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Significant Associations Among Hemostatic
Parameters, Adipokines, and Components of
the Metabolic Syndrome in Japanese Preschool
Children

Hitoshi Horigome, MD, PhD', Yasutomi Katayama, PhD?,
Masao Yoshinaga, MD, PhD3, Yoshiaki Kato, MD',
Hideto Takahashi, PhD* and Ryo Sumazaki, MD, PhD'

Abstract

Development of cardiovascular diseases could originate in early childhood. However, reference values of hemostatic para-
meters and adipokines in preschool children remain to be explored. We measured blood levels of adipokines and parameters
of the hemostatic/fibrinolytic systems in 167 healthy children aged 4 to 6 years at 9:00 to 10:30 am after a strictly enforced
overnight fast. Participants with body mass index (BMI) values >90th percentile had significantly higher values of systolic blood
pressure and heart rate, as well as blood levels of insulin, coagulation factor (F) VII, FX, protein S, leptin, and homeostasis
model assessment of insulin resistance (HOMA-IR), and lower values of desacyl-ghrelin than children with BMI < 90th per-
centile. Circulating levels of fibrinogen and leptin increased with increased number of cardiovascular risk factors. Stepwise
regression analysis identified many hematological variables to be associated with features of the metabolic syndrome. The
results implicated the hemostatic/fibrinolytic system or adipokines in the insidious progression of cardiovascular diseases from

an early age.

Keywords

cardiovascular risk factor, children, coagulation, fibrinolysis, metabolic syndrome

Cardiovascular disease is the main cause of death worldwide.
The development of cardiovascular diseases is multifactorial,
including a possible association with the metabolic syndrome.*
The metabolic syndrome is defined by a constellation of clini-
cal features including visceral or central obesity, insulin resis-
tance, high blood pressure, high triglycerides (TGs), and low
high-density lipoprotein cholesterol (HDL-C). However, the
correlation among the diagnostic criteria for metabolic syn-
drome in the pediatric age group and future cardiovascular dis-
ease developing in adulthood remains to be investigated,”
despite the prevailing concept that lifestyle-related diseases
sometimes originate in childhood.® The early stage of arterio-
sclerosis can be detected by increased carotid intima—media
thickness, and this early marker of arteriosclerosis in childhood
is associated with fluctuation of some hematological vari-
ables.* The prevalence of obesity in children has been increas-
ing over the last 20 years in Japan as in all Western countries.’®
The incidence of the metabolic syndrome in Japanese over-
weight children is comparable to that in US overweight chil-
dren, and the critical period for the development of obesity is
between 5 and 6 years of age.>’ Establishing hematological
reference values for metabolic syndrome in preschool children

D from cat.

would therefore be useful in the overall assessment of the
potential effects of intervention.

The hemostatic and fibrinolytic systems as well as adipo-
kines have been implicated in the development of metabolic
syndrome,”'? although such variables are not included in the
diagnostic criteria of the syndrome. While the developmental
changes in the hemostatic/fibrinolytic systems during child-
hood have been studied,'>"!® the available data are mostly for
Western children; this is important because the metabolic
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syndrome-related parameters such as insulin resistance show
race differences.'® A full assessment of these variables and any
association with the metabolic syndrome criteria remain to be
investigated, partly due to the difficulty in morning blood sam-
pling in young children. This study was designed to establish
reference values for hemostatic/fibrinolytic variables and adi-
pokines in Japanese preschool children after strict fasting and
to determine any relationships with the components of meta-
bolic syndrome.

Methods
Participants

The study comprised 167 preschool children, aged 5 to 6 years
(females, 85), who attended kindergarten in Yokohama City or
Kagoshima City. Children showing illness at examination
including common cold or had history of significant disease
were excluded from the study. The Ethics Committee of
Human Research of Tsukuba University Hospital approved the
study protocol in advance. In addition, parents of the partici-
pants attended an instruction lecture about the importance of
prevention of metabolic syndrome from early childhood before
the commencement of the study. Written informed consent was
subsequently obtained from the parents.

Anthropometric and Biometric Assessment

Height and weight were measured using standard methods
(TTM-HV; TSUTSUMI Co, Kyoto, and DC-320; TANITA
Co, Tokyo, Japan), and the body mass index (BMI) was calcu-
lated as weight in kilograms divided by height in meter square.
Blood pressure and heart rate were measured 3 times using an
automated oscillatory system (TM-2571; A&D Co, Tokyo),
between 9 and 10:30 am, after the participants had rested for
at least 10 minutes 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 9 and 10:30 am) after an overnight fast
(except for water) and after at least a 15-minute rest immedi-
ately 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 3
polypropylene tubes: 1 for serum collection to measure bio-
chemical parameters, adipokines, and soluble thrombomodulin
(sTM); 1 containing fluorescein Na, EDTA 2Na, and heparin
Na to measure fasting plasma glucose; and 1 containing 1/10
volume of 3.13% sodium citrate to measure the hemostatic/
fibrinolytic parameters. The parameters measured in this study
are listed in Table 1. The latter 2 tubes were centrifuged, with
the resultant plasma samples frozen immediately and then
stored at —80°C until assayed. The homeostasis model assess-
ment of insulin resistance (HOMA-IR) represented the product

D from cat.

of fasting plasma glucose (mmol/L) and insulin (uWI[U/mL) lev-
els divided by a constant value of 22.5.

Alanine aminotransferase (ALT), uric acid, TG, total choles-
terol, HDL-C, low-density lipoprotein cholesterol (LDL-C),
fibrinogen, insulin, high-sensitivity C reactive protein (hs-
CRP), and fasting plasma glucose were measured by standard
automated methods using the appropriate devices (JEOL, Sys-
mex, Mitsubishi Chemical Medience, Fujirebio, and Siemens
Healthcare Diagnostics, Japan). The sTM was measured by
enzyme immunoassay ([EIA]; Molecular Devices, Japan); lep-
tin by radioimmunoassay ([RIA]; Aloka, Japan); desacyl-
ghrelin, adiponectin, and resistin by enzyme-linked immunosor-
bant assay ([ELISA]; Mitsubishi Chemical Medience, Otsuka
Pharmaceutical Co, and BioVender Laboratory Medicine,
Japan). Coagulation factor (F) VII, FVIII, and FX were mea-
sured by clotting time methods, and von Willebrand factor
(vWF) was assayed by the fixed platelet agglutination method
(Siemens Healthcare Diagnostics). Protein C antigen, free pro-
tein S antigen, and plasminogen activator inhibitor 1 (PAI-1)
in a complex with tissue plasminogen activator 1 (tPA-PAI-1
complex) were assayed by latex photometric immunoassay
(Mitsubishi Chemical Medience and JEOL).

Data Analysis

All continuous variables were expressed as mean + standard
deviation (SD), with the 5th, 10th, 50th, 90th, and 95th percen-
tile values calculated for each parameter. Logarithms of the
values were also calculated for hs-CRP. The number of data
was different among parameters (maximum 167 and minimum
108; see Table 1) because the specimen volume was insuffi-
cient to allow all measurements in some children, who needed
to be resampled but refused.

The study cohort was divided into 2 groups: those with <90th
percentile values of BMI and those with >90th percentile. Each
continuous variable was compared between the 2 groups using the
Student 7 test. Participants were then assigned to subgroups based
on the number of the following cardiovascular risk factors: (1)
BMI > 90th percentile, (2) blood pressure (systolic or diastolic
or both) >90th percentile, (3) plasma glucose level > 90th per-
centile, (4) TG > 90th percentile, and (5) HDL-C < 10th percen-
tile. The hematological parameters were then compared among
the subgroups using analysis of variance (ANOVA) followed
by a Tukey—Kramer-type multiple comparisons.

The relationships between the hemostatic/fibrinolytic para-
meters or adipokines and the components of the metabolic syn-
drome were tested by simple linear regression model, and
significant variables were then subjected to stepwise linear
regression analysis to identify independent predictors of the
metabolic syndrome. A P value less than .05 was considered
statistically significant.

Results

Table 1 details the anthropometric, biometric, and hematologi-
cal data for all participants. Analysis of differences in various

com by guest on May 16, 2013

—224—



Horigome et al 191
Table I. Measured Variables®

n Mean + SD Minimum Maximum 5 10 50 90 95
Age, years 165 59 + 0.6 42 6.9 4.58 5.14 5.96 6.46 6.67
Height, em 167 112 £ 59 100 125.8 101.94 104.32 112.6 120 122.84
Weight, kg 167 19.1 &+ 3.1 14 324 15.14 16.08 18.7 23.12 26.12
BMI, kg/m* 167 151 £ 1.5 12.5 219 12.95 13.33 14.98 16.77 17.85
Systolic BP, mm Hg 164 954 + 8.0 78 17 8l 86 95 107.17 109
Diastolic BP, mm Hg 164 56.1 +9.2 36 82 42 44 54 68 72
Insulin, plU/mL 165 2.88 + 1.69 0.3 9.69 1.032 1.27 2.5 4.922 6.213
FPG, mg/dL 165 862 + 7.6 60 106 74 77 86 96 98
TC, mg/dL 165 1714 + 239 120 251 1313 138 170 202 209.7
HDL-C, mg/dL 165 62.1 + 126 33 92 423 46 6! 79 84
LDL-C, mg/dL 165 102.8 £+ 19.7 36 166 75 792 10l 129.8 135
TG, mg/dL 165 446 + 21.2 18 141 21 246 40 724 80.7
ALT, IU/L 165 132 + 49 6 53 9 9 12 18 20
UA, mg/dL 165 4.16 + 0.63 2.6 5.8 32 34 42 5.1 53
sTM, FU/mL 120 3.11 + 0.55 2 49 23 25 3.1 3.89 4.29
Fbg, mg/dL 122 255.2 + 58.0 105 455 189 204 239 3322 383.95
FVil, % 158 90.1 + 10.3 49 116 72 76 91.5 101 105.05
FVIIl, % 15 1042 + 23.7 51 177 61.8 73 102 1374 147.4
FX, % 158 959 + I1.1 68 128 78.95 83 95 13 19
VWF, % 15 922 + 277 53 187 57.8 61.6 86 133.8 151
Protein C, % 158 87.0 + 147 46 144 65.95 70 86 107.2 115.1
Protein S, % 115 859 + 158 44 125 61.8 66.6 83 108.8 117.2
PAI-1, ng/mL 158 28.0 + 189 10 137 11 13 22 513 60.25
Ghrelin, fmol/mL ) 47.8 + 36.6 13 182 13 13 41 102 1é
Adiponectin, pg/mL 162 154 + 5.1 3.1 36.1 7.95 9.19 I5 22.07 2429
Leptin, ng/mL 163 2.23 + 1.61 0.9 16.4 1.1 1.2 1.9 4 496
hs-CRP, ng/mL 152 1477 + 3478 I 23600 50 59.3 339 3253 6261.5
Ln hs-CRP 152 5.95 + 1.52 2.40 10.07 391 4.08 5.83 8.09 8.74
Resistin, ng/mL 108 4.50 + 2.54 I 124 1.8 2 37 83 10.22
HOMA-IR 165. 0.63 + 0.40 0.07 237 0.21 0.24 0.52 1.15 1.40

Abbreviations: BMi, body mass index; BP, blood pressure; Fbg, fibrinogen; FPG, fasting plasma glucose; FVII, factor Vil; FVIll, factor VIiil; FX, factor X; TC, total
cholesterol; hs-CRP, high-sensitivity C reactive protein; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; PAI-1, plasmi-

nogen activator inhibitor I; sTM, soluble thrombomodulin; TG, triglyceride; UA, uric acid; vWF, von Willebrand factor.
? Data are mean + standard deviation (SD), minimum, maximum values, and 5th, 10th, 50th, 90th, 95th percentiles.

parameters between children with BMI < 90th percentile
(n = 149) and those with BMI >/= 90th percentile (n = 18)
showed that systolic blood pressure (92.9 + 9.4 vs 103.8 +
9.5 mm Hg, P < .001), diastolic blood pressure (55.2 + 10.5
vs 61.7 + 11.4 mm Hg, P = .017), heart rate (95.1 + 14.5
vs 102 4+ 9.5 bpm, P = .048), insulin (2.7 + 1.4 vs 4.8 +
2.6 ulU/mL, P = .004), FVII (89.6 + 10.6 vs 94.1 + 6.6,
P =.021),FX (95 4+ 10.8 vs 103.2 + 11.6, P = .004), protein
S (84.8 + 15.1 vs 93.9 + 19.8, P = .021), ghrelin (49.2 +
37.7 vs 33.6 + 19.3 fmol/mL, P = .018), leptin (2 + 0.84
vs 4.5 + 3.6 ng/mL, P = .01), and HOMA-IR (0.57 + 0.32
vs 1.17 + 0.64, P = .003) were significantly different. The
other hematological parameters were not different between the
2 groups.

Among all participants, no, 1, and 2 cardiovascular risk fac-
tors (pertaining BMI, blood pressure, plasma glucose, TG, and
HDL-C) were observed in 96 (58.5%), 44 (26.8%), and 24
(14.6%) cases, respectively. None had 3 or more risk factors.
Blood levels of fibrinogen and leptin in participants with 2 or
1 risk factors were significantly higher than in those with no
cardiovascular risk factors (Figure 1). The other parameters

showed no significant association with the number of cardi-
ovascular risk factors.

Stepwise regression analysis identified ALT, uric acid, fibri-
nogen, FVIIL, FX, vWF, protein C, protein S, PAI-1, and leptin
levels as significant independent risk factors for the metabolic
syndrome (Table 2).

Discussion

The present study demonstrated that many hemostatic/fibrino-
lytic parameters and adipokines, as well as ALT and uric acid,
are associated with the components of the metabolic syndrome,
even in healthy preschool children. The mean BMI in this study
group was 15.1 + 1.5 kg/m® with a maximum value of 21.9.
Based on the cutoff value of BMI for obesity in preschool chil-
dren reported in our recent work,” only 10 children were judged
overweight in this study, indicating that the study population
could be considered a healthy one.”® Specifically, blood levels
of FVII, FX, protein S, and leptin were higher in children with
BMI > 90th percentile, and that of ghrelin was lower, compared
to the other group. Stepwise regression analysis identified blood
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Figure 1. Comparison of various parameters among the 3 groups with no, 1, or 2 cardiovascular risk factors. Blood levels of fibrinogen (A) and
leptin (B) were significantly higher in the group with 2 risk factors than in those with none or | risk factors. Data are expressed as mean +

standard error of the mean (SEM).

Table 2. Variables Independently Associated With Components of the Metabolic Syndrome.

Dependent Variable Independent Variable Parameter Estimate Standard Error P Value
ALT FPG —0.153 0.047 .002
Systolic BP 0.092 0.043 034
UA FPG —0.022 0.009 025
BMI 0.131 0.054 .033
Fibrinogen FPG 201 0.936 .035
Fvill BMI 4.558 1.707 009
FX TG 0.174 0.068 013
vWF insulin 5.955 2.264 011
Protein C Diastolic BP 0.28 0.157 017
TG 0.236 0.083 025
Protein S TG 0.361 0.089 .0001
PAI-| FPG 0.689 0.244 .002
Leptin BMI 0.371 0.086 <.0001
insulin 0.36 0.078 <.0001

Abbreviations: ALT, alanine aminotransferase; BMI, body mass index; BP, blood pressure; FPG, fasting plasma glucose; FVIII, factor VIII; FX, factor X; h-CRP, PAI-1,
plasminogen activator inhibitor |; TG, triglyceride; UA, uric acid; vWF, von Willebrand factor.

levels of fibrinogen (Fbg), FVIIL FX, vWF, protein C, protein S,
and PAI-1 were determined by 1 or 2 components of the meta-
bolic syndrome, although the independent components related
to each dependent variable varied. Furthermore, children who
had one or more known cardiovascular risk factors had signifi-
cantly higher values of fibrinogen and leptin than those with
no risk factors. These results lend support to the notion that
hemostatic/fibrinolytic parameters or substances secreted by
adipose tissues are associated with the development of meta-
bolic syndrome in early childhood.

Several parameters involved in blood coagulation and
fibrinolysis systems are known predictors of cardiovascular

diseases.”'®'"2® These include fibrinogen, tissue factor (TF),
FVII, FVIII, FX, vWEF, protein C, sTM, PAI-1, and leptin.
Among them, PAI-1 and leptin have recently attracted much
interest because they are secreted by adipose tissue and their
blood levels correlate with obesity and the amount of visceral
fat mass. Both PAI-1 and leptin levels are also related to each
other independent of the fat mass,'® and both are recognized as
cardiovascular risk factors.?!? In the present study, PAI-1 was
significantly associated with fasting plasma glucose, while
leptin showed a strong relationship with BMI and fasting insu-
lin levels, suggesting the association with insulin resistance.
Increased PAI-1 levels is currently considered a true component
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of the metabolic syndrome, through which the risk of devel-
opment of cardiovascular disease increases.>* In the present
study, PAI-1 and leptin levels were associated with features
of the metabolic syndrome, indicating that the above-
mentioned association is valid even in preschool children.
Desacyl-ghrelin is another adipokine considered to lower car-
diovascular risk through the activation of endothelial nitric
oxide synthase.?’ Participants with high BMI in the present
study had low ghrelin levels. Furthermore, serum concentra-
tions of uric acid increase in proportion with leptin®® and uric
acid is also strongly associated with several components of
the metabolic syndrome,?” tendencies that were reproduced
in the present study. Increased adipose tissue, and progression
of the metabolic syndrome, have also been associated with
increases in other indicators of prothrombotic activity such
as increased plasma levels of fibrinogen, vWF, FVII, FVIII,
and FX.'®?* These changes were also observed in the present
study.

Fibrinogen is both a procoagulant factor and an activator
of inflammation, thus a typical cardiovascular risk factor.”®
The present study indicated that even in children, fibrinogen
levels increased with BMI and with the number of cardiovascu-
lar risk factors. Increased fibrinogen has been associated with
impaired activation of protein C,” which is interesting because
thrombin binds to both fibrinogen and TM through a common
region. In addition, thrombin is a procoagulant when bound to
fibrinogen but exerts potent anticoagulant activity through the
activation of protein C when it binds to TM on the cell surface.
It is therefore conceivable that fibrinogen levels influence
serum levels of sTM and that increased sTM in the circulation
is related to a decrease in cardiovascular complications.®® The
present study demonstrated a significant association between
protein C/S levels and certain components of the metabolic
syndrome (TG and blood pressure). Previous studies on obese
adults also showed increased activated protein C levels and
their decrease after weight loss.>! Protein S also exerts anticoa-
gulant activity usually as a cofactor of protein C but also
through the stimulation of TF pathway inhibitor.>> However,
sTM did not show any significant correlations with such meta-
bolic syndrome-related parameters in this study. This might be
due to the small number of participants analyzed and/or obese
children.

Our study also presented clinically significant reference val-
ues for metabolic syndrome- or overweight-related variables in
healthy preschool children, including those involved in hemos-
tasis and fibrinolysis systems. Some of these values such as
developmental changes from infancy to adolescence were
reported previously,'>™> although these studies did not specify
the time of blood sampling or whether fasting was applied.
Some parameters, especially those related to fibrinolysis, are
significantly influenced by circadian oscillation; for instance,
PAI-1 activity peaks in the morning.>* Our results obtained
in the morning after strict fasting are therefore important for
future research and could be useful for the establishment of
diagnostic criteria or prevention strategies for the metabolic
syndrome in Japanese children.

Study Limitations

The numbers of participants analyzed and that of obese chil-
dren were relatively small in this study. The results should be
useful to provide reference values for hemostatic/fibrinolytic
parameters and adipokines in Japanese preschool children. Fur-
ther studies are needed to confirm how the abnormalities
observed herein in those parameters could be implicated in
later-life development of cardiovascular diseases.

Conclusions

The present study demonstrated that, even in preschool chil-
dren, many hemostatic/fibrinolytic or adipose tissue-related
variables show significant associations with the components
of the metabolic syndrome, implicating a role for these systems
in the insidious progression of cardiovascular diseases from
early age.
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Fatty acid composition, which is altered in patients with abdominal obesity, is influenced not only by
dietary intake but also by the desaturating enzymes stearoyl-CoA desaturase (SCD), delta-6 desaturase
(D6D) and delta-5 desaturase (D5D). We investigated desaturase activities and their associations with
metabolic risk factors, C-reactive protein levels (CRP) and insulin resistance in Japanese children. There
were 237 school children in this study; 115 were boys. The fatty acid composition of plasma
phospholipids was analyzed, and the following desaturase activities were estimated: SCD (16:1n-7/
16:0 and 18:1n-9/18:0), D6D (20:3n-6/18:2n-6) and D5D (20:4n-6/20:3n-6). D6D and D5D activities,
but not SCD activity, were significantly associated with triglyceride levels, high-density lipoprotein
cholesterol levels and insulin resistance in both sexes, and with CRP levels in boys. In addition,
increased abdominal adiposity was significantly associated with increased D6D activity, and decreased
D5D activity and insulin resistance in both sexes, and with increased CRP levels in boys. The n-6
polyunsaturated fatty acid desaturation pathway may be associated with metabolic risk factors, insulin

resistance and increased inflammation in children with abdominal obesity, especially in boys.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Childhood obesity is a worldwide epidemic, with consequences
that include an increased incidence of metabolic syndrome (MetS)
during childhood [1-3]. MetS, which may arise in part due to
abdominal obesity [4], is defined by the clustering of several meta-
bolic abnormalities, such as dyslipidemia, hypertension and hyper-
glycemia, and is associated with a higher risk of cardiovascular
diseases and type 2 diabetes in later life [5]. In addition, epidemio-
logical studies have demonstrated that metabolic risk factors, as well
as abdominal obesity, were related to altered plasma fatty acid
composition [6-9]. In children with MetS, an increased level of
palmitoleic acid (16:1n-7) and a decreased level of arachidonic acid
(AA; 20:4n-6) have been observed [10].

The fatty acid composition of serum lipids not only reflects
dietary fat intake, but is also influenced by the desaturating
enzymes stearoyl-CoA desaturase (SCD), delta-6 desaturase

*Sources of support in the form of a grant: Nihon University School of Medicine
50th anniversary fund research fellowship grant (2011).
* Corresponding author. Tel.: +81 3 3972 8111; fax: +81 3 3957 6186.
E-mail addresses: okada.tomoo@nihon-u.ac.jp,
tomokada@med.nihon-u.ac.jp,
tomo@med.email.ne.jp (T. Okada).

0952-3278/$ - see front matter © 2013 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.plefa.2013.01.005

(D6D) and delta-5 desaturase (D5D) [11]. SCD is the rate-
limiting enzyme in the biosynthesis of monounsaturated fatty
acids (MUFAs), and D5D and D6D are key enzymes in polyunsa-
turated fatty acid (PUFA) metabolism, catalyzing the conversion
of linoleic acid (LA; 18:2n-6) to AA and alpha-linolenic acid (ALA;
18:3n-3) to eicosapentaenoic acid (EPA; 20:5n-3) [12]. The
activities of these enzymes cannot be measured easily in humans
in vivo but can be estimated from the product/precursor ratios
[13]. Recent studies in Japanese adults demonstrated that ele-
vated D6D and SCD activities and reduced D5D activity were
associated with MetS [14]. In addition, studies of the FADS genes,
which encode D6D and D5D, showed that single nucleotide
polymorphisms in this gene cluster were associated with high
D6D activity and low D5D activity [15], as well as with an
increase in inflammatory markers, a greater risk of coronary
artery disease and an increase in fasting insulin levels [16,17].
In addition, the genetic variations of the SCD1 gene had signifi-
cant associations with abdominal obesity and insulin sensitivity
[18]. Altogether, these results indicate that desaturase activities
can be used as biomarkers of metabolic risk factors and morbid
obesity.

Furthermore, dietary fatty acids regulate the desaturases [12]
and are related to the development of MetS [19]. Therefore, to
better manage metabolic disturbances in obesity, determining the
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fatty acid profile of serum lipids and desaturase activities may
provide an efficient guide for customizing fatty acid nutrition, as
well as the composition of dietary fatty acids. However, informa-
tion about desaturase activity in children is limited [20,21].

In the present study, we analyzed the fatty acid composition in
plasma phospholipids and estimated desaturase activities
to investigate their association with metabolic risk factors,
C-reactive protein (CRP) levels and insulin resistance in Japanese
children.

2. Subjects and methods

The study enrolled 237 children (115 boys and 122 girls) aged
11.5+ 1.5 years {mean + SD), who attended one of two schools
that participated voluntarily in a school-based screening and care
program for life-style related diseases. All children were free from
diseases other than dyslipidemia and obesity. Each child’s standing
height was measured to the nearest 0.1 cm using a manual height
board, and weight was determined with electronic scales to the
nearest 0.1 kg in light clothes. The relative weight was determined
according to the standard weight for sex, age and height using data
from the Ministry of Education, Science, Sports and Culture [22].
The waist circumference was measured at the level of the umbi-
licus, and the waist-to-height ratio (WH{R) was calculated. Systolic
blood pressure (sBP) and diastolic blood pressure (dBP) were
measured in the right arm with the subjects quietly seated, using
an automatic device (Nihon Colin BP-103 N, Tokyo, Japan). All
blood samples were obtained from the cubital vein in the morning
after an overnight fast. Total cholesterol (TC), high density lipo-
protein cholesterol (HDLC) and triglyceride (TG) levels were
measured by delite enzymatic methods. Plasma insulin and glu-
cose levels were determined, and the homeostasis model of
assessment ratio (HOMA-R) was obtained using Matthews’ formula
as an index of insulin resistance [23]. Levels of CRP were measured
using a validated immunoturbidimetric method [24].

The fatty acid composition of plasma phospholipids was ana-
lyzed by gas chromatography, and the desaturase activities were
estimated as follows: SCD (16:1n-7/16:0: SCD16 and 18:1n-9/
18:0: SCD18), D6D (20:3n-6/18:2n-6) and D5D (20:4n-6/20:3n-6).

In this study, metabolic risk factors in children were defined as
follows: (i) abdominal obesity: WHtR > 0.5; (ii) dyslipidemia:
TG > 120 mg/dl and/or HDLC <40 mg/dl; (iii) elevated blood
pressure: sBP > 125 mmHg and/or dBP > 70 mmHg; and (iv) ele-
vated level of fasting plasma glucose > 100 mg/dl [25]. MetS in
children was defined as having abdominal obesity as well as two
or more of the metabolic risk factors, according to the criteria for
Japanese children [25].

Informed consent was obtained from each child and his or her
parents. The study protocol was approved by the local ethics
committee, which is composed of members of the school’s health
education committee. This committee includes members of
the local Board of Education and representatives from Nihon
University Itabashi Hospital.

2.1. Statistical analysis

The data are expressed as means + SD. Group differences were
assessed using an unpaired t-test. The correlation coefficients
between two variables were determined by single regression
analysis. Stepwise multiple regression analysis was performed
to identify the variables explaining D5D or D6D activity. A P-value
of less than 0.05 was considered to be statistically significant. All
statistical analyses were conducted using the statistical package
JMP (v9.0; SAS Institute Inc., Cary, NC, USA).

Table 1
Characteristics of the subjects.

Boys Girls p value

n=115 n=122
Age (years) 115415 114+15 0.70
Height (cm) 148.7 +11.8 146.4 1+ 10.7 0.13
Weight (kg) 41.6 +11.5 40.7 +12.4 0.58
Relative weight (%) 2.0+16.9 1.7+179 0.88
Waist circumference (cm) 64.2 +10.1 63.2+9.1 0.42
Waist-to-height ratio 0.43 - 0.06 0.43 +0.05 0.87
Systolic blood pressure (mmHg) 107.6 +10.7 106.8 +10.7 0.57
Diastolic blood pressure (mmHg) 59.6 +6.7 60.7 +7.8 0.23
Total cholesterol (mg/dl) 167.9 +23.2 176.0 +22.0 <0.01
HDL cholesterol (mg/dl) 65.2 +13.1 65.0412.3 0.89
Triglycveride (mg/dl) 56.6 +32.2 6144358 0.23
Glucose (mg/dl) 89.0 +5.1 874458 0.03
Insulin (pU/ml) 8.1+53 11.0+6.6 <0.01
HOMA-R 1.8+1.2 22+15 <0.01
CRP 0.028 +0.045 0.024+40.028 0.45

Metabolic syndrome 2/115 (1.7%)  0/122 (0.0%)

Values are mean + SD.

3. Results
3.1. The prevalence of metabolic risk factors

The characteristics of the subjects are shown in Table 1. Boys
had lower TC and insulin levels, lower HOMA-R and higher
glucose levels than girls. No other sex differences were observed.

The prevalence of metabolic risk factors was as follows: 28
children with abdominal obesity (11.8%; 16 boys, 12 girls), 12
children with hypertriglyceridemia (5.1%; 6 boys, 6 girls), 4 chil-
dren with reduced HDLC levels (1.7%; 2 boys, 2 girls), 15 children
with elevated sBP (6.3%; 7 boys, 8 girls), 19 children with elevated
dBP (8.0%; 6 boys, 13 girls) and 7 children with elevated fasting
glucose levels (3.0%; 5 boys, 2 girls). Among the children with
abdominal obesity, we found 10 children presenting with an
additional risk (4 with dyslipidemia, 5 with high BP, 1 with a
high fasting glucose level) and 2 children (0.8%; 2 boys) with two
or more risk factors, diagnosed as MetS.

3.2. Fatty acid composition of plasma phospholipids, and desaturase
activities

(Table 2) The MUFA levels (16:1n-7, 18:1n-9) and SCD activ-
ities (SCD16, SCD18) showed no sex differences. For the n-6
PUFAs, the LA level was lower in boys than in girls, whereas the
levels of dihomo-y-linoleic acid (DHGL; 20:3n-6) and AA were
higher in boys. Moreover, in boys, D6D activity was significantly
higher, and D5D activity tended to be lower. Among the n-3
PUFAs, the ALA level was lower in boys; however, no other sex
differences were demonstrated, including docosahexaenoic acid
(DHA; 22:6n-3) or EPA levels.

3.3. Relationship between metabolic risk factors, CRP levels, HOMA-
R and desaturase activities

(Table 3) In boys, D6D activity had significant positive associa-
tions with WHIR, TG levels, CRP levels, sBP and dBP and a
negative association with HDLC levels. Fasting glucose levels
were not correlated with D6D activity; however, fasting insulin
levels and HOMA-R correlated positively with D6D activity,
whereas D5D activity had a significant relationship with all
metabolic risk factors, CRP levels and HOMA-R. In girls, no
association was demonstrated between BP, fasting glucose levels,
CRP levels and desaturase activities. However, WHtR, TG and
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HDLC levels and HOMA-R had significant relationships with both
D6D and D5D activities. SCD activity (SCD16 or SCD18) did not
correlate with any metabolic risk factors other than WHtR in
either sex.

Stepwise multiple regression analysis was performed to deter-
mine the major contributors to D5D or D6D activity. Based on the
results of simple regression analyses, we used WHtR, TG, HDLC
and CRP levels, sBP, dBP and HOMA-R as independent variables in
boys and WHtR, TG and HDLC levels and HOMA-R as independent
variables in girls. In boys, WHtR and TG levels emerged as
significant determinants, explaining 33.3% of the D6D activity
variability and 23.4% of the D5D activity variability. In girls, only
the TG level emerged as a significant determinant, explaining
26.1% of the D6D activity variability and 17.8% of the D5D activity
variability.

3.4. D6D and D5D activities, HOMA-R and CRP levels in children
with or without abdominal obesity

(Fig. 1) D6D and D5D activities, HOMA-R and CRP levels were
compared between children with and without abdominal obesity.

Table 2
Fatty acid composition in plasma phospholipids and desaturase indices.

Boys Girls p value
n=115 n=122
14:0 0.30+0.16 034+0.14 0.04
16:0 252+ 1.1 251+1.1 0.36
16:1n-7 0.89 +0.32 0.96 +0.49 0.23
18:0 14.6 + 0.8 14.6+0.8 0.71
18:1n-9 96+1.0 94+09 0.10
18:1n-7 1.6+0.2 1.7£02 0.30
18:2n-6 200+22 20.7 +£2.0 0.02
18:3n-6 0.19+0.12 0.18 +0.09 0.53
18:3n-3 0.26 +0.08 0.30+0.10 <0.01
20:3n-6 25405 23405 <0.01
20:4n-6 92+13 89+1.1 0.03
20:4n-3 0.13 +0.07 0.13 £0.07 0.98
20:5n-3 14407 15408 0.27
22:4n-6 0.3110.06 0.28 +0.06 <0.01
22:5n-6 0.24+0.08 0.22 +0.06 0.04
22:5n-3 1.0+0.2 1.0+0.2 0.54
22:6n-3 6.1+12 6.0+1.2 0.65
SCD16 activity 0.036 +£0.013 0.038 +0.019 0.20
SCD18 activity 0.66 +0.07 0.64 +0.07 0.20
D6D activity 0.13 +0.04 0.11+0.03 <0.01
D5D activity 3.8+09 40+1.0 0.07

Values are mean + SD.

The boys with abdominal obesity showed a higher D6D activity
(0.18 +0.04), a lower D5D activity (3.0 + 0.6), a higher HOMA-R
(2.8 + 1.6) and higher CRP levels (0.098 +0.072) than the boys
without abdominal obesity (0.13 +0.03, 3.9+0.9, 1.3+0.7 and
0.015 +0.019). The girls with abdominal obesity also showed a
higher D6D activity (0.16 + 0.03), a lower D5D activity (3.1 +0.3)
and a higher HOMA-R (4.1 + 1.9) than the girls without abdom-
inal obesity (0.12 +0.03, 4.1 +1.0 and 1.8 +1.1). However, CRP
levels in girls demonstrated no significant difference between
those with and without abdominal obesity (0.035 + 0.035, and
0.023 +0.028, respectively). The AA levels in the children with
abdominal obesity (9.2 + 1.3, and 8.9 + 0.8 w/w%) were not dif-
ferent from those in the children without abdominal obesity
(9.2 +1.3, and 8.8 + 1.1 w/w¥%) in either sex.

4. Discussion

In this study of Japanese children, we found that D6D and D5D
activities as estimated from the phospholipid fatty acid profile
had a significant association with individual metabolic risk
factors, fasting insulin, HOMA-R, CRP levels and abdominal
adiposity.

Our results for desaturase activities in children with metabolic
risk factors are compatible with some previous studies. Japanese
studies in middle-aged men [7] and in young women [9] demon-
strated that D6D activity was positively associated with metabolic
risk factors and HOMA-R, while D5D activity had a negative
association. The same relationship was also shown in Koreans
[26]. Hungarian children with MetS had lower D5D activities than
controls [21]. Furthermore, in a long-term follow-up of more than
20 years, D5D activity at baseline predicted the development of
MetS independently of lifestyle factors such as smoking, physical
activity and body mass index [6]. Therefore, estimated D6D and
D5D activities may be useful as biomarkers for individual meta-
bolic risk factors. However, we found sexual dimorphism in the
relationship between CRP levels and the D6D and D5D activities.
Increased D6D activity and decreased D5D activity were asso-
ciated with elevated CRP levels only in boys. These findings may
be partly explained by the effects of sex hormones, which affect
D6D and D5D activities [27] and CRP levels. Another sex differ-
ence, which was demonstrated by stepwise regression analysis,
was that abdominal adiposity was the determinant of D6D and
D5D activities only in boys. During puberty, body composition
changes occur differently between in the sexes. Fat accumulations
in most of the girls in this study may be physiological; therefore,
abdominal adiposity was not a major factor affecting n-6

Table 3
Correlation coefficients between metabolic risks, HOMA-R, CRP and desaturase activities.
Boys Girls
SCD16 SCD18 D6D D5D SCD16 SCD18 D6D D5D
Relative weight 0.013 —0.274* 0.464** —0.346™* —0.064 -0.225* 04217 ~0.291**
WHtR -0.034 —0.308** 0.515™* —0.358** -0.079 -0.270"* 0.416** —0.301"*
SBP 0.118 0.030 0.199* -0.199* 0.039 -0.119 0.094 —0.032
DBP 0.027 0.015 0.210* —0.264™ —0.043 -0.075 0.082 -0.080
HDLC 0.010 0.182 —0.265™* 0.332% -0.029 0.059 —0.382%* 0.224*
TG 0.161 0.068 0.498™* ~0.518%* 0.008 0.054 0.445* —0.430™*
Glucose 0.064 -0.045 0.166 -0.234* ~0.070 —0.042 -0.015 0.015
Insulin —-0.034 -0.135 0378 —0.288™ —0.008 —0.061 0377 -0.310"
HOMA-R -0.028 —0.140 0.364%= —0.298* -0.018 —0.061 0.366™ —0.302*
CRP -0.025 —0.164 0.406™* —0.332* 0.125 -0.018 0.085 -0.172
* p<0.05.
**p<0.01.
** p<0.001.
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Fig. 1. Desaturase activities, HOMA-R and CRP levels in children with and without abdominal obesity. *: p < 0.05 vs. children without abdominal obesity by unpaired t-test.
D6D: delta-6 desaturase, D5D: delta-5 desaturase, HOMA-R: homeostasis model of assessment ratio, CRP: C-reactive protein.

desaturating metabolism. However, we could not obtain pubertal
stages or levels of sex hormones, which might provide a possible
mechanism for our findings.

Some forms of obesity, especially abdominal obesity, are
associated with chronic low-grade inflammation, which acceler-
ates atherosclerosis and insulin resistance [28,29]. In addition,
PUFAs are precursors of the lipid mediators known as eicosanoids,
which play important roles in the regulation of inflammation.
Eicosanoids are derived from PUFAs via the D6D and D5D
metabolic pathways. AA is a direct precursor of inflammatory
eicosanoids, and the AA content of phospholipids was most
sensitive to FADS gene variants [30]. Furthermore, in patients
with coronary artery disease [16], FADS gene polymorphisms
were related to the AA/LA ratio and increased inflammation.
Therefore, D6D and D5D activities may be predisposing factors
for chronic inflammation. In our study, abdominal adiposity did
not relate significantly to AA content, but was significantly
associated with CRP levels in boys. Our findings, therefore,
suggest that the chronic inflammation that is typical of abdominal
obesity may be associated with the altered n-6 PUFA desaturating
metabolism in boys.

The treatment of MetS in children is not pharmacological but
instead requires lifestyle changes, such as to physical activity and
diet. Total dietary fat and saturated fat are not only associated
with obesity but also affect metabolic risk factors {31]. Therefore,
dietary fatty acid interventions are recommended [32]. However,
because of individual variability in the efficacy of dietary mod-
ification on metabolic disturbances, personalized nutrition based
on genetic backgrounds has been attempted. Regarding PUFAs,
Shen et al. suggested that interleukin-1beta genetic variants are
associated with chronic inflammation and the risk of MetS and
that genetic influences are more evident in subjects with low n-3
PUFA intake [33]. FADS gene variants also affect phospholipid
fatty acid composition and inflammation [29], suggesting that
individuals could require different amounts of dietary PUFAs to
achieve comparable biological effects. However, identifying
genetic backgrounds in clinical settings is challenging. According

to our results, D6D and D5D desaturase activities may provide a
guide for customizing fatty acid nutrition in place of the genetic
background. A longitudinal study of fatty acid composition in
children demonstrated that dietary fat has little effect on long-
itudinal changes in n-6 PUFAs in phospholipids, whereas tracking
was observed for the AA/LA ratio [34], which represents n-6 PUFA
metabolism including delta-6 and -5 desaturations. Therefore, the
desaturase activities might reflect individual endogenous n-6
PUFA metabolism rather than nutritional status.

This study was not designed to obtain information about diet.
Therefore, the influence of dietary fatty acid on desaturase
activities, inflammation and insulin resistance could not be
evaluated. However, our results demonstrated that D6D and
D5D activities might be biomarkers for comorbidity of abdominal
obesity. Further studies addressing the effects of dietary fatty
acids on D6D and D5D activities should be conducted to evaluate
them as a guide for determining nutritional fatty acid
requirements.

In conclusion, n-6 PUFA metabolism is associated with abdom-
inal adiposity, and the estimated D6D and D5D activities might be
potential biomarkers for metabolic risk factors in Japanese chil-
dren. In addition, the assessment of the n-6 PUFA desaturation
pathway by desaturase activities could provide a new approach to
establish personalized fatty acid nutrition for abdominal obesity
in future studies.
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Association of Changes in Body Fatness and Fatty Aud Composition
of Plasma Phospholipids During Early Puberty in Japanese Children
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Aims: Plasma fatty acid composition can change with age, reflecting diet and levels of desaturating
enzymes such as stearoyl-CoA desaturase (SCD), delta-6 desaturase (D6D) and delta-5 desaturase
(D5D), which contribute to the development of insulin resistance. This study analyzed longitudinal
changes in fatty acid composition in Japanese children during early puberty and the association
between changes in desaturase indices and changes in body fatness and insulin resistance.

Methods: The study included 77 children (38 boys and 39 girls) aged 9.6+ 0.5 years. Relative weight
(RW) and wmst~to~hexght ratio (WH(R) were determined. The fatty acid composition of plasma
phospholipids was analyzed by gas chromatography; and the desaturase indices were calculated: SCD
(16:1n-7/16:0: SCD16 and 18:1n-9/18:0: SCD18), D6D (20:3n-6/18:2n- 6) and D5D
(20:4n-6/20:3n-6) in 2006 and 2009.

Results: Obese children showed higher dihomo-gamma linolenic acid (DGLA; 20:3n-6), a higher
D6D index and lower D5D index than non-obese children. Longitudinal changes in fatty acid com-
position were generally similar in both sexes. Increased D6D index and DGLA and decreased D5D
index were significantly associated with increased WHtR in boys and girls. In addition, increased
D6D index was associated with an mcreased homeostasis model of assessment ratm (HOMA-R) on]y
in girds.

Conclusion: The change in abdominal adiposity is a determinant of longntudmal changes in D6D
and D5D indices and DGLA during early puberty.

J Atheroscler Thromb, 2012; 19:1102-1109.

Key words; Fatty acid profile, Desaturase, Insulin resistance, Body fatness, Longitudinal study

Introduction
Childhood obesity is a worldwide epidemic and

the consequences include increased obesity-related dis-
eases such as metabolic syndrome and type 2 diabe-
tes'”. The increased prevalence of childhood obesity
is expected 1o lead to the carlier onset and increased
incidence of coronary artery disease. It is generally
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accepted that atherosclerosis originates in childhood
and that diet and physical actvity are key determi-
nants of the development of obesity. Although fatty
acids are important in the development of obesxty,
insulin resistance and cardiovascular diseases, it is dif-
ficult to determine the eftect of differences in dietary
fatty acid composition. Many studies have found that
the fatty acid composition in blood and cissues is
related to insulin resistance, type 2 dlabetes, metabolic
syndrome and cardiovascular diseases®™. In children,
higher levels of saturated fatty acids, l()wcr levels of
n-3 polyunsaturated fatty acids (PUFAs), especially

docosahexaenoic acid (DHA, 22:6n-3), and linoleic
acid (LA, 18:2n-6) as well as higher levels of dihomo-
gamma-linolenic acid (DGLA, 20:3n-6) in phospho-

—234—



Longitudinal Changes in Fatty Acid in Children 1103

lipids®' and palmitoleic acid (16:1n-7) in plasma
lipids'? are related to obesity and metabolic syndrome;
however, the fatty acid composition of human adipose
tissue can change with age, mdepcnclenr of diet'?.

The fatty acid composition of plasma lipids
reflects food intake and levels of desaturating enzymes
such as stearoyl-CoA desaturase (SCD), which is the
rate-limiting enzyme in the biosynthesis of monoun-
saturated fatty acids (MUFAs), and delta-6 desaturase
(D6D) and delta-5 desaturase (D5D), which modu-
late the transformation of essential facty acids into
¢icosanoids. The activities of these enzymes cannot be
measured easily in humans i vive but can be esti-
mated from the product/precursor ratios. Several stud-
ies have demonstrated that high SCD and D6D indi-
ces and a low D5D index, obtained from fatty acid
composition in plasma phosphohplds, are associated
with adiposity, insulin resistance and metabolic syn-
drome” 1+ 19 A few studies have assessed longitudinal
changes in serum fatty acid composltlon in cholesteryl
esters' and in pbosphohplds“’j in children, but stud-
ies of longitudinal changes in desaturase indices and
the relationship of these changes with body fat have
not been reported In this study, we analyzed the fatty
acid composition and irs longitudinal changes in
plasma phospholipids in Japanese children during
carly puberty. We also investigated the association of
changes in desaturase indices with changes in body
famess and insulin resistance.

Participants and Methods

Study Population

The study population was 77 children (38 boys
and 39 girls) aged 9.6%0.5 years -(mean = SD), who
were in the 4th grade of an elementary school located
in a rural area in thzuoka prefecture in 2006. The
school participated in this study voluntarily. All chil-
dren were free from diseases other than hyperlipidemia
and obesity. Fach child’s standing height and weight
were measured and relative weight (RW) was calcu-
lated accorchng to the standard weight for sex, age and
height using data from the Ministry of Education, Sci-
ence, Sports and Culture'”, Waist circumference was
measured at the level of the umbilicus, and the waist-
to-height ratio (VVHtR) was calculated. All blocd
s1mpks were obtained from the cubital vein in the
morning after a 12 hour fast. Concentrations of total
cholesterol (TC), high-density lipoprotein cholesterol
(HDI C) and mglycende (TG) were measured by
enzymatic methods. Concentrations of low—densuy
lipoprotein cholesterol {LDLC) were caleulated using.
the Frledewald formula'®. Concentrations of plasma

insulin and glucose were determined, and the homeo-
stasis model of assessment ratio (HOMA-R) was
obtained using Matthews’ formula as an index of insu-
lin resistance'”. Three years later (in 2009) we
approached the students about participating in the
second phase of the study.

Informed consent was obtained from cach child
and his or her parents. The study protocol was
approved by the local ethics committee, which is com-
posed of members of the school’s health education
committee. This committee includes members of the
local Board of Education and representatives of Nihon

University Itabashi Hospital.

Fatty Acid Analysis

Total 1 lipids were extracted as described”. Bneﬂy,
plasma was homogenized with an ultrasonic homoge-
nizer in chloroform/methanol (1:1, v/v). After filtra-
tion with filter paper and a membrane filter, distilled
water was added and the mixture was shaken. The
lower layer (chloroform layer) was collected, the chlo-
roform was removed by evaporation and the residue
was separated into phospholipids and neutral lipids by
solid-phase extraction or thin-layer chromatography.
Followmg the addition of an internal standard (for
instance, C23:0Me, tricosanoic acid methy]cstcr)
phospholipids were transmethylated ac 90T for 60
min using the (14%, w/v) boron trifluoride in metha-
nol method. The fatty acid composition was analyzed
by gas chromatography (Omegawax250 fused silica
capillary column, 30 mx0.25 mm i.d., 0.25 pm film
thickness; Supelco, Japan).

The desaturase indices were determined as: SCD
(16:1n-7/16:0: SCD16 and 18:1n-9/18:0: SCD18),
D6D (20:3n-6/ 18:211—6) and D5D (20:4n-6/20:3n-6).

Statistical Analysns

All data are expressed as the mean=SD. Group
differences were assessed using the unpaired 7-test.
The correlation coefficient between two variables was
determined by single regression analysis. p<0.05 was
considered significant. All statistical analyses were per-

formed with the STATVIEW statistical packave (v4.5;
Abacus Concepts, Berkeley, CA, USA).

Results

Baseline Characteristics

At the start of this study, 11 of the children (4
bqu and 7 girls) were obese with relative weight (RW)
2120%. There was no difference between boys and
gitls for any of the parameters, except for fasting glu-
cose concentration in non-obese children: according
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Table 1. Subject characteristics

Boys Girls
Non-obese Obese pvalue Non-obese Obese p value

Ist n=34 n=4 n=32 n=7
Age (year) 9.6+0.5 9.8%0.5 0.4773 9.6+0.,5 9.4%0.5 0.5323
Body weight (kg) 31.5%5.9 454+12.9 0.0005 30.3%5.5 45.7%8.3 <0.0001
Height (cm) 135.846.3 136.3%4.5 0.8534 134.9%6.3 139.7£6.0 0.0325
Relarive weight (%) 1028%124  1454%31.8 <0.0001 101.1%11.9 139.4%13.7 <0.0001
Whist-to-height ratio 0.44%0.04 0.58%0.07 <0.0001 0.44%0.03 0.54+0.05 <0.0001
Toral cholesterol (mg/dL) 176.5+26.1 178.8+20.2 0.8692 182.1£24.0 186.6+40.8 0.6999
LDL-cholesterol (mg/dL) 99.6+22.2 1069+ 17.8 0.3183 106.0£21.9  114.8+32.0 0.2384
HDL-cholesterol (mg/dL) 67.2£12.0 553+ 12.5 0.0692 66.4%12.0 520115 0.0041
Triglyceride (mg/dL) 48.6x24,1 83.0%45.6 0.0195 48.6+21.3 99.0+58.4 0.0003
Glucose (mg/dL) 93.5£5.7 93.0+5.2 0.8755 89.9+4.9%%  914x47 0.4592
Insulin (TU/mL) 7.0%3.4 11.53.8 0.0178 7.8%3.5 20.1x12.8 <0.0001
HOMA-R 1.60.8 27%1.0 0.0220 1.7£0.8 45£2.6 <0.0001

2nd n=32 n=06 n=31 n=38
Age (year) 125405 12.840.4 0.0778 125%0.5 123£0.5 0.1875
Body weight (kg) 43.4+7.6 62.6%13.3  <0.0001 43.8£59 61.2%7.6 <0.0001
Height (¢m) 155.8+8.5 157.1%5.1 0.7084 152.7£3.5 154.0%3.4 0.3874
Relative weight (%) 93.7£8.5 1317226 <0.0001 98.0%12.1  134.1%153 <0.0001
Whaist-to-height ratio 0.41%0.03 0.56+0.06  <0.0001 042+0.03%  051£0.04 <0.0001
Total cholesterol (mg/dL) 162.9£222%  1583%15.0 0.6709 1784£22.6™  166.0+24.6 0.1823
LDL-cholesterol (mg/dL) 88.4=18.3%  958=x15.2 0.3614 1027+208%  989%203 . 0.6468
HDL-cholesterol (mg/dL) 65.8+10.2 46.8+7.0 0.0001 64.1%1 1.3 50.4%10.0 0.0034
Triglyceride (mg/dL) 43.6%18.5 81.230.7 0.0002 58.0£25.9%%  83.9+386 0.0294
Glucose (mg/dL) 88.2%5.1%  893%35 0.6052 88.3%5.4 90.4+3.9 0.3152
Insulin (IU/mL) 6.5%2.9 15.244.4 <0.0001 10.5£55 % 18.6+7.9 0.0017
HOMA-R 1.4%0.7 34% 1.1 <0.0001 42%19 0.0019

2.3+ 3%

Istys. 2nd in non-obese, ])<0 05, **p<0 01 Mean=SD
Male vs. Female in non-obese, . ;:<Z0 05; # p(() 01

to the guidelines for normal serum lipid levcls for
Japanese children®”, 4 girls had hypercholesterolemia
(>220 mg/dL), 1 boy and 2 girls had hypertriglyceri-
demia (>120 mg/dL) and no child had a low concen-
tration of HDLC (<40 mg/dL). Obese children had
lower concentrations of HDLC, higher concentrations
of TG and insulin and higher HOMA-R (Table 1).
Table 2 gives the fatty acid profiles. Obese boys had
significantly higher contents of DGLA (20:3n-6) and
eicosapentaenoic acid (EPA; 20:5n-3) than non-obese
‘boys. Obese girls had higher contents of DGLA
(20:3n-6) than non-obese girls; however, the differ-
ence was not statistically significant. The D6D index
was higher in obese children, whereas the D5D index
was lower in obese boys than in any other group.
Non-obese boys had lower LA (18:2n-6) and higher
DHA (22:6n-3) than non-obese girls. Obese boys had
higher EPA (20:5n-3) than obese girls.

In boys, the DGD index and the content of
DGLA (20:3n-6) were correlated posmvely with RW
(r=0.615, p<0.00012; r=0.375, p=0.0204, respec-
tively) and WHR (r= 0.618, £<0.0001; r=0.422,
£=0.0083), but not with HOMA-R. The D5D index
was correlated negatively with RW, WHtR and
HOMA-R (r=-0.418, p=0.0091, r=-0.464, p=
0.0034 and r=-0.457, p=0.0039, respectively). In
girls, the DGD index and DGLA (20:3n-6) were cor-
related positively with RW (r= -0.547, p=0.0003 and
r=0.366, p=0. ()220 respectively), WHtR (r=0.575,
£=0.0001 and =0.369, p=0.0209, respectively) and
HOMA-R (+=0.665, p<0.0001; 7=0.391, =0.0139,
respectively), whereas the D5D index was correlated
negatively with HOMA-R (r=-0.431, p=0.0061)
but not with DGD or D5D. The SCD16 index had
no significant relationship with RW or WHR in either

Sex, whereas the SCD18 mdex was correhtcd nega-
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Table 2. Fatty acid composition of plasma phospholipids and desaturase indices

Istvs. 2nd in non 0b€$t p<0 05, **p< 0. 01 Mcau‘*bD
Male vs. Female, *p<0.05. #,<0.01

tively with RW and WHtR (r"-0422 2=0.0083
and r=-0.333, p=0. 0408 respectively) only in boys.
HOMA-R had no association with the SC D16 index
or the SCD18 index in either sex.
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Boys Girls
Non-obese Obese pvalue Non-obese Obese p value
1st n=34 n=4 n=32 n=7
Saturated fatty acids
16:0 25.1%1.2 26.1%1.4 0.1112 25.4%1.1 25.4%1.1 0.9664
18:0 14.7%0.8 155511 0.0595 14.6+0.8 15.50). 0.0141
Monounsaturated fatty acids
16:1n-7 0.7+0.3 0.7%0.3 0.8281 0.60.3 0.8+0.4 0.1966
18:1n-9 8.5%0.8 8.01.0 0.2386 8.8%0.5 8.6%1.5 0.5562
Polyunsaturated facty acids
18:20-6 18.0£2.1 16.6%2.6 0.2174 19.1= 1.5% 18.1+2.8 0.1909
20:3n-6 2.1%0.4 27%05 0.0084 2.2%05 2.6%0.7 0.0686
20:4n-6 9.1%1.2 8.3+0.9 0.1971 8.6%1.0 9.1%0.8 0.2799
18:3n-3 0.2+0.1 0.3£0.1 0.6117 0.2%0.1 0.2%0.1 0.8319
20:4n-3 0.1%0.1 0.2£0.2 0.0706 0.2%0.1 0.220.1 0.8391
20:5n-3 23208 33%13 0.0249 1.920.7 1.8+0.6% 0.5530
22:6n-3 75%1.1 75216 0.9884 6.7+1.0% 6.4£0.9 0.4675
SCD16 0.03=0.01 0.03=0.01 0.9105 0.02%0.01 0.030.01 0.1997
SCD18 0.58+0.08 0.5220.09 0.125 0.60%0.05 0.5620.12 0.1166
D6D 0.12£0.03 0.17£0.03 0.0081 0.12£0.03 0.15£0.06 0.0259
. DsD 436%0.87 3.0920.76, 0.0082 4.070.87 370%1.13 0.3391
Znd ; Cop=32 n=6 #=31 n=8
Saturaced farty acids ' : :
16:0 253%0.8 26.1£0.9 0.0268 25.7+0.9 25807 0.6595
18:0 145208 15208 0.0623 14.4%0.7 15.020.7 0.0483
Monounsaturated fatty acids &
16:1n-7 0.9+02* 08203 0.2270 0.920.2* 0.9%0.1 0.8829
18:1n0-9 9.8+0.7* 9610 0.4724 9.7+1.0*" 95%0.6 0.5869
Polyunsaturatcd farty acids. k '
18:2n-6 20.6+2.0% 19.2£1.8 0.1334 20.6£2.0™ 19.6%1.3 0.2021
20:3n-6 2.3%0.5 29207 0.0196 2.220.6 2.7%04 0.0209
20:4n-6 94%1.1 9.1£0.9 0.5734 9.2x1.2 9.4+0.5%" 0.7126
18:30-3 0.3£0.1% 03%0.1 0.5978 0.3£0.1% 0.3%0.1 0.9635
20:4n-3 0.1%0.1 0.220.1 0.0198 0.120.1 0.1120.1 0.3208
20:5n-3 1.3£0.5™ 14206 0.6370 1510 12203 0.4621
22:6n-3 6.0%1.0™ 6.0%1.5 0.9672 58+1.2% 5.9+0.5 0.8320
SCD16 0.03+0.01* 0.03£0.01 0.1382 0.0320.011"  0.03%0.01 0.8285
SCD18 0.68+0.06™ 0.63£0.06 0.1017 - 0.68+0.08"* 0.64£0.06 0.1877
D6D 0.11£0.03 0.15£0.05 0.0164 0.11%0.03 0.14%0.03 0.0082
DsD  423%081 343142 0.0576 4.54%1.27% 3.55%0.58 0.0405
W/ W%

Changes in Parameters Over 3 Years (Table 1)

- The 3-year change in individual RW was —7.6=
7.6% in boys and —2.6=9.3% in girls. Of the 11
children who were obese in the first phase, 10



1106 Abe et al,

remained obese (4 boys and 6 girls), and an additional
2 boys and 2 girls became obese. Thus, in the second
phase, 14 children (6 boys and 8 girls) were obese.
TC, LDLC and concentration of glucose in non-
obese boys were decreased significantly compared to
their values in the first phase. Non-obese girls showed
significant increases in the concentration of TG but
not TC or LDLC. Thus, in the second phase, boys
had lower concentrations of TC, LDLC and TG than
those in girls. One girl had hypercholesterolemia, 4
children (1 boy and 3 girls) had hypertriglyceridemia
and 3 children (1 boy and 2 girls) had low concentra-
tions of HDLC. HOMA-R and fasting insulin con-
centration increased in girls, and the difference
between sexes was statistically significant in the second

phase of the study.

Fatty Acid Composition in the Second Phase of the
Study (Table 2)

- No difference in farty acid composition was
observed between sexes in the second phase of the
study. Palmitoleic acid (16:1n-7) and oleic acid
(18:1n-9) contents in non-obese children were signifi-
cantly higher in the second phase than in the first
phase. Thus, both the SCD16 and SCD18 indices
increased. Regarding n-3 PUFAs in non-obese chil-
dren, the content of alpha-linolenic acid (ALA, 18:3n-
3) was increased significantly and the contents of EPA
(20:5n-3) and DHA (22:6n-3) were decreased signifi-
cantly in both sexes. For n-6 PUFAs, the content of
arachidonic acid (AA, 20:4n-6) was increased signifi-
canty only in obese girls, whereas the content of LA
(1 8;2[1—6) in non-obese children was increased signifi-
cantly in both sexes. The D6D and D5D indices were
unchanged during the study, except for the DsD
index in non-obese girls.

In boys, the D6D and D5D indices and DGLA
(20:3n-6) were correlated with RW (»=0.569, p=
0.0002, r=-0.444, p=0.0052 and r=0433, p=
0.0066, respectively) and with WHR (r=0.640, p<
0.0001, r=-0.516, p=0. 0009 and r=0.404, p=
0.0120, respectively). HOMA-R showed a significant
relationship only with DGLA (r=0.446, 2=0.0050).
1In girds, the D6D index was correlated with RW,
WHR and HOMA-R (r=0.391, p=0.0139, =0.454,
£=0.0037 and »=0.556, p<0.0001, respectively), the
D5D index was correlated with WH(R and HOMA-
R (r=-0.332, p=0.0392 and r=-0.431, p=0.0051,
respectively) but not with the D6D index. DGLA was
correlated with RW and HOMA-R (r=0.371. p=
0.0200 and r=0.426, p=0.0069, respectively) but not
with the D5D index. The SCD16 index showed no
significant correlation with RW, WHR or HOMA-R

Table 3. Relationship between the changes in fauty acid com-
position and the changes in RW

Boys Girls
n=38 n=39
Individual 3-year
change in : ’ d r
Saturated fatry acids
16:0 =0.260 0.1150 0252 01212
18:0 0.533 0.0006 0.042  0.7996
Monounsaturated fatey acids
16:1n-7 0.171 0.3045 0322 0.0458
18:1n-9 -0.222 0.1801 0.036  0.8296
Polyunsaturated fatty acids
18:2n-6 -0.591 <0.0001 -0.293  0.0704
20:3n-6 0.463 0.0035 0123 0.4541
20:4n-6 0.197 0.2364 -0.184  0.2632
18:3n-3 -0.059 0.7237 0.159  0.3321
20:4n-3 0.431 0.0069 -0.028  0.8673
20:5n-3 0.273 0.0977 0.159  0.3330
22:6n-3 0.409 0.0108 0.064  0.6991
SCD16 0.197 0.2351 0.307  0.0575
SCD18 -0473 0.0061 -0.019 09097
D6D 0.586 0.0001 0.283  0.0811
DsD -0.352 0.0318 =0.191  0.2431

in either sex. The SCD18 index had significant nega-
tive correlation with RW and WHtR (»=-10.386,
£=0.0167 and r=~0.347, p=0.0327, respectively) in
boys but not in girls. HOMA-R had no correlation
with the SCD16 or the SCD18 index in either sex.

Association between Changes in Fatty Acid Com-
position and Changes in RW, WHtR and HOMA-
R (Tables 3-5)

We mvestlgated the association between changes
in RW and changes in fltty acid content as well as in
the desaturase mdu:cs In girls, the changes in RW
were not associated with changes in any parameter
except the content of palmitoleic acid (16:1n-7). By
contrast, the change in RW in boys was associated sig-

~ nificantly with changes in fatty acid composition and

desaturase indices. Increased RW was associated with
increased contents of 18:0, DGLA (20:3n-6), 20:4n-3
and DHA (22:6n-3) and the D6D index, and with a
decreased content of LA (18:2n-6) and the SCD18
and D5D indices.

In girls, the changes i in WHtR were not associ-
ated with changes in any parameters except DGLA
(20:3n-6). In boys, the change in WHtR was associ-

- ated significantly with changes in 16:0, 18:0, LA

—238—
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Table 4. Relationship between the changes in fatty acid com-
position and the changes in WHR

Table 5. Relationship between the changes in fatty acid com-
position and the changes in HOMA-R

Boys Girls
n=38 n=39
Individual 3-year
clx;tﬁge in ¢ ? ’ ’
Saturated fatry acids
16:0 0336 0.0392 0.015  0.9276
18:0 0.527  0.0007 0.167  0.3089
Monotinsaturated facty acids )
16:1n-7 0.131 0.4345 0.298  0.0654
18:1n-9 -0.245 0.1388 0.131  0.4256
Polyunsaturated fatty acids ,
18:2n-6 -0476 00031  -0282  0.0823
20:30-6 0.619  <0.0001 0.362  0.0234
20:4n-6 0203 02227  -0.165 03165
18:3n-3 ~0.012  0.9440 0.114  0.4906
20:4n-3 0.433 0.0066 0.171  0.2990
20503 0106 05258 0.177  0.2815
22:6n-3 0.236 0.1531 0.006 09695
SCD16 0.157  0.3467 0296 0.0674
SCD18 -0.467  0.0031 0.026  0.8739
- D6D 0.640  <0.0001 0.500  0.0012

Boys Gitls
n=38 n=39
Individual 3-year
change in ! s g ?
Saturated fatty acids
16:0 0.130 0.4350 -0.147 03727
18:0 0.094 0.5734 0306 0.0585
Monounsaturated fatty acids
16:1n-7 0.006 0.6923 0.040  0.8076
18:1n-9 -0.084 0.6148 0.324  0.0440
Polyunsaturated farry acids
18:2n-6 ~0.104 0.5325 -0.085  0.6081
20:3n-6 0.023 0.8502 0236  0.1484
20:4n-6 -0.076 0.6504 =0.313 . 0.0526
18:3n-3 0.144 0.3873 0249  0.1259
20:4n-3 0.079 0.6384 0202 0.2174
20:5n-3 0.023 0.8890 0.074  0.6565
22:6n-3 0.080 0.6330 ~0.019  0.9085
SCDI16 0.063 0.7093 -0.034 0.8352
SCD18 =0.112 0.5045 0.115 04847
D6D 0.044 07931 0326 0.0432
0.5696 =0.296.  0.0671

D5D -0.095

DsD -0.488 00019  -0337  0.0361

(18:2n-6), DGLA (20:3n-6) and 20:4n-3. In addition,
the change in WHR was correlated significantly to
changes in the D6D and D5D indices in both boys
and girls. In glrls, the increases in the D6D index and

oleic acid (18:1n- 9) were correlated s;gmﬁcantly o

changes in HOMA R.

Desaturase Indxces Over the Period of the Study
To evaluate the tracklng of desarurase indices,
single regression analy.sls of the desaturase index and
DGLA (20:3n-6) values was performcd from the first
and second phases of the study. Strong corrclations
were found for the D6D index (r=0.431, p=0.0069
in boys; 7=0. 557 r= 0.0002 in glxls) the D5D index
(r=0.554, p=0.0003 in boys; »=0.567, p=0.0002 in
girls), the SCD18 index (r=0.470, p=0.0029 in boys;
7=0.503, p=0.0011 in glr Is) and DGLA (20:3n-6)
(r=0.474 and p=0.0026 in boys; 7=0.513 and p=
0.0008 in g}rls) By contrast, the SCD16 index showed

no swmﬁcant assoclatmn

Discussion

We investigated the longitudinal changes of fatty

acid composition of plasma phospholipids and the

impact of body fatness and insulin resistance during
early puberty in Japanese children. The pattern of
change in the fatty acid composition was similar in
both sexes, and body fatness was associated with lon-

gltudmal changes of D6D and DSD indices and

Body fatness is one of the determinants of fatty
acid composition in serum phospholipids. In an ear-
lier study®, obese children showed greater contents of
AA (20:4n-6) and DGLA (20 3n-6) and a higher AA
(20 4n—6)/LA (18:2n-6) ratio, suggesting enhanced
activity of D6D. In addition, obese children with
metabolic syndrome demonstrated lower LA (18:2n-6)
and higher DGLA (20: 3n-6) than non-obese children
and obese children without metabolic syndrome”. In
the present study, obese children had higher DGLA
(20:3n-6), a higher D6D index and lower D5D index
than non-obese children both at baseline and 3 years
later. Furthermore, changes in the D6D and D5D
indices and DGLA (20 ?m 6) were associated with
changes in WH(R over 3 years; therefore, abdominal
adlposuy might be an important determinant of lon-
gitudinal changes in n-6 fatty acd composmon of
plasma phosphohplds

The present study demonstrated an increase in
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