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Effects of Aerobic Training Plus Diet on Blood Lipids and Apolipoproteins in Obese Children. Tae
Gon Park*. Department of Physical Education, Pusan National University, Busan 609-736, Korea - The pur-
pose of this study was to find out the effects of aerobic training plus diet on blood lipids and apolipo-
proteins (Apo) in obese children. Sixteen healthy obese boys (ages 10.9; body mass index (BMI) >95th
percentiles for age and sex) participated in this study. The aerobic training program consisted of 40
minutes hiking on a mountain, 60 minute of basketball and football dribbling at an intensity of 60-70%
of HRmax, and was performed 5 days a week for 9 weeks. The diet prescription was 2,100 kal/day
according to the recommended dietary allowance for 10-12 year old Koreans. All subjects stayed in
a training camp for 9 weeks. The results of this study were as follows; Blood lipid profiles including
total cholesterol (TC), triglyceride (TG) high density lipoprotein cholesterol (HDL-C) and TC/HDL-C
ratio were significantly improved after the 9 week program, but there was no significant change in
low density lipoprotein (LDL-C). Apolipoprotein profiles, Apo A1, AIl, B, CIl and CIIl were all sig-
nificantly decreased after the 9 week program, but there were no significant difference in Apo A1 /A
IT ratio and Apo B/A I ratio. These results indicate that aerobic training together with a healthy diet
can induce positive changes on blood lipid profiles, Apo AIl, B and CII in obese children.
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Table 1. Physical characteristics of the subjects (N=16)

Age (yr)  Heigh (cm) Weight (kg) BMI (kg/m’)
Pre 109411 144764 53.3+8.5 254428
Post . 145.6£6.6**  46.3+6.8***  21.8+2.2%**

Value are meantSD.
BMI: body mass index, *** p<0.001
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Table 2. Changes of lipid and lipoproteins after 9 weeks pro-

gram (N=16)
Variable Pre Post Diff.  t-value
TC (mg/dl) 169.1£17.2 139.7+13.0 -294  6.73*
TG (mg/dl) 7711236 622t115 -149  3.24*
HDL-C (mg/dl)  49.2+61  56.4+8.7 7.2 554
LDL-C (mg/dl) 61.8t139 61.6£239 -02  0.03
TC/HDL-C (ratio)  3.50.5 25+0.3 -1.0  10.38%*

Value are mean=SD.
Diff. is mean difference between pre and post program.
* p<0.05, ** p<0.01, ** p<0.001

Table 3. Changes of apolipoproteins after 9 weeks program
(N=16)

Variable Pre Post Diff. t-value
Apo AT (mg/dl) 2056+438 1187+29.1 -86.9 8.04**

Apo Al (mg/dl)  28.1+6.6  21.3+49  -68 3.49**
Apo B (mg/dl) 1199211  79.0+16.7 -40.9 4.91***
Apo CII (mg/dl) 34+1.6 23412 -11 246
Apo CII (mg/dl) 6.442.0 52419 12 3.29*
Apo AT /AT (ratio) 8.244.8 6.0+23 22 176
Apo B/AT (ratio) 0.6+0.2 0.7+0.1 01 156

Value are mean=SD.
Diff. is mean difference between pre and post program.
* p<0.05, ** p<0.01, *** p<0.001

Table 33} 2t} Apo Al (p<0.001), AIl (p<0.01), B (p<0.001),
CII (p<0.05), CI (p<0.01)9] FE& ZF A-d] vlg) AL
ol 217} 86.9, 6.8, 40.9, 1.1, 1.2 mg/dl #43t92H, Apo A
[/ATISH Apo B/ATHI= ZrastdAwt #2442 gle A
o2 Yt

5
re
o
>,
Bx
oX,
Ho
offt
=2
=
i
i)
ofy
N,

N,
o
Ry

3
ey
=

od

=2,
Lo,

ol
=

2 og U
[o ok rlo
fu Y

o

129

T,

)

Lo P
g
=
¥0,
)
2
=
__)‘4_4"
ofy
=
20

N
ol
1o
oyl
oY

R
>,

%
>,
N

o
o

e
ot
™
2
o
P

o b»
o
o
o
ol
o

o,
o
-3
rir
ol
B
ol
N,
b
o

r
ﬂH‘_IIZilm
¥ [o

3L
e
et
oft fx
oo > 4

H,
o,
ol
=2
1o
o
N
N
o B
™ ol
o -
=3
lud
ol
N
2
o rr
b
N
)

)
ol
g2

b Lo
&
g
[
£0‘L
fr

ofN W
o
frtl
e
A

14
2 2

o X2

o o @ I

ol x
okt

My
w2,

T
g
N
0
o rr
=2
<
)

N
-
ol
-
rir
BN

B o
T I

o x

g:g
)
2
o=
ox
olN
N
N
ol
ol
rr
>l
rlo

o
A
o
e8]
=
&%)
=
1>

>~
il

W, o i

HFko)

o)

s

W)

B
R o2 ofN
e o N
ERSOR:)

£

o
fd
T
g
N
@]

B A3A5 TC, TG, TC/HDL-CH & 4
Z7hstg oy LDL-CE w87t gsith o
Sasaki 5[27]0] HIgtolES tdo = At
st A7} HDL-Cx Z7}8tg o TC, TGE
B3, Becque 5[2]0] HITHH &GS IO =
d4& B z2a3s A 27 HDL-Ce $7F
2 TC, TG, LDL-C= ®W3t7h Ilth= B, Tolfrey 5[35]
o] 25FMES YO E RFT FALA &5 AN

A3 TC, TG, LDL-C, HDL-C =% #3l7} ¢lglth
/1\}

[

ox, 1o

Mo my R
o i

S &

rE

fr Mo to
i) 20 offt rlo

ot L
1> 32

>~
-

2L BN e 2>

ofN

ofr
O
38

o

o [Z > ‘o

=
AzAe B =2y A4
S R EEER LS
Aol YPYBAN QA5 3

AYE, £F A%, A A5 A

29) 5o 4FE )

e

2 Ho

4, 3 Z
TH29,34]. ¥ A%t Bpstein?} Goldfield [10]7} BIgHo}s
HRoz AT 28 Z2a3S &3 AFES 1E%
Tol oJstd AEg AAL A4S WPT & ]
T AAS Z2adEg dFA4 Hhgo]
St weEbA B AT o] e A
o
oF

=2
F3hs AUAAH (2100 keal)7t AFH
(Table 1)7 B CHD HEUAR] SFAA3 A&

2 off 12 w2 ¥ Ho R to ¥O BN 2

>4y
pas
dlo
o
do
ro,
ol
38
N 8

fo °
N

= o
i

@]
i

lo, 1o X

AR 7s 3 A
3 ke AT =
SITH8]. Apo AL AT, Al AN U
Aete Faddolth o] F Apo A

FAAAZE 9™ Apo AT 9 A== 5 HDL-
Aagsta, Az AU U 2EESS A
of EYXEES olF - AFANA o2 J5FA
A lecitin cholesterol acly transferase (LCAT
4 ALS 36l A Apo AllE ¥
oz ANZ A7A 3t 2 uA g
< JANA EF TG sE= 7M7)

r =
N =
>
2,
i
oo i
oft
S o
lo b X &

tlo

flo 2
T X
g K
T
Q5
©
o

o>
e

ki
e

T
g
N
o)

o
o
W

>
N
o
P

e r
=
2
1o
g i
o

Fﬂ[‘ﬁo}iw
I g b
A )
2
(@)
&

B3

ay
g
&
@]
off
b
rr
ol
B
>
N
rr
S
olr
o [
_0|L

[¢]

=

A A A Apo AllE 59

glom AHojx CHDe Wiz #este 1 &
2389 sfFTha shATH4].

A7 Apo A1 ¥ All= #4343, Apo AT /A

=
|
N
-

1E

p=1

B 3= = Lo & K
oA oy
2 (g L oo
??r;%min}i—p fr rlo
I"I o 1:2[:
ol
R = 3R
SIE R
R )
%0, rx ofr
2 g o2 M
o i.ﬁ, :l%‘
E i re
= i o
o S o L
. >, oX o
E;I; B rlo
o R
¥2
o o
o >
e
o
>

ok
32 xR



A FA G, AEQl Sl A Apo AT 9] & o3} A&
& nEs & ) 2AH AR 4T & Ao YwEo
= Apo

AT E A4 B¢ 73 Egoldd o)
/3 %}-8-(synthesis )% Z7kska, °]§]rx—| %(Catabohsm) 7
skl S7tete
HOZ Apo AI % ic)&
TAARES S Ad AU 5 o159 Apo AT RS
7F AETD =eths Ba[9]¢ HIRHAR
o2 Apo Al JFA S Hlws A7 vgkelo] s
o Apo AT 9] &=t B9 o]gt&wrt FoJstA
231, B3 TS Apo AT @AEE H
E}tﬂ'%(hypercatabolism)—o‘ Holx Ao=w
Apo AT ¥E5 ZAste e FEEede 7)4\0] ‘54'5‘4

ox

=
=
a.
=)
o)
=
D

Ne

7‘113}[25] weha] B A9 Apo AT9 TAE Apo AT 9
&= Bdol & Aoz FAHAY AHRe vt
obsd #dd Are F53 /%1;%]0]‘:}.

$HH Apo A9 o] 22 74w Woof-May 5([38]¢] A
|5S 18577 AAg A3 Zastdvhe Bi%s frA
oy, Williams 5[37]¢] HAIZREY FatihA &5
AA A Frbstdvhe Rade ket Apo ATl
o] At A} SHAA £ 0 o] 22 A Ade THA
A WstE MR Ao R M
o] A 71553 CHDO ®lX& 28 of
o AFoE B AFZERE ANIT 35
st Zﬂii ‘gl}ﬂq

N

'—_O‘ e B

UAARE, oFF Apo ATl
g A57H 1
i N R

3}
=

ko)
o

i
r&
o
o
HU
\l
N
| X

i
ok

N

A g
0] ApO BesrE 7974
o %17}—5—}.5 ]Li 0]%0]—.1—_' oH, LDL, EEE A
(IDL), %A 1=”\:Z]12r‘ﬂ,4(VLDL) JAE T
AGA A AE9]

L o X

DL 4&4 9] LDL ?ME

RO}
> it
53
it e
oy
olN L
oz i
ro, o
to yp

N
(3

m
3> M
ae]
o}
los]
N
ol
(28
o
2
v
rlr
o
H
QO
5
%
I
=t
olrt
sy
Ko
=)
o

oX,
tjo
2
B
ox
Ho
offl
i)

>,

>
>
>
ol
o
>
>,

L& E o

rir ‘l_rcu>
.
B Fo

o

m e =

)
o,
ol

=

>
>
FN

ol o E o L > offf
=l
o rlr M
o
il
ol
o

_,d
Yy
e

ok 2 op

°

i L
©
offf
il
=2

o w,

ofn frl
OH

Ir o}l oE,

ﬁ Joy o=
oX
o
o S
lo
2 o
ol
=2,

Apo C: CI, CI, Cmz L}%OWE %UW%
Chylomicron), VLDL, HDL-CE +43t= ‘I:“ﬂ.”é]olu} o]
Apo ClI= A9 aAE SN A TGY 7H4£3)
A5t 8% TG 58 2-dhe 2oz 484 Ao
6]. Apo CII= AT iAo &4& JAFEZH TG
TS AR A c@ANA TG AAE W)

—

i ofy

r—-w

3t 8% TG §&55 F7M171M, 8% 52 Apo CII ¥
EE 59 #A AN TTMTIE AR 4HA
ATH26]

st ofglgol ok 2
A 23 4 At
(control) & F/4A& o
£ HgeE B AF4HE 9
AA Apo CI 9] Wghe= tiAHA SHeA
2 us R éx—ql‘i HkS-0 2 )4 & 4= QIATH Geber 5[14]
o] ¥4 AT o= CHD zﬂx} 3529 Hxwo® A3
4913959 9] Apo CIl 555 vlwd A3 At e w27}
fzTRT v«l*}ﬂl( /dl vs 42 mg/dl) E3the
AE e B e g2 J gREolgtal £ FE S
2ok whehA 2 959 Apo CIIY| st ofF R34
A4 whgolgta @gsr|de oeFol EAdhe
OS2 AZET g o8 B AFelA Apo CII7ZF 43 2
= Onat 5[24]3 Geber 5[15]°] CHD ¢4+ Atdlld} of
ZTE dEeR AN d74% Atdde] dEIEY
Apo CITY %7t =}d 202 Hud 3t thAHed &
Aol M= Apo CITY| A& wpgtdh whgo2 & 4 3o
5 FAAQ 2 A4S F S AoE Add.
StARE o}2 742 Apo CINO| thgh v &3k thAH4] Uﬂﬂ‘%*’“
o] BrajAA] & Adefolil &5
FE3817] g sjAole FIE 7120l %3“01 91%
o7 Azted

fii of

]

8

4N

0

T

J

ot

N

o

5‘.:
i

H"I i K
=

¢

2
POURN =R HI

rlr
rl

it

g

Es
o
&

HITh G 25AE o2 AA 243 B f4t
2952 HRmax9 60-70% 2= 19 1008, 3 53], 957
AN o5 FFAAT ofx AT pAE F I
s geprgtt. 529 TC, TG, HDL-C X9 TC/

= [+

HDL-CHIZ} Ad St ol= A4l fathd-edt o
AAAAZ ARH AR ] obd 19 FFAFF T3t
ARA YA FHE Tl vivtolge] ATHFHR HE
°of CHD #1381l A 344 a4& vd +
AS Felatoitth. = o x AT ] Apo AlL, B, CIl &
=7F gaetgled ol it Ed Atz ¥l 4
Ao} Ao FARHA Bt @AokE SR S A
Age] ol ZapzQl W] 2 = A&FE TS 2
2 ArgE aZA obF FFo uhE Apo ¥l tdt
AFEo] MEEAL 53] Apo CII¢h Cllo) teh A7+ o
S ES AGo|nE G oo #dE F&5 A7 A9
ofefd Aoz Azten



1388 A 3}ets|#] 2008, Vol. 18. No. 10
References
1. Alaupovic, P. 1996. Significance of apolipoproteins for

10.

11.

12.

13.

14.

structure, function, and classification of plasma lipo-
proteins. Methods Enzymol. 263, 32-60.

. Becque, M. D., V. L. Katch, A. P. Rocchini, C. R. Marks

and C. Moorehead. 1988. Coronary risk incidence of obese
adolescents: reduction by exercise plus diet intervention.
Pediatrics 81, 605-612.

. Berenson, G. S., S. R. Srinivasan, W. Bao, W. P. Newman,

R. E. Tracy and W. A. Wattigney. 1998. Association be-
tween multiple cardiovascular risk factors and athro-
sclerosis in children and young adults. The Bogalusa
Heart Study. N. Engl. |. Med. 338, 1650-1656.

. Blanco-Vaca, F., J. C. Escola-Gil, J. M. Martin-Campos and

J. Julve. 2001. Role of apoA-II in lipid metabolism and
atherosclerosis: advances in the study of an enigmatic
protein. |. Lipid Res. 42, 1727-1739.

. Botton, J., B. Heude, A. Kettaneh, J. M. Borys, A. Lommez,

J. L. Bresson, P. Ducimetiere and M. A. Charles. 2007.
Cardiovascular risk factor levels and their relationships
with overweight and fat distribution in children: the
Fleurbaix Laventie Ville Santé II study. Metabolism 56,
614-622.

. Brewer, H. B. 1999. Hypertriglyceridemia: changes in the

plasma lipoproteins associated with an increased risk of
cardiovascular disease. Am. |. Cardiol. 83, 3-12.

. Crouse, S. F., B. C. O'Brien, P. W. Grandjean, R. C. Lowe,

J. J. Rohack and J. S. Green. 1997. Effects of training and
single session of exercise on lipids and apolipoproteins in
hypercholesterolemicmen. ]. Appl. Physiol. 83, 2019-2028.

. Durstine, J. L, P W. Grandjean, C. A. Cox and P. D.

Thompson. 2002. Lipids, lipoproteins, and exercise. J.
Cardiopulm. Rehabil. 22, 385-398.

. Eisenberg, S. 1984. High density lipoprotein metabolism. J.

Lipid Res. 25, 1017-1058.

Epstein, L. H. and G. S. Goldfield. 1999. Physical activity
in the treatment of childhood overweight and obesity: cur-
rent evidence and research issues. Med. Sci. Sports Exerc.
31, 553-559.

Ferguson, M. A, B. Gutin, N. A. Le, W. Karp, M. Litaker,
M. Humphries, T. Okuyama, S. Riggs and S. Owens. 1999.
Effects of exercise training and its cessation on compo-
nents of the insulin resistance syndrome in obese children.
Int. |. Obes. Relat. Metab. Disord. 23, 889-895.

Freedman, D. S., M. K. Serdula, S. R. Srinivasan and G. S.
Berenson. 1999. Relation of circumferences and skinfold
thicknesses to lipid and insulin concentrations in children
and adolescents: the Bogalusa Heart Study. Am. J. Clin.
Nutr. 69, 308-317.

Freedman, D. S., Z. Mei, Srinivasan, G. S. Berenson and
W. H. Dietz. 2007. Cardiovascular risk factors and excess
adiposity among overweight children and adolescents: the
Bogalusa Heart Study. J. Pediatr. 150, 12-17.

Gerber, Y., U. Goldbourt, H. Cohen and D. Harats. 2002.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Association between serum apolipoprotein C (II) concen-
tration and coronary heart disease. Prev. Med. 35, 42-47.
Gerber, Y., U. Goldbourt, S. Segev and D. Harats. 2003.
Indices related to apo CII and CIII serum concentrations
and coronary heart disease: a case-control study. Prev.
Med. 37, 18-22.

Janssen, I, A. Fortier, R. Hudson and R. Ross. 2002.
Effects of an energy-restrictive diet with or without ex-
ercise on abdominal fat, intermuscular fat, and metabolic
risk factors in obese women. Diabetes Care 25, 431-438.
Kalopissis, A. D. and ]. Chambaz. 2000. Cholesterol ho-
meostatic mechanisms in transgenic mice with altered ex-
pression of apoproteins A-I, A-Il and A-IV. Int. |. Tissue
React. 22, 67-78.

Katzmarzyk, P. T., A. S. Leon, T. Rankinen, J. Gagnon, ]J.
S. Skinner, J. H. Wilmore, D. C. Rao and C. Bouchard.
2001. Changes in blood lipids consequent to aerobic ex-
ercise training related to changes in body fatness and
aerobic fitness. Metabolism 50, 841-848.

Katzmarzyk, P. T, L. Janssen and C. I. Ardern. 2003.
Physical inactivity, excess adiposity and premature
mortality. Obes. Rev. 4, 257-290.

Kelley, G. A. and K. S. Kelley. 2006. Aerobic exercise and
lipids and lipoproteins in men: a meta-analysis of
randomized controlled trials. ]. Mens Health Gend. 3, 61-70.
Kelley, G. A. and K. S. Kelley. 2007. Aerobic exercise and
lipids and lipoproteins in children and adolescents: a meta-
analysis of randomized controlled trials. Atherosclerosis 191,
447-453.

Klish, W. J. 1995. Childhood obesity: pathophysiology and
treatment. Acta. Paediatr. Jpn. 37, 1-6.

Leon, A. S. and O. A. Sanchez. 2001. Response of blood
lipids and lipoproteins to exercise training alone or com-
bined with dietary intervention. Med. Sci. Sports Exerc. 33,
502-515.

Onat, A, G. Hergenc, V. Sansoy, M. Fobker, K. Ceyhan,
S. Toprak and G. Assmann. 2003. Apolipoprotein C-III, a
strong discriminant of coronary risk in men and a deter-
minant of the metabolic syndrome in both genders.
Atherosclerosis 168, 81-89.

Ooi, E. M., G. F. Watts, M. S. Farvid, D. C. Chan, M. C.
Allen, S. R. Zilko and P. H. Barrett. 2005. High-density
lipoprotein apolipoprotein A-I kinetics in obesity. Obes.
Res. 13, 1008-1016.

Sacks, F. M., P. Alaupovic, Moye, L. A, Cole, T. G., B.
Sussex, Stampfer, M. J., M. A. Pfeffer and E. Braunwald.
2000. VLDL, apolipoproteins B, CIII, and E, and risk of re-
current coronary events in the Cholesterol and Recurrent
Events (CARE) trial. Circulation 102, 1886-1892.

Sasaki, J., M. Shindo, H. Tanaka, M. Ando and K.
Arakawa. 1987. A long-term aerobic exercise program de-
creases the obesity index and increases the high density
lipoprotein cholesterol concentration in obese children. Int.
J. Obes. 11, 339-345.

Schwartz, R. S. 1987. The independent effects of dietary
weight loss and aerobic training on high density lip-



29.

30.

31.

32.

33.

oproteins and apolipoprotein A-I concentrations in obese
men. Metabolism 36, 165-171.

Schwartz, M. W. and ]. D. Brunzell. 1997. Regulation of
Body Adiposity and the Problem of Obesity. Arteriosclerosis,
Thrombosis and Vascular Biology 17, 233-238.

Seip, R. L., P. Moulin, T. Cocke, A. Tall, W. M. Kohrt, K.
Mankowitz, C. F. Semenkovich, R. Ostlund and G.
Schonfeld. 1993. Exercise training decreases plasma choles-
teryl ester transfer protein. Arterioscler. Thromb. 13,
1359-1367.

Stefanick, M. L., S. Mackey, M. Sheehan, N. Ellsworth, W.
L. Haskell and P. D. Wood. 1998. Effects of diet and ex-
ercise in men and postmenopausal women with low levels
of HDL cholesterol and high levels of LDL cholesterol. N.
Engl. ]. Med. 339, 12-20.

Thomas, N. E,, S. M. Cooper, S. P. Williams, J. S. Baker
and B. Davies. 2007. Relationship of fitness, fatness, and
coronary-heart-disease risk factors in 12- to 13-year-olds.
Pediatr. Exerc. Sci. 19, 93-101.

Thompson, P. D., E. M. Cullinane, S. P. Sady, M. M.
Flynn, D. N. Bernier, M. A. Kantor, A. L. Saritelli and P.
N. Herbert. 1988. Modest changes in high-density lip-
oprotein concentration and metabolism with prolonged
exercise training. Circulation 78, 25-34.

34.

35.

36.

37.

38.

39.

Journal of Life Science 2008, Vol. 18. No. 10 1389

Tolfrey, K., A. M. Jones and I. G. Campbell. 2000. The ef-
fect of aerobic exercise training on the lipid-lipoprotein
profile of children and adolescents. Sports Med. 29, 99-112.
Tolfrey, K, A. M. Jones and I. G. Campbell. 2004.
Lipid-lipoproteins in children: anexercise dose-response
study. Med. Sci. Sports Exerc. 36, 418-427.

Walldius, G. and 1. Jungner. 2004. Rationale for using apo-
lipoprotein B and apolipoprotein A-I as indicators of car-
diac risk and as targets for lipid-lowering therapy. J.
Intern. Med. 255, 188-205.

Williams, P. T., R. M. Krauss, K. M. Vranizan, J. ]. Albers
and P. D. Wood. 1992. Effects of weight-loss by exercise
and by diet on apolipoproteins A-I and A-II and the par-
ticle-size distribution of high-density lipoproteins in men.
Metabolism 41, 441-449.

Woolf-May, K., E. M. Kearney, A. Owen, D. W. Jones, R.
C. Davison and S. R. Bird. 1999. The efficacy of accumu-
lated short bouts versus single daily bouts of brisk walk-
ing in improving aerobic fitness and blood lipid profiles.
Health Educ. Res. 14, 803-815.

Ziogas, G. G, T. R. Thomas and W. S. Harris. 1997.
Exercise training, postprandial hypertriglyceridemia, and
LDL subfraction distribution. Med. Sci. Sports Exerc. 29,
986-991.



