Concentrations of very long—chain fatty acid
in whole blood are associated with
cardiovascular risk factors in children
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ABSTRACT

Background: Fatty acid metabolism has a close relationship with metabolic syndrome. Saturated very long-
chain fatty acid (hexacosanoic acid; C26:0) was recently reported to be associated with cardiovascular risk
factors in adults.

Methods: Eighty-eight children (47 male, 41 female; average age, 10.9 y) participated in this study.
Concentrations of C26:0 in whole blood were measured.

Results: Compared with reported concentrations in the whole blood of adults, children had lower C26:0
concentrations, which had a close relationship with abdominal obesity, increased concentrations of low-
density lipoprotein cholesterol and high blood pressure. C26:0 concentrations increased with increasing
number of risk factors.

Conclusions: Elevation of (26:0 concentrations may be one of the metabolic features of children with
cardiovascular risk factors.

1. Introduction

Cardiovascular risk factors, including the components of metabolic
syndrome, are common in children in recently urbanized areas [1].
Studies suggest that the composition of fatty acids in blood and tissue,
which affect various important physiological functions related to the
development of cardiovascular disease, change in abdominal obesity
[2-4]. In children, abdominal adiposity has also been shown to have a
close relationship with cardiovascular risk factors [5,6]. Children with
abdominal obesity have a characteristic long-chain fatty acid meta-
bolism; increased activity of stearoyl-CoA desaturase [7], and in-
creased activity of delta-6 desaturase [8,9)].

Saturated very long-chain fatty acid (hexacosanoic acid; C26:0),
which is a minor component of fatty acids in human tissue, was
recently reported to be associated with cardiovascular risk factors. The
relative content of €26:0 in erythrocyte membranes is reported to
have a close positive relationship with concentrations of total cho-
lesterol (TC), triglycerides (TG) and low-density lipoprotein choles-
tero] (LDLC), and an inverse relationship with concentrations of high-
density lipoprotein cholesterol (HDLC), in healthy adults [ 10]. Absolute
concentrations of C26:0 in whole blood appear to be associated with
metabolic syndrome [11]. Information about the relationship between
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€26:0 concentrations and cardiovascular risk factors in children is not
available. We measured the concentrations of C26:0 in whole blood in
school-age children, and investigated its relationship to cardiovascular
risk factors.

2. Materials and methods
2.1 Study population

Cighty-eight children (47 male, 41 female; average age, 10.9 y) in the fourth grade of
an elementary school that volunteered to participate in school health checks in 2006
were the subject population. Standing height and body weight were measured, Relative
weight (%) was calculated according to the standard weight obtained for sex, age and
height according to data from the Ministry of Education, Science, Sports and Culture
[12]. Waist circumference was measured at the concentration ol the umbilicus, and the
ratio of waist to height (WHIR) obtained. Blood sampling was done in the morning after
overnight fasting. Concentrations of TC, HDLC and TG were measured by enzymatic
methods (Autoanalizer 7600, Hitachi High Technologies Inc., Tokyo, Japan). LDLC
concentrations were obtained using the Friedewald formula |13]. Concentrations of
adiponectin in serum were measured by enzyme-linked immunosorbent assay (ELISA)
as reported by Arita et al. |14]. Plasma glucose concentrations were measured enzy-
matically using a Glucose Analyzer 06 (T&A Inc., Yokohama, Japan), and insulin con-
centrations were determined by Elecsys insulin assay (Roche Diagnostics IKK.K. Tokyo,
Japan). The homeoslasis model of assessment ratio (IIOMA-R) was obtained using the
Matthews' formula as an index of insulin resistance [15].

2.2. €26:0 analysis with gas chromatography-mass spectrometry (GC-MS)

The concentrations of C26:0 were analyzed according to the procedures previously
described [I1). €26:0 in whole blood was directly transmethylated with 14% boron
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Table 1
Characteristics of the study subjects

Male Female

n=47 n=41 p
Relative weight (%) 107.3+2.7 1079129 09833
Waist circumference (cm) 616+13 61.7%1.3 0.9900
Waist/height ratio 0.45+0.01 0.45+0.01 0.5940
Systolic blood pressure (mmHg) 112116 114.8+19 0.3421
Diastolic blood pressure (mmHg) 654112 65.7+13 0.9100
Total cholesterol(mg/dl) 180.9+4.1 182.7£4.1 0.6941
LDL-cholesterol (mg/dl) 904+3.2 936133 0.4642
HDL-cholesterol (mgj/dl) G5.6+17 63.7+19 03771
Triglyceride (mg/dl) 53.14£3.7 570%5.5 0.6665
Fasting insulin (pU/ml) 75+0.6 10012 0.0533
Fasting glucose (ing/dl) 933108 90,207 0,0059
HOMA-R 1.7+0.1 2203 0.0952
Adiponectin (ug/ml) 57+0.5 5.0t0.5 0.4219
Hexacosanoic acid (pg/ml) 1.91£0.04 1.86+0.03 04718

Mean=SE Mann-Whitney U-test,

trifluoride methanol solution (Sigma-Aldrich Japan, Tokyo, Japan) at 90 °Cfor 90 min.
The quantification of £26:0 was carried out on a GC-MS system (QP2010, Shimadzu
Corporation, Kyoto, Japan) equipped with fused silica capillary column (Rtx-5MS,
30 mx0.25 mm id.; 0.25 um film thickness, Restek, USA) using nonacosanoic acid
(€29:0) methyl ester as an internal standard. In this measurement system, intraassay CV
was 5.2% and intraclass correlation was 96.5%.

2.3. Cardiovascular risk factors

Informed consent was obtained from the children and their parents before parti-
cipation in this study. The study protocol was approved by the University Ethics Committee
of Nihon University, ltabashi Hospital, Tokyo, Japan. In the present study, metabolic
syndrome in children was defined as having abdominal obesily {waisl circumfer-
ence>75 cm andfor WHIR20,5) plus22 of the following: (i) dyslipidemia: TG>120 mg/d|
and/or HDLC<40 mg/dl; (ii) elevated systolic blood pressure (=125 mmHg) and/or diastolic
blood pressure (270 mmHg); or (iii) increased concentration of fasting plasma glucose
(2100 mg/dl) [16]. Elevated LDLC concentrations (2110 mg/dl) were included as
cardiovascular risk factors [17], as well as all components of metabolic syndrome, Children
were disease-free except for dyslipidemia and obesity.

24, Statistical analyses

Data are expressed as meantstandard error. Differences in mean values were
analyzed by Mann-Whilney U-test, Correlalion coefficients belween 2 variables were
determined by simple regression analysis. Multiple regression analysis was carried out
to determine variables explaining C26:0 concentrations in whole blood. The relation-
ship between C26:0 concentrations in whole blood and the number of cardiovascular
risk factors was analyzed by one-way ANOVA with post hoc test. A p<0.05 was
considered statistically significant. Statistical analyses were conducted using the
statistical package STATVIEW (ver. 4.5; Abacus Concepts, Berkeley, CA).

3. Results
3.1. Patient characteristics

Patient characteristics are shown in Table 1. Males had significantly
higher fasting glucose concentrations than females, but no other dif-

Table 2
Simple correlation coefficients between very long-chain fatty acid and variables

Correlation coefficient

r p
Relative weight (%) 0.212 0.0470
Waist circumference (cm) 0.223 00363
Waist/height ratio 0.217 0.0424
Systolic blood pressure (mmHg) 0.301 0.0044
Diastolic blood pressure (mmHg) 0.389 0.0002
Total cholesterol (mg/dl) 0.227 0.0335
LDL-cholesterol (mg/dl) 0.229 0.0316
HDL-cholesterol (mg/dl) -0.018 0.8648
Triglyceride (mg/dl) 0173 01071
Fasting insulin (nU/ml) 0.077 0.4784
Fasting glucose (mg/dl) 0.033 0.7593
HOMA-R 0.073 0.4995
Adiponectin (pg/ml) 0.165 01234
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Fig. 1. Relationship between C26:0 concentrations in whole blood and the number of
cardiovascular risk factors, *Stalistical significance analyzed by ANOVA wilh Fisher's
post hoc test,

ference based on sex was demonstrated. The concentration of C26:0in
whole blood was 1.91+0.04 pg/ml in males and 1.86+0.03 ug/ml in
females. Two children had metabolic syndrome, and their C26:0 con-
centration was 1.96+0.04 ug/ml.

3.2. C26:0 concentrations in whole blood and cardiovascular risk factors

The prevalences of abdominal obesity, dyslipidemia, elevated blood
pressure and increased blood glucose concentrations were 19.3%,
19.3%, 38.6% and 10.2%, respectively. We found 29 children with 1 risk
factor (33.0%), 17 children with 2 risk factors (8.0%) and 5 children with
3 risk factors (5.7%).

Concentrations of C26:0 in whole blood correlated positively with
relative weight (r=0.212, p=0.0470), waist circumference (r=0.223,
p=0.0363), WHtR(r=0.217, p=0.0424), systolic blood pressure (r=0.301,
p=0.0044), diastolic blood pressure (r=0.389, p=0.0002), TC concentra-
tion (r=0.227, p=0.0355) and LDLC concentration (r=0.229, 0.0316)
(Table 2). In a multiple regression analysis that included waist cir-
cumference, diastolic blood pressure and LDLC concentration as inde-
pendent determinants, waist circumference (r=0.227, p=0.0214) and
diastolic blood pressure (r=0.391, p=0.0001) were the significant deter-
minants of concentrations of C26:0 in whole blood, explaining 20.3%
variability (p<0.0001).

The number of cardiovascular risk factors showed a significant
association with C26:0 concentrations in whole blood (Fig. 1). Com-
pared with children with no risk factors (1.83+0.04 pg/ml), C26:0
concentrations in whole blood of children with 2 or 3 risk factors were
significantly higher (1.97 £0.06 pg/ml, 2.10+0.07 pg/ml, respectively).

4, Discussion

We demonstrated C26:0 concentrations in whole blood in school-
age children. C26:0 concentrations in whole blood were lower in
children compared with those reported in adults [11]. Even in child-
ren, C26:0 concentrations in whole blood were closely related with
cardiovascular risk factors. C26:0 concentrations increased with in-
creasing number of risk factors in children.

C26:0 has been well investigated in peroxisomal disorders such as
Zellweger syndrome, Refsum's disease and X-linked adrenoleukody-
strophy [18,19] because peroxisome is essential in the B-oxidation of
very long-chain saturated and unsaturated fatty acids. In these dis-
eases, very long-chain fatty acid increases in plasma and is useful not
only as a diagnostic marler, but also as a marker of clinical severity.
Apart from genetic diseases, peroxisomal 3-oxidation is also affected
in alcoholic patients and crush syndrome. In these patients, active
oxygen species or free radicals generated by chronic consumption
of alcohol or ischemia—reperfusion may interrupt the beta-oxidation
of fatty acids by peroxisome [20,21]. A mechanism linking high
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concentrations of C26:0 and cardiovascular risk factors has not been
elucidated.

The activity of P-oxidation in peroxisomes is reported to decrease
with age, leading to an accumulation of very long-chain fatty acids in
mice [22]. In humans, C26:0 concentrations in whole blood increase
with age [11]. In our study, children had lower concentrations of C26:0
than adults. Peroxisomal 3-oxidation activity in humans may there-
fore also be affected by aging. Our results suggest that peroxisomal
[3-oxidation activity may be attenuated in children with cardiovas-
cular risk factors, and that the degree of the attenuation depends on
the severity of risk factors. Like the long-chain fatty acid metabolism
by delta-6 desaturase or stearoyl-CoA desaturase [7-9], the perox-
isomal B-oxidation of very long-chain fatty acid may be impaired in
obese children.

5. Conclusion

Concentrations of C26:0 in whole blood in children had a close
relationship with abdominal obesity, increased LDLC concentrations
and high blood pressure, and then with the clustering of these
cardiovascular risk factors. The elevation of C26:0 concentrations may
be one of the metabolic features of cardiovascular risk factors in
children.
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