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TABLE 20.6 Effect of Lifestyle on Cardiovascular Risk Factors in Senior High School Adolescents by Multivariate Regression Analysis

BMI WC SBP HDLc In(TG)* FPG

In
(insulin)®

n

In . L
No of risks (hs-CRP)*

(HOMA-IR)* AN

In(leptin)

Males (1=2337)

282 - - - -
364 267+ -
202 - -

Age -
EC activities® - - -2.40
In(screen time)® - - 2.58+

Regular -2.70~ 293 - - - -

breakfast?
Paternal BMI
Maternal BMI

5.01+
3.58+

462 - - - -
261 - - - -

In(maternal - - 244> - - _

exercise time)®

Females (n=442)

-3.25+ - - -
4.66"

Age - -

EC activities - - - 255+ -

In(exercise - - - - - _
time)*

In(screen time)*  ~ 198 -~ -2.59-  2.09- -

Maternal BMI 395+ 283+ -~ - - -

4,58

—2.27~ —2.20

-2.95* - 2.36*  -3.75+ -

2.03 -

310~
- 224 - - -

2,60+ -B3.53=

—2.06*

-2.52¢
- 233 - - -

3.14+ -

*P<0.05. P <0.01. *P <0.001. “Highly skewed variables in distribution (levels of triglycerides, insulin, HOMA-IR, leptin, hs-CRP, exercise time, and screen time) were
log-transformed before analysis to yield unimodal symmetry, which are indicated by In(variable) to indicate the transformation. *Adolescents were asked whether they participated in
EC activities (1, participated; 0, did not participate). 1 Adolescents were asked whether they ate breakfast (1: seldom, 2: occasionally, or 3: regularly).

association may be that the present data were obtained
from volunteer adolescents. However, this issue needs to
be further investigated.

The present study was limited by the fact that the
present data were obtained from two studies. Data were
obtained from senior high school students between 2006
and 2008 and from junior high school between 2012 and
2013. Therefore, the time periods were different in each
study. Another major limitation is the cross-sectional
nature of the present study. Noninterventional studies
on family and physical environmental factors related to
health behavior (i.e. diet, physical activity, and seden-
tary behavior) in adolescents concluded that favorable
lifestyles were associated with improved levels of CVD
risk factors [6,10]. However, this may be because cross-
sectional studies have commonly obtained data form
adolescents and their families with favorable lifestyles
for prolonged periods. Interventional studies have
shown limited effectiveness in reducing the risk of obe-
sity, particularly in the long term, or in increasing posi-
tive health behavior despite using a variety of strategies
(e.g. reduction in television viewing, increasing physical
activities, improving dietary choices, changing health
behavior social climates, and providing recreational

after school programs) [6]. For adolescents, families, and
social groups, the available evidence needs to be used to
determine minimal and optimal thresholds for daily
sedentary time; daily exercise time by sex, age, and eth-
nicity; and, when possible, how thresholds differ across
health outcomes or demographic status (i.e. age, gender,
and ethnicity). Interventional studies are required to test
the effect of improved adolescent and/or parental life-
styles on the levels of adolescent CVD risk factors. This
could provide strategies for adolescents at a high risk for
CVD diseases who may be resistant to ordinary
procedures.

CONCLUSION

The present study shows that participation in school-
based EC physical activities and parental BMI are asso-
ciated with the levels of one or more CVD risk factors
in adolescents. Among these, participation in EC physi-
cal activities has a profound effect on several CVD risk
factors, especially for male adolescents. The influence of
paternal or maternal obesity on adolescent obesity differs
according to sex and age in Japan. Therefore, approaches

2. DIET, SUPPLEMENTS, AND FOODS IN THE MANAGEMENT OF VISCERAL OBESITY
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focusing on the parents should take into account the sex
of the adolescents.
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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 (FVII), 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
(ALT), uric acid, leptin, hs-CRP, and all hemostatic/
fibrinolytic markers (PAI-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
adults 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 [5-8].

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 overweight chil-
dren and their comparision with nonobese or normal
contro! 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.
These 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 LEthics Committee of Human Research of
the University of T'sukuba 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"'IT'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, Tokyo, 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, EDT'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 Table 1. The latter two tubes were centri-
fuged, with the resultant plasma samples frozen immedi-
ately and then stored at —20°C until assayed. "T'he

Table 1 Measured variables

n  Mean:SD  Min-Max 10th  50th  go™
Height {cm) 148 1355460 117.0-149.0 1274 1360 1428
Weight (kg) 148 3345+7.82 200-643 26,10 31.25 44.95
BMI (kg/m?) 148 18.08+3.33 13.81-31.88 1470 17.28 22.70
SBP {(mmHg) 148 104.8:10.1 79-126 910 1060 117.1

DBP (mmHg) 148 55.6+6.8 31-70 47.0 56.0 65.0
Waist (cm) 148 628195 49,0-94.0 54.2 59.3 76.2
W/H 148 0464006 0.38--0.68 0.40 0.44 054
Tolal cholesterol 148 180.0::27.1 119-282 1468 1780 .216.2
{mg/d))
HDL-C (mg/dl) 148 64.8+13.1 35-105 49.0 82.0 84.0
LDL-C (mg/dl) 148 106.5:+24.9 67-201 798 101.0 1400
Triglyceride 147 6681410 19-230 28.6 53.0 126.2
{mg/di)
FPG (mg/dl) 148 939163 76-109 85.9 94.0 1021
Insulin (WiU/ml) 144 7.81+6.46 0.3-49.3 2.27 6.27 15.70
HOMA-IR 144 1831151 0.06-11.44 0.51 1.40 3.86
ALT (UM 148 1794189 7-179 2.0 13.0 27.1
Uric acid {mg/dl) 148 4.4410.80 2.3-7.3 3.29 440 5.60
Ln hs-CRP 145 551+138 391-10.06 3.1 531 7.62
Leptin (ng/ml) 146 6.044564 0.8-284 150 420 1348
PAI-1 (ng/ml) 145 26.7+16.5 10-97 11.0 22,0 46.4
Fbg (mg/di) 145 23691474 122-383 1816 2270 2976
FVil (%) 145 936+11.7 69-125 78.0 840 1084
FX (%) 145 9341119 60127 76.6 840 1084
Protein C (%) 145 9464170 62-166 74.0 840 116.0
Protein S (%) 145 9474140 87-137 7560 950 1134

ALT, alanine aminotransferase; Fbg, fibrinogen; FPG, fasting plasma glucose; FVII,
factor VII; FX, factor X; HDL-C, high-density lipoprotein cholesterol; HOMA-IR,
homsost: model ent 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 (plU/ml) levels
divided by a constant value of 405. Alanine aminotrans-
ferase (ALT), uric acid, triglyceride, total cholesterol,
high-density lipoprotein cholesterol (HDL-C), low-
density lipoprotein cholesterol (LLDL-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 (FFX) 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 mean+
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).
The 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.
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resampled but refused. The study cohort was divided into
two groups: those with 90th percentile or higher values of
BM]I, 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 100mg/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.

Results

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 with BMI 90th percentile or higher
(n=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 "I'able 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, protein C and protein S compared with
those with BMI less than 90th percentile.

Considering all participants, 0, 1, 2 and 3 traditional
cardiovascular risk factor accumulations were observed
in 86 (58.1%), 42 (28.4%), 18 (12.2%) and 2 (1.3%) cases,
respectively. AL'L, 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, PAI-1, Fbg, FVII, FX, protein C and
protein S were independently associated with one or
more components related to MetS (Table 4).

Discussion
"The 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 2980th percentile and those with BMI <80th percentile

BMI <90th percentile (n=134) BMI >80th percentile (n= 14} P value
SBP (mmHg) 1043+ 10.1 1088+ 9.4 0.051
DBP {mmHg) 55.4+86.7 578+7.7 0.204
Total cholestero! {mg/dl) 1794 +£27.3 185.8 + 24.6 0.421
HDL-C {mg/d) 659+129 54.0+9.8 0.001
LDL-C (mg/dl) 1049+ 238 122,04+30.0 0.014
Triglyceride (mg/dl) 62.4 +36.1 108.9 4599 0.013
FPG (mg/dl) 93.8+6.2 949+8.0 0.570
Insulin (uiU/ml) 6.61:4.07 18.85+£12.10 <0.001
HOMA-IR 1.556+0.99 4.40+275 0.002
ALT (UN) 148+9.0 47.7+464 0.020
Uric acid (mg/dl) 4.37+0.86 5.12:+0.97 0.003
Ln hs-CRP 535+ 1.30 7.06+1.08 <0.001
Leptin {ng/ml) 4.73+£3.57 18.41+6.68 <0.001
PAI-1 {ng/ml) 246+ 14.1 46.3+ 2356 0.004
Fbg (mg/dl) 231.2+434 280.6 £51.1 <0.001
FVII (96} 923+ 11.1 105.6+11.3 <0.001
FX (%) 9204109 106.6+12.6 <0.001
Protein C (%) 936+ 17.1 103.5+13.7 0.039
Protein S (%) 93.7+133 103.5+17.3 0.012

ALT, alanine aminotransferase; DBP, diastolic blood pressure; Fbg, fibrinogen; FPG, fasting plasma glucose; FVIi, factor VII; FX, factor X; HDL-C, high-density lipoprotein

cholesterol; HOMA-IR, homeostasis model vent of insulin

tance; hs-CRP, high-sensitivity C-reactive protein; LOL-C, low-density lipoprotein cholesterol; In,

logarithms nature; PAI-1, plasminogen activator inhibitor 1; SBP, systolic blood pressure. Data are mean + standard deviation (SD).

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.
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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=492) >2 (n=20)
ALT (lUn) 13140 19.6+26.4 35.5+27.3'
Uric acid (mg/dl) 4,33 4 0.86 4.46+0.91 4.92 40.92*
Ln hs-CRP 5,17 +1.30 6.79 4 1.43" 6.37 4 1.085
Leptin {ng/mi) 3.62+232 7.74 4 6.46" 13,24 +6.50"
PAI-1 (ng/ml) 21.3+10.2 294+17.0* 44.34229%
Fbg (mg/dl) 226.4 +:44.2 249.1 + 44.3* 257.4 4:55.6"
FVI (%) 89.2+10.4 97.8+ 10,0} 104.1 £ 11.0}
FX (%) 90.1 £ 11.1 96.1£10.8 104.4+£9,7%
Protein C (%) 90.3+16.7 98.1+ 165.8* 108.0+14.4
Protein S (%) 981.9+124 965+ 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). P

ters that showed statistically significant differences within the subgroup that have O cardiovascular risk factors

are exprossed as follows: *P < 0.05, P < 0.01, 'P< 0.001. Parameters thal showed statistically significant differences within the subgroup that have 1 CV risk factors are

expressed as follows; 5P < 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 e a/. [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

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 donc
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

Fig. 1
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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 error) value
ALT BMI 2.388 (0.460) 5.188 <0.001
Triglyceride 0.088 (0.087) 2.383 0.0185
Uric acid BMI 0.088 (0.021) 4176 <0.001
DBP 0.022 (0.010) 2,168 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) 8171 <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) 5515 <0.001
Protein C Triglyceride 0.120 (0.033) 3.667 <0.001
Protein S BMI 1.097 (0.339) 3.230 0.0015

ALT, alanine aminotransferase; DBP, diastolic blood pressure; Fbg, fibrinogen;
FPG, fasting plasma glucose; FVI, factor Vii; FX, factor X; hs-CRP, high-sensitivity
C-reactive protein; 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 enzyme
activated by the thrombin-thrombomodulin complex on
the surface of endothelial cells. It inactivates FV and
FVIII when its cofactor, protein §, 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
exist 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 etal, 79

Meyer et al. {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 Tanner 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. Therefore, furcther 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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FHBI R B34 C p<0.0001

B OMELRE, BB TR R A0S E
B D,

@3 RELEREZORFBEOEEREIE
& DEIR

AT, BICAZ )=y A4 A (7L ERE
WM, o — A OREHSE) LEEIREEICOWT, B
BAGE E AR L OB E R L

BEEFFIZBNT, A7) =074 5L EFE
BNAR B 5 2 E DB, P Tldhsak L
FEBEWTHER 2w (B4, BFTiRAZ
) =27 A4 N ERIRT 5 &ERRER AN S 5 T
B B BH, WTFTEAZ Y= 54 LxfilR
L C OB REENIEIIEIN L e W BB A 5.

RH OEBEERIIZDOWT, BEARE L REEZD
HEZADLE, NEAGEORTF LB L OBELR
X, SEBFEEMIZEVCIEQHBESH S (ES).
B AGEIER % B 5 L AR ER IER %
Biovn Z b, BEAZOEBRFMEHECT L

HARRRZ R — VEFEF : Vol. 22 No. 2, 2014.
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INFRAERC O MR EE O R R 2P 2 B LEDD
B, WEAKOETEEEICE UKD L b bR
I, AERENH Y, FREEE L RHEZOH
RIZEBORE L 7 L EHBEDOREE TR LD
bird. BEAFEOEFTEEROS A, 3
HADT Tu—FHERETHDI L5,

X #

1) WFIREELL, kbR © HARNNE - B0 o0
ORI - BERTRORTZE. MLHRTZE 19: 101-110,
2013.

2) Yoshinaga, M, Hatake, S, Tachikawa, T et al.: Im-
" pact of lifestyles of adolescents and their parents
on cardiovascular risk factors in the adolescents. J
Atheroscler Thromb 18: 981-990, 2011.

3) Yoshinaga, M, Miyazaki, A, Shinomiya, M et al.: Im-
pact of gender and lifestyles of adolescents and
their parents on obesity. Nutrition in the preven-
tion and treatment of abdominal obesity (Watson,
RR, ed). Academic Press, London, 207-215, 2014.
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BKIER

REEFOERBIBERICEAT D/

OJE'E{IE

feinc

APEICBITBHE I TR CYEETH S,

JE A5 BRI e 81 & B AF9RIE 2014 EEE £
TOTFETH ), BEHRERICITHRETFA0LE
BT MEVD B, DR OIEEMEITIIRMAERE
TOMEEHVBLEXIHD, KR TOMEIISE
fEEFEZ T EE 7,

Ix. B ORAENE

e 72 WEAFOATEEEMICET 5 L% HE
FHRICBWTEREEN TR EEDbR
5. 2008 FEOHHF HD 6 T 6,261 k& 9
KB TORRMEMBO®ME" DB 5, K
bedZB LhROF— s "BE LEZ
SNBEF—FEBEWLDTHL. NEOREE
BERG VT4 TDOF—F FRACT/NROEEE
1EH5 O FLEMEVER DR AL, EAESBE T
BIZL AARMEI DD TEBbNG.

In AFRYy 7S RO—-LDSHEE

HEHRVWSNL TS HAEAANR (6~15 %)
WBTBAFR )y 7Ty Fu—2a0gkiskiE
fEix 2007 EDELEFERFEV KO D D TH
5P ZORBEMEIIRKRMICEELEZIOND
HIZHE L, —KRTFRICESIHEE LTREWEE
Bbhd WHRAZAIER) v 7y Fa—2A4

LWREDEZ FiX, —KkKFBE L TEES
BT NEEE LT, BEED I /-t ¥
A VEZE AV LEENCSH 5.

TR EE RBERT 5 —/)\
(BRI P RR)

FULEH - FEHB !
IRHEE.

818

BHE TR S A ERBHEIEHRXHE TR Y
Bsd ZAEET7TIT INETHELTLAE
FTH D, FHETOIL 2 % AR PEIRE
THBEL AL, FEH7~11%B L8764 %
(FRSCICHFFR4E BE D REIR A 72 ) O 31 = fZ e
fR71% 72 +40mg/dL 7275, 2012~2013 ED
HA 7~11%FB % 959 & DOfEIL 65 = 35mg/dL
TH 5 WFERBOZELEZ SN2 B E &
b7z 2007 EEED 15~17 B L 173 4D
FRYERERS 81X 93 = 34mg/dL, 2006~2008 4
HAD 15~17 #% 1,300 % O {E i 64 =35 mg/
dLTH 5. /NMNEICE L THBETHEIZ L2 D E
20, BETEEMEEELLENDD.

. BRICH T REEROEFTEERIC
Y5/ MNEOEEE

A2 MEIE, 2006~2008 EFEDE
SN TH R - BERIICBT % 4
BIEROME, BRE, BWEEOHLRUR)
RGN AFECHET S 35— MFZEPB L O
2012 4EFE & D EATHR DI RKESR, FITHIE,
AN REBEEOHERBEOEIFEERFHO: D
DREWMZ DD Y HIZHET HH5E] THRAZF—
FICHEML TWDE. FRBINCFEIE L 2EE
RIS VT4 TDOF—FTH5L. BIFEESMEOR
& 5 i body mass index (BMD (& H A& A
MEBERIVEFRERCILZFREENLD

A BT BEFORRHED % Wik BMI
DOAOEEIZHETIEFDT (NOEEICHET2E
AT T) WETL, METEZFETHD.

BINE =/ NFEERFEE (1~348), NEAER

AE (4~6 4F), A, BREICHT, FIHE

HEME $140358 54 5/FmB(R014)E7 A
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%1 WREBMEOFHES LUHERE

WNE1 ~3EE NP4 ~6FE REE ot i d

BF wF BF zF BF “zF 8F “zF
A 272 282 268 292 237 237 575 731
£ (cm) 127 (7) 125(7) 142 (8) 143 (8) 162 (9) 156 (6) 170 (6) 158 (5)
*E (kg) 26 (7) 25(6) 36 (9) 36 (9) 49(10) 47 (7) 62(11) 52(7)
BMI (kg/m?) 16.2(2.7) | 16.0(2.4) | 17.8(3.0) | 17.3(2.9) | 187(27) | 19.3(25) [21.2(3.5) | 20.5(2.5)
BE#EE (%) —0.7(14.8)|—0.8 (14.0)|—0.3(15.8)|—2.8 (15.1)|—3.3 (13.3)| —3.1 (12.0)| 2.9(16.7)|—1.3 (12.0)
BEE (cm) 56 (8) 56 (7) 63 (9) 61 (8) 67 (8) 68 (7) 73(9) 71 (6)
IEH ML E 95 (9) 94 (9) 99 (10) 98 (9) 104 (10) 101 (9) 117 (10) 107 (9)
(mmHg)
HRHBIE 53(8) 53(7) 55 (8) 55(8) 56 (10) 55(7) 63 (9) 62 (9)
(mmHg) .
ia% (bpm) 82(12) 86 (10) 77 (11) 82(11) 77 (15) 78 (12) 69 (13) 71(12)
RS 58 (28) 61 (35) 64 (42) 71 (36) 61 (37) 70(32) 61 (34) 58 (35)
(mg/dL)
oL 2FE~I)L| 167 (25) 173 (27) 175 (29) 170 (28) 157 (22) 168 (26) | 161 (27) 173 (28)
(mg/dL)

HDL-aL X7 - 63(13) 63(12) 65(13) 62(12) 62 (13) 61(11) 60 (12) 66(14)
o—Jb (mg/dL)

22 R M 4E 86 (7) 83 (6) 87 (7) 85 (6) 87 (6) 86 (5) 88 (7) 86 (6)
(mg/dL)

AR 4.3(3.0) 4.7 (3.9) 6.3 (5.0) 7.4(5.9) 6.6 (4.0) 8.3(4.5) | 6.8(4.0) 7.5(3.9)
(eiy/mL)

HOMA-IR 0.9 (0.7) 0.9(0.8) 1.4(1.1) 1.5(1.1) 1.4 (0.9) 1.7(1.0) | 1.5(0.9) 1.6 (0.9)
ALT (U/L) 19(22) | 17(15) | 21(14) | 15(7) 18(16) | 13(8) | 21(20) | 12(5)

FREE (me/dL) 4.1 (0.8) 4.2(0.8) 46(1.3) 4.4(08) | 55(1.1) 4.4(08) | 6.1(1.2) 4.5(0.8)

HOMA-IR : homeostasis assessment of insulin resistance

F2 HRBMED W /N—t> %1 I{E

NE~3FE | NFEA4~CFE g ERE

27 =T BF “F BF xF BF Sy
2B (cm) 66 66 78 72 77 75 80 79
URHEHRIE (mmHg) 107 105 113 110 118 113 129 119
HRERMAIUE (mmHg) 63 63 66 64 67 65 75 73
sRikRERs (mg/dl) 98 104 113 115 100 109 106 95
HDL-aLX50—Jb (mg/dL) 47 49 50 47 48 48 46 50
ZiErsmE (mg/dl) 95 92 96 94 96 92 96 93
A2 (plu/mL) 8.2 9.5 11.0 12.8 12.0 13.2 11.6 12.6
HOMA-IR 1.8 1.9 2.4 2.8 25 27 26 2.7
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BLOHEERZ (F1) &, 90—k 51401
il (22 #RL7Z. &EHEEITBLTE, /b
PR B EEEIMREE (1~24F), FHER4E
(3~4 ) BIUBEFE 6~64F) oo h
TWwabDT, 3HTETHLRFATLHFETHS.

: X #
1) H@E T & TEREE SRR Em i &
BARERRELEEEORE. H/ARSEE 2008;

112:1117-1132.
2) KEREZ : HERNBO XA ¥Ry v 72 v Fa— A
ik KERER MERERY S V26 ARASF

3

=

4)

w
s

Yy sy Fa—a, dI0EE KR 2009 ;20-21.
TR 18~20 FEEAF B ENERAHEWBEBE
BEEFRERYERAMAEEEYRY - BEYICE
FAEEBEROES, HAY BHERORIREUHN
BOAAFECET S 25— PR (EEMEE &
KIER) RAETREESE. FR214E3 8.

BEXE
Xu H, LiY, Liu A, et al : Prevalence of the metabolic
syndrome among children from six cities of China.
BMC Public Health 2012 ;12 : 13.
Lim S, Jang HC, Park KS, et al : Changes in metabolic
syndrome in American and Korean youth, 1997-
2008. Pediatrics 2013 ; 131 : e214-e222.
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