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Abstract.	 [Purpose]	The	objective	of	this	study	was	to	confirm	whether	consistent	aerobic	exercise	has	an	effect	
on	 the	apolipoprotein	B/apolipoprotein	A-1	 ratio	or	 reduces	 the	 risk	of	cardiovascular	disease	 in	obese	women.	
[Subjects	and	Methods]	The	participants	included	32	obese	women	between	the	ages	of	40	and	49.	Subjects	were	
randomly	divided	into	two	groups	(n	=	16	in	each	group):	the	control	group	and	the	exercise	group.	The	exercise	
program	in	this	study	corresponded	to	an	intensity	of	50	to	60%	of	the	maximum	volume	of	minute	oxygen	con-
sumption	and	was	performed	three	times	per	week	over	12	weeks.	Physical	measurements,	measurement	of	car-
diorespiratory	fitness	and	blood	pressure,	and	blood	collection	were	done	before	and	after	the	12	weeks	of	exercise	
at	the	same	time	and	under	the	same	conditions.	[Results]	Based	on	the	results	of	this	study,	there	were	significant	
interaction	effects	in	both	time	and	group	weight,	for	body	mass	index,	percent	body	fat,	maximum	volume	of	min-
ute	oxygen	consumption,	high-density	lipoprotein	cholesterol,	and	the	apolipoprotein	B/apolipoprotein	A-1	ratio.	
Moreover,	waist	circumference,	total	cholesterol,	and	the	atherogenic	index	decreased	significantly	after	12	weeks	
of	 aerobic	 exercise.	 [Conclusion]	Regular	 aerobic	 exercise	 effectively	 improved	 cardiovascular	 risk	 factors	 and	
decreased	the	obesity	index	in	obese	women.
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INTRODUCTION

Obesity	 is	 increasing	rapidly	 throughout	 the	world	and	
is	a	 threatening	public	health	problem	 in	many	countries.	
The	World	 Health	 Organization	 (WHO)1)	 defines	 obesity	
as	a	disease	that	exerts	a	negative	influence	on	health	and	
well-being	through	the	accumulation	of	excess	fat.	Repre-
sentative	 pathologies	 accompanying	 obesity	 include	 car-
diovascular	disease	 (CVD),	hypertension,	hyperlipidemia,	
diabetes,	 stroke,	 cancer,	 degenerative	 arthritis,	 and	 lung	
diseases	 including	 sleep	 apnea.	One	 of	 the	first	 problems	
encountered in chronic disease of obese individuals is hy-
perlipidemia,	 consisting	of	 elevated	blood	cholesterol	 and	
triglyceride	 (TG)	 levels,	 the	 most	 important	 independent	
risk	 factor	 of	 atherosclerosis	 and	 an	 important	 cause	 of	
coronary	 artery	 disease	 (CAD)2).	 Research	 to	 date	 points	
to	high	TG,	total	cholesterol	(TC),	low-density	lipoprotein	
cholesterol	 (LDLC),	 and	 high-density	 lipoprotein	 cho-
lesterol	 (HDLC)	 as	 key	 risk	 factors	 for	CAD3).	However,	

after	 obtaining	 an	 enhanced	 understanding	 of	 lipoprotein	
function	and	metabolism,	rather	than	measuring	traditional	
risk	factors	such	as	TC,	TG,	HDLC,	and	LDLC,	measuring	
apolipoprotein,	apo-	forming	blood	lipids,	and	lipoprotein	
was	recently	deemed	to	be	more	predictive3).	Apo	is	a	key	
protein	that	forms	many	types	of	lipids	and	acts	as	a	coen-
zyme,	either	accelerating	or	suppressing	functions	related	
to	transport	and	re-distribution	and	metabolism	of	lipopro-
teins	 through	the	actions	of	 tissue	receptor	 ligands4).	Apo	
A	 is	divided	 into	 the	A	I,	AII,	and	AIV	 types,	which	are	
important	components	of	HDLC	formation.	Among	these,	
apoA1	has	a	static	correlation	with	HDLC,	and	the	expres-
sion	level	of	apoA1	is	determined	by	the	HDLC	concentra-
tion.	Moreover,	it	eliminates	excess	cholesterol	in	the	body,	
converts	cholesterol	to	HDL,	and	activates	lecithin	choles-
terol	acyl	transferase	(LCAT),	which	is	responsible	for	re-
verse	cholesterol	transport	(RCT)	to	the	liver3).	It	is	known	
that	blood	HDLC	levels	are	inversely	correlated	with	CVD	
risk	factors.	According	to	related	epidemiological	studies,	
for	every	1	mg/dL	increase	in	HDLC,	the	risk	for	CAD	is	
lowered	by	2–3%,	and	the	risk	of	death	is	lowered	by	6%5).	
HDLC	 undergoes	 a	 complex	 biosynthesis	 and	 performs	
many	widely	known	functions	within	 the	body,	 including	
diverse	 protective	 mechanisms	 against	 atherosclerosis6).	
Blood	HDLC	is	composed	of	diverse	 types	of	 lipoprotein	
based on the surface polarity, and apoA1 is known to play 
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the	most	pivotal	role	in	the	production	and	functioning	of	
HDLC6).	 On	 the	 other	 hand,	 apoB	 particles	 constituting	
LDL,	 intermediate-density	 lipoprotein	 (IDL),	 and	 very-
low-density	lipoprotein	(VLDL),	combine	the	LDL	particle	
with	 the	 LDL	 receptor,	 contributing	 to	 the	 absorption	 of	
cellular	cholesterol.	Apolipoprotein	B	(apoB)	anchors	par-
ticles	responsible	for	creating	atheroma	in	the	arterial	walls	
and	pulls	in	complete	lipoproteins,	forming	foam	cells	from	
macrophages	 and	 the	 subendothelium7).	 Therefore,	 high	
blood levels of ApoB are known as causal factors that in-
crease	the	risk	of	CAD3).	Such	a	ratio	between	apolipopro-
tein	B	and	apolipoprotein	A-1	(apoB/apoA1	ratio)	forms	a	
strong	correlation	with	metabolic	syndrome	and	CVD7, 8).	
Recently,	blood	apoB	levels	and	apoA1	concentrations	have	
been	 suggested	 to	 have	 a	 strong	 impact	 on	 traditionally	
used	LDLC	and	HDLC9).	Moreover,	the	apoB/apoA1	ratio	
has an independent correlation with atherosclerosis, and it 
has	been	 reported	 that	 individuals	with	high	 apoB/apoA1	
ratios	have	greater	metabolic	risk	factors10).

Methods	of	prevention	and	treatment	of	obesity	and	car-
diovascular	disease	currently	include	exercise,	diet	control,	
and	 pharmacotherapy.	 Among	 these,	 pharmacotherapy	
is	 less	 effective	 and	has	multiple	 side	 effects,	 so	 it	 is	 not	
widely	 implemented,	whereas	 diet	 control	 is	 effective	 for	
weight	loss	but	lowers	the	resting	metabolic	rate,	which	has	
the	disadvantage	of	decreasing	both	body	fat	and	lean	body	
weight.

Especially	 for	women,	who	have	 relatively	 less	muscle	
mass	and	more	body	fat,	a	specific	method	to	improve	CVD	
risk	factors	and	decrease	weight	is	needed.	One	of	the	most	
effective	methods	is	regular	exercise,	which	decreases	body	
fat,	 lowers	 blood	 pressure,	 improves	 hyperlipidemia,	 and	
lowers	 HDLC	 levels.	 Increases	 in	 metabolic	 equivalents	
and	cardiorespiratory	fitness	(CRF)	decrease	metabolic	risk	
factors	 and	 effectively	 prevent	 CVD11, 12).	 Therefore,	 this	
research	sought	to	solidify	the	exercise-related	physiologic	
evidence	 for	 regular	 aerobic	 exercise	 and	 the	 subsequent	
improvement	in	cardiovascular	risk	factors	in	obese	women	
and	the	apolipoprotein	B/A-1ratio	in	obese	women.

SUBJECTS AND METHODS

The	study	subjects	included	a	total	of	32	obese	women	
between	the	ages	of	40	and	49	without	medical	problems.	
Subjects	were	 randomly	 divided	 into	 two	 groups	 (n	 =	 16	
in	 each	group):	 the	 control	 group	 and	 the	 exercise	group.	
They	were	selected	after	basic	testing,	which	included	col-
lection	 of	 information	 for	 age,	 exercise	 capacity,	 weight	
changes	 over	 the	 previous	 year,	 smoking	 status,	 and	 cur-
rently	used	medications,	 and	 requirements	 included	waist	
circumference	 (WC)	≥80	cm	and	body	mass	 index	 (BMI)	
≥25	kg/m2	along	with	exercising	less	than	twice	per	week.	

Before	 testing,	 the	 contents	 and	 objective	 of	 the	 research	
were	explained,	and	consent	was	obtained	prior	to	subject	
participation.	Kyungwoon	University	approved	this	study,	
which	complies	with	the	ethical	standards	of	the	Declara-
tion	of	Helsinki.	Physical	characteristics	of	the	subjects	in	
each	group	are	outlined	in	Table	1.

The	 exercise	 program	 in	 this	 study	 consisted	 of	walk-
ing	at	50–60%	of	the	maximum	volume	of	minute	oxygen	
consumption	(VO2max)	three	times	per	week	for	12	weeks.	
After	 a	 VO2max	 treadmill	 test,	 oxygen	 consumption	 and	
heart	beats	per	minute	were	calculated,	as	were	individual	
pulse	rates/minute	corresponding	to	50–60%	of	the	VO2max 
and	individual	logistic	regression	analysis	were	performed.	
To	confirm	the	 target	calorie	expenditure	obtained	with	a	
Polar	Heart	Monitor	(Polar	S610i,	Polar	Electro,	Kempele,	
Finland),	 the	 energy	 expenditure	 was	 calculated	 using	
the	 reached	 targeted	pulse	designated	during	 the	walking	
exercise	 program.	 To	 standardize	 the	 expended	 energy	
per	 session	 as	 400	kcal	 and	 1,200	kcal/week	 (3	 times	 per	
week),	 the	amount	of	 time	spent	performing	exercise	was	
adjusted	to	between	60	and	120	minutes	depending	on	the	
individual’s	ability.	Physical	measurements	taken	included	
height	(cm),	weight	(kg),	and	the	calculated	body	mass	in-
dex	 (BMI),	which	was	 calculated	 as	 BMI	 =	weight	 (kg)/
height	 (m2).	 Percent	 body	 fat	 was	 assessed	 using	 the	 In-
Body	 720	 bioelectrical	 body	 composition	 analyzer	 (Bio-
space,	Seoul,	Republic	of	Korea)	following	the	procedures	
recommended	 by	 the	 American	 College	 of	 Sports	Medi-
cine	(ACSM)11).	Waist	circumference	was	measured	with	a	
tape,	while	blood	pressure	was	measured	with	an	automatic	
machine	(Tensoval	Comfort,	Paul	Hartmann	AG,	Heiden-
heim,	Germany)	and	included	systolic	(SBP)	and	diastolic	
(DBP)	 blood	 pressure	measurements.	Mean	 arterial	 pres-
sure	(MAP)	was	calculated	by	using	the	following	equation:	
MAP	=	DBP+((SBP−DBP)/3).	The	VO2max	as	an	 index	of	
cardiorespiratory	fitness	(CRF),	was	measured	on	a	motor	
driven	treadmill	using	the	Bruce	protocol,	as	described	in	
the	ACSM	guidelines	(2010)11).	Oxygen	consumption	(VO2) 
was	measured	using	standard	breath-by-breath	techniques	
of	pulmonary	gas	exchange	variables	(Metabolic	Gas	Ana-
lyzer	System;	Quark	b2,	Cosmed,	Italy),	and	exercise	heart	
rate	was	measured	 using	 12-lead	 electrocardiography	 (Q-
4500,	 Quinton	 Cardiology	 Systems,	 Bothell,	 WA,	 USA).	
VO2max	 was	 considered	 the	 highest	 oxygen	 consumption	
attained	at	the	exhaustion	moment.

Blood	sample	analyses	were	performed	simultaneously	
under	 the	 same	 conditions	 before	 and	 after	 the	 exercise	
program.	 The	 obtained	 blood	 samples	 were	 separated	 by	
centrifugation	at	4	°C,	and	TG	(triglyceride;	Vitros	TRIG	
DTD,	Johnson	&	Johnson,	NY,	USA),	and	TC	(total	choles-
terol;	Vitros	CHOL	DTD,	Johnson	&	Johnson,	NY,	USA)	
were	analyzed	on	an	slide	using	a	Vitros	DT60II	chemistry	

Table 1.		Physical	characteristics	of	the	participants	in	this	experiment

Variable Age	(years) Height	(cm) Weight	(kg) BMI	(kg/m2) Body	fat	(%)
CON	(N=16) 45.8±3.4 156.1±3.2 64.3±3.1 26.3±1.3 34.3±2.7
Exercise	(N=16) 47.0±2.9 158.1±4.2 65.1±3.1 26.0±1.2 32.8±3.2
Data	are	means	±	SD.
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system	(Johnson	&	Johnson,	NY,	USA).	With	HDLC	using	
magnesium	 chloride	 and	 dextran	 sulfate,	 the	 cholesterol-
containing	 apoB	 was	 precipitated,	 and	 using	 the	 HDLC	
(HDL	 cholesterol;	 Vitros	 HDLC	 DTD,	 Johnson	 &	 John-
son,	NY,	USA)	slide,	analysis	was	performed	with	a	Vitros	
DT60II	chemistry	system	(Johnson	&	Johnson,	NY,	USA).	
The	atherogenic	index	was	calculated	by	using	the	follow-
ing	 equation:	 AI	 =	 (TC	 −	HDLC)	 /	 HDLC13).	 ApoB	 and	
ApoA1	were	analyzed	by	using	immunoturbidimetry	(Hi-
tachi	Auto-Analyzer,	Model	705,	Hitachi,	Tokyo,	Japan).

All	data	are	expressed	as	averages	and	standard	devia-
tions,	and	to	observe	the	transitional	changes	in	the	groups	
before	 and	 after	 exercise,	 two-way	 repeated	 measures	
ANOVA	was	conducted.	For	comparison	of	changes	in	the	
average	values	of	measured	variables	before	and	after	 the	
12	weeks	of	exercise	training,	the	paired	samples	t-test	was	
used.	Moreover,	 the	change	 in	values	between	before	and	
after	12	weeks	of	exercise	was	extracted	(∆score	=	changed	
score	between	before	and	after	12	weeks	of	exercise).	All	
statistical	analyses	were	performed	by	using	SPSS	for	Win-
dow	(version	18.0),	and	values	of	p=0.05	were	considered	
statistically	significant.

RESULTS

A	comparison	of	the	changes	in	blood	pressure	and	obe-
sity	index	after	12	weeks	of	aerobic	exercise	is	shown	in	Ta-
ble 2.	Weight	(p<0.001),	BMI	(p<0.001),	and	percent	body	
fat	 (p<0.05)	 demonstrated	 statistically	 significant	 interac-
tions	(p<0.05).	WC	decreased	statistically	significantly	af-
ter	12	weeks	of	aerobic	exercise	(p<0.05).	However,	blood	
pressure	(SBP,	DBP,	MAP)	did	not	demonstrate	significant	
effects.

The	cardiovascular	fitness	 and	cardiovascular	 risk	 fac-
tor	comparison	results	are	shown	in	Table	3.	A	marker	of	
cardiovascular	fitness,	VO2max	(p<0.05),	demonstrated	sta-

tistically	 significant	 interactions.	 HDLC	 (p<0.05),	 apoB	
(p<0.001),	and	the	apoB/apoA1	ratio	(p<0.05)	demonstrat-
ed	statistically	significant	interactions.	TC	(p<0.05)	and	AI	
(p<0.05)	 demonstrated	 statistically	 significant	 decreases	
after	12	weeks	of	exercise.	However,	TG	and	apoA1	did	not	
demonstrate	statistically	significant	differences.

DISCUSSION

The	ACSM11)	recommends	45	to	60	minutes	of	exercise	
daily,	which	consumes	300	to	400	kcal,	to	improve	obesity	
and	reduce	weight.	Fogelholm14) also reported that to effec-
tively	decrease	weight,	a	minimum	of	35	to	45	minutes	of	
exercise	per	day	for	a	total	of	250	to	300	minutes	per	week	
are	required.	In	this	study’s	results,	12	weeks	of	aerobic	ex-
ercise	in	obese	women	significantly	decreased	obesity	indi-
ces	such	as	weight,	BMI,	and	percent	body	fat.	It	is	thought	
that	it	was	appropriate	to	set	the	exercise	volume	at	a	level	
that	does	not	cause	 fatigue	 in	 the	weight	control	program	
for	obese	women.	However,	there	were	no	changes	in	blood	
pressure	(SBP,	DBP,	MAP).	This	is	thought	to	be	due	to	the	
fact	that	the	subjects	had	normal	blood	pressures.

Generally	 speaking,	 indices	 evaluating	 cardiorespira-
tory	 fitness	 (CRF)	 include	 VO2max, which represents the 
oxygen-carrying	capacity	of	the	active	muscles	during	ex-
ercise.	VO2max	decreases	by	1%	per	year	(setting	25	years	
as	 the	 standard),	 and	 the	 decrease	 in	VO2max displays an 
intimate	 relationship	 with	 chronic	 diseases	 and	 CVD15).	
Regular	 aerobic	 exercise	 is	 a	 good	method	 for	 enhancing	
VO2max,	enhancing	cardiovascular	function,	and	effectively	
preventing	and	delaying	CVD11).	This	study’s	results	show	
a	significant	increase	in	VO2max after 12 weeks of aerobic 
exercise.	In	reality,	Katzmarzyk	et	al.16) reported that aero-
bic	exercise	resulted	in	an	increase	in	CRF	in	19,173	obese	
subjects.	Moreover,	LaMonte	et	al.17)	reported	that	VO2max 
is	an	independent	and	strong	predictor	of	CVD	and	a	meta-

Table 2.		Changes	in	obesity	indices	and	blood	pressure	with	12	weeks	aerobic	exercise

Measured variable Group Pre Post ∆score

Weight	(kg)
CON 64.3±3.1 63.5±3.5 −0.82±1.93

Exercise 65.1±3.1 62.0±3.0††† −3.11±1.24***

BMI	(kg/m2)
CON 26.3±1.3 26.0±1.5 −0.33±0.80

Exercise 26.0±1.2 24.8±1.3††† −1.24±0.47***

WC	(cm)
CON 89.5±5.2 89.2±4.9 −0.36±0.83

Exercise 88.3±4.6 86.7±4.5 −1.58±2.47*

Body	fat	(%)
CON 34.3±2.7 33.4±3.1 −0.87±1.54

Exercise 32.8±3.2 30.6±3.5† −2.18±1.96***

SBP	(mmHg)
CON 124.5±12.3 123.9±8.6 −0.56±7.99

Exercise 121.9±13.6 117.0±9.7 −4.84±10.23

DBP	(mmHg)
CON 80.8±10.3 79.2±10.7 −1.56±9.42

Exercise 77.2±9.7 80.4±7.8 3.18±6.45

MAP	(mmHg)
CON 95.3±10.3 94.1±9.1 −1.22±7.11

Exercise 92.1±10.5 92.6±7.8 0.51±7.37

Data	 are	means.	 ∆score	 =	 change	 in	 the	 score	 from	 before	 the	 exercise	 program	 to	 12	weeks	
*	 p	 value	of	 paired	 t-test	 (*p<0.05;	 **p<0.01;	 ***p<0.001).	 †	 p	 value	of	 two-way	ANOVA	 test	
(group×time;	†p<0.05;	††p<0.01;	†††p<0.001).	BMI,	body	mass	index;	WC,	waist	circumference;	
SBP,	systolic	blood	pressure;	DBP,	diastolic	blood	pressure;	MAP,	mean	arterial	pressure
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bolic	risk	factor	in	both	women	and	men.
HDLC	plays	a	critical	role	in	maintaining	homeostasis	of	

the	TC	quantity.	This	role	of	HDLC	is	due	to	RCT,	through	
which	HDLC	may	block	the	formation	of	atherosclerosis18).	
RCT	eliminates	surplus	cholesterol	residing	in	the	macro-
phages	of	 the	arterial	walls,	 transports	 it	 to	 the	 liver,	and	
exports	 it	 in	vitro,	basically	eliminating	the	production	of	
atherosclerotic	plaque19).	RCT	 is	 the	only	mechanism	 that	
can	 eliminate	 surplus	 cholesterol	within	 the	 body,	 and	 is	
therefore	a	critical	 factor	 in	maintaining	appropriate	con-
centrations	and	functions	of	HDLC	in	prevention	of	CVD.	
Specifically,	 low	HDLC	 concentrations	 are	 known	 to	 in-
dependently	raise	 the	frequency	of	CVD	along	with	other	
risk factors20).	Based	on	these	results,	HDLC	demonstrated	
significant	interactions.	Jenkins	et	al.21) reported that aero-
bic	 exercise	 effectively	 increased	 HDLC	 concentrations,	
while	Katzmarzyk	et	al.16)	reported	that	HDLC	concentra-
tions	increased	in	obese	patients	with	metabolic	syndrome,	
which	was	in	line	with	our	research.	TC	and	AI	decreased	
significantly	 after	 exercise	 training	 in	 the	 present	 study.	
Because	the	equation	AI	=	(TC−HDLC/HDLC)	was	used,	
increases	 in	 HDLC	 due	 to	 exercise	 and	 decreases	 in	 TC	
yielded	a	decrease	in	AI.	Normally,	an	AI	value	<	3	is	noted	
as	normal13);	after	exercise	in	the	present	study,	the	values	
normalized,	which	indicates	that	the	exercise	training	was	
effective.

ApoA1	 is	one	of	 the	most	basic	units	 in	 the	 formation	
of	HDLC	and	is	a	critical	component	of	HDLC.	ApoA1	is	
synthesized	 in	 the	 liver	 and	 gastrointestinal	 tract	 and	 se-
creted	 into	 the	plasma,	 and	 through	 the	action	of	 the	cell	
membrane	 protein	 of	 the	 peripheral	 tissues,	 known	 as	
ATP-binding	cassette	transporter	A1	(ABCA1),	cholesterol	
within	 cells	 is	 transported	 to	 apoA1	 and	 forms	HDLC22).	

It is known that as the synthesis of apoA1 is increased by 
long-term	 exercise,	 catabolism	 decreases23).	 However,	 in	
this	research,	there	were	no	significant	increases	in	apoA1.	
Such	results	are	thought	to	be	due	to	the	exercise	volume	or	
length	not	being	sufficient	to	change	the	blood	concentra-
tion	of	apoA1.	Additionally,	those	kinetics	of	apoA1	may	be	
attributable	to	the	fact	that	the	subjects	were	obese.	In	obese	
individuals,	 as	 compared	with	normal	 individuals,	 hyper-
catabolism	occurs	relative	to	apoA1	synthesis	speed24).	 In	
fact,	 the	changes	in	apoA1	in	this	study	are	thought	to	be	
related	to	the	apoA1	synthesis	speed.	However,	it	is	difficult	
to	arrive	at	conclusions	based	on	insufficient	data.

ApoB	is	a	critical	protein	component	of	LDLC	that	in-
creases	the	absorption	of	cellular	cholesterol	by	combining	
LDL	 particles	with	 the	 LDL	 receptor.	 Such	 apoB	 is	 inti-
mately	associated	with	blood	concentrations	of	LDLC	and	
CVD,	and	apoB	plays	an	important	role	in	improving	blood	
lipid concentrations9).	ApoB	and	the	apoB/apoA1	ratio	are	
clinical	indices	for	metabolic	risk	factors,	specifically	pre-
dicting	CVD	risk	and	lowering	cholesterol,	which	are	use-
ful	markers	for	treatment	progress.	Recently,	regular	exer-
cise has been shown to decrease the apoB level and apoB/
apoA1	ratio,	directly	influencing	CVD	prevention25).	Based	
on	this	study’s	results,	apoB	and	the	apoB/apoA1	ratio	dem-
onstrated	significant	 interactions.	Holme	et	al.25) reported 
that	in	a	study	with	overweight	males,	regular	aerobic	ex-
ercise decreased apoB levels and the apoB/apoA1 ratio, and 
Ben	Ounis	et	al.26)	reported	the	same	findings.	Also,	Crouse	
et	al.27),	in	a	study	involving	adults	with	hypercholesterol-
emia,	 reported	 that	 aerobic	 exercise	 decreased	 apoB,	 and	
Janssen	et	al.28)	showed	that	aerobic	exercise	and	diet	con-
trol	in	obese	women	decreased	the	apoB/apoA1	ratio.	How-
ever,	Henderson	et	al.29)	reported	that	solitary	exercise	did	

Table 3.		Changes	in	the	cardiorespiratory	fitness	and	apoB/apoA1	ratio	with	12	weeks	aerobic	exercise

Measured variable Group Pre Post ∆score

VO2max (mL/kg/min)
CON 28.7±2.8 29.9±3.8 1.20±2.48

Exercise 30.9±3.4 34.3±3.2† 3.32±2.72***

TG	(mg/dL)
CON 116.0±49.6 121.5±60.3 5.50±52.19

Exercise 120.4±94.1 93.0±41.8 −27.37±71.53

TC	(mg/dL)
CON 210.0±38.2 202.9±35.0 −7.12±26.30

Exercise 201.6±44.1 185.1±41.4 −16.43±23.46*

HDLC	(mg/dL)
CON 46.6±15.4 44.3±10.2 −2.31±11.09

Exercise 45.0±13.1 51.1±15.0† 6.15±8.53*

Atherogenic	index
CON 4.01±2.13 3.80±1.41 −0.20±1.54

Exercise 3.87±1.94 2.98±1.58 −0.89±1.17*

Apolipoprotein B
CON 79.2±17.8 81.1±18.9 1.86±10.59

Exercise 84.5±17.1 73.2±15.9††† −11.35±8.44***

Apolipoprotein A-1
CON 152.3±26.5 153.3±28.8 0.96±23.73

Exercise 151.0±28.9 156.2±32.6 5.18±14.60

ApoB/ApoA-1 ratio
CON 0.53±0.16 0.54±0.16 0.01±0.12

Exercise 0.58±0.17 0.49±0.19† −0.08±0.09**

Data	are	means.	∆score	=	change	in	the	score	from	before	the	exercise	program	to	12	weeks,	*	p	value	of	
paired	t-test	(*p<0.05;	**p<0.01;	***p<0.001).	†	p	value	of	two-way	ANOVA	test	(group×time;	†p<0.05;	
††p<0.01;	†††p<0.001).	TG,	triglycerides;	TC,	total	cholesterol;	HDLC,	high	density	lipoprotein	choles-
terol
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not	impact	lipoproteins	such	as	apoB	and	apoA1,	so	long-
term	aerobic	exercise	 is	 thought	 to	be	relatively	effective.	
Based	on	this	study’s	results,	regular	aerobic	exercise	sig-
nificantly	improved	the	obesity	index,	CRF,	blood	HDLC,	
and	apoB/apoA1	ratio	in	obese	women.	Such	results	suggest	
that	regular	exercise	can	effectively	improve	the	obesity	in-
dex	 along	with	 cardiovascular	 risk	 factors.	 However,	 TG	
and	apoA1	levels	did	not	change	significantly,	so	exercise	
intensity,	 frequency,	and	duration	may	need	 to	be	consid-
ered	and	increased.
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