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Newborn screening for Fabry disease in Japan:
prevalence and genotypes of Fabry disease

in a pilot study

Takahito Inoue!, Kiyoko Hattori?, Kenji Thara®, Atsushi Ishii!, Kimitoshi Nakamura® and Shinichi Hirose!

Fabry disease (FD) is an X-linked lysosomal storage disorder caused by a deficiency of a-galactosidase A (GLA) activity. Enzyme
replacement therapy (ERT) for FD is available, and newborn mass screening for FD is being implemented. Here, we undertook
a pilot study of newborn mass screening for FD in Japan. GLA activity in dried blood spots was measured using a fluorescence
assay and confirmed by measurement of GLA activity in white blood cells (WBCs) in infants with abnormally low GLA activity.
This was followed up by genetic testing. A total of 21 170 neonates were enrolled in the study. Of these, seven (five boys,

two girls) had low GLA activities, which were verified by the WBC GLA activity assay. Thus, the initial fluorescence assay was

suitable for newborn mass screening for FD. Pathogenic mutations of the GLA gene, that is, V199M and 1VS4 919G > A, were
found in two boys and one boy, respectively. Functional mutations, E66Q and c. —10C>T: g.1170C>T, were found in two boys
and one girl, respectively. The prevalence of test-positive newborns was 1/3024, while that of those with a pathogenic mutation

was 1/7057. The numbers are higher than those previously anticipated. Standardized management for FD found during
newborn mass screening, including an ERT regimen, remains to be established.
Journal of Human Genetics (2013) 58, 548-552; doi:10.1038/jhg.2013.48; published online 16 May 2013

Keywords: enzyme replacement therapy; Fabry disease; genetic counseling; mass screening; metabolic disorder; newborn

screening; X-linked recessive lysosomal storage disorder

INTRODUCTION

Fabry disease (FD: MIM 301500) is an X-linked inherited lysosomal
storage disorder caused by a deficiency in a-galactosidase A (GLA)
activity,! This deficiency leads to the accumulation of
globotriaosylceramide in different tissues and can cause progressive
malfunctions in systemic organs, such as the skin, eyes, kidneys, ears,
lungs, heart and brain.!-?

Male patients with classic early-onset FD usually have very low
GLA activity and are generally asymptomatic in early childhood
(onset symptoms are reported at a mean age of 9 years).» The major
clinical symptoms of classical early-onset FD include pain in the
peripheral extremities, angiokeratoma, hypohidrosis, corneal opacity,
and renal, cardiac and cerebrovascular diseases.! In contrast, patients
with late-onset FD exhibit residual GLA activity and milder clinical
manifestations than those with classical early-onset FD.!
Heterozygous females with FD have wide clinical manifestation
spectra, ranging from asymptomatic to severely affected.®

In 2001, in the USA and EU, enzyme replacement therapy (ERT)
was approved for the treatment of FD; Japan began using ERT in
2004. In all three of these regions, ERT has been shown to be effective
in alleviating many of the signs and symptoms of the disease and in

slowing or even reversing disease progression.”® Several studies have
demonstrated that ERT must be administered before the occurrence
of renal or cardiac failure in order to achieve optimal results.'®12 As
the importance of early treatment is now generally recognized,
newborn mass screening for FD is being implemented in several
countries. Such newborn mass screening, however, had not yet been
undertaken in Japan; hence, the prevalence and genotypes of FD in
association with GLA activity have not been studied in the Japanese
population.

In this work, we present the results of a pilot study for newborn
mass screening for FD in Fukuoka City and its vicinity in Japan.

SUBJECTS AND METHODS

Subjects

This study was conducted from April 2007 to April 2010 in Fukuoka City and
its vicinity in Japan. Among newborns who took the conventional newborn
mass screening during the study period, only newborns whose parent gave
their written consent to participate were enrolled in the study. Conventional
newborn mass screening has taken place as a local administrative service
nationwide in Japan to screen six disorders: cretinism, congenital adrenal
hypertrophy, galactosemia, phenylketonuria, homocystinemia and maple syrup
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urine disease. Virtually all newborns born in Japan take this conventional
newbom screening. The dried blood spots that remained after completion of
the conventional newborn mass screening were used for this study. The sex of
newborns enrolled in the study was judged according to information written
on the filter papers; this information was not available for some of the envolled
newborns because of incomplete descriptions.

Methods

Venous blood was collected from neonates on days 46 after birth, transferred
to filter paper, and dried at room temperature for the conventional newborn
screening and this study. A small circle of 3mm in diameter was punched out
of the dried blood spot and used for mass screening for FD. 1314

In the mass-screening study, GLA activity was determined using a
fluorescent substrate, as described previously.»'®4 In brief, 40l Mcllvan
buffer (0.1 M citrate: 0.2 M NaH,POy, 36.8:63.2 v/v, pH 6.0) was added to each
well of 96-microwell plates. Punched dried blood spots were added to the
buffer and processed for extraction at room temperature for 2h. Aliquots of
30 pl of blood extract were transferred to new 96-microwell plates. An aliquot
of 100l of the reaction mixture (3.5mm 4-methylumbelliferone (4-MU)
galactosylpyranoside, 100mns  citrate, 200mM phosphate and 100 mm
N-acetylgalactosamine, pH 4.4) was added to each well of the 96-microwell
plates and incubated at 37 °C for 24 h. The reaction was terminated with 150 pl
termination solution (300 mm glycine, NaOH, pH 10.6) immediately after the
reaction. The fluorescence intensity from 4-MUs in the wells was measured
with a fluorescence plate reader (Bio-Tek, Winooski, VT, USA) at 450 nm.
One unit (AgalU) of enzymatic activity was equal to 0.34pmol of
4-methylumbelliferyl-p-galactopyranoside cleaved per hour per disc. When
GLA activity was identified as being abnormally low (i.e., less than the cutoff
value of 20AgalU), a second measurement was taken 2 or 3 weeks later to
verify the initial measurement.’* Newborns whose GLA activity had been
verified as <20AgalU were brought to the Department of Pediatrics of
Fukuoka University or Kyushu University.

Cases in which GLA activity was found to be <20AgalU in the mass
screening, white blood cell (WBC) GLA activity was measured by a fluoro-
metric enzyme assay. Briefly, whole blood was collected from the neonates and
immediately treated with EDTA-2Na. The assay mix included 50 pil leukocyte

Prevalence and genotypes of Fabry disease in Japan
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lysate (WBC pellet prepared from 5ml blood treated with EDTA-2Na was lysed
by sonication in 1.0ml water) and 50pl of the reaction mixture (8.0 mat
4-methylumbelliferyl-a-p-galactopyranoside, 100 mai citrate phosphate buffer
and 200mm N-acetylgalactosamine, pH 4.5). This was incubated for 1h at
37°C. The reaction was terminated with 1.5ml of 200mmM glycine buffer
(pH 10.7) immediately after the reaction was completed. The fluorescence
intensity from 4-MUs was measured with a fluorescent plate reader (Jasco Co,
Tokyo, Japan) at 365 and 450 nm.

For genetic analysis, total genomic DNA was extracted from leukocytes of
patients. All seven exons of the GLA gene were amplified by PCR, and the
amplification products were analyzed by direct sequencing.!* Detailed
information on the PCR protocol is available upon request.

Before testing, counseling was provided as to the nature of the disease, its
future medical management and risk of recurrence. Informed consent from
each child’s parent(s) for newborn mass screening for FD was at birth and that
for WBC GLA activity assay and genetic analysis were obtained at their first
visit to our hospitals.

All studies were approved by the Ethical Committees of Kumamoto
University and Fukuoka University.

RESULTS

During the 37-month-period from April 2007 to April 2010, a total of
39224 newborns took the conventional newborn mass screening.
Among these, 21170 (54.0%) newborns were enrolled in this pilot
study after written informed consent was provided by the parent(s).
The enrollees included 10827 boys, 10343 girls. Among the 21170
newborns, seven (five boys and two girls) showed GLA activity
<20 AgalU in the mass-screening test. Six newborns (four boys and
two girls) were referred to Fukuoka University Hospital, while one
boy (Case 5) was referred to Kyushu University for further examina-
tions. The parents of one girl (Case 7) refused additional medical
examinations; therefore, this child was not included in further
analyses (Figure 1). All newborns had been delivered without incident
at term. Cases 1 and 2 were brothers.

Newborns who took conventional newborn mass screening

N =39228

|
! '

Not enrolled
N = 18,058

}

Enrolled in this study
N=21,170

DBS scireening for FD

Abnormally low GLA activity
N =7 (5 boys and 2girls)

‘WBC GLA activity
Genetic analysis

! ;

Refused testing

1 girl

WBC GLA activity:
20.2-31.8 nmol/mg protein/h
Genetic analysis:
functional mutations

2 boys and | girl

b

WBC GLA activity:
3.7-4.3 nmol/mg protein/h
Genetic analysis:
pathogenic mutations

3 boys

Figure 1 Flow chart of newborn screening for Fabry disease. During a 37-month period from April 2007 to April 2010, 39224 newborns took the

conventional newborn mass screening test in Fukuoka City and its vicinity;

this test is given to all newborns in Japan. Among these, 21170 (54.0%)

newborns were enrolled in this pilot study with written informed consent. Seven newborns (five boys and two girls) showed an a-galactosidase A activity
<20AgalU (cutoff value) in the mass screening. The parents of one girl (Case 7) refused additional medical examinations. Four newborns had their white
blood cell GLA activities measured, while all six underwent genetic testing. Pathogenic mutations, that is, V199M and {VS4 4 919G > A, were found in two
boys and one boy, respectively. Functional mutations or polymorphisms (see text), that is, E66Q and heterozygous ¢. —10C>T: g.1170C>T, were found in

two boys and one girl, respectively.
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One boy (Case 5) presented with neonatal hyperbilirubinemia,
high-pitched crying, a dysmorphic face (low-set ears and small
mouth), brachydactyly (left shorter fifth finger) and hypotonia.
Karyotyping revealed that this boy had a chromosomal abnormality,
46,XY,der(3)t(3;4)(p26;p14). However, we believe that this condition
was unrelated to the presence of FD because the GLA gene locus was
not involved in his chromosomal abnormality (Table 1).

The mother of one boy (Case 3) had a history of familial renal
disease, but the other six subjects had no histories that would suggest
a risk of FD. Additional details of the characteristics of familial renal
disease in the mother of Case 3 were not available. Except for the
dysmorphic features observed in Case 5, none of other six children
presented with abnormalities at 1 month of age. The newborns’
parents and other family members with GLA deficiency were
counseled and offered medical evaluations and medical follow-up.

WBC GLA activity was very low (3.7 and 4.3nmolmg~! protein
per hour) in two boys (Cases 1 and 3). In contrast, in one boy and
one girl (Cases 4 and 6, respectively), WBC GLA activity was
markedly higher, at 31.8 and 20.2nmolmg~! protein per hour,
respectively, but still well below the normal range of 49.8-
116.4nmolmg~! protein per hour as determined from 48 healthy
volunteers. WBC GLA activity was not measured for two boys (Cases
2 and 5) (Table 1).

Genetic analyses found V199M and IVS4 + 919G > A mutations in
two brothers (Cases 1 and 2) and one boy (Case 3), respectively.
V199M is considered pathogenic and is thought to cause the classical
phenotype of FD,’® while IVS4+919G>A is also considered
pathogenic, but is thought to cause the late-onset phenotype.!®!”
E66Q and heterozygous c. —10C>T: g.1170C>T mutations were
found in two boys (Cases 4 and 5) and one girl (Case 6), respectively.
These are both functional mutations and are not thought to cause FD,
that is, they are considered polymorphisms, but were subjected to
further investigations'®?? (Table 1).

Cases 1-4 were last followed up when the patients were 2-3 years
old, by then none of them showed any symptoms of FD.

DISCUSSION

This pilot study of newborn mass screening for FD comprised a large
cohort of 21 170 newborns, most of them were of Japanese ethnicity.
The screening used a fluorescent GLA activity measurement from a

Table 1 Case summary

dried blood spot. A total of seven newborns tested positive with
respect to low GLA activity (cutoff value: <20AgalU) and four of
these newborns were verified to have low GLA activity by a WBC GLA
activity measurement. Thus, the prevalence of positive testing in this
screening was 1/3024. Subsequent genetic analysis revealed that six
newborns harbored different mutations in the GLA gene. Given that
only VI199M and IVS4 + 919G > A are thought to be pathogenic, the
prevalence of individuals with pathogenic mutations in our cohort
was 1/7057, as three newborns had such mutations. These findings
support the contention that the mass-screening system used in this
study was legitimate and hence useful for the early diagnosis of FD. At
the same time, however, these findings raised concerns about the
timing of ERT.

The prevalence of FD in this study (1/7057) suggests that the
disease may be far more prevalent than previously thought and much
more common than the 1/40000 males estimated by Desnick et al!
Nevertheless, this number is lower than those reported in newborn
screenings in other countries: 1/1100 boys in Italy (with a 11:1 ratio of
late-onset to classic phenotype);?* 1/3859 boys and girls in Austria (no
instances of classic phenotype, but one case in which the phenotype
could not be determined)?* and 1/1250 boys in Taiwan (86% with the
late-onset mutation IVS4 + 919G > A).}” These differences may have
to do with the genetic backgrounds of the newborns examined in each
study.

GLA activities measured by the fluorescence assay were in
accordance with GLA activities measured from WBC samples, an
accepted method for GLA measurement in the diagnosis of FD. This
again supports the notion that our screening system, which utilizes a
fluorescence assay to measure GLA activity, is reliable. WBC GLA
activities were very low, that is, 3.7 and 4.3 nmolmg~! protein per
hour, in Cases 1 and 3, respectively. The mutations identified in these
newborns were V199M and 1VS4 + 919G > A in the GLA gene, which
are considered pathogenic mutations and are thought to cause
classical and late-onset phenotypes of ED, respectively. In contrast,
WBC GLA activity was markedly higher, at 31.8 and 20.2 nmol mg ™!
protein per hour, in Cases 4 and 6, respectively, but still well below the
normal range of 49.8-116.4 nmolmg~! protein per hour. The
mutations identified in these two cases are functional mutations
and are considered polymorphisms that lead to low GLA activity but
may not evolve into FD; however, whether they are totally benign

GLA activity

GLA mutation

First measurement Second measurement WBC measure GLA activity? Deduced

Case Sex (Agall) (Agall) (nmolmg=1 protein per hour) Location Mutation phenotype
1 M 4.4 5.2 3.7 Exond Vi9gm Classic

2 M 5.0 ND ND Exond V199 M Classic

3 M 8.2 9.2 4.3 intron4 IVS4 +919G>A Late-onset
4 M 13.6 16.3 31.8 Exon2 E66Q Normat
50 M 12.0 14.8¢ ND Exon2 E66Q Normatl

6 F 13.1 16.4 20.2 5'UTR g.1170C>T Normal

(c.~10C>T)
7 F 15.1 17.9 ND ND

Abbreviations: GLA, «-galactosidase A; ND, not determined; UTR, untranslated region; WBC, white blood cell.
Seven newborns tested positive in a pilot newborn mass screening for FD. Of these, The parents of one girl (Case 7) refused additional medical examinations; four underwent WBC GLA activity
measurements (Cases 1, 3, 4 and 6); and all six underwent genetic testing for mutations in the GLA gene. Cases 1 and 2 were brothers. Case 5 had a chromosomal abnormality and underwent

GLA measurements four times.

aNormal range of GLA activity in WBCs was 49.8-116.4 nmol mg ~! protein per hour (n= 48 healthy volunteers).
b46,XY,der(3)t(3;4)(p26;p14) chromosomal abnormality was identified, but was considered unrelated to FD because the GLA gene locus was not affected by the chromosomal abnormality.

“Third measurement: 22.9, fourth measurement (1 year later): 10.7.
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polymorphisms is still controversial!®?? Overall, the GLA activity
measurements in this study seemed to reflect the nature of the
identified GLA gene mutations.

Given that newborn mass screening for FD is conducted to allow
for early diagnosis and, in turn, early treatment with ERT, this early
diagnosis raises a number of concerns. First, the timing of ERT is still
controversial, and there is uncertainty as to when ERT should be
initiated in neonates (many of whom will be asymptomatic). Several
studies have demonstrated that ERT must be administered before
instances of renal or cardiac failure in order to achieve optimal
results.!%12 However, Ross?® insists that ‘premature treatment may
cause more harm than good’ as a result of ‘side-effects’ and
‘medicalizing of a normal childhood! Others, instead, indicate that
there is no evidence that early ERT is ineffective or that it harms
the patient.?6 Indeed, the findings that are currently available on
the efficacy and side effects of ERT are based on a small sampling and
are the result of very few ERT follow-up reports for young children.
Therefore, the implementation of mass screening for FD, which has
only recently been initiated in very limited regions of the world,
should provide significant insights into these controversies. In
addition, it will be necessary to accumulate enough long-term
follow-up data on the efficacy and safety of ERT to conclusively
determine the effectiveness of ERT in newborns diagnosed with FD
during newborn mass screening; as the prevalence of FD is very low,
this process may take many years.

Second, in relation to the first concern raised above, neither GLA
activity nor genotypes necessarily correlate with phenotypes in terms
of severity and onset of the disease. This is particularly the case in
heterozygous females who may have significantly reduced enzyme
activity but no symptoms. Of course, positive results in newborn
screening followed by further examinations, including WBC GLA
measurement and genetic analyses, enable ERT to be initiated at first
onset of the condition and alert the child’s female relatives to the
necessity of future medical examinations. Serum or urinary globo-
triaosylceramide or serum globotriaosyl spingosine levels may give us
better clues for anticipating the severity and onset of the disease
identified in newborn mass screening, although they were not
investigated in the present study.

Third, there are also ethical issues associated with early screening
for ED. Newborns who tested positive in newborn mass screening
may be given a presymptomatic diagnosis by genetic testing. Accord-
ing to the Japanese Association of Medical Science, presymptomatic
diagnosis by genetic testing should only be performed after the
examinee has sufficiently understood the available preventive mea-
sures and therapeutic strategies.®! Obviously, imparting such
information to a neonate is impossible, but providing a parent with
sufficient counseling to making an informed decision is essential.
Thus, careful genetic counseling is required, preferentially from a
knowledgeable geneticist.

Likewise, adequate education on the symptoms and disease
progression for FD should also be provided to parents and their
relatives. On their first visit to our hospitals, parents were unfamiliar
with FD, and, to ease their concerns, it was necessary to provide them
detailed information about its nature, future medical management
and risk of recurrence. Furthermore, as FD is an X-linked inherited
disease, inadequate counseling may create a burden to mothers and
even affect family relationships, which may lead to serious con-
sequences, such as divorce. From our experience with the seven cases
reported in this study, some parents, for whatever reason, were
surprised that FD might be serious, while others were overly alarmed
by the disease.

Prevalence and genotypes of Fabry disease in Japan
T Inoue et a

To overcome all concerns raised, certain guidelines for management
of FD, including when ERT is appropriate, should be established
based on evidence collected as a result of accumulating experiences
with FD identified in newborn mass screening. Although FD is quite
rare, it is feasible to establish such guidelines, as guidelines are
available for similar rare diseases, that is, Gaucher disease® and
Pompe disease.’® These worldwide guidelines have proven to be
extremely useful.3>*% In addition, these guidelines could aid in the
collection of global data that would assist in determining not only the
appropriate age for ERT, but also the nature and duration of follow-
up care and genetic counseling, providing, in short, a means of
coordinating both research and treatment.
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Identification of a Novel Mutation and Prevalence Study for Fabry
Disease in Japanese Dialysis Patients
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Abstract

Fabry disease—a genetic disorder characterized by the accumulation of globotriaosylceramide in cell lysosomes result-
ing from an X-linked deficiency of a-galactosidase A activity —presents with multiorgan manifestations, including pro-
gressive renal disease. Recently, its prevalence has been reported to be higher in hemodialysis (HD) patients than in the
general population. We, therefore, examined patients on maintenance dialysis living in the Nagasaki Prefecture, Japan, to
clarify the prevalence of Fabry disease. We screened 933 patients on maintenance dialysis, who were residents of
Nagasaki Prefecture in Japan, for ¢-galactosidase A activity using a dried blood spot on filter paper. Patients with low
o-galactosidase A activity were clinically assessed; subsequently, genetic analysis of the u-Galactosidase A gene
(MIM:30064) was performed in these patients. Of the 933 patients, 55 had low a-galactosidase A activity; of these, one
male and two females had «-Galactosidase A mutations. The prevalence of Fabry disease was thus 0.32%, which was
similar o that reported previously. However, one mutation was newly identified, while the E86Q mutation observed in two
patients was as previously identified. These two patients with the E66Q mutation were excluded because of the possibility
of polymorphism; the prevalence of Fabry disease in the HD population was finally calculated to be 0.11%. The
prevalence of Fabry disease in patients on maintenance dialysis living in Nagasaki Prefecture was 0.32%. Dried blood
spot screening was considered as a simple and effective method for screening patients on maintenance dialysis for Fabry
disease.

Keywords: n-Galactosidase A, dialysis patients, dried blood spot screening, Fabry disease, mutation

acroparesthesia, hypohidrosis, corneal opacities, stroke,
cardiac abnormalities, and renal disorders. The mortality
rate in patients with the classic form is extremely high.
The variant form of Fabry disease presents with manifes-
tations limited to the heart*™® or kidneys™® with few or
none of the clinical symptoms observed in the classic

INTRODUCTION

Fabry disease is an X-linked recessive lysosomal storage
disorder caused by mutations in o-Galactosidase A (a-Gal
A) gene (MIM:30064) that lead to deficient activity of
this enzyme.! Absence or reduced activity of a-galactosi-

dase A (0-Gal A) leads to the intracellular accumulation
of glycosphingolipids, mainly globotriaosylceramide, in
various tissues.” Distinctive cytoplasmic inclusions can
be observed in renal epithelial cells, endothelial cells,
pericytes, vascular smooth muscle cells, cardiomyocytes,
and neurons of the autonomic nervous system.’ The
clinical manifestations of Fabry disease differ between
the classic and variant forms in hemizygotes. Male
patients with the classic form present with

form. These patients have relatively higher plasma o~
Gal A activity and a milder phenotype than those with
the classic form. However, most of such patients are at
risk for end-stage renal disease (ESRD), eventually
requiring renal replacement therapy. It has been reported
that the prevalence of Fabry disease is 1 in 40,000-
117,000 males.>!® Because not all patients undergo
renal biopsy before renal replacement therapy, the
above-mentioned prevalence may be lower than the
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actual prevalence. To date, several reports have indicated
that in dialysis patients, the prevalence of Fabry disease
may be as high as 0.5-1.2%.* 17 Furthermore, it appears
that the prevalence of Fabry disease in females is also
much higher among hemodialysis (HD) patients.
Because specific enzyme replacement therapy (ERT) is
now available for patients with Fabry disease, ' the iden-
tification of such patients is critical.

This study aimed to define the prevalence of Fabry
disease in patients from the Nagasaki Prefecture, Japan,
undergoing chronic HD or continuous ambulatory peri-
toneal dialysis (CAPD) by a screening test using a dried
blood spot on filter paper. In addition, we also examined
the clinical characteristics of these patients and investi-
gated the mutations in the a-Gal A gene in patients with
confirmed low enzyme activity.

MATERIALS AND METHODS

Study Population and Protocol

Our selection criterion was patients on maintenance dia-
lysis (HD and CAPD) at Nagasaki University Hospital
and its affiliated hospitals in Nagasaki Prefecture, Japan.
After obtaining informed consent, we screened 933
patients (557 men and 376 women) on maintenance
dialysis from December 2006 to March 2009. The
patients we screened in this study account for approxi-
mately a quarter of all maintenance dialysis patients in
Nagasaki. This study was designed with the following
objectives: (1) to screen patients on maintenance dialysis
for Fabry disease by an enzyme activity assay using a
dried blood spot, (2) to confirm positive blood spot test
results by repeated assays, and (3) to confirm the diag-
nosis of Fabry disease by molecular analysis of the a-Gal
A gene. The study protocol was approved by the Human
Ethics Review Committee of Nagasaki University School
of Medicine, and written informed consent was obtained
from each subject. The results of the enzyme activity
assay were directly communicated to the patient by the
doctor. We provided genetic information regarding
Fabry disease to the patients in whom the deficiency of
o~-Gal A activity was confirmed; genotyping was per-
formed for those patients who provided written informed
consent. Once diagnosed with Fabry disease, the patient
was referred to the genetic counselor of the Nagasaki
University Hospital for genetic counseling if the patient
desired the same.

Measurement of a-Galactosidase A Activity

Venous blood was collected from patients before the
initiation of renal replacement therapy. Four drops of
blood were spotted on filter paper, allowed to dry at
room temperature, and stored at 2-4°C until they were
sent to Kumamoto University (Kumamoto, Japan) for
analysis. Blood spot a-Gal A activity was determined
using a fluorescent substrate, as previously described by
Chamoles et al.!® Briefly, 40 pL. of Mcllvaine buffer (0.1

M citrate:0.2 M NaH,PO,, 36.8:63.2; pH 6.0) was
added to 96-microwell plates. Then, 3 mm punched
dried blood spots were added to the buffer and processed
for extraction at room temperature for 2 h. Subsequently,
30 pL of this blood extract was transferred into another
96-microwell plate, and 100 pl. of the reaction mixture
(3.5 mM 4-MU galactosylpyranoside, 100 mM citrate,
200 mM phosphate, 100 mM N-acetylgalactosamine)
was added to each well and incubated at 37°C for 24 h.
The reaction was terminated with 150 pL of termination
solution (300 mM glycine, NaOH, pH 10.6) immedi-
ately after the reaction. The fluorescence intensity from
the 4-methylumbelliferones in the wells was measured at
450 nm using a fluorescent plate reader (BIO-TEK,
Winooski, VT, USA). One unit (Agal U) of enzymatic
activity was equal to 0.34 pmol of 4-methylumbelliferyl-
p-galactopyranoside cleaved per hour per disc. Samples
with activities <20 Agal U were retested by the same
method. Samples with activities less than the same cut-
off were considered as “screening positive.” Patients
showing low 0-~Gal A activity in both assays were clini-
cally assessed, and a genetic study of the a~-Gal 4 gene
was performed, provided that the patient provided
consent.

Genetic Study of a-Galactosidase A Gene

Genomic DNA was extracted from peripheral blood leu-
cocytes for «-Gal A mutation analyses.?’ DNA regions of
the a-Gal A gene were analyzed by polymerase chain
reaction after amplifying each of the even u-Gal 4
exons and sequencing the opposite strand.

Statistical Analysis
Values are presented as the mean + SD.

RESULTS

o~Galactosidase A Activity and Genetic Analysis

The average o-Gal A activity of the patients was 23.4 &
15.4 Agal U. The first assay revealed 178 of the 933
dialysis patients to have low plasma e-Gal A activity
(14.6 + 3.3 Agal U), while the mean enzyme activity of
755 patients was within the normal range at 26.0 £+ 16.3
Agal U. Among the 178 patients with low activity, 55 (24
men and 31 women) were screened for low enzyme
activity by a repeated assay using the dried blood spot
(14.0 £ 3.0 Agal U). We performed genetic analysis in 36
patients who consented to the same. The results revealed
missense mutations in one male and two females
(Figures 1 and 2). The average o~Gal A activity of these
three patients was 11.9 + 3.3 Agal U, while that of the
remaining 33 patients was 14.9 & 2.6 Agal U. Patients 2
and 3 had the same mutation (¢.196G>C, p.E66Q) that
has been described previously (11, 21). Patient 1 had a
missense mutation (¢.218C>A, p.A73E) that, to the best
of our knowledge, has not been previously reported.
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Figure 1. Flow chart for screening dialysis patients for Fabry disease.

Clinical Evaluation of the Patients

Table 1 shows the clinical characteristics of the three
patients newly diagnosed with Fabry disease. Patient 1
was diagnosed with ESRD in 2006 and with initiation of
CAPD and diagnosis of left ventricular hypertrophy
(LVH) in 2007. The patient’s mother had a history of
renal disease and the elder brother suffered from hearing
impairment. In 2008, the patient suffered a stroke, and
the dialysis modality was changed from CAPD to
HD. Unfortunately, the patient refused to undergo
ERT; the consent for having her family screened for
Fabry disease was also refused.

Patient 2 was diagnosed with focal segmental glomer-
ulosclerosis by renal biopsy in 1976; CAPD was started
in 1995. At 2 months after CAPD initiation, the dialysis
modality was changed to HD because of fungal peritoni-
tis. Sequence analysis of the a-Gal A gene in this patient
revealed that his two daughters also had the same mis-
sense mutation (E66Q). The patient accepted ERT and
has suffered no side effects thus far.

Patient 3 had a history of acute myocardial infarction
in 1998 with renal insufficiency diagnosed. She was
started on maintenance HD in 2001. Subsequent to
genetic analysis, the patient is undergoing ERT with no
side effects reported thus far. Family screening and
genetic analysis also showed the same heterozygous
mutation in her two daughters.

© 2012 Informa Healthcare USA, Inc.

DISCUSSION

Fabry disease is considered as a rare disorder, with the
estimated prevalence of classic hemizygous disease being
1 in 40,000-117,000 males (0.0025-0.00085%).%1°
However, Fabry disease is reported as the cause of
ESRD in 0.0167% and 0.0188% of dialysis patients in
the United States.'® To date, a few variant types of Fabry
disease have been identified; their manifestations are
primarily limited to the heart, kidneys, or brain.®20724 1t
is, however, very difficult to identify Fabry disease in
dialysis patients because patients with variants of Fabry
disease often lack symptoms that are observed in the
classic form. Recently, several studies have investigated
the prevalence of Fabry disease in dialysis patients.
Kotanko et al.’® found Fabry disease in 4 out of 2480
(0.16%) Austrian patients on maintenance dialysis.
More recently, Merta et al.!® found Fabry disease in 5
out 0of 3370 (0.15%) HD partients in the Czech Republic.
Based on the findings of these studies, the prevalence of
Fabry disease in dialysis patients appears to be 10-50
times higher than that in the general population.
Further, the prevalence of Fabry disease among
Japanese patients on maintenance dialysis has been
reported to be 0.16-1.2%,511:1%17

In our study, we examined the prevalence of Fabry
disease in patients from the Nagasaki Prefecture
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(A) c.218C>A
(p.AT3E)

CATGGAGATGGAAGAGCTCATGG
fi

(8) ¢.196G>C
(p.E66Q)

TCTCTTTCAGTCAGAAGCTCTTC

) c.196G>C
(p.EB6Q)

TCTCTTTCAGTCAGAAGCTCTTC

Mol

Figure 2, Direct nucleotide sequencing of PCR-amplified DNA
from the a-Gal A gene. (A) Sense strand of the DNA from patient
1. Arrow indicates nucleotide 218, where a C>A transversion
resulted in the amino acid substitution p.Ala73Glu. (B, C). Sense
strands of the DNA from patient 2 (B) and patient 3 (C). Arrow
indicates nucleotide 196, where a G>C transversion resulted in the
amino acid substitution p.Glu66Gln.

Table 1.
Characteristics Patient 1  Patient2  Patient3
Age (years) 58 53 57
Gender Female Male Female
o~Galactosidase A activity 7.9 12.6 14.9
Dialysis duration (years) 1 12 7
Arterial blood pressure 163/78 160/90 150/85
(mmHg)
Cerebrovascular damage + - -
Acroparesthesia - ~ -
Hypohidrosis - - -
Angiokeratoma - - -

Corneal opacities - - —
a-Galactosidase A mutation — — -
Nucleotide c.218C>A ¢.196G>C ¢.196G>C
Amino acid p.A73E p.-E66Q p.E66Q

undergoing HD or CAPD, assessing a dried blood spot
on filter paper in the screening test. Among 933 patients,
3 patients were diagnosed with Fabry disease (0.32%);

this prevalence was similar to that reported previously for
dialysis patients.®!11%17 \We believe that there are no
regional idiosyncrasies of Fabry disease in terms of pre-
valence rate or inherited mutations, which can be
explained by the fact that Fabry disease is panethnic. In
our study, one patient had the novel A73E mutation,
while two patients had the previously reported E66Q
mutation. All three patients had low a-Gal A activity,
and Fabry disease had not been previously diagnosed in
any of them. In addition, the E66Q patients had no
symptoms of Fabry disease apart from renal failure and
LVH. The family members (children) of these two
patients, who were asymptomatic, were also identified
as heterozygotes for Fabry disease. Previous reports
included patients with E66Q mutations, indicating the
substitution of glutamine for glutamic acid at residue
66511721 this mutation is currently under debate as to
whether it is a disease-caused mutation or not. Lee etal. 2°
reported that the allele frequency of E66Q was
approximately 1% among 833 newborns in Korea,
suggesting that E66Q is a polymorphism because no
globotriaosylceramide is found in patients with E66Q.
The current definition of Fabry disease is a measured
decrease or deficit of 0~Gal A enzyme activity or the
detection of any mutation of the a-Gal 4 gene. In view
of this definition, patients with E66Q should be included
among those with Fabry disease. Thus, the frequency of
Fabry disease in this study would be 0.32% if all the three
patients were included. However, if E66Q were indeed a
polymorphism, the previously reported prevalence of
Fabry disease would need to be reviewed. After excluding
the E66Q mutation, the prevalence of Fabry disease in our
HD patients would be 0.11% (1/933 patients).

0-Gal A can be measured in a variety of materials such
as dried whole blood spots, blood leukocytes, serum, or
plasma. Since approximately 300,000 patients are under
maintenance dialysis in Japan, large-scale screening of all
of these patients would be difficult. However, diagnosis
of this condition is important because an efficacious
treatment—ERT—is now available. Therefore, it is
important to have an easy, safe, economical, and simple
method for the screening of Fabry disease. Most of the
previous screening studies used a plasma o~-Gal A assay,
and others measured o-Gal A activity in leukocytes. The
dried blood spot test, which we used in the present study,
is easy to carry out because it can be performed directly
using whole blood, which only needs to be dried, and it is
inexpensive, whereas serum or plasma must be centri-
fuged and frozen to be sent for testing, the resulting cost
of which would be higher than that of the dried blood
spot test. Therefore, we believe that the dried blood spot
test is a useful and simple screening tool for the derection
of Fabry disease; hence, we used dried blood spots for the
o-Gal A test in our study. Recently, however, it has been
reported that the average a~-Gal A activity in dried blood
spot samples prepared using EDTA tubes was higher
when compared with those spotted directly irrespective
of disease status.?® Therefore, further studies would be
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necessary for validating this assay to determine the best
method for screening Fabry disease.

ERT is now available for patients with Fabry disease in
many countries. ERT can delay disease progression in
the heart and kidneys; however, early diagnosis prior to
the onset of irreversible pathologic changes is essential
for successful treatment. In our study, two out of the
three patients diagnosed with Fabry disease were
females. Fabry disease management guidelines in 2006
recommended that female patients should be offered
ERT if they manifest significant symptoms or show evi-
dence of progressive organ involvement.?” Even for
patients on maintenance dialysis, itis crucial to anticipate
and treat the manifestations of cardiac and cerebrovas-
cular involvements.

In conclusion, we consider the dried blood spot test to
be a useful and simple screening tool for the detection of
Fabry disease. It is important to identify patients with
Fabry disease and the complications of the disease as
early as possible for an early intervention, such as ERT,
which may delay the disease progression.
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Effect of body mass index-z score on adverse levels of cardiovascular
disease risk factors
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Abstract Background: Cardiovascular disease (CVD) risk factors are associated with body mass index z-score (BMISD) and/or
insulin resistance (IR). However, the correlation between adverse levels of these risk factors and BMISD, and the effect
of IR on these associations are not fully understood in children. The aim of this study was to evaluate the association
between adverse levels of CVD risk factors and BMISD, and the effect of IR on these associations in schoolchildren.
Methods: Conventional CVD risk factors, C-reactive protein (CRP), uric acid (UA) and adiponectin were determined
in 757 boys and 494 girls aged between 7 and 12 years. IR was assessed by the homeostasis model approximation index.
Results: BMISD were linearly associated with relative risks having adverse levels of all factors, except for glucose and
low-density lipoprotein cholesterol (LDL-C) in boys, and except for glucose, LDL-C and adiponectin in girls (P <
0.01-0.001). These associations were weakened after adjustment for IR, but still significant in cases of UA and CRP in
boys and UA, high-density lipoprotein cholesterol and CRP in girls (P < 0.01-0.001).

Conclusion: The relative risk of having adverse levels of most CVD risk factors in school children increased across the
entire range of BMISD. IR contributed to most of these relative risks, but BMISD itself also contributed to these relative
risks. To prevent future development of CVD, it might be important for schoolchildren to maintain BMISD within

normal range. However, in cases of hyper LDL-cholesterolemia, we should consider causes other than BMISD.

Key words adipocytokine, cardiovascular disease risk factors, hypercholesterolemia, insulin resistance, obesity.

Many epidemiological studies have shown that overweight and
obesity are increasing globally in both children and adults.! In
Japan, the prevalence of obesity in schoolchildren has steadily
increased in recent decades, possibly due to changes in dietary
patterns and lifestyles among these children.> Must er al. reported
that the risk of morbidity from coronary heart disease and ath-
erosclerosis was increased among men and women who had
been overweight as adolescents of 13-18 years old.* Given this
finding, it seems rational to consider that the incidence of
atherosclerotic cardiovascular disease (CVD) in Japan could
increase dramatically in the near future. In contrast, a recent
study reported that the overweight and obese show no increased
risk for total mortality and cardiovascular mortality compared
with those with a normal body mass index (BMI):* severely obese
patients did not have increased total mortality, but they had the
highest risk for cardiovascular mortality. These results suggest
that the metabolic aberrations that coexisted with overweight and
obesity may be more important than overweight and obesity
themselves. In this regard, Barter et al. reported that overweight
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people with normal plasma lipids might be at relatively low risk
for developing diabetes and cardiovascular disease.’

In our previous studies, we showed that abnormal CVD risk
factors, such as small dense low-density lipoproteins, dyslipi-
demia, hyperinsulinemia, high levels of inflammatory markers
and low levels of adiponectin, were found in schoolchildren.®’ In
addition, low-density lipoprotein particle size and serum concen-
trations of these CVD risk factors were closely associated with
BML5® However, these abnormal CVD risk factors may occur
regardless of BML7 As reported previously, genetic predisposi-
tions appear to contribute more to dyslipidemia in children than
they do in adults.”® Thus, it is important to clarify whether
abnormal CVD risk factors are merely complications of over-
weight or obesity. Itis generally accepted that many comorbidities
with obesity, such as diabetes, dyslipidemia and hypertension, are
attributed to insulin resistance." Thus, in the present study, we
investigated the correlations between adverse levels of CVD risk
factors and BMI z-score (BMISD), and the effect of insulin
resistance on these associations in Japanese schoolchildren.

Methods
Subjects

We studied 1251 Japanese children (757 boys and 494 girls) aged
7-12 years, who underwent screening and were enrolled in a care
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program for lifestyle-related diseases in Okinawa and Kuma-
moto, Japan. Sex-maturity stages in the children studied were
equal or less than Tanner stage 3 (Tanner stage was evaluated by
inspection of mammary development in girls, and by asking
condition of pubic hair in boys and this evaluation was performed
by a pediatrician). BMI was calculated as weight [kgl/height®
[m?]. BMISD adjusted for age and sex were obtained based
on data on Japanese schoolchildren provided in 2000 by the
Ministry of Education, Culture, Sports, Science and Technology
(unpublished data). We employed BMISD to continuously evalu-
ate BMI in the studied schoolchildren. None of the children was
receiving therapy for weight reduction, or drugs that might affect
lipid metabolism, and none had a smoking habit. Venous blood
was drawn after an overnight fast. Informed consent was obtained
from the parents of all of the children. This study was approved
by the ethics committee of the Ryukyu University.

Laboratory measurements

The serum concentration of C-reactive protein (hCRP) was mea-
sured by a highly sensitive immunoturbidimetric assay using
reagents and calibrators from Dade Behring Marbura GmbH
(Marburg, Germany). The lower limit of detection for serum CRP
concentration was 0.05 mg/L. Adiponectin was measured by
enzyme-linked immunosorbent assays (R&D Systems, Minne-
apolis, MN, USA). Serum insulin was measured by two-step
sandwich enzyme-linked immunosorbent assay (ELISA) (SRL
Inc., Hachioji, Japan). Routine chemical methods were used to
determine the serum concentrations of total cholesterol (TC),
high-density-lipoprotein cholesterol (HDL-C), triglycerides
(TG), uric acid and glucose. Low-density-lipoprotein cholesterol
(LDL-C) was calculated as [TC — HDL-C — TG/5]. Apolipopro-
tein B (apoB) was measured by the turbidity immunoassay
method.”? Insulin resistance was calculated using the homeostasis
model approximation index (HOMA-IR).?

Statistical evaluation

The significance of differences between boys and girls was deter-
mined by the Mann—-Whitney U-test. Serum concentrations of

Table I Clinical and chemical data
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insulin, TG and hCRP were markedly skewed. Thus, these
parameters were normalized by log-transformation. Pearson and
partial correlation coefficients were then computed to assess the
associations between BMISD and various parameters. The logis-
tic model was used to evaluate linear associations between
adverse levels of variables and BMISD (continuous). The relative
risks to have adverse variables (odds ratio) were adjusted for age
by a multiple logistic regression analysis.

Results

Several indexes of overweight and/or abdominal obesity have
been proposed for children, as in the case for adults. Among
these, waist-height ratio is more strongly associated with CVD
risk factors than is BML™" however, a recent report found that
BMISD and waist-height ratio did not differ in their ability to
identify adverse risk factors.”” Because waist circumference was
not measured in our schoolchildren, we employed BMISD to
evaluate the correlation between adverse levels of CVD risk
factors and BMI.

As shown in Table 1, significant sex differences were found
for several parameters; thus, we separated the data for boys and
girls in the following analysis. Because age was significantly
correlated with BMISD (boys: r= 0138, P <0.001; and girls: r =
0.139, P < 0.01), age was adjusted by partial correlation. Table 2
shows age-adjusted correlations between BMISD and 10 param-
eters. All parameters except glucose were significantly associated
with BMISD in both boys and girls (P < 0.01-0.001). BMISD
showed a positive correlation with LDL-C and a negative corre-
lation with HDL-C; therefore, we did not examine its correlation
with TC. HOMA-IR and serum concentrations of insulin showed
stronger correlations with BMISD than those of other factors in
both boys and girls. HOMA-IR has recently been validated as a
surrogate maker of insulin resistance, even in children.'®!”

We then evaluated the correlation between adverse levels of
CVD risk factors (except for glucose) and BMISD with a mul-
tiple logistic regression analysis. To date, there are no criteria to
define adverse levels of these CVD risk factors in Japanese

Boys (n=757) P-value Girls (n = 494)

Age (years) 100+ 1.1 (NS) 10.0 £ 1.1
BMI SD 1.64 £ 1.12 (P <0.01) 146+ 1.12
TC (mg/dL)* 182 £ 29 (P <0.01) 176 £ 28
TG (mg/dL)* 79 £ 59 (NS) 80 + 46
LDL-C (mg/dL)* 107 + 25 (NS) 104 £ 25
HDL-C (mg/dL)* 5912 (P <0.0D) 56 + 11
ApoB (mg/dL) 79 + 18 (NS) 77 £ 18
Glucose (mg/dL)* M0MD+6 (P <0.01) 89 +7
Insulin (WU/mL) 12.21 £ 8.96 (P <0.01) 14.10 £9.79
HOMA-IR 2751224 (P <0.01) 3.12£2.36
Uric acid (mg/dL) 49+1.0 (NS) 48+ 1.0
Adiponectin (pLg/mL) 8736 (NS) 8.6 £3.7
hCRP (mg/L) 1.65 £ 4.56 (NS) 1.24 £3.12

Values are expressed as mean * standard deviation. "To convert to mmol/L, divided by 18. *To convert to mmol/L, multiply by 0.0259. ¥To
convert to mmol/L, multiply by 0.0113. ApoB, apolipoprotein B; BMI, body mass index; hCRP, serum concentration of C-reactive protein; HDL-C,
high-density-lipoprotein cholesterol; HOMA-IR, homeostasis model approximation index; LDL-C, low-density-lipoprotein cholesterol; NS, not

significant; TG, triglycerides; TC, total cholesterol.

© 2011 The Authors
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Table 2 Age-adjusted correlations between body mass index z-score
and cardiovascular disease risk factors

Boys Girls
r P r P

Log TG 0.177 <0.001 0.218 <0.001
LDL-C 0.107 <0.01 0.150 <0.01

HDL-C -0.277 <0.001 -0.399 <0.001
ApoB 0.178 <0.001 0.239 <0.001
Glucose 0.045 0.213 0.068 0.135
Log insulin 0.568 <0.001 0.647 <0.001
Log HOMA-IR 0.561 <0.001 0.634 <0.001
Uric acid 0.370 <0.001 0.437 <0.001
Adiponectin -0.264 <0.001 -0.303 <0.001
Log hCRP 0.464 <0.001 0.333 <0.001

Bold indicates significant associations (P < 0.05). ApoB, apolipo-
protein B; hCRP, serum concentration of C-reactive protein; HDL-C,
high-density-lipoprotein cholesterol; HOMA-IR, homeostasis model
approximation index; LDL-C, low-density-lipoprotein cholesterol;
TG, triglycerides.

school children. Thus, when levels of CVD risk factors were
greater than those of the 90th percentiles of our subjects, we
tentatively considered the children to have adverse levels, except
for HDL-C and adiponectin (boys: insulin > 20.8 pU/mL,
HOMA-IR > 4.39, TG > 145 mg/dL, LDL-C > 138 mg/dL,

apoB > 101 mg/dL, uric acid > 6.3 mg/dL and hCRP >
3.41 mg/L; girls: insulin > 26.64 uU/mL, HOMA-IR > 5.62, TG
> 148 mg/dL, LDL-C 133 mg/dL, apoB > 98 mg/dL, uric acid >
5.9 mg/dL. and hCRP > 2.39 mg/L). HDL-C and adiponectin
were considered to be adverse levels when their levels were less
than those of the 10th percentiles (boys: HDL < 44 mg/dL and
adiponectin < 4.2 pg/ml; girls: HDL-C < 43 mg/dL and adi-
ponectin < 4.1 ug/mL). As shown in Table 3, we observed no
linear association of BMISD with adverse levels of LDL-C in
boys. The relative risk of having adverse levels of other CVD risk
factors increased with increasing BMISD. Table 4 shows the case
of girls. In contrast to the case of boys, BMISD did not show a
linear correlation with adverse levels of adiponectin. As shown in
Table 2, HOMA-IR showed stronger correlations with BMISD
than those of other CVD risk factors in both boys and girls. Thus,
to examine whether the correlations of adverse levels of CVD
risk factors with BMISD were independent of insulin resistance,
the findings were adjusted for HOMA-IR, in addition to age.
After adjustment for HOMA-IR and age (Table 5), the relative
risk of having adverse levels of uric acid and hCRP increased
with increasing BMISD in boys. Significant associations of
adverse levels of HDL-C, TG, apoB and adiponectin with
BMISD were eliminated in boys after adjustment. In girls, the
relative risk of having adverse levels of uric acid, HDL-C and

Table 3 Age-adjusted associations between body mass index z-score and adverse levels (above the 90th percentile or below the 10th percentile;
HDL-C and adiponectin) in boys as assessed by a multiple logistic regression analysis

Dependent variable B Wald y2 P-value Exp (B) 95%CI

LDL-C 0.133 1.64 0.201 1.14 0.93-1.40
HDL-C 0.351 11.56 <0.001 1.42 1.16-1.74
TG 0.230 4.87 0.027 1.26 1.03-1.54
ApoB 0.228 4.85 0.028 1.26 1.03-1.54
Insulin 1.009 68.55 <0.001 2.74 2.16-3.48
HOMA-IR 0.894 33.84 <0.001 2.44 1.95-3.07
Uric acid 0.680 40.99 <0.001 1.97 1.60-2.43
Adiponectin 0.387 14.49 <0.001 1.47 1.21-1.80
hCRP 0.745 45.05 <0.001 211 1.69-2.62

Bold type indicates a significant correlation (P < 0.05). ApoB, apolipoprotein B; CI, confidence interval; hCRP, serum concentration of C-reactive
protein; HDL-C, high-density-lipoprotein cholesterol; HOMA-IR, homeostasis model approximation index; LDL-C, low-density-lipoprotein

cholesterol; TG, triglycerides.

Table 4 Age-adjusted associations between body mass index z-score and adverse levels (above the 90th percentile or below the 10th percentile;
HDL-C and adiponectin) in girls as assessed by a multiple logistic regression analysis

Dependent variable B Wald 32 P-value Exp (B) 95%CI

LDL-C 0.216 2.65 0.103 1.24 0.96-1.61
HDL-C 0.831 32.98 <0.001 2.30 1.73-3.05
TG 0.451 11.21 <0.001 1.57 1.21-2.04
ApoB 0.392 8.62 <0.01 1.48 1.14-1.92
Insulin 0.846 33.28 <0.001 2.33 1.75-3.11
HOMA-IR 0.947 39.92 <0.001 2.58 1.92-3.46
Uric acid 0.931 42.75 <0.001 2.54 1.92-3.36
Adiponectin 0.203 2.53 0.112 1.23 0.95-1.57
hCRP 0.643 15.73 <0.001 1.90 1.39-2.62

Bold type indicates a significant correlation (P < 0.05). ApoB, apolipoprotein B; CI, confidence interval; hCRP, serum concentration of C-reactive
protein; HHDL-C, high-density-lipoprotein cholesterol; HOMA-IR, homeostasis model approximation index; LDL-C, low-density-lipoprotein

cholestercl; TG, triglycerides.

© 2011 The Authors
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Table 5 Age- and homeostasis model approximation index-adjusted significant associations between body mass index z-score and adverse levels
(above the 90th percentile or below the 10th percentile; HDL-C and adiponectin) in schoolchildren as assessed by a multiple logistic regression

analysis

Dependent variable B Wald %2 P-value Exp (B) 95%CI
Boys
hCRP 0.666 27.46 <0.001 1.95 1.52-2.50
Uric Acid 0.559 20.85 <0.001 1.75 1.38-2.22
Girls
Uric acid 0.827 25.28 <0.001 2.29 1.66-3.16
HDL-C 0.591 12.49 <0.001 1.81 1.30-2.51
hCRP 0.530 9.48 <0.01 1.70 1.21-2.38

CI, confidence interval; hCRP, serum concentration of C-reactive protein; HDL-C, high-density-lipoprotein cholesterol.

hCRP showed an increase with increasing BMISD. Significant
associations of adverse levels of TG and apoB with BMISD were
eliminated in girls after adjustment.

Discussion

Based on the findings of the present study, adverse levels of CVD
risk factors can be divided into three groups (Table 6): (i) inde-
pendent of BMISD (boys: glucose and LDL-C; girls: glucose,
LDL-C and adiponectin); (ii) dependent on BMISD and indepen-
dent of insulin resistance (boys: uric acid and hCRP; girls: uric
acid, HDL-C and hCRP); and (iii) dependent on BMISD and
insulin resistance (boys: insulin, HOMA-IR, HDL-C, TG, apoB
and adiponectin; girls: insulin, HOMA-IR, TG and apoB).

It is generally accepted that many comorbidities with obesity,
such as diabetes, dyslipidemia and hypertension, are attributed to
insulin resistance." In the present study, BMISD was strongly
correlated with insulin resistance. The relative risk of having
an adverse level of insulin resistance was linearly increased
across the normal range. The risk of an adverse level of
insulin resistance was significantly higher for children at BMISD
1.0 compared with those at BMISD 0.0, with an odds ratio of
adverse level of insulin resistance ranging from 2.44 to 2.58
(Tables 3 and 4). The present findings suggest that in schoolchil-
dren, a slight shift of BMISD from normal ranges affects insulin
resistance.

Correlations of BMISD and adverse levels of CVD risk
factors are generally reported only in studies regarding hyper-
tension,'®" in which the risk of hypertension has been found to
be significantly higher in obese children than in non-obese chil-
dren, with an odds ratio of hypertension ranging from 2.4 to 2.5;
however, it has been noted that the prevalence of hypertension in
children increases across the entire range of BMI values and

cannot be defined by a simple threshold effect. The effects of
BMISD on adverse levels of LDL-C, HDL-C, TG and apoB are
not yet clear. Unexpectedly, LDL-C was not associated with
BMISD in both boys and girls. However, adverse levels of TG
and apoB were associated with BMISD in both boys and girls.
These significant associations were lost after adjustment for
insulin resistance. Different findings of LDL-C and apoB were
consistent with our previous report that LDL size was inversely
associated with BMI in school children.® In the case of HDL-C,
a strong association between BMISD and adverse level of
HDL-C was found in both boys and girls; however, after
adjustment for insulin resistance, a significant association was
only retained in girls. As reported previously, hypercholester-
olemia (hyper LDL-C) in school children commonly occurs
regardless of BMISD.*’ Familial hypercholesterolemia and
familial combined hyperlipidemia should not be overlooked in
school children with overweight and obesity. Effect of genetic
factors on hyper LDL-C may be greater than that of environ-
mental factors. In addition to hyper LDL-C in school children,
low HDL-C in schoolgirls should not be diagnosed as compli-
cations of overweight and obesity before clarifying the genetic
background.

Serum concentrations of adiponectin were inversely corre-
lated with BMISD in both boys and girls. However, the associa-
tion between the relative risk of having an adverse level of
adiponectin and BMISD was only significant in boys. This asso-
ciation was completely dependent on insulin resistance. In other
words, relative risk of an adverse level of adiponectin is not
increased in obese boys without insulin resistance, thereby indi-
cating a close correlation between adverse adiponectin level and
insulin resistance in schoolboys. In girls, factors other than
BMISD and insulin resistance seemed to regulate adverse levels

Table 6 Correlation between BMISD and adverse levels of cardiovascular disease risk factors

Boys

Girls

Independent of BMISD

Dependent on BMISD
Independent on IR
Dependent of IR

Glucose, LDL-C

Uric acid, hCRP

Insulin, HOMA-IR, HDL-C, TG, apoB, adiponectin

Glucose, LDL-C, Adiponectin

Uric acid, HDL-C, hCRP
Insulin, HOMA-IR, TG, apoB

apoB, apolipoprotein B; BMISD, body mass index z-score; hCRP, serum concentration of C-reactive protein; HDL-C, high-density-
lipoprotein cholesterol; HOMA-IR, homeostasis model approximation index; IR, insulin resistance; LDL-C, low-density-lipoprotein cholesterol;

TG, triglycerides.

© 2011 The Authors
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of adiponectin. Recently, Magge et al. also reported similar find-
ings that adiponectin levels are independent of insulin resistance
in adolescents.?

With respect to hCRP, the association between the relative risk
of adverse levels of hCRP and BMISD was unaffected by the
adjustment for insulin resistance in both boys and girls. The
underlying mechanism behind the correlation between hCRP and
BMISD has not been clarified in the present study; however, our
data suggest that subclinical inflammation as expressed by hCRP
did occur even in school children, and that the degree of inflam-
mation was associated with BMISD. According to a recent
report, serum concentrations of uric acid are associated with
all-cause and cardiovascular disease mortality.”’ Association
between an adverse level of uric acid and BMISD was unexpect-
edly high and was unaffected by insulin resistance in both boys
and girls. In addition, the association was unaffected by hCRP
(data not shown). Although further studies are needed to clarify
the physiological role of uric acid in children, the strong asso-
ciation between the relative risk of having adverse levels of uric
acid and BMISD should be highlighted as a complication of
overweight and obesity.

Conclusion

In the present study, hyper LDL-cholesterolemia in school chil-
dren cannot be explained by BMISD. However, the relative risk
of having adverse levels of other CVD risk factors in school
children increases across the entire range of BMISD. Relative
risks of adverse levels of UA and CRP in boys, and those of UA,
HDL-C and CRP in girls are independent of insulin resistance.
Not only obese children but also overweight children seem to be
high-risk for the future development of CVD. To prevent future
development of CVD, it is quite important for school children to
maintain BMISD within normal range. However, we should also
consider causes other than BMISD, especially in cases of hyper
LDL-cholesterolemia in school children.
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