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S ummary.Obesity is a risk factor for future atheros-
clerosis in children. Apolipoprotein B (apoB) is the
principal apolipoprotein of low-density lipoprotein,
which is one of causative factors of atherosclerosis, and
apolipoprotein E f4 allele (apoE4) allele has been con-
sidered to be a risk factor for coronary artery diseases.
Weinvestigated the influence of apoE polymorphism on
lipid and apolipoprotein levels in obese children. Thirty-
seven Japanese obese children with a mean age of 10.1
years and 134 normal children were included in the
study. Serum lipids and apolipoproteins were measured
by an autoanalyzer, and apoE phenotyping was perfor-
med by isoelectric focusing of delipidated serum samples
on polyacrylamide gel followed by immunoblotting. The
Stat-View statistical computer package was used for
data processing. Obese children with at least one apoE4
allele had significantly higher apoB levels and apoB/
apoA-I ratios than E3 homozygotes (p=0.0080 and p=
0.0104, respectively). Frequencies of apoE phenotypes
and alleles in the obese children were not different from
those in normal children. Obese children with at least
one apoE4 allele had higher apoB levels and apoB/
apoA-I ratios. It is suggested that obese children with
at least one apoE4 allele are at a higher risk for future
atherosclerosis than those without it. ApoE phenotyp-
ing may be a useful clinical test for identifying obese
children who require more careful management.

Key words-obese children, apolipoprotein E, apoE 4
allele, apolipoprotein B.
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INTRODUCTION

Obesity is a well-known risk factor for atheroscler-
osis or obesity-associated metabolic disorders in
adults1"5'. As obese children are at an increased risk
of becoming obese adults6), early identification of
individuals at higher risk is important for the imple-
mentation of preventive measures. The major issues
that confront the clinician in relation to childhood
obesity are identifying the children at risk, deciding
the goal and focus of therapy, and determining how
to maintain weight Ioss7). In that context, it is impor-
tant to assess the role of genetic and nongenetic
factors in childhood obesity as well as in susceptibil-
ity to dietary variations8'.

Apolipoprotein E (apoE) is a plasma protein
involved in cholesterol transport and metabolism.
Three commonalleles, e 2, e 3, and £ 4, genetical-
ly determine the six apoE phenotypes E2/2, E 2/3,
E2/4, E3/3, E4/3, and E4/4. Recent 'papers
have demonstrated that the apoE e 4 allele (apoE 4
allele) is associated with an increased risk for ather-
osclerotic vascular diseases both in adults9^12' and in
children13'.

ApoB is the principal apolipoprotein of low-density
lipoprotein (LDL), which is one of causative factors
of atherosclerosis. The combination of apoE 4 allele
and higher serum apoB levels has been reported to
further increase the risk for atherosclerosis14'. Reiew-
ing the literature shows that there has been only one
report on the impact of apoE 4 allele on serum lipid
profiles in obese children. According to this report,
serum LDL cholesterol (LDLC) levels are elevated in
the obese children with appoE 4 allele compared with
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t h o s e w it h o u t it
1 5)

. T h e s e r e s ult s s e e m t o

i m p o r t a n t in t h e m a n a g e m e n t of ob e s e

h o w e v e r
,
n o st u di e s h a v e c o n fi r m e d th e s e

a n d
,
i n th e st u d y , th e a p o E 4 f r e q u e n c y

b e v e r y

child r e n ;

fi n di n g s ,

w a s n o t

c o m p a r e d w it h th a t i n n o r m al c o n t r ol c hild
r e n f o r a

c o n t r ol . W it h th is b a c k g r o u n d in m i n d , w e h a v e

u n d e r t a k e n t h e p r e s e n t st u d y t o in v e stig a t e th e i nfl u-

e n c e of a p o E p ol y m o r p his m o n lip id a n d a p olip o
-

p r ot ei n l e v els i n o b e s e child r e n ･

R E S E A R C H M E T H O D S A N D P R O C E D tT R E S

S u bj e c t s

T h irt y - s e v e n c hild r e n ( 25 b o y s a n d 12 gi rls) u n d e r

f oll o w - u p f o r ob e sit y a t S h o n ai H o s p it al , T s u r u o k a

c it y , Y a m a g at a P r ef e ct u r e a n d N iig a t a U ni v e
r sit y

H o s p it al , N iig a t a Cit y , w e r e i n cl u d e d i n t
his st u d y ･

A t th e ti m e of d a t a c o lle cti o n , th e m e a n (S D ) a g e

w a s 1 0 . 7 y e a r s (1 2 . 5 y e a r s) , r a n g i n g f r o m 4 .1 t o

1 5 .
3 y e a r s , a n d th e m e a n b o d y m a s s i n d e x ( B M I)

w a s 2 6 . 2 ±3 . 1 .
I nf o r m ed c o n s e n t w a s o b t ain e d f r o m

t h e p a tie n t s
'

p a r e n t s ･ T o o b t ai n
･

a p o E p h e n ot y p e

f r e q u e n ci e s i n n o r m al ch ild r e n , 1 4 3 s c h o ol c hild r e n ,

a g ed f r o m 13 t o 1 4 y e a r s , w e r e e n r olle d i n th is st u d y

aft e r i n f o r m ed c o n s e n t w a s o b t ai n ed f r o m t h ei r p a r
-

e n t s .

M et h o d s

s e r u m t o t al c h ol e s t e r ol ( T C ) , t rig ly c e rid e ( T G ) ,

hi g h
-d e n sit y li p o p r ot ei n c h ole s t e r ol ( H D L C ) , L D L

c h ol e st e r ol ( L D L C ) a n d a p o A
-Ⅰ
,
a p o B a n d a p o E

l e v el s w e r e m e a s u r e d o n a n a u t o a n al y z e r . A p olip o
-

p r o t ei n p h e n o t y p e s w e r e d e t e r m i n e d b y th e is o e
l e ct -

ri c f o c u s l n g Of d elipi d a t e d s e r u m s a m p le s o n p oly a
-

c r yl a m id e g el f o ll o w e d b y i m m u n o bl o tti n g u si n g a

d o u bl e a n tib o d y t e c h n iq u e . T h e t e st kit s w e r e p u r
-

ch a s ed f r o m J oh o h C o . L t d .
,
T o k y o , J a p a n . A p o ど 2 ,

e 3
,
a n d e 4 all el e f r e q u e n ci e s w e r e c al c u l at e d f r o m

th e ob t ai n e d a p o E p h e n o t y p e s b y t h e g e n e
- c o u n ti n g

m e th o d .

D a t a a n aly sis

A ll a n aly s e s w e r e p e rf o r m e d w it h S t a t V i e w - v e r si o n

4 .5 - st a tis ti c s c o m p u t e r s oft w a r e . R e s ult s c o n c e r n
-

i n g c at e g o ri c al v a ri ab l e s a r e p r e s e n t e d a s c o u
n t s a n d

f r e q u e n cie s; f o r c o n ti n u o u s o n e s (1ipid s a n d a p olip o
-

p r o t ei n s) , m e a n s a n d S D v al u e s a r e g i v e n ･ F is h e r
'

s

e x a c t t e s t w a s u s e d t o c o m p a r e th e a p o E all el e

f r e q u e n ci e s i n v a ri o u s s u b g r o u p s ･ A n al y si s of v a ri
-

a n c e ( A N O V A ) w a s u s e d t o c o m p a r e m e a n v al u e s o f

1ipid s i n p a ti e n t s w it h diff e r e n t a p o E p
h e n o t y p e s a n d

t o c o m p a r e th e m , i n t u r n , i n p a ti e n t s w it h at l e a s t o
n e

E 2 o r E 4 i s of o r m o r E 3 h o m o z y g o t e s v e r s u s t h e

m e a n s i n t h e r e st of t h e p a ti e n t s ･ A p v al u e b el o w

o . o5 w a s c o n sid e r ed t o i n di c at e a si g n ifi c a n t d
iff e r -

e n c e .

R E S tT L T S

A p o E p h e m ot y p e dist rib u tio n a n d is of o r m f r e
-

q u e n ci e s

T h e a p o E p h e n o t y p e of th e 1 4 3 n o r m al c o n t r ol s u
b -

j e c t s w a s E 3/3 (1 00 s u bj e c t s , p e r c e n t a g e 70 ･ 0 % );

E 4/3 (2 9 , 2 0 . 4 % ) ; E 3/2 (1 0 , 7 . 0 % ) ; a n d E 4/2 a n d

E 5/ 3 (4 , 2 . 8 % ) , a n d w a s i n a g r e e m e n t w it h o t h e r

n o r m a tiv e d a t a p u blis h e d i n J a p a n
1 9)

. T h e fir s t th r e e

t y p e s c o m p ris e d a b o u t 97 % of t h e n o r m al s u bj e c t s ･

T h e a p o E all el e of th e 1 43 c o n t r ol s u bj e ct s w a s

e 3 (2 41 , 8 4 . 3
0

/.) , e 4 (31 , 1 0 . 8 0/. ) , a n d e 2 (1 2
,

4 , 2 % ) , e 5 a n d e 7 (2 , 0 .
7 % ) . I n t h e ob e s e c hild r e n

,

a p o E p h e n o t y p e dist rib u ti o n a n d is of o r m f r e q u e
n ci e s

w e r e a s f oll o w s: p h e n o t y p e E 3/3 (27 p t s , 72 .9 % ) ,

E 4 /3 (7 p t s , 18 . 9 % ) , E 3/2 (2 p t s , 5 .4 % ) , a n d E 4/ 4

(1 p t , 2 . 7
0
/. ) ; all el e e 3 (85 . 1

0
/. ) , e 4 (1 2 . 2

0

/.) , a n d

ど 2 (2 . 7 % ) . T h e s e v al u e s w e r e n ot s t atis ti c ally

diff e r e n t f r o m t h o s e i n n o r m al ch ild r e n .

A p oli p o p r o t ei n E p h e n o t y p e s a n d s e r u m lip id s a n d

a p o lip o p r o t e i n s ( T abl e 1)

M e a n s a n d st a n d a r d d e vi a ti o n of s e r u m T C , T G ,

H D L C a n d L D L C le v els i n o u r p a ti e n t s a r e p r e s e n t ed

i n T ab le 1 .
A lth o u g h all v alu e s , w it h th e e x c e p ti o n

of T G
,
w e r e w it hi n n o r m al li m it s , 40 . 5 % h a d T C >

2 00 m g/dl , 4 1 . 2 % h a d T G > 15 0 m g/ dl , a n d 4 5 . 5 %

h a d L D L C > 1 2 0 m g/ dl a m o n g th e ob e s e c hild r e n ･

A th e r o g e ni c i n d e x ( A I) , c al c u l at e d a s th e ( T C
-

H D L C )/ H D L C r a ti o , w a s > 3 .
0 i n 3 8 . 9 % of th e

p a tie n t s , w it h th e hi g h e s t m e a n le v els r e c o r d e d i
n

ch ild r e n w ith t h e E 4/3 ph e n ot y p e E .

c hild r e n w it h a p o E 4/3 p h e n o t y p e h a d hig h e r

m e a n T C a n d T G le v els a n d A I th a n th o s e in th e E 3 /3

g r o u p , b u t th e s e diff e r e n c e s did n o t r e a c h a s t a tis ti c al

si g n ifi c a n c e ･ C a r ri e r s of a t le a s t o n e E 4 all el e h a d

hi gh e r m e a n s e r u m L D L C le v els a n d si m il a r m e a n

H D L C le v els . O d d s r a ti o a n aly sis r e v e al e d t h a t c hil
-

d r e n w it h at le a st o n e E 4 i s of o r m h a d a 3 .
16 ti m e s

hig h e r ri s k o f h y p e r c h ol e s t e r ol e m i a (33 . 3 % of th e

h y p e r ch ole st e r o
■1e m i c c hild r e n h a d a t l e a st o n e E 4

is of o r m
,
v e r s u s o n ly 13 . 6

0
/. of th e n o r m o c h ol e s t e r

-

ol e m i c o n e s) a n d a 2 .2 6 ti m e s h ig h e r ri sk of h y p e r
-

t ri g ly c e rid e m i a .
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T a bl e l ･ M e a n s e r u m li p id v a l u e s b y a p o E p o l y m o r p hi s m

A p o E T C T G

p h e n o t y p e s N

E 3 / 2

E 3 / 3

E 4 / 3

E 4 / 4

A ll el e s

E 2

E 3

E 4

T o t a l

2

2 7

7

1

M e a n ( S D ) N

4 . 8 5 (1 .
1 5)

4 . 8 5 ( 0 . 7 5)

5 . 4 8 ( 0 . 9 1)

3 . 7 2

2

2 5

6

1

2 4 . 8 5 (1 . 1 5) 2

2 7 4
. 8 5 (0 . 7 5) 2 5

8 5
.
2 7 ( 1 . 0 4) 7

3 7 4 . 9 4 ( 0 . 8 3 ) 3 4

M e a n ( S D )

1 . 8 5 (0 . l l)

1 . 6 4 (0 . 8 5)

2 . 4 4 ( 1 . 2 1)

0 . 9 6

1 . 8 5 (0 . l l )

1 . 6 4 (0 . 8 5)

2
. 2 3 ( 1 . 2 4)

1 . 7 7 ( 0 . 9 3)

N

H D L C

M e a n ( S D )

2 1
. 4 2 ( 0 . 4 8 )

2 7 1 . 3 7 (0 . 2 9)

6 1 . 4 9 (0 . 4 8)

1 1
. 2 2 -

2

2 7

7

3 6

1 . 4 2 ( 0 . 4 8 )

1 . 3 7 (0 . 2 9 )

1 . 4 6 (0 . 4 5)

1 . 3 9 ( 0 . 3 2)

L D L C A I

N M e a n (S D ) N M e a n ( S D )

2 2 . 5 8 ( 1 . 6 8)

2 5 2
. 7 5 ( 0 . 6 7)

5 2 . 9 7 ( 0 . 8 0 )

1 2 . 0 7 -

2

2 5

6

3 3

2 . 5 8 ( 1 . 6 8)

2 . 7 5 ( 0 . 6 7)

3 . 0 4 ( 0 . 8 5 )

2
. 8 2 (0 . 8 0)

2 2 . 8 ( 2 .
1)

2 7 2 . 7 ( 0 . 9 )

6 3
. 3 ( 2 . 4)

1 2 . 1 -

1 2 . 8 ( 2 . 1)

2 7 2 . 7 ( 0 . 9)

7 3 . 2 ( 2 .
2)

3 6 2 . 8 ( 1 . 3)

E 2
,
c a r ri e r s o f a t l e a st o n e E 2 a ll el e ; E 3 , c hil d r e n w i th E 3/ 3 p h e n o t y p e ;

A I
,
a t b e r o g e n i c i n d e x ･ A ll 1i p id s a r e e x p r e s s e d i n S I u n it s ( m m o l/ 1) .

E 4
･
c a r ri e r s o f a t l e a st o n e E 4 a ll el e ;

T a bl e 2 ･ M e a n s e r u m a p o lip o p r o t ei n l e v e l s b y a p o E p o l y m o r p h i s m

A p o E A p o A-I A p o B A p o B / A p o A -I A p o E

p h e n o t y p e s N M e a n (S D ) N M e a n ( S D ) N M e a n ( S D ) N M e a n ( S D )

E 3/ 2

E 3/ 3

E 4/ 3

E 4/ 4

1

2 2

6

1

1 2 5 . 0 -

1 3 0 . 1 ( 1 9 .
2)

1 3 1 . 8 ( 2 4 . 2)

1 0 9
. 0 -

1 1 2 3 . 0 1 1 1 . 0 -

2 2 9 2 . 8 (2 2 . 5)
*

2 2 0 . 7 ( 0 . 2)

6 1 2 4 . 8 ( 3 0 . 5)
*

6 1 . 0 ( 0 . 5)

1 8 5
. 0 - 1 0

. 7 -

1 6
. 9 -

2 2 6 . 1 (1 . 7)

6 7 . 3 ( 2 . 8)

1 3
. 0 -

A ll e l e s

E 2

E 3

E 4

T o t a l

1

2 2

7

3 0

1 2 5 . 0

1 3 0 . 1 ( 1 9 . 2)

1 2 8 . 6 ( 2 3 . 7)

1 2 9 . 6 ( 1 9 . 6 )

1

2 2

7

3 0

1 2 3 . 0 -

9 2 . 8 (2 2 . 5)
* *

1 1 7 . 4 (3 4 . 0)
* *

9 9 . 5 ( 2 7 . 1)

1 1 . O 1

2 2 0 . 7 ( 0 . 2 )
§§

7 1 . 0 ( 0 . 4 ) §§

3 0 0 . 8 ( 0 . 3)

1 6 . 9 -

2 2 6 . 1 ( 1 . 7)

7 6 . 7 (3 . 0)

3 0 6 . 2 ( 2 . 0 )

E 2
,
c a r ri e r s o f a t l e a s t o n e E 2 all el e ; E 3 , c h ild r e n w it h E 3 / 3 p h e n o ty p e ; E 4

,
c a r ri e r s o f a t

1 e a st o n e E 4 a ll el e ;
*

,
T h e E 4/ 3 v s E 3/ 3 d iff e r e n c e i n a p o B l e v el s - p - o . o o 8 0 ;

* *
T h e E 4 v s E 3

di ff e r e n c e i n a p o B l e v e l s
-

p - o ･ o 3 4 4 ;
ら
,
T h e E 4/ 3 v s E 3/ 3 d iff e r e n c e i n a p o B / a p o A -I r a ti o -

p
-

0 ･ 0 1 0 4 ;
§§ T h e E 4 v s E 3 d iff e r e n c e i n a p o B / a p o A -∫ r a ti o - p - o . o 1 9 8 .

A p o lip o p r o t ei n s e r u m

l e v e l s a r e e x p r e s s e d in m g/ d l .

S e r u m a p o li p o p r o t ei n s b y a p o E p ol y m o r p hi s m

( T a bl e 2)

S t a tisti c ally si g n ifi c a n t diff e r e n c e s w e r e n o t e d i n

a p o B l e v els a m o n g t h e diff e r e n t p h e n ot y p e g r o u p s

( p - 0 .0 3 06) .
T h e l a r g e st diff e r e n c e w a s o b s e r v e d

b e t w e e n p a tie n t s w it h a p o E 4/3 a n d E 3/ 3 p h e n o ･

t y p e s: 12 4 ･ 8 ±3 0 . 5 v s 92 . 8 ±2 2
. 5 m g/ dl ( p - o .o o 80) .

S i m il a r sig nifi c a n t diff e r e n c e s e x is t e d b e t w e e n c hil _

d r e n w ith at le a st o n e E 4

o z y g o t e s a n d b et w e e n th o s e

is of o r m a n d t h o s e l a c ki n g it

p h e n o t y p e s t a k e n t o g e t h e r )

i s o f o r m a n d E 3 h o m -

w it h at l e a s t o n e E 4

(i ･ e ･ E 3/2 a n d E 3/3
-

p - 0 . 03 44 a n d p -

0 . 0 44 2 r e s p e c ti v ely . D iff e r e n c e s w e r e a ls o n o t e d w it h
r e s p e ct t o t h e a p o B / a p o A 1 r ati o : c hild r e n w it h E
4/3 p h e n ot y p e h a d hig h e r v al u e s of t his r a ti o

,
1

. 0 ±

0 ･ 5 v s 0 . 7 ±0 .2
,
p

- 0 . 01 0 4
,
th a n child r e n w ith E

3/3 ph e n o t y p e; c a r ri e r s of at l e a s t o n e E 4 i s of o r m
h a d hig h e r a p o B / a p o A -I t h a n E 3 h o m o z y g o t e s ( p =

0 ･ 01 98) a n d in c o m p a ris o n w it h t h o s e l a c ki n g t his
i s of o r m ( p - o

.o 2 50) .
S e r u m a p o A -I a n d E l e v els did

n ot s e e m t o b e i nfl u e n c e d b y a p o E p h e n o t y p e s .
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D IS C tJ S S I O N

A m o n g div e r s e e t h n i c g
r o u p s , f r e q u e n c y of th e

a p o E 4 allel e v a ri e s b u t st a y s w it hi n a
v e r y s m all

r a n g e: o . o 61
1 6'

,
o . o7 0

1 7'
, o . o 83 a n d o ･ 0 85

1 8'
, o ･1 0 8( o u r

d a t a) , 0 .1 1 0
1 9'
,
o r o . 1 1 4

2 0'
･ T his m e a n s th a t o n ly

6- 11
0

/. of c hild r e n i n m o s t c o u n t ri e s , w h e th e r o b e s e

o r n o t
,
h a v e t h e a p o E 4 all el e ･ A s is k n o w n , w h e n

c o m p a ri n g s o m e o b t ai n e d d a t a w it
h c o n t r ols

,
th e

s m alle r th e n u m b e r of s u bj e c t s , th e h a r d e r it is f o r th e

diff e r e n c e t o r e a c h a s t a ti stic al s l g n ifi c a n c e ･ T hi s

p r o b a bl y i s o n e r e a s o n w h y th
is ki n d of st u d y o n

a p o E 4 all ele h a s n o t b e e n r e p o rt e d i n o b e s e c
h ild r e n ･

I n o u r st u d y , a lth o u g h t h e n u m b e r of s u bj e c t s w a s

n o t s o l a r g e , s t a ti stic al a n aly s e s r e v e al ed th at ob e s e

c hild r e n w it h a t l e a st o n e a p o E e 4 allel e h a d hi gh e r

a p o B le v els a n d a p o B / a p oIA
-I r a ti o ･

A p o E p h e n o t y p e

di st rib u ti o n a n d is o f o r m f r e q u e n c y in o u r o b e s e

p a ti e n t s did n ot sig n ifi c a n tly d iff e r f r o
m t h a t i n a

c o n t r ol g r o u p ･ A lth o u g h th is s e e m s q u it e n at u r al ,

th e r e h a s b e e n n o p r e vi o u s r e p o rt o n t hi s is s u e i n

o b e s e c hild r e n .

T h e o b s e r v e d el e v a ti o n of a p o B ( a m aj o r a p olip o-

p r ot ei n of L D L) le v els i n o u r ob e s e c
hild r e n w it h a t

l e a s t o n e a p o E 4 s e e m s t o s u p p o r t t h e r e s ult s o
f a

p r e vi o u s st u d y b y P a r li e r e t al l w h o fi r s t d
i s cl o s e d

th at o b e s e c hild r e n w it h th e a p o E 4 all ele a r e m o r e

lik ely t o h a v e a L D L C el e v a ti o n t h a n th o s e w it
h o u t

it
1 5)

. W it h r e g a r d t o n o n
- ob e s e c hild r e n

2 1)
a n d o b e s e

a d u lt s
2 2

,
2 3)

,
t h e p r e s e n c e of t h e a p o E 4 allel e h a s b e e n

sh o w n t o b e a s s o ci a t e d w ith hi gh e r s e r u m T C , L D L C ,

a n d a p o B l e v els ･ T a k e n alt o g et h e r , p o s s e si n g th e

a p o E 4 all el e s e e m s t o b e a g e n e ti c ally d et e r m
i n ed

ris k f a ct o r f o r f u t u r e a th e r o s cl e r o si s i n o b e s e ch il
-

d r e n .

v a ri o u s m e ch a n is m s h a v e b e e n p r o p o s e d t o

e x p l ain th e in fl u e n c e of a p o E p oly m o r p
hi s m o n lip id

a n d a p oli p o p r o t ei n s e r u m le v els ･ P e r s o n s w h o c a r r y

t h e £ 4 a llel e ( a p o E 4 p o siti v e) a b s o r b c h ol e s t e r o l

f r o m t h e i n t e sti n e m o r e eff e c ti v ely t h a n th o s e w h o

a r e a p o E 4 n e g a ti v e
2 4)

･ A p o E f u rt h e r i nflu e n c e s

s e r u m c h ol e s t e r ol c o n c e n t r a ti o n s b y a c ti n g a s a

li g a n d f o r L D L r e c e p t o r s a n d p o s sib ly o th e r r e c e
-

p t o r s a n d b y b ei n g i n v olv e d i n t h e c o n v e
r si o n o f

i n t e r m e di a t e -d e n sit y lip o p r o t ei n
2 5)

･ A p o E 4- c o n t ai n -

i n g lipid p a rti cl e s eff e cti v ely bi n d t o L D L
r e c e p t o r s ,

d o w n -r e g ul a t e t h ei r e x p r e s si o n , a n d s u b s e q u e ntly

r ais e t h e pl a s m a L D L c o n c e n t r a ti o n
2 6)

･ I n a m o r e

r e c e n t s t u d y , W o oll et t et al l d e m o n s t r a t e d th at a p o E
-

c o n t ai ni n g lip o p r ot ei n s c a n a c t a s p o t e n t c o m p e t
iti v e

in hib it o r s of h e p a ti c L D L C t r a n s p o r t a n d s o c a n

s l g n ifi c a n tly i n c r e a s e st e a d y
- s t at e p l a s m a L D L C

l e v els
2 7)

. T a ki n g th e s e p r o p o s e d m e ch a nis m s a n d o u r

r e s ult s i n t o a c c o u n t , w e s p e c ul a t e th a t , i n s o m e ob e s e

ch ild r e n , w elトk n o w n h y p e r ch ol e st e r ole m i a m i g h t b e

g e n eti c all y d et e r m i n e d th
r o u g h th e eff e c ti v e bi n di n g

of a p o E 4 - c o n t ai n i n g li pid p a r ticl e s t o
L D L r e c e p t o r s

a n d w o u ld e x p o s e t h e a p o E 4 p o siti v e o b e s e c hild r e
n

t o a hi g h e r ris k f o r d e v el o pi n g f u t u r e a t h e r o s c
l e r o sis

t h r o u g h t h e hig h e r a p o B , i m pl yi n g
h ig h e r L D L C

l e v els .

v i e w i n g r e c e n t p a p e r s , t h e c o m bi n a t
i o n of a p o E 4

all ele a n d hi gh e r a p o B l e v els h a s b e e n r e p o r t e d t o

f u r th e r i n c r e a s e th e ri sk f o r a t h e r o s cle r o sis ･ A c c o rd
-

i n g t o a r e p o r t b y S a n g h e r a et al ･
2 8)
,
in b o t h A f ri c a n

A m e ric a n a n d W hit e 9 1 0 -y e a r - old gi rl s , t h e a p o E 4

allel e is sig n ifi c a n tl y a s s o ci a t e d w ith h ig h e r le v e
ls of

L D L C a n d a p o B , a n d t h e a p o E 2 all el e w ith l o w e r

m e a n l e v el s of L D L C a n d a p o B . W h e n a d ult p a ti e n t s

( s u r vi v o r s of s t r o k e o r a t r a n si e n t is c h a e m i c at t a c
k )

w it h a t le a st o n e a p o E 4 all el e a n d o n e X 2 all el e of

a p o B a r e c o m bi n e d a n d c o m p a
r e d w it h t h o s e w it h o u t

eith e r of t h e m (E 2 E 3 o r E 3 E 3 a n d X I X l) , th e

i n t e r a cti o n of c o m m o n a p o B a n d a p o E all ele s

i n c r e a s e s t h e ri sk of a t h e r o s cl e r o sis i n c e r vi c al

a rt e ri e s
1 4)

. F u rt h e r m o r e
,
th e eff e ct of di et s s e e m s t o

b e a s s o ci a t e d w it h a p o E p oly m o r p his m ･ A c c o r di n g t o

a r e p o rt b y D r e o n et al l , r e d u c ti o n of L D
L C in a

l o w -f a t die t is g r e at e r f o r a p o E 4/3 , 4/ 4 th a n

a p o E 3/ 3 , a n d r e d u c e d di et a r y f a t l o w e r s le v els of

l a r g e , b u o y a n t L D L p a rti cle s b y a n a p o E
-d e p e n d e n t

m e c h a ni s m
2 9)

. S i n c e o b e sit y a m o n g old er c hild r e n i s

a n in c r e a si n gly i m p o r t a n t p r e dic t o r of a d ult ob e sit y
6'
,

it i s i m p o rt a n t t o id e n tif y th o s e o b e s e c
hild r e n w h o

a r e a t a hi g h e r ris k f o r f u t u r e a th e r o s cl e r o sis ･

I n s u m m a r y , ob e s e ch ild r e n w it h a t l e a st o
n e a p o E

e 4 allel e h a d h i gh e r a p o B le v els a n d a p o B / a p o A
-I

r a ti o . B a s ed o n o u r r e s ult s , it is s u g g e s t ed t h a t ob e s e

c hild r e n w it h a t l e a st o n e a p o E e 4 all ele a r e a t a

hig h e r ris k f o r f u t u r e a th e r o s cl e
r o sis t h a n th o s e

w it h o u t it . A p o E p h e n o t y p l n g m a y b e o n e u s e
f u l

cli ni c al t e st f o r id e n tif y i n g ob e s e child r e n w h o

r e q u l r e m o r e C a r ef ul m a n a g e m e n t ･ S i n c e o u r s t u d y

r e m ai n s p r eli m i n a r y , f u r th e r s t u di e s f r o m o t h e
r i n s ti -

t u ti o n s a r e n e e d e d t o c o n fir m o u r r es ult s .
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M et a b o li s m 4 3 : 4 7 0- 4 7 5
,
1 9 9 4 .

T a k a h a s hi H
･
H a s h i m o t o N

,
K a w a s a k i T

,
K i k u c hi

T
,
U c hi y a m a M : T h e u s e f u l n e s s o f m e a s u ri n g b o d y

f a t d e p o siti o n f o r d e t e c ti n g o b e si ty a n d a t h e r
-

o g e n i ci t y i n J a p a n e s e s c h o o l c hild r e n . A ct a P a e d i a t r

h n 3 8 : 6 3 4- 6 3 9 , 1 9 9 6 .

M o u s s a M A
,
S h a l t o u t A A

,
N k a n s a - D w a m e n a D

,

M o u r a d M
,
A l - S h ei k h N

,
A g h a N , G al a l D O : A s s o ci -

a ti o n o f f a sti n g i n s u li n w it h s e r u m li pi d s a n d b l o o d

p r e s s u r e i n K u w a i ti c h ild r e n . M e ta b o li s m 4 7 : 4 2 01
4 2 4

,
1 9 9 8 .

K u n o T
,
H o z u m i M

･
M o r in o b u T

,
M u r a t a T

,
M i n g c I

Z
,
T a m ai H : A n ti o x i d a n t v it a mi n l e v el s i n p l a s m a

a n d l o w d e n sit y li p o p r o t ei n o f o b e s e g i rl s . F 71e e

R a d i c R e s 2 8 : 8 1- 8 6
,
1 9 9 8 .

W h it a k e r R C
,
W ri gh t J A , P e p e M S

,
S e id e l K D

,

D i e t z W H : P r e d i c ti n g o b e sit y i n y o u n g a d u lt h o o d
f r o m c h il d h o o d a n d p a r e n t a l O b e sit y . N E n gl I M e d
3 3 7 : 8 6 9- 8 7 3 , 1 9 9 7 .

D i e t z W : H o w t o t a c k l e th e p r o b l e m e a rl y? T h e r o l e
o f e d u c a ti o n in t h e p r e v e n ti o n o f o b e sit y . I n t I O b e s
R e la t M et a b D i s w d 2 3 : (S u p p 1 4) S 71 9

,
1 9 9 9 .

P e r u s s e L
,
B o u c h a r d C : R o l e o f g e n e ti c f a c t o r s i n

c h il d h o o d o b e sit y a n d i n s u s c e p ti bili t y t o d i e t a r y
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,
1 9 9 6 .

O u T
,
Y a m a k a w a- K o b a y a s h i K , A ri n a m i T

,

A m e mi y a H , F u ji w a r a H , K a w a t a K : M e th _

yl e n e t e t r a h y d r o f o l a t e r e d u c t a s e a n d a p o lip o p r o t e i n
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c o r o n a r y h e a r t d i s e a s e i n J a p a n e s e : a c a s e - c o n t r ol
st u d y ･ A th e r o s c l e r o si s 1 3 7 : 2 3- 2 8

,
1 9 9 8 .

D e C a rli C
,
R e e d T

,
M ill e r B L

,
W o lf P A

,
S w a n G E

,

C a r m elli D : I m p a c t o f a p o li p o p r o t ei n E e p sil o n 4

a n d v a s c u l a r d i s e a s e o n b r ai n m o r p h ol o g y i n m e n
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,
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,
I m a z i o M

,
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,
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,
G a s c h i n o G

,
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･
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,
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,
W a t ti g n e y W A , B a o W ,

B e r e n s o n G S : T h e r e l a ti o n o f a p o lip o p r o t e i n E
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1 2 3 : 3 3- 4 2 , 1 9 9 6 .
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,
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A
･
K u u si T

,
R ai n i n k o R

,
S a l o n e n 0

,
K a st e M

,

K o n t u l a K : G e n e ti c ri s k f a c t o r s a n d i s c h a e m i c c e r e _

b r o v a s c u l a r di s e a s e : r o l e o f c o m m o n v a ri a ti o n o f th e

g e n e s e n c o di n g a p oli p o p r o t ei n s a n d a n gi o t e n si n -

c o n v e r ti n g e n z y m e ･ A n n M e d 3 0 : 2 2 4- 2 3 3 , 1 9 9 8 .

P a rli e r G
,
T h o m a s G

,
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,
F o n t ai n e J L ,
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,
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,
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,
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A s c a s o C
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,
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