 0.275
RBC (x 10%/ul) 524.2+28.7 460.0=31.1 <0.0001
Hb (g/dL) 15.1x1.0 13.0%1.10 <0.0001
Hr (%) 46.5+2.6 41.1+2.8 <0.0001
PLT (x10%pL) 25348 27.3%5.10 <0.0001

Results are the means + standard deviation. Abbreviations: BMI, body mass index (weight in kilograms divided by the square
of the height in meters); PFT, preperitoncal fat thickness; SFT, subcutaneous fat thickness; SBP, systolic blood pressure; DBD,

diastolic blood pressure; WBC, white blood cells; RBC, red blood cells; Hb, hemoglobin; Ht, hematocrit; PLT, platele:.

Table 2. Clinical characteristics

Characteristics Boys (n=193) Girls (n=181) 2 value
Blood biochemical data AST (IU/L) 27.1%£23.0 18.1%3.7 <0.0001
ALT (IU/L) 20.0x19.1 11.4x3.7 <0.01
y-GTP (IU/L) 18.3%£7.8 14,0£3.6 <0.01
FBS (mg/dL) 87.4%6.3 85.5%5.5 <0.01
FIRI (¢IU/mL) 59%2.9 6.3%25 0.184
LpL mass (ng/mlL) 79.7+20.7 90.4%£19.1 <0.0001
TG (mg/dL) 51.7x£27.1 47.7%22.7 0.120
TC (mg/dL) 160.3%26.3 178.2%25.1 <0.0001
HDL-C (mg/dL) 61.0%11.2 69.1%£10.9 <0.0001
Uric Acid (ng/mL) 6.1x1.0 44%0.8 <0.0001
Adiponectin (pg/mL) 11.2%4.3 13.0%4.6 <0.0001
Leptin (ng/mL) 2.0%20 6.7x4.1 <0.0001
Deacyl-ghrelin (fmol/mL) 54.7 £45.0 49.5+58.6 0.235
Resistin (ng/mL) 44x22 5021 <0.050
hs-CRP (ng/mlL) 342+981 272+ 815 0.014

Results are the means = standard deviation: Abbreviations: AST, aspartate aminotransferase; ALT, alanine aminotransferase;
y-GTP, gamma-glutamyltransferase; FBS, fasting blood sugar; FIRI, fasting immunoreactive insulin; LpLmass, lipoprotein
lipase mass; TG, triglyceride; TC, total cholesterol; HDL-C, high density lipoprotein cholesterol; hs-CRD, high sensitivity

C-reactive protein.

eters of the subjects are shown in Table 1, 2. Height,
weight, waist circumference and blood pressure were
significantly higher in boys and the waist to height
ratio was significantly higher in girls. The red blood cell
count, hemoglobin, hematocrit, AST, ALT, y-GTR

FBS, total cholesterol and uric acid levels were signifi-

cantly higher in boys, whereas the preheparin LpL
mass and HDL-C level were significantly higher in
girls. With regard to adipocytokine levels, adiponec-
tin, leptin and resistin tended to be higher in girls.
There were no significant differences in desacyl-ghre-
lin and hs-CRP levels between boys and gitls.
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Table 3. Correlations between individual risk variables and preperitoneal fat chickness by sex

Boys Girls
Risk Variables Regression Regression

No Coﬁ&icicnt SE pvilue No Coimcicm SE p value
BMI 193 0.442 0.060 <0.0001 181 0.513 0.059 <0.0001
WC 191 0.213 0.024 <0.0001 181 0.200 0.024 <0.0001
WC/BH ratio 191 35.15 4.168 <0.0001 181 34.53 0.566 <0.000t
SFT 193 0.289 0.062 <0.0001 181 0.325 0.051 <0.0001
SBP 193 0.051 0.021 0.013 181 0.029 0.020 0.163
DBP 192 =0.007 0.023 0.744 181 -0.006 0.022 0.789
AST 193 0.004 0.009 0.684 181 -0.089 0.047 0.063
ALT 193 0.038 0.011 <0.001 181 -0.009 0.048 0.847
y-GTP 193 0.097 0.026 <0.001 181 0.047 0.048 0.334
FBS 193 0.049 0.033 0.137 181 0.027 0.032 0.393
FIRI 193 0.213 0.069 181 0.183 0.069 <0.01
LpL 189 ~0.011 0.010 0.289 173 0.009 0.009 0.301
TG 193 0.026 0.007 <0.001 181 0.011 0.007 0.162
TC 193 0.014 0.008 0.068 181 0.006 0.007 0.342
HDL-C 193 ~0.049 0.018 181 ~-0.044 0.016 <0.01
UA 193 0.608 0.213 181 0.217 0.221 0.327
Adiponectin 193 -0.089 0.048 0.064 181 -0.077 0.038 <0.05
Leptin 193 0.786 0.087 <0.0001 181 0.289 0.037 <0.0001
Desacyl-ghrelin 193 ~0.007 0.005 0.134 181 -0.002 0.003 0.426
Resistin 189 -0.006 0.099 0.955 180 -0.046 0.082 0.578
hs-CRP 191 0.0002 0.0002 0.297 178 0.0001 0.002 0.596

Abbreviations: BMI, body mass index; WC, waist circumference; WC/BH ratio, waist circumference divided by body height; SFT, subcutaneous fat
thickness; SBR, systolic blood pressure; DBP, diastolic blood pressure; AST, aspartate aminotransferase; ALT, alanine aminotransferase; y-GTD
gamma-glutamyltransferase; FBS, fasting blood sugar; FIRI, fasting immunoreactive insulin; LpLemass, lipoprotein lipase mass; TG, triglyceride;
TC, total cholesterol; HDL-C, high density lipoprotein cholesterol; hs-CRP, high sensitivity C-reactive protein.

Average PFT, i.e., visceral fat thickness measured
by ultrasound, was 4.21 mm in boys and 4.73 mm in
girls, and average SFT was 5.10 mm in boys and 8.11
mm in girls. The results of simple regression analysis
between PFT and blood chemistry and adipocytokine
levels are shown in Table 3. There was a positive cor-
relation between PFT and BMI, waist circumference
and the waist to height ratio, SFT and leptin in both
sexes. Positive correlations between PFT and ALT,
y-GTPR, FIR], triglyceride, uric acid and leptin levels,
and negative correlations with HDL-C were observed
in boys. There were also positive correlations between
PFT and FIRI and leptin, and negative correlations
with HDL-C and adiponectin in girls.

To identify the factors associated with visceral
fat accumulation, multivariate regression analysis was
also performed using PFT as the dependent variable
and each factor as independent variables. Leptin (p<
0.0001) and TG (p=0.03) were independently associ-
ated with PFT in boys, and leptin (p<0.001) was
independently associated with PFT in girls; therefore,

leptin was the most appropriate marker for PFT in
both sexes (p<0.0001) in Table 4.

In our study cohort, 20 boys (10.3%) and 16
girls (9.8%), i.e., 36 participants (9.6%), exhibited
visceral obesity. BMI, waist circumference, waist to
height ratio, and SFT were significandy higher in both
sexes in subjects with visceral obesity than in subjects
without. Boys with visceral obesity had significantly
higher values for waist circumference, waist to height
ratio, PFT, SFT, ALT, y-GTP, FIRI, and total choles-
terol, and lower HDL-C levels. In other words, they
had liver dysfunction, hyperinsulinemia and hyperlip-
idemia. In addition, they had higher leptin and lower
adiponectin and desacyl-ghrelin levels. Girls with vis-
ceral obesity had significantly higher values for waist
circumference, waist to height ratio, PFT, SFT, and
leptin levels, but there were no apparent differences in
the other parameters between groups, as shown in
Table 5.

In total, 32 boys (16.6%) and 55 girls (30.4%),
i.e., 87 participants (23.3%), exhibited hepatorenal

— 190 —



550 Tadokoro et al.

Table 4. Multivariate linear regression for the associations between risk variables and prepetitoneal fat thickness

Boys Gitls
Risk Variables R . - .
egression Regression

Coefficient SE pvalue Coefficient SE p value
FIRI -0.100 0.070 0.158 - - -
LPL 0.014 0.009 0.881 -~ - -
TG 0.016 0.007 0.033 - - -
HDL-C 0.004 0.018 0.812 - - -
Leptin 0.823 0.103 <0.0001 0.289 0.037 <0.0001

The model was developed with stepwise regression analysis and the initial explanatory valuables were FIRI, TG, leptin, HDL-C
and LpL mass in boys and leptin in gitls. Abbreviations: FIRI, fasting immunoreactive insulin; TG, triglyceride; HDL-C, high
density lipoprotein cholesterol; LpLmass, lipoprotein lipase mass.

Table 5. Characteristics of subjects with and without visceral-type obesity

Boys (n=193) Girls (n=181)
Characteristics Visceral Non-visceral val Visceral Non-visceral

(n=20) (n=173) vaiue (n=16) (n=165) p value
BMI (kg/m?) 25.4%45 20725 <0.001 23.6%£3.0 204x23 <0.001
WC (cm) 83.2%11.4 71.0%5.5 <0.001 78.4%9.2 70.5%5.6 <0.01
WC/BH ratio 0.49£0.069 0.419%0.032 <0.001 0.493 £0.050 0.445+0.035 <0.01
PET {(mm) 11.07%2.5 3.42%1.6 <0.0001 10.0+1.6 4.2%17 <0.0001
SFT (mm) 8.06%5.2 47727 <0.05 10.7+2.4 7.9%3.1 <0.001
SBP (mmHg) 126.2+12.5 118.6£9.4 <0.01 112.6%x11.1 109.0+8.2 NS
DBP (mmHg) 65373 64.6%9.3 NS 64.3+8.2 63.9%7.8 NS
AST (1U/L) 27.8+134 27.0%24.0 NS 17532 18.2x3.7 NS
ALT (TU/L) 34.5%+31.3 18.3x16.5 <0.05 11,8242 11.4£36 NS
y-GTP (IU/L) 23.7x13.2 17.7%6.7 NS 15.7x£3.6 13.8+3.6 NS
FBS (mg/dL) 89.2x7.5 87.2%6.2 NS 86.5x7.7 85.4%5.3 NS
FIRI (pIU/mL) 8.2%35 5.6£2.8 <0.01 7.45+3.4 6.14x2.4 NS
LpL mass (ng/mL) 70.9+ 14.6 80.7x2.1 <0.05 90.2+19.3 90.7%£19.2 NS§
TG (mg/dL) 73.5+34.7 49.2£25.0 <0.01 47.6+16.7 47.7x23.3 NS
TC (mg/dL) 172.3%£23.4 158.9+26.3 <0.05 184.3x34.4 177.7+24.1 NS
HDL-C (mg/dL) 55.2%9.0 61.7£11.2 <0.05 64.9%12.1 69.5£10.8 NS§
UA (mg/L) 6610 6.1£0.9 <0.05 4.5%07 44x08 NS
Adiponectin (pg/mL) 8.9+£29 11.5t4.4 <0.01 11.0+34 13.2%4.6 NS
Leptin (ng/mL) 52+3.83 1.7x1.3 <0.001 11.4£6.0 6.2%3.6 <0.01
Desacyl-Ghrelin (fmol/mlL) 31.9+18.6 57.3%46.3 <0.0001 53.8+83.5 49.1+56.0 NS
Resistin (ng/ml) 4419 44%22 NS 47+19 5022 NS
hsCRP (ng/mL) 464.9+597.8 327.6x1,017.1 NS§ 230.0£430.3 280.9+851.3 NS

Abbreviations: BMI, body mass index; WC, waist circumference; WC/BH ratio, waist circumference divided by body height; SFT, subcutancous fat
thickness; SBI systolic blood pressure; DBD, diastolic blood pressure; AST, aspartate aminotransferase; ALT, alanine aminotransferase; y-GTP,
gamma-glutamyltransferase; FBS, fasting blood sugar; FIRI, fasting immunoreactive insulin; LpLmass, lipoprotein lipase mass; TG, triglyceride;
TG, total cholesterol; HDL-C, high density lipoprotein cholesterol; UA, uric acid; hs-CRP, high sensitivity C-reactive protein.

echo contrast positivity. Of the 36 participants with echo contrast positivity had higher values for waist cir-
visceral obesity, six (16.7%) showed hepatorenal echo cumference, waist to height ratio, SFT, y-GTP, FIRI,
contrast positivity. Moderate fatty liver was investi- and leptin levels. Girls with hepatorenal echo contrast
gated in five boys and one girl, but none of the partic- positivity showed no significant differences from those
ipants had severe fatty liver. Boys with hepatorenal without, except for ALT and uric acid levels, as shown
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Table 6. Characteristics of subjects positive or negative for hepatorenal contrast

Boys (72=193) Girls (n=181)

Characteristics Heparorenal Hepatorenal Hepatorenal Hepatorenal

contrast + contrast— p value contrast + contrast= 2 value

{n=32) (n=161) (n=55) (r=126)

BMI (kg/m?) 23446 20725 <0.01 207%2.6 20725 NS
WC (cm) 78.1x11.9 71.1x54 <0.01 71.7%6.3 71.0%6.4 NS§
WC/BH ratio 0.462%£0.071 0.419%=0.031 <0.01 0.44920.038 0.449+0.039 NS
PFT (mm) 5.1+£3.5 4.0x2.7 NS 49x25 4623 NS
SFT (mm) 6.7£4.5 4828 <0.05 7.8x3.1 82x3.1 NS
SBP (mmHg) 122.3x14.1 118.8+8.9 NS 110.3=10.0 108.9+7.8 NS
DBP (mmHg) 65.1x9.9 64.6%9.0 NS 63.7x£7.6 64.1£79 NS§
AST (JU/L) 32.0x31.1 26.1%21.1 NS 17.7x3.7 18.3%3.6 NS
ALT (IU/L) 32.3x37.9 17.5x11.1 NS 10.5%3.3 11.8+3.8 <0.05
y-GTP (IU/L) 21.7+12.4 17.7x6.4 <0.05 134228 14.3+3.9 NS
FBS (mg/dL) 89.2%6.5 87.1%6.3 NS 86.5%5.3 85.1£5.6 NS
FIRI (pIU/ml) 7.3%3.3 56%2.8 <0.01 6425 6.2+25 NS§
LpL mass (ng/mL) 84.8+£22.0 78.6+20.3 NS 925%+17.8 89.56x19.7 NS
TG (mg/dL) 53.7+31.8 51.4+26.2 NS 51.6%21.4 46.0£23.2 NS
TC (mg/dL) 157.1%£26.1 160.9+26.3 NS 175.1%27.6 179.6+23.9 NS
HDL-C (mg/dL) 61.1+12.8 61.0%£10.9 NS 68.3%10.7 69.5+11.01 NS
UA (mg/d[.) 6.2x1.0 6.1%£0.9 NS 42+09 4.520.7 <0.01
Adiponectin (sg/mL) 111259 11.2£4.0 NS 12.3£4.3 13.3£4.6 NS
Leptin (ng/mlL) 3.5%3.6 1.7+1.3 <0.01 6239 6942 NS
Ghrelin (fmol/mL) 48.0+42.5 56.0x45.5 NS 43.9%50.8 52.0x61.8 NS
Resistin (ng/mL) 43x22 4421 NS 5.1%£2.0 4.9%22 NS
hsCRP (ng/mlL) 522.3+974.5 305.7+1,013 NS 211.8%£719.5 304.5 £ 863.6 NS

Abbreviations: BMI, body mass index; WC, waist circumference; WC/BH rario, waist circumference divided by body height; SFT, subcutancous fat
thickness; SBP, systolic blood pressure; DBP, diastolic blood pressure; AST, aspartate aminotransferase; ALT, alanine aminotransferase; y-GTR
gamma-glutamyltransferase; FBS, fasting blood sugar; FIR, fasting immunoreactive insulin; LpLmass, lipoprotein lipase mass; TG, triglyceride;
TC, total chalesterol; HDL-C, high density lipoprotein cholesterol; UA, uric acid; hs-CRP, high sensitivity C-reactive protein.

in Table 6. We compared the differences among hepa-
torenal echo contrast positivity with or without vis-
ceral far accumulation and hepatorenal echo contrast
negativity in Table 7. Difference among the three
groups were compared by one-way analysis of variance
(ANOVA) with Tukey-type multiple comparison.
P-values less than 0.05 were considered significant.
Boys with hepatorenal echo contrast positivity with
visceral adiposity showed significantly higher values
for waist circumference, waist to height ratio, PFT,
SFT, high systolic pressure, y-GTD, FIR], and leptin
levels, and lower values for LpL mass, HDL-C and
adiponectin.

Discussion

Although the participants were enrolled from
three different schools, there were no significant dif-
ferences in BMI or the ratio of obesity between the

participants and the entire student body, all of whom
were measured (data not shown).

The anthropometric data and blood cell counts
were within the normal limits by sex, and blood
chemistry showed that, but AST, ALT, y-GTP, FBS,
total cholesterol, and uric acid levels were signifi-
cantly higher in boys. On the other hand, preheparin
LpL mass and HDL-C levels were significantly higher
in girls. LpL hydrolyzes dietary and endogenous tri-
glycerides, which are synthesized mainly in adipose
and muscle tissue'® 'V, LpL. is mainly active on vascu-
lar cell surfaces and sensitive immunoassay systems
have demonstrated that the presence of LpL in serum
(preheparin mass) reflects LpL production. Several
studies have reported that the serum preheparin LpL
mass is decreased in visceral adiposity'>'? and is posi-
tively correlated with HDL-C levels and negatively
correlated with triglyceride levels. In this study, the
average preheparin LpL mass was 79.7 ng/mL in boys
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Table 7. Comparison of boys with hepatorenal contrast positivity with and without visceral fat accumulation versus boys negative

for hepatorenal contrast

Hepartorenal contrast (+)

Hepatorenal contrast {(+)

Hepatorenal contrast (=)

B with visceral without visceral without visceral ANOVA
oys fat accumulation far accumulation fat accumulation (Takeymethod,
<0.05)
) (B) © ?
N 5 27 161
BMI (kg/m?) 29.6+28.7 22.2%3.91 20.7£2.45 A-B,A-C,B-C
WC (cm) 95.8+5.68 74.7£9.47 71.7 %543 A-B, A-C, B-C
WC/BH ratio 0.57%0.04 0.42%0.10 0.41+0.04 A-B, A-C
PFT (mm) 11.4%2.63 3.94%£2.22 4.02x2.71 A-B, A-C
SFT (mm) 12.9+5.08 5.52+3.28 4.79%2.80 A-B, A-C
SBP (mmHg) 139.0+17.1 119.2+11.4 118.7+8.90 A-B, A-C
DBP (mmHg) 68.2%£9.03 64.5%10.1 64.6+8.99
AST (1U/L) 35.8x20.3 313%329 26.1x21.1
ALT (1UM) 66.8+44.4 25.8%33.7 17.1211.1 A-B, A-C
y-GTP (TU/L) 38.8x14.9 18.6%£9.19 17.6%6.36 A-B, A-C
FBS (mg/dL) 91.4+9.58 88.8+5.94 87.0£6.27
FIRI (21U/ml) 11.6£2.70 6.45+2.80 5.60%2.79 A-B, A-C
LpL mass (ng/mL) 60.9+16.2 89.3+20.3 78.2%x19.4 A-B, A-C
TG (mg/dL) 72.4%35.9 50.2%30.4 51.3%26.1
TC (mg/dL) 182.0=13.6 152.4+253 160.9£26.3
HDL-C (mg/dL) 48.227.66 63.4%x12.0 60.9+10.8 A-B, A-C
UA (mg/dL) 6.84£0.78 6.06£1.06 6.1220.94
Adiponectin (pg/mL) 6.60:0.98 11.8+6.04 11.2+3.98 A-B, A-C
Leptin (ng/mL) 9.78%3.62 2.34%2.10 1.73+1.34 A-B, A-C
Ghrelin (fmol/mL) 28.6%16.6 51.6+45.0 56.0x45.5
Resistin (ng/mlL) 3.74%2.15 445221 443213
hsCRP (ng/mL) 544.4 4451 518.2+849.7 305.7+1,013

Abbreviations: BMI, body mass index; WC, waist circamference; WC/BH ratio, waist circumference divided by body height; SFT, subcutaneous fat
thickness; SBD, systolic blood pressure; DBE, diastolic blood pressure; AST, aspartate aminotransferase; ALT, alanine aminotransferase; y-GTE gam
ma-glutamyltransferase; FBS, fasting blood sugar; FIRI, fasting immunoreactive insulin; LpLmass, lipoprotein lipase mass; TG, triglyceride; TC,
total cholesterol; HDL-C, high density lipoprotein cholesterol; UA, uric acid; hs-CRP high sensitivity C-reactive protein.

and 90.4 ng/mL in girls, which were above the stan-
dard range for adults (40-70 ng/mL) and the level in
girls was significantly higher than in boys (p<0.0001).
This was consistent with an earlier study showing that
women had higher LpL levels than men'?.

With regard to adipocytokines, the levels of adi-
ponectin, leptin and resistin tended to be higher in
girls. Adiponectin is secreted from adipose tissue and
is abundantly present in the human plasma. Levels of
adiponectin are generally higher in women than in
‘men and are inversely correlated with BMI'®. Adipo-
nectin is also known as a modulator of the endothelial
inflammatory response and is associated with coronary
heart disease'®. Our finding that the plasma adipo-
nectin concentration was higher in girls than boys is
physiologically relevant.

Leptin is another adipocyte-derived hormone
that affects appetite and energy expenditure'”. In obe-

sity, the plasma leptin concentration is elevated and its
production depends on the amount of adipose tis-
sue'®. In general, the plasma leptin level is higher in
women than in men'® and here we found that it was
higher in girls than in boys.

Resistin is also an adipocyte-secreted hormone
that is known to promote insulin resistance by inhibit-
ing glucose uptake in muscle and adipose tissue. Serum
concentrations of resistin are correlated positively with
BMI and the waist to hip ratio in humans®”; however,
in our study, girls showed higher levels of serum resis-
tin and insulin than boys, despite higher levels of
adiponectin and leptin, which contradict each other.
Recent studies have been made to understand the
divergence in characteristics between murine resistin
and human resistin?”, and further studies are clearly

needed.
We also determined the levels of desacyl-ghrelin
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