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MUFAs and n-6 PUFAs and a decrease in n-3 PUFAs
over a 3-year period. The difference between the firse
and second phases of the study might be explained, in
part, by changes in dictary fatty acid composition;
however, endogenous fatty acid metabolism, which is
modulated by desaturase activities, might be an
important determinant of the plasma fatty acid com-
position of plasma phospholipids'“. Furthermore, our
findings of the 3-year changes in D5D and D6D indi-
ces suggest that they might also be determined by
body fatness and insulin resistance. Farlier, a longitu-
dinal study of phospholipid fatty acid composition in
German children demonstrated that n-3 and n-6
PUFAs were higher and the contents of saturated far
and MUFA were lower when they were 5 years old
than when they were 2 years old, and the AA (20:4n-
6)/LLA (18:2n-6) ratio showed no change in 3 years,
although the dietary intake of fatty acid composition
changed. It was also suggested that the metabolism of
individual endogenous fatty acids, rather than dietary
fatty acid composition, d(tf:rmlned the longitudinal
chmges in plasma facty acid profile'®.

The SCD, D5D and D6D indices are regulated
by diet and hormones, which affect insulin sensitiv-
iy?. In our longitudinal study, we found sexual
dimorphism in the relationship between changes in
the D6D and D5D indices and changes in body fat-
ness. Increased D6D index and decreased D5D index
were associated with increased RW- only in boys,
whereas sexual dimorphism was not detected in asso-
ciation with changes in WHtR. During puberty, the
change in body composition is markedly different
between boys and girls*?. The fat percentage decreases
in boys and increases in girls; thus, increasing RW in
pubertal girls does not always indicate a trend toward
obesity. On the other hand, the percentage of abdomi-
nal fat;. both visceral and subcutaneous, does not
change with age in cither boys or girls*; therefore, an
increase in WHIR suggests a trend toward obesxty in
both sexes. The sexual dimorphism of the association
between changes in the D6D and D5D indices and
changes in body fatness could be explained by sex-spe-
cific pubertal changes in body composition.

Another novel finding of this study was that
changes in the D6D and D5D indices were associated
with changes in HOMA-R in girls but not in boys.
During puberty, children develop transienc insulin
resistance in response to physiological changes, result-
ing in a decrease in peripheral insulin sensitivity and a
compensatory increase in insulin secretion®”. The main
determinants of insulin sensitivity durmg this period
are total body fat and central body fat in girls and
total body fat and lean mass in boys®. The associa-

tion between changes in the D6D and D5D indices
and changes in HOMA-R in our study might reflect
the influence of physiological insulin resistance during
this period.

SCD plays a crucial role in the development of
obesity and insulin resistance in animal models*®. In
some human studies, an elevated SCD index in
plasma® and adipose tissue®® reflects higher levels of
adiposity, TG levels and insulin resistance. In this
study, however, changes in the SCD16 index were not
associated with changes in RW, WHtR or HOMA-R
in either sex, and the change in the SCDI18 index in
boys was negatively associated with changes in RW
and WHtR. Tt was difficult to interpret these findings;
however, Warensj ez al.' also found that the SCD18
index obtained from the fatty acid composition of
plasma phospholipids was correlated negatively with
body mass index, which was compatible with our find-
ings in boys at baseline. This might well be because
other lipid fractions are appropriate for estimation of
the SCD index via product/precursor ratios®.

The present study was not designed to evaluate
dietary intake, hormonal changes or pubertal stages,
which are key factors of changes in body fatness and
insulin resistance during early puberty; therefore, the
influence of pubertal change on fatty acid composi-
tion and desaturase indices could not be evaluated.
However, our results demonstrated that the associa-
tion between the D6D and D5D indices and body
fatness might be modified by sex, suggesting thac the
determinants of longitudinal changes in DGD and
D5D indices are different between boys and girls. Fur-
ther studies are needed to investigate the interaction
between the desaturase indices and the changes in
growth and sex hormones.

In conclusion, the fatty acid composition of
plasma phospholipids in obese children showed an
increase in DGLA (20:3n-6), an increase in the D6D
index and a decrease in the DSD index. This longitu-
dinal study demonstrated that the D6D and D5D
indices and DGLA (20:3n-6) tracked strongly, and the
3-year changes in both desaturase indices and DGLA
(20:3n-6) were associated with the change in WHtR;
therefore, obesity, especially abdominal adiposity, is a
determinant of the fatty acid composition of plasma
phospholipids and its longitudinal changes during
puberty.
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Significant associations between hemostatic/fibrinolytic
systems and accumulation of cardiovascular risk factors in
Japanese elementary schoolchildren

Lisheng Lin?, Hitoshi Horigome®, Yoshiaki Kato® Toshihiro Kikuchi®,

Satoko Nakahara® and Ryo Sumazaki®

The aim of this study was to establish the reference values
of hemostatic/fibrinolytic markers and investigate their
relationship with physical constitution and cardiovascular
risk factors in a normal schoolchildren population. This
study comprised 148 healthy Japanese children aged
9-10 years (males 73; females 75). We performed
laboratory tests including blood levels of leptin, high-
sensitive C-reactive protein (hs-CRP), hemostatic and
fibrinolytic markers [plasminogen activator inhibitor 1
(PAI-1), coagulation factor VIl (FVIl), coagulation factor X
(FX), fibrinogen (Fbg), protein C, protein S], as well as
common biochemical markers in the morning after an
overnight fast. We investigated the mean, 10th, 50th and
90th percentile values of these markers. All parameters
were compared between two groups, that is those with body
mass index (BMI) 90th percentile or higher and BMI less
than 90th percentile, and between subgroups based on the
number of cardiovascular risk factors. Multiple-linear
regression was used to assess associations between these
hematological parameters and the components related to
metabolic syndrome (MetS). Alanine aminotransferase
(ALY), uric acid, leptin, hs-CRP, and all hemostatic/
fibrinolytic markers (PAl-1, FVII, FX, Fbg, protein C, protein
S) tested were significantly higher in the group with BMI

Introduction

Cardiovascular disease (CVD) is the main cause of death
worldwide, and is known to have close relationships with
metabolic syndrome (MetS), whose incidence is increas-
ing following an increase in the obese population [1].
MetS is defined as a constellation of clinical features
including central obesity, lipid abnormality, high blood
pressure, and insulin resistance. Each component is con-
sidered to be an independent cardiovascular risk factor,
and the sum of them increases the risk synergistically
[2,3]. Though the mechanisms of the complex pathways
that form MetS have not yet been completely elucidated,
existence of these cardiovascular risk factors in childhood
is believed to contribute to arteriosclerotic changes, lead-
ing to cardiovascular events in adulthood [4]. Besides the
traditional risk factors noted above, a number of studies of
adules have demonstrated that a hypercoagulate/hypo-
fibrinolytic state, variation in adipokines, chronic inflam-
mations, endothelial dysfunctio and hyperuricemia are
also related to MetS or CVD. Laboratory markers that

0957-5235 Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

90th percentile or higher, and increased with accumulation
of cardiovascular risk factors. Multiple-linear regression
analysis showed that these values were associated with
one or more components related to MetS. Reference values
of hemostatic/fibrinolytic markers in Japanese
schoolchildren were obtained. Many hemostatic/fibrinolytic
markers showed significant association with BMI and
accumulation of cardiovascular risk factors in normal
Japanese schoolchildren. Blood Coagul Fibrinolysis 26:75-
80 © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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reflect these conditions may be sensitive indexes for
detecting progression to MetS [S—-8].

Recent studies in children demonstrated a close relation-
ship between fibrinogen (Fbg), tissue-type plasminogen
activator (tPA), plasminogen activator inhibitor 1 (PAI-1)
and obesity [9,10]. These results suggest the presence of
a prothrombotic state in obese children at an early age.
Meanwhile, the relationship of hemostatic/fibrinolytic
systems and cardiovascular risk factors in childhood
and the underlying pathophysiological mechanism for
the further CVD remain elusive [11].

Although various works have already been done with
respect to hemostatic/fibrinolytic alterations in child-
hood, most of these studies focused on overweighe chil-
dren and their comparision with nonobese or normal
control subjects. Few studies have been conducted with
a normal pediatric population. Furthermore, there are few
standard values of hemostatic/fibrinolytic markers
obtained after strict overnight fasting from a normal child

DOI:10.1097/MBC.0000000000000187
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population. Our previous study provides standard values
of hemostatic/fibrinolytic markers in Japanese preschool-
children, and showed that hemostatic/fibrinolytic or
adipose tissue-related variables are associated with the
components of MetS from an early age [12].

In this study, we investigated the standard values of
hemostatic/fibrinolytic markers, and their relationships
with physical constitution and cardiovascular risk factors
in healthy elementary schoolchildren in Japan.

Methods

Participants

The study comprised 148 children, (the fourth grade,
aged 9-10 years; males 73, females 75), from a public
elementary school in Joso city, Ibaraki prefecture, Japan.
"T'hese subjects are recognized as representative of the
general population of the fourth graders. Children with
illness on examination including common cold or a
history of significant disease were excluded from the
study. The Ethics Committee of Human Research of
the University of Tsukuba Hospital approved the study
protocol in advance. In addition, before the commence-
ment of the study, parents of the participants attended an
instruction lecture about the importance of prevention of
MetS from childhood. Written informed consent was
subsequently obtained from each parent.

Anthropometric and biometric assessment

Heightand weight were measured using standard methods
(I"I'M-HV; Tsutsumi Co, Kyoto, and DC-320; Tanita Co,
T'okyo, Japan), and the BMI was calculated as weight in
kilograms divided by height in meters squared. Blood
pressure was measured three times using an automated
oscillatory system (TM-2571; A&D Co, T'okyo, Japan),
after the participants had rested for at least 10min in a
seated position; the reported values represent the average
of the second and third measurements.

Blood sampling and laboratory analyses

Blood samples were collected from the antecubital vein
in the morning (between 0900 and 1030h) after an
overnight fast (except for water) and after a rest of at
least 15 min immediately before sampling. Parents were
required to restrict their children from taking meals or
any sugar-containing liquids overnight. Children who
consumed food before blood sampling were excluded
from the study. The sample was drawn into three poly-
propylene tubes: one for serum collection to measure
biochemical parameters and adipokines; one containing
fluorescein Na, ED'T'A 2Na and heparin Na to measure
fasting plasma glucose; one containing 1/10 volume of
3.13% sodium citrate to measure the hemostatic/fibrino-
lytic parameters, The parameters measured in this study
are listed in "I'able 1. The latter two tubes were centri-
fuged, with che resultant plasma samples frozen immedi-
ately and then stored at —20°C until assayed. The

Table 1 Measured variables

n  MeanxSD  Min-Max  10th 50th  go™
Height (cm) 148 1355+6.0 117.0-149.0 1274 1360 1428
Weight (kg) 148 33451792 200-~643 26.10 3126 4495
BMI &glm’) 148 18.08+3.33 13.81-31.89 1470 1728 2270
SBP (mmHg) 148 104.8+10.1 79-126 810 1080 1171

DBP {(mmHg) 148 556168 31-70 47.0 56.0 €65.0

Waist (cm) 148 628495 49,0-94.0 654.2 59.3 75.2

W/H 148 0.46+006 0.38-0.68 0.40 0.44 0.54

Total cholesterol 148 180.0+271 118-282 1469 1780 2162
{mg/d))

HDL-C (mg/dl) 148 64.8+13.1 35-105 48.0 62.0 84.0

LDL-C (mg/di} 148 1065+ 24.9 67-201 7.8 101.0 1400
Triglyceride 147 66.8+41.0 19-230 28.6 63.0 126.2
{mg/d)
FPG (mg/dl) 148 939163 76-109 85.9 840 102.1
nsulin (WiU/ml) 144 7.81+6.46 0.3-49.3 2.27 6.27 15.70
HOMA-IR 144 18311561 0.06-11.44 0.51 140 3.86
ALT (lun) 148 17.91+18.9 7-179 9.0 13.0 271
Uric acid (mg/dl) 148 4.441+0.80 23-73 3.29 4.40 5.60
Ln hs-CRP 145 5.51+138 391-10.06 3.91 531 7.62
Leptin {ng/mi) 146 6.041:-5.64 0.8-284 1.50 420 1348
PAL-1 {ng/ml) 145 26.7+16.5 10-87 11.0 220 46.4

Fbg (mg/d) 145 23691474 122-393 1816 2270 2976
FVil (%) 145 936+11.7 69-125 780 940 1084
FX (4%) 145 9341119 60-127 766 940 1084
Protein C (%) 145 9461170 62-186 740 940 1160
Protein S (%) 145 94.71+14.0 67-137 750 950 1134

ALT, alanine aminotransferase; Fbg, fibrinogen; FPG, fasting plasma glucose; FVil,
factor VII; FX, factor X; HDL-C, high-density lipoprotein cholesterol; HOMA-IR,
homeostasis model assassment of insulin resistance; hs-CRP, high-sensitivity
C-reactive protein; LDL-C, low-density lipoprotein cholesterol; In, logarithms
nature; PAI-1, plasminogen activator inhibitor 1; W/H, waist/height. Data are
mean +standard deviation (SD), minimum {(Min), maximum (Max), 10th, 50th,
90th percentiles.

homeostasis model assessment of insulin resistance
(HOMA-IR) represented the product of fasting plasma
glucose (FPG) (mg/dl) and insulin (pIU/ml) levels
divided by a constant value of 405. Alanine aminotrans-
ferase (AL'T), uric acid, triglyceride, total cholesterol,
high-density lipoprotein cholesterol (HDL-C), low-
density lipoprotein cholesterol (LDL-C), Fbg, insulin,
high-sensitivity C-reactive protein (hs-CRP) and FPG
were measured by standard automated methods using
the appropriate devices (JEOL, Sysmex, Mitsubishi
Chemical Medience, Fujirebil, and Siemens Healthcare
Diagnostics, Japan). Leptin was measured by radio-
immunoassay (RIA; Aloka, Japan). Coagulation factor
VII (FVII) and coagulation factor X (IFX) were measured
by clotting time methods. Protein C antigen, free protein
S antigen and PAI-1 in a complex with tissue plasmino-
gen activator 1 were assayed by latex photometric immu-
noassay (Mitsubishi Chemical Medience and JEOL).

Statistics

All continuous variables were expressed as meanz:
standard deviation, with the 10th, 50th and 90th percen-
tile values calculated for each parameter. Logarithms of
the values were also calculated for hs-CRP (In hs-CRP).
‘I'he number of data differed slightly for parameters
(maximum 148 and minimum 144, see T'able 1) because
the specimen volume was insufficient to allow all
measurements in some children who needed to be

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

—243—



resampled but refused. The study cohort was divided into
two groups: those with 90th percentile or higher values of
BMI, those with less than 90th percentile values of BMI.
Each continuous variable was compared between the two
groups using Student’s / test. Participants were then
assigned to subgroups based on the number of the
following traditional cardiovascular risk factors: waist
75cm or greater, and/or waist/height 0.5cm or greater;
triglyceride 120 mg/d! or higher and/or HDL-C 40 mg/dl
or less; SBP 125 mmHg or higher and/or DBP 75 mmHg
or higher; plasma glucose level 100 mg/dl or higher.
These are used as the diagnostic criteria for pediatric
MetS in Japan [13]. The number of each subgroup are
described in the Results section and Tables 2 and 3. The
hematological parameters, including AL'T, uric acid, In
hs-CRP, leptin and hemostatic/fibrinolytic markers that
were tested were compared between the subgroups using
analysis of variance (ANOVA) followed by Bonferroni
multiple comparisons. The relationships between the
hematological parameters, including hemostatic/fibrino-
lytic systems and adipokines, and the components related
to MetS were tested by the simple linear regression
model, and significant variables were then subjected to
stepwise linear regression analysis to identify indepen-
dent predictors of MetS. A P value less than 0.05 was
considered statistically significant.

Resuits

Every fourth grade child, except 20 children who did not
approve participation in the study or the ones who fitted
the exclusion criteria, was recruited. T'able 1 details the
anthropometric, biometric and hematological data for all
participants. There were no sex differences in anthropo-
metric and biometric data. Analysis of various parameters
between children wich BMI 90th percentile or higher
(#=14) and those with BMI less than 90th percentile

Hemostasis and cardiovascular risk factor in children Lin et al. 77

(7= 134) was showed in Table 2. Children with BMI
90th percentile or higher demonstrated significantly
higher levels of HDL-C, LDL-C, triglyceride, insulin,
HOMA-IR, AL'T, uric acid, In hs-CRP, leptin, PAI-1,
Fbg, FVII, FX, protcin C and protein S compared with
those with BMI less than 90th percentile.

Considering all participants, 0, 1, 2 and 3 rtraditional
cardiovascular risk factor accumulations were observed
in 86 (58.1%), 42 (28.4%), 18 (12.2%) and 2 (1.3%) cases,
respectively. AL'T, uric acid, In hs-CRP, leptin, PAI-1,
Fbg, FVII, FX, protein C and protein S were increased
significantly with the number of cardiovascular risk
factors accumulated (Fig. 1, Table 3). Stepwise
regression analysis revealed that ALT, uric acid, In
hs-CRP, leptin, PAl-1, Fbg, FVII, FX, protein C and
protein S were independently associated with one or
more components related to MetS (Table 4).

Discussion
"T'he physical measurement in this study group showed no
significant difference from the national survey in Japan in
2008 [14], indicating that this study population was a
standard one.

The hemostatic/fibrinolytic values that we obtained in
this study showed some difference from previous studies
[15,16]. Differences in the race of the subjects or labora-
tory procedures may provide the explanation for the
different results. In addition, we conducted the investi-
gation at a predetermined time with strict overnight
fasting, in a population that has a normal distribution
of physical constitution. Details of these conditions were
not clearly mentioned in the previous works. Hemostatic/
fibrinolytic variables are related to physical constitution
[9,10], and fibrinolytic activity reduced in the morning
because of the circadian alteration of PAI-1, a key

Table 2 Variables In children with BMI 290th percentile and those with BMI <80th percentile

BMI <90th percentile (n=134) BMI >80th percentile {n=14) P value
SBP (mmHg) 104.3+10.1 109.8+9.4 0.051
DBP (mmHg) 55.4 £6.7 578+77 0.204
Total cholesterol (mg/dl) 176.4+£273 185.6 +24.6 0.421
HDL-C {mg/d}) 659+12.9 54.0+9.8 0.001
LOL-C {mg/d)) 104.93+23.8 122.0430,0 0.014
Triglyceride (mg/d) 62.4 +36.1 108.8 +59.9 0.013
FPG (mg/dl) 93.8+6.2 84.9+8.0 0.570
Insulin (iU/mI) 6.61+4.07 18.8954 12,10 <0.001
HOMA-IR 1.55+0.99 4.40+2.75 0.002
ALT (un) 148+9.0 47.7+464 0.020
Uric acid (mg/d)) 4.37 +0.86 5.12+0.97 0.003
Ln hs-CRP 5.35+1.30 7.06 +1.08 <0.001
Leptin {ng/ml) 4.73£3.57 18.41+6.68 <0.001
PAI-1 (ng/mi) 2461141 46.3+235 0.004
Fbg (mg/di) 231.24£43.4 280.6 +51.1 <0.001
FVII {9b) 923+11.1 1056+11.3 <0.001
FX (%) 92.0+10.9 1066+ 12.6 <0,001
Protein C () 936+17.1 1035+ 13.7 0.039
Protein S (%) 93.74+ 133 1035+ 173 0.012

ALT, alanine aminotransferase; DBP, diastalic blood pressure; Fbg, fibrinogen; FPG, fasting plasma glucose; FVII, factor VIi; FX, factor X; HDL-C, high-density lipoprotein
cholesterol; HOMA-IR, homeostasis mode! assessment of insulin resistance; hs-CRP, high-sensitivity C-reactive protein; LDL-C, low-density lipoprotein cholesterol; In,
logarithms nature; PAI-1, plasminogen activator inhibitor 1; SBP, systolic blood pressure. Data are mean + standard deviation (SD).
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Table 3 Various parameters among children classified on the basis of the number of cardiovascular risk factors (0, 1, >2)

Number of cardiovascular risk factors

0 (n=86) 1(n=42) >2 {n=20)
ALT (U 131440 19.6+26.4 35.5+27.31¢
Uric acid (mg/di) 4.33+086 4.46+ 091 4.92 4 0.92*
Ln hs-CRP 5174130 570 + 1.43" 6.37 +1.06%
Leptin {ng/ml) 3524232 7.74 4 6.46! 13.24+6.50"
PAI-1 {ng/mi) 21.3+10.2 29.4+17.0* 443+£228%
Fbg (mg/dl) 226.4 +44.2 249.1 + 44.3* 257.4 +55.6*
FVil (%) 89.2+104 97.8+ 10,0 1041+ 11,0
FX (%) 90.1+11.1 95.1+10.8 104.4 +9.74
Protein C (%) 90.3+16.7 98.1 + 15.8" 106.0+14.4
Protein S (%) 9194124 96,5+ 14.5 103.0+16.1

ALT, alanine aminotransferase; Fbg, fibrinogen; FVII, factor VII; FX, factor X; hs-CRP, high-sensitivity C-reactive protein; In, logarithms nature; PAI-1, plasminogen activator
inhibitor 1. Data are mean + standard deviation {SD). Parameters that showed statistically significant differences within the subgroup that have O cardiovascular risk factors
are expressed as follows: *P < 0.05, tP < 0.01, *P< 0.001. Parameters that showed statistically significant differences within the subgroup that have 1 CV risk factors are

expressed as follows: SP< 0.05, *P<0.01, “P < 0.001.

circulating prothrombotic factor [17]. Our data therefore
should provide an accuate and valuable reference guide
for hemostatic/fibrinolytic parameters in schoolchildren.

Hemostatic and fibrinolytic disturbances are considered
to have close relationships with MetS, and are important
risk factors for cardiovascular disease in adults [18,19].
Investigation in obese children also demonstrated hyper-
coagulabable and hypofibrinolytic status in pediatric
obesity [20,21]. Meanwhile, the direct relationship
between the hemostatic/fibrinolytic system and
traditional cardiovascular risk factors besides obesity, or
MetS in childhood is still controversial. Fritsch ¢ /. [9]
reported that parameters of the hemostatic system relate
to the degree of overweight, but found no significant
relationship with insulin resistance or occurrence of MetS
in children. Physical activity-based interventions in
obese children showed decrease in the levels of Fbg
along with weight reduction and improvement of insulin
resistance, but the effects on PAI-1 and the fibrinolytic
system varied [10,22,23].

In this study, we demonstrated the association between
hemostatic/fibrinolytic parameters and the components

Fig. 1

of MetS. Children with higher BMI and who had accu-
mulated cardiovascular risk factors showed a tendency to
hypercoagulability indicated by increased blood level of
Fbg, FVII and FX, as well as a hypofibrinolytic state
indicated by increased PAI-1 levels. Our results sup-
ported previous investigations substantially, and further-
more demonstrated that these unfavorable changes may
exist even in a normal-child population.

Our study was a population-based study, unlike the
various clinical-based observations that have been done
previously in which the potential subject characteristics
may be different. Recruiting subjects based only on their
level of obesity may possibly lead to overestimation of the
relationship between obesity and hemostatic/fibrinolytic
status, downplaying the influence of other factors such as
insulin resistance or dyslipidemia, which may complicate
matters. In this study, we focused on the relationship
between the levels of hemostatic/fibrinolytic parameters
and accumulation of traditional cardiovascular risk fac-
tors. It is important because the sum of them increases
the cardiovascular risk synergistically [2,3]. Our results
showed that not only obesity, but also accumulation of

300 P<0.05

Fibrinogen (mg/dl)

1] 1 22
Number of risk factors

8

NUS———

£ <0001
<

PAI-1 {ng/ml)
8 8 8 8

s
=3
i

(=~

0 1 22
Number of risk factors

Each bar shows the mean value and standard deviation (SD) of the mean. PAI-1, plasminogen activator inhibitor 1
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Table 4 Association between the variables and the components
related to MetS

Dependent Independent B (Standard T P
variable variable errar} value
ALT BM! 2.388 (0.460) 5.188 <0.001
Triglyceride 0.088 (0.087) 2.383 0.0185
Uric acid BMI 0.088 (0.021) 4,176 <0.001
DBP 0.022 (0.010) 2.189 0.0318
Ln hs-CRP BMI 0.176 {0.031) 5.665 <0.001
Leptin BMI 1.221 (0.088) 13.868 <0.001
tnsulin 0.198 (0.045) 4.357 <0.001
PAI-1 BMI 1.962 (0.379) 5171 <0.001
FPG 0.529 (0.180) 2.937 0.0039
Triglyceride 0.070 (0.031) 2.276 0.0244
Fbg BMI 5.110 (1.112) 4.597 <0.001
Fvil BMI 1.206 (0.289) 4.170 <0.001
FPG 0.359 (0.137) 2.609 0.0101
Triglyceride 0.048 (0.023) 2,041 0.0432
FX BMI 1.481 (0.269) 65156 <0.001
Protein C Triglyceride 0.120 (0.033) 3.667 <0.001
Protein S BMmI 1.097 (0.339) 3.230 0.0015

ALT, alanine aminotransferase; DBP, diastolic blood pressure; Fbg, fibrinogen;
FPG, fasting plasma glucose; FVII, factor Vii; FX, factor X; hs-CRP, high-sensitivity
C-reactive protsin; In, logarithms nature; MetS, metabolic syndrome; PAI-1,
plasminogen activator inhibitor 1.

cardiovascular risk factors may significantly affect the
levels of hemostatic/fibrinolytic parameters since child-
hood.

Elevated protein C and protein S levels in children with
higher BMI and accumulated cardiovascular risk factors
were also observed in this study, as in previous studies on
obese adults [24]. Protein C is an anticoagulant cnzyme
activated by the thrombin-thrombomodulin complex on
the surface of endothelial cells. It inactivates FV and
FVIII when its cofactor, protein S, is present. The
mechanism by which proteins C and S are elevated in
obese subjects is not yet exactly clear. In obese subjects,
enhanced hepatic protein synthesis [25], and a protective
response toward increasing thrombin generation states
[26], plus increased glucosylceramide, (a modulator of the
anticoagulant protein C pathway) [27,28] may explain it.
Our results showed that these interactions may already
cexist in childhood.

Imbalance of adipokines, hyperuricemia and chronic
inflammation are believed to be deeply associated with
obesity and the development of MetS [5,29-32]. In this
study, increased levels of leptin, uric acid and hs-CRP in
children with higher BMI and those with accumulated
cardiovascular risk factors were observed, confirming that
changes in adipokine levels, increased uric acid and the
inflammatory process already start during childhood, in
addition to the alteration of hemostatic/fibrinolytic status.

Compared with our previous investigation in normal
preschoolchildren [9]}, more parameters increased with
cardiovascular risk factor accumulation in elementary
schoolchildren. Differences in the results from the two
age groups may be because of difference in the duration
that the children were exposed to abnormal adipose
depots, difference in physical activities or diet pattern.

Hemostasis and cardiovascular risk factor in children Lin et al. 79

Meyer ¢ a/. [33] reported impaired flow-mediated vaso-
dilation and intima—media thickness of carotid arteries in
obese children, and their association with increased levels
of Fbg and C-reactive protein, suggesting the existence
of endothelial dysfunction and arteriosclerotic changes in
the early stages of life. Our results thus lend support to
the notion that changes in hemostatic/fibrinolytic systems
may be associated with the development of MetS and
arteriosclerotic changes in childhood.

Study limitations

In this study, the number of participants analyzed was
relatively small for providing normative values of hemo-
static/fibrinolytic parameters, though the distribution of
anthropometric measurements was considered similar to
a standard one. As a large pediatric population-based
study is not easy to conduct, our data should be useful.

Lifestyle factors such as dieting pattern or exercise beha-
vior, which could have impacts on the hemostatic/fibri-
nolytic systems [22], were not measured in this study.
Likewise, details of individual T'anner stage were not
available in this study. However, the age of this study
group is lower compared with the average age of puberty
onset in Japanese boys and girls.

Finally, this cross-sectional study is not able to draw
conclusions. T'herefore, further longitudinal studies are
needed to confirm how the alterations in those parameters
that we have reported here could be implicated in later-life
development of CVDs.

Conclusions

The present study established the reference values of
hemastatic/fibrinolytic parameters for schoolchildren.
Even in normal pediatric population, hemostatic/fibrino-
lytic parameters showed significant association with BMI
and accumulation of cardiovascular risk factors. This
study should provide useful data for further longitudinal
observation or intervention studies to clarify the relation-
ship between the alteration of hemostatic/fibrinolytic
systems and later-life CVDs.
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Current Status and Strategies for Obesity and Metabolic Syndrome in Children and Adolescents

Masao Yoshinaga
Department of Pediatrics, National Hospital Organization, Kagoshima Medical Center, Kagoshima, Japan

A new concept and definition for metabolic syndrome pronounced in 2005 in Japan elucidated the importance of abdominal
obesity and insulin resistance. Until then, treatment and research for obesity might be a minor and an unsolved field in both
internal medicine and pediatrics. Especially in pediatrics, we were educated and we also sent messages based on personal
experience and/or information because of the paucity of evidence. Are the following messages true for recent Japanese
children and adolescents?

1. Childhood and adolescent obesity has been increasing.

2. Childhood obesity will disappear after entering school.

3. Do not worry about mild obesity.

4. Childhood obesity is mainly associated with maternal obesity.

5. There is no concern about metabolic syndrome in pediatrics.

6. It is difficult to treat obesity in both the adult and pediatric population.
The author presents the current status and strategies for obesity and metabolic syndrome based on the recently obtained
evidences in pediatric population.
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Fig. 1 Cross-sectional changes in the prevalence of obesity.

(Figure 1 in this review was rearranged from the figure in the paper now in submission®. Then, originality is present in the paper

in submission®)

The prevalence of obesity was highest in the late 1990s and early 2000s in both males (A) and females (B).
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Fig.2 Longitudinal changes in the prevalence of obesity in the 5-year interval birth cohorts at each year of age in males (A) and

females (B).

(Figure 2 in this review was rearranged from the figure in the paper now in submission®. Then, originality is present in the paper

in submission™)

The 1990 birth cohort had the highest prevalence of obesity between ages of 9 and 17 years.
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Fig. 3 Prevalence of obesity {relative body weight (RBW) 220%)} (A) and that of severe obesity (RBW =50%) (B) in males and

females.

(Figure 3 in this review was rearranged from the figure in the paper now in submission™. Then, originality is present in the paper

in submission™)
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Fig.4 Changes in HOMA-IR levels among normal and obese boys (A) and girls (C) and those among adult males (B) and females (D).
(The figures a and ¢ were rearranged from those in the reference 8)
The HOMA-IR levels in mild obese boys and girls (RBW; 20-30%) (between 6 and 12 years of age) correspond to those of
obese Japanese adults (BMI; 25-30) (between 30 and 60 years of age). Importantly, the HOMA-IR levels in moderate obese
girls (RBW; 40% to 50%) correspond to those of obese Japanese adults (BMI =30) who fulfilled the international criteria of

obesity.
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Table 1 Risk of presence of adolescent obesity associated with parental obesity.

Males Females
OR (95% CI) p-value OR (95% ClI) p-value
Paternal obesity 2.47 (1.28, 4.77) 0.007 1.09 (0.44, 2.70) 0.86
Maternal obesity 1.74 (0.71, 4.26) 0.23 3.00 (1.13, 8.00) 0.03
Combined parental obesity 6.36 (1.86, 21.8) 0.003 2.72 (0.56, 13.2) 0.21

Parental obesity was defined as a BMI x25kg/m?, based on the recommendation by The Examination
Committee of Criteria for Obesity Disease for the Japanese adult population'”. Therefore, adolescent
obesity in the present study was defined using age- and sex-specific International Obesity Task Force
standard corresponding to BMI cutoffs of 25 kg/m® at age 18 years'?.

Abbreviation; CI: confidence interval, OR: odds ratio.
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A. Systolic blood pressure
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Fig.5 Association between the total number of cardiovascular risk factors and the levels of systolic
blood pressure (A), triglycerides (B), leptin (C), and adiponectin (D). Each bar shows the mean
and the standard error of the mean. Statistical analysis was carried out by Tukey’s multiple
comparison, and p values were shown when the value was significant between any two
successive groups.
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DR WAY, N HTY, T BT

R B N EE Y, SMITIEIAY, TSR R

Evaluation of Non-fasting Serum Triglyceride and Low-density Lipoprotein
Cholesterol Levels in Children
Ayumi Miyazaki", Ayako Oguri”, Fukiko Ichida”

V' Department of Pediatrics, Shakailioken Takaoka Hospital, Toyama, Japan, “Takaoka Medical Association, Toyama, Japan,
Y Department of Pediatrics, Faculty of Medicine, Toyama University, Toyama, Japan

Background: Recently, hypeftliglyceridernia especially in the non-fasting state, has been recognized as one-of the most
important dthero«.clemnc risk factors, in addition to hypercho]eslerolemna, in adults. The purpose of this study was to
evaluate the usefulness of measuring non-fasting triglyceride 1evels and low-density hpopmtem cholesterol levels in
scl Oo]chlldr(,n
Sub,]ects and Methods: The sub)e«:tﬁ wcre 2,961 fouth and seventh grade schoolchildren in Takaoka City. They received
 the screening for preventing life-style related disease in 2010. Along with anthropometm measurements, blood samples
obtained immediately after the school funch were tested for total cholesterol. high-density lipoprotein cholesterol (HDLC),
triglyceride (TG), and 1ow—den§1(y hpoprolem cholestero! (LDLC) levels. Some children were re-examined later during
tasting, and their data were compdred to those i in the non- fzu;tmg state.
Results: There were no dxfferences in the mean values of non—fastmu TG between children in either grade or between thc
different sexes. The 5()“‘ percenme levels were 86 1090 mg/dl which are 20 0 30 mOIdl higher than the fasting levels in the
nationwide rep()lts Non~fa§tm0'T tfrelated wxlh the values of body mass mdbx percenmge overwelght, atherosclerotic
index, non-HDLC ("TC-HDLC nd LDLC posmvely and with HDLC neaatxvely However, the subjects with high levels of
non-fasting TG did not always have hx 0h Ievels of ﬁmmg TG. Directly measured LDLC hlghiy correlated with non-HDLC
(r=098.p<0: ()0]) :
Conclusions: Non- fastmg TG levels are considered useful predictors of metabolic syndrome in schoolchildren. LDLC
levels can begesnmalzed ﬁom non—HDLC levels instead of measuring directly.

E B
BHE OTERATIE, Sa L AT VI ) 20) &) FiE (e ﬁfv‘“)#n’%"ﬁ:ﬁjjmﬁwuiﬁ*ﬁl T
P L'C-Jézgﬁfl ENTWAH, Lo TARIFETHE, AICBIF 2 RBO ) 7104 F(TG), BLULDL 2L A5 10—
;wumd%MﬁL,%mﬁmﬁ%wm 7. J
MEEFHRAGUL, P 22 AN TR T PGS % 2 L 2R IO 4 1 W fr,{: 2,961
$Ch D, KA, I 1 ~ 2 BIORINT, #7125 8- (TC), HDL I L A7 1 — L (HDLC),
TG, LU LDLC %l L. At G DR A REAT L 72, 8 51 B TR S R RICI L. frpR
Lokt iior, :
#*% féls;,éu&a)fzm TG * ’if%if AR, P4 B0, 50/8—t > ¥ A AL 86 ~ 90 me/dl ¢, 4lelfiqt

JM& Lh 20~ 30 mg,/d] SETCd - f. F/z ﬁfvz TG (& BMI, )%, ThRanq La*‘*s',& non-HDLC (TC-HDLC).

LDLC & T+ﬁ|2 HDLC LA % 28 72 0%, iz 4 L b Nljlii Bl Cld o, LDLC % non-
HDLC Lx bbf}f—w}'?é %m)&ﬁf (1 098, < < 0.001)..
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s B
w707 ¢ — b LORERIEHHOWE

o MUY RIS EEEEOT, TR
1100 me/dl {iifh & 2o o 7o, B EATK T - 72,
HNGE 2 8— L ¥ 4 VAT L (Table 2). Okada &

g% Table 11RF. MBI L AT O, HDLIL  O&FEF-FICL2 WO 106, B3REERT S
AT =)k, LDL I L AT T, is & ¥ non-HDL LI L AT O SEM L 22 Td - 7275, HDL
abAFu— e b L BT HEICIUEE R L L AT O U SN AR L, BT 5
Table 1 Characteristics and non-fasting serum lipid levels of the subjects
4" grade 7" grade mysf  4"vs 7"
males females ‘males females 4% 7™ mf
n 792 723 744 702
Height (cm) 136.5 = 5.8 136.4 + 6.4 156.4 + 76 153.7 + 5.8 wEE KRR REE
Weight (kg) 324 %73 31.3+6.3 457 £ 9.1 442 + 7.9 I
BMI (kg/m?) 173 + 2.9 18.7 + 2.4 18.6 + 2.9 187 £ 2.8 e Fokok sk
POW (%) 0.6 + 157 -0.5 + 139 0.7 + 149 -4.9 £ 142 HER w4 %
SBP {mmHg) 102 = 11 102 + 12 110 + 13 106 + 12 Rk kR kg
DBP {mmHg) 619 619 60 %9 62+9 #ok
TC (mg/dl) 171+ 26 172 = 24 159 = 24 168 + 25 wEE kEE ¥
HDLC (mg/dl) 67 + 13 65 + 13 83 + 12 65 = 12 wE R
non-HDLC (mg/dl) 104 + 25 107 + 22 97 £ 22 103 + 23 wak EEE %
Al 16+ 0.6 17 £ 0.5 16+ 05 17 £05 okt
TG (mg/dl) 100 = 50 101 = 48 98+ 50 97 + 44
LDLC (mg/di) 89 + 22 91 + 20 83+ 20 90 + 22 B oRek kkk
LDL/HDL 14+ 05 15 + 0:4 ‘1.:4 £05 14 £ 05

Values were presented as mean * standard de\nauon

#Differences between children in different sexes or in cither grade were e\mlualed using Tokey's test.

(p < 0.05, *¥p < 0.01, **%p < 0.001)

BMI: body mass index (weight / height’), POW percentage overweight, SBP: systolic blood pressure, DBP: diastolic blood
pressure, TC: total cholesterol, HDLC: high-density hpoprotem cholesterol non=HDLC: non-high-density lipoprotein cholesterol
(TC-HDLQC), AL atherosclerotic index [{TC-HDLC) / HDLC] TG: mwtyccrxde, LDLC: low-density lipoprotein cholesterol,

LDL/HDL: low-density lipoprotein/high-density lipoprotein choresterol

Table 2 Percentile values of serum lipid levels in the subjects

males ) females
T— 50" 75" ao" 95" 50" 75" 90" 95"
' (25" (10" (5" (25" (10" (89
Tc =~ 4"grade 168 187 203 214 170 187 202 216
(mg/dl)  7"grade 157 175 180 199 167 183 200 210
HDLC  4"grade 66  (57)  (50)  (47) 64  (56)  (50)  (48)
(mgidl)  7"grade 62 (54) (48) (44) 64 (57) (50) (47)
non-HDLC 4" grade 101 119 135 148 105 120 135 147
(mg/d)  7"grade 95 110 125 133 100 17 135 144
TG 4" grade 89 121 170 196 90 119 158 197
(mgfdl) - 7" grade 87 116 157 181 86 113 149 171
LDLC 4" grade 86 103 116 127 80 103 118 127
(mg/d)  7Mgrade 82 90 110 116 86 100 118 127

TC: total cholesterol, HDLC: htgh-denslty hpoprotem cholesterol, non~HDLC non'hwh-dens:ty lipoprotein

cholesterol (TC-HDLC), TG: triglyceride, LDLC: low-density lipoprotein cholesterol
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28— 2 & A WAL Okada & OPEH S 5 40 mg/dl X
DV 4s mg/l BEE e o7z LDL 2 L AT U — )b
AEFGS O GE S R T & v b o oL fitifal
AL, 95 /35—t 4 WAL HEYT 140 mg/dl L2
H 125 mg/dt BIE & e DD L~k o7z &
feMfE o fti b ) S0 ) Wik, ANa Bl oY)
S0 — A A MR B OB 89, 90, 87, 86
mg/dl Td b)), [T — ¥ BB OB O 61, 65,
61. 68 mg/dl & 20 ~ 30 me/dl DEL RO Tz i
M R 90 28— & A AL 170, 157, 158,
149 mg/dl, 95 73— > ¥ A i id 196, 197, 181,

171 mg/dl ’C*za D, WH2&E0OKE S EMT S L,
FCEAC & D B N A 1 T 150 ~ 180
mg/dl £ Mf@.?ﬁ ]y (VAR
i by 7)) FI L, IEE 209% K oo I
I I 2,702 %5 & 209 EL_E o I 2s9!& EAZGPITTC
CANYT AT AL (Fig 1), IR Wz~
B Y4 T 5 2 A i o L{::M’Fé: Ttz &6
fofi b ) ) A R R G & ORI & R L
2 A, BML MG, #&2 LA T W — )b, non-
HDL I L AFH— ), LDL 32 b AT 0— ), BRI
{b46%, LDLMHDL & EHIE, HDL 2 L AT o —L b

25%

20%

“ normal (n=2702)

® overweight (n = 259) )

0%

5%

9
L

non-fasting TG (mg/dl)

Fig. 1 Histogram according to non-fasting triglyceride (TG) levels

Table 3 Relatlonshlp between non-fasting tnglycende levels and other variables

4" grade 7" grade
males __ females. ‘males “Temales.
BMI 0.41** - 0.25** 0.28** ct 026
POW 0.39"* 0.24** 0.30%* 0.26**
SBP 0.14** 0.08* n.s.
DBP n.s. n.s. ns.
TC 0.22** ) 0.16"* 0.20**
HDLC -0.34™ -0.35** .03 -0.29**
non-HDLC 0.41** 0.30** 0.35%* 0.36"*
Al 0:51** 0.48** 0.49** 0.47**
LDLC 0.28** 0.14** 0.20** 0.24*
LDL/HDL 0'42**

0,37**' , 0.38** 0.39**

Abbreviations are listed in Table 1,

“Each relahonshxp was exalmucd by Pearson’s correlation coefficient test.

(*p< 0. 05, #*p < 0. 001 s not mgmfﬁcant)
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AR A 526 72 (Table 3).

ZRERE TR IEER A T 5 72 92 BT BV T

BTOM) FURY FRERE ZkBiselimat ol -

BEMRDLE, r=0427(p < 0.001) & LA HE R 72
(Fig. 2). LY LEL2EKEL, ABRGIiTH-

TLZEGIER PSS BT L, Ao fBLEETheE
MWt & e B S VG S A ST

23, LDL I L A5 U — Ll e 2 ik in o
fili e Az L e b ) ) Y FIEE

(150 mg/dl Heim) & i fefat i i (150 me/dl BAF) & 1253

VIR AT DA, IR G & BTt
DEFLIFLC AT LT (R RIE AR B S e o 727, s fiti

T C UL A58 42 LR B 2° 20 mgyd) 1 % 8 /05T
ik bl Ehbdhrol(Fig 30). EHIZLDL IV
AT 0 — VA MSEM & non-HDL 2T L AF 0 — L &
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