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A B S TRACT   
BACKGROUND: Effects of combined aerobic-resistance training on blood derivatives of reactive oxygen metabolites 
(d-ROM), biological antioxidant potential (BAP), glucose and triglyceride (TG) levels are unclear. Thus, this study 
examined the effects of combined training on blood d-ROM, BAP, glucose, TG levels, and body composition in adult 
men.
METHODS: Forty-two healthy adult men (mean±SD, age: 23.45±1.38 years; height: 173.71±4.87 cm; body weight: 
69.26±5.15 kg; fat%: 14.30±3.49%) were randomly assigned to combined aerobic-resistance exercise (N.=22) and aero-
bic exercise (N.=20) groups. Combined training (CT) and aerobic training (AT) were performed 4 times a week for 12 
weeks. The CT and AT subjects were tested for body composition and physical fitness at 0 week and 12 weeks. Blood 
samples were collected at 0 week and 12 weeks, and analysis for d-ROM, BAP, glucose, and TG levels was conducted.
RESULTS: The d-ROM levels after 12 weeks were significantly lower in the AT group than in the CT group. The BAP 
levels after 12 weeks were significantly higher than in 0 week for both groups. Moreover, the TG levels after 12 weeks 
were significantly lower in the AT group than in the CT group. Lean mass and waist-to-hip ratio (WHR) after 12 weeks 
were significantly higher in the CT group than in the AT group, respectively. Furthermore, the fat percentage after 12 
weeks was significantly lower than in 0 week in both groups.
CONCLUSIONS: To summarize, CT during 12 weeks is effective in increasing lean mass, BAP levels, and reducing 
WHR and TG levels. Furthermore, AT during 12 weeks was effective in reducing free radicals by decreasing d-ROM and 
TG levels while increasing BAP levels.
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The human body produces energy from mito-
chondria to maintain life, oxygen is needed 

for this. This process transforms oxygen into re-
active oxygen species (ROS) such as free radi-
cals, the human body maintains a balance of anti-
oxidant system such as antioxidant enzymes and 
ROS, thereby minimizing the damage caused 
by ROS. However, excessively produced free 
radicals cause glucose uptake, deformation of 
proteins, deoxyribonucleic acid (DNA), and pro-

motes aging.1-5 In addition, excessive production 
of free radicals is causing functional decrease of 
cells by acting as a toxic substance,6 that direct 
or indirect cause of various degenerative diseas-
es such as hypertension, atherosclerosis.7-9 The 
ROS can be caused by various diseases, exercise, 
stress, smoking,4, 10 and in particular, strenuous 
exercise is known to promote the production of 
ROS.11-15

Numerous studies have examined the effects 

Th
is

 d
oc

um
en

t i
s 

pr
ot

ec
te

d 
by

 in
te

rn
at

io
na

l c
op

yr
ig

ht
 la

w
s.

 N
o 

ad
di

tio
na

l r
ep

ro
du

ct
io

n 
is

 a
ut

ho
riz

ed
. I

t i
s 

pe
rm

itt
ed

 fo
r p

er
so

na
l u

se
 to

 d
ow

nl
oa

d 
an

d 
sa

ve
 o

nl
y 

on
e 

fil
e 

an
d 

pr
in

t o
nl

y 
on

e 
co

py
 o

f t
hi

s 
Ar

tic
le

. I
t i

s 
no

t p
er

m
itt

ed
 to

 m
ak

e 
ad

di
tio

na
l c

op
ie

s 
(e

ith
er

 s
po

ra
di

ca
lly

 
or

 s
ys

te
m

at
ic

al
ly,

 e
ith

er
 p

rin
te

d 
or

 e
le

ct
ro

ni
c)

 o
f 

th
e 

Ar
tic

le
 f

or
 a

ny
 p

ur
po

se
. 

It 
is

 n
ot

 p
er

m
itt

ed
 t

o 
di

st
rib

ut
e 

th
e 

el
ec

tro
ni

c 
co

py
 o

f 
th

e 
ar

tic
le

 t
hr

ou
gh

 o
nl

in
e 

in
te

rn
et

 a
nd

/o
r 

in
tra

ne
t 

fil
e 

sh
ar

in
g 

sy
st

em
s,

 e
le

ct
ro

ni
c 

m
ai

lin
g 

or
 a

ny
 o

th
er

 m
ea

ns
 w

hi
ch

 m
ay

 a
llo

w
 a

cc
es

s 
to

 th
e 

Ar
tic

le
. T

he
 u

se
 o

f a
ll 

or
 a

ny
 p

ar
t o

f t
he

 A
rti

cl
e 

fo
r 

an
y 

C
om

m
er

ci
al

 U
se

 is
 n

ot
 p

er
m

itt
ed

. T
he

 c
re

at
io

n 
of

 d
er

iv
at

iv
e 

w
or

ks
 fr

om
 th

e 
Ar

tic
le

 is
 n

ot
 p

er
m

itt
ed

. T
he

 p
ro

du
ct

io
n 

of
 r

ep
rin

ts
 fo

r 
pe

rs
on

al
 o

r 
co

m
m

er
ci

al
 u

se
 is

 n
ot

 p
er

m
itt

ed
. I

t i
s 

no
t p

er
m

itt
ed

 to
 r

em
ov

e,
 

co
ve

r, 
 o

ve
rla

y,
 o

bs
cu

re
, 

bl
oc

k,
 o

r 
ch

an
ge

 a
ny

 c
op

yr
ig

ht
 n

ot
ic

es
 o

r 
te

rm
s 

of
 u

se
 w

hi
ch

 t
he

 P
ub

lis
he

r 
m

ay
 p

os
t 

on
 t

he
 A

rti
cl

e.
 I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
fra

m
e 

or
 u

se
 f

ra
m

in
g 

te
ch

ni
qu

es
 t

o 
en

cl
os

e 
an

y 
tra

de
m

ar
k,

 lo
go

, 
or

 o
th

er
 p

ro
pr

ie
ta

ry
 in

fo
rm

at
io

n 
of

 t
he

 P
ub

lis
he

r.



KIM 	CO MBINED TRAINING IN MEN

626	 Gazzetta Medica Italiana - Archivio per le Scienze Mediche	 September 2019 

completion of a health screening questionnaire, 
written informed consent was obtained from all 
participants after the study’s purpose and proce-
dures were explained.

Study design

On day 1, the participants were told about the 
purpose and procedures of the experiment. On 
day 2, body composition, blood pressure, and 
physical fitness factors were measured, and 
blood samples were collected at rest. Exercise 
intensity was calculated the next day. For the 
next twelve weeks the subjects performed either 
combined aerobic-resistance or aerobic train-
ing four times a week. After the 12 weeks, body 
composition and physical fitness factors were 
measured, and blood samples were collected. All 
testing was performed at the same time of day for 
each subject.

Combined exercise

In order to evaluate for aerobic training intensity, 
this study used a breath-by-breath respiratory 
gas analyzer system (Quark b2, COSMED Co., 
Ltd., Italy). The Bruce protocol was performed 
on a treadmill,25 starting with a 10% slope at 1.7 
mph; every 3 minutes, the slope and speed were 
increased by 2% and 0.8 mph. The exercise was 
stopped for any of the following reasons: exhaus-
tion, respiratory exchange ratio > 1.10,26 partici-
pants asking to stop due to cardiovascular event 
or fatigue, > 90% HRmax (220-age), or rating of 
perceived exertion > 17.

Combined training group was performed 
by constructing resistance and aerobic train-
ing at every other day. In combined training, 
aerobic training intensity used the heart rate 
reserve (HRR) method: target heart rate (THR) 
= [(HRmax - HRrest) × 45 ~ 75% intensity] + 
HRrest, and HRmax = 220 – age.27, 28 Aerobic 
training sessions lasted 60 mins and were com-
posed of a warm-up of 5 mins of walking at a 
training intensity of 30 ~ 40% of the participant’s 
HRR, 5 mins of stretching exercises, 40 mins 
of running at an intensity of 45 ~ 55% HRR, a 
cool-down of 5 mins of walking at an intensity 
of 30 ~ 40% HRR, and 5 mins of stretching. Dur-
ing the 12 weeks, training intensity started at an 
initial 45~55% of the particants’ HRR and was 

of aerobic and resistance training on ROS and 
antioxidant activity.13, 16-19 Several studies have 
shown that acute aerobic exercise increases 
ROS, and most previous studies have concluded 
that the ROS and the antioxidant capacity were 
found to be more active at higher exercise in-
tensity, and strenuous exercise may have a 
negative impact on health maintenance and pro-
motion.12, 14, 15, 20 Also, another study have re-
ported regular aerobic training reduce oxidative 
stress.21 ROS is closely related to protein dam-
age, lipid peroxidation and glucose uptake.1, 2 
According to Vincent and colleges, have report-
ed resistance training during six months lowered 
lipid peroxidation levels following acute aerobic 
training in elderly.19 Like this, both aerobic and 
resistance training were effective in improving 
the antioxidant system. In addition, both aerobic 
and resistance training benefits from improved 
body composition, such as reduced body fat 
percent and concentrations of triglyceride (TG), 
glucose.22-24 However, there is still controversy 
regarding the combined training. In addition, 
study on effects is very limited that the effects 
on the levels of ROS and antioxidant capacity 
in combined aerobic-resistance training during 
12weeks.

Therefore, the purpose of this study was to 
examine effects of 12 weeks combined training 
on blood derivatives of reactive oxygen metabo-
lites (d-ROMs), biological antioxidant potential 
(BAP) glucose, triglyceride (TG) levels and 
body-composition in adult men.

Materials and methods

Participants

Forty-two healthy individuals without any med-
ical problems were recruited from Gachon Uni-
versity and were randomly assigned to a com-
bined exercise group (N.=22) (mean±SD, age: 
23.14±1.04 years; height: 172.09±4.73 cm; body 
weight: 67.32±2.87 kg; fat%: 14.28±3.99%) or 
an aerobic exercise group (N.=20) (mean±SD, 
age: 23.80±1.64 years; height: 175.50±4.48 
cm; body weight: 71.40±6.23 kg; fat%: 
14.32±2.96%). This study was approved by 
the Institutional Review Board (IRB) of Ga-
chon University, South Korea. Following their 
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Evolvo, H & D Co., Italy) according to the man-
ual,31, 32 and units were expressed as µmol/L. 
The manufacturer’s instructions showed the 
following classifications: optimum range, from 
2201 to 4000 μmol/L; borderline, from 2001 
to 2200 μmol/L; moderate shortage, from 1801 
to 2000 μmol/L; shortage, from 1601 to 1800 
μmol/L; severe shortage, from 1401 to 1600 
μmol/L; and very severe shortage, less than 
1400 μmol/L. The glucose and TG levels were 
automatically analyzed using the Accutrend Plus 
(Roche Diagnostik, Germany) and were mea-
sured in mmol/L.

Body composition

The height, body weight, lean mass, fat percent-
age, and WHR were measured with a scale and 
bio-impedance analyzer (BSM340, Biospace 
Ltd., Korea; Inbody 720, Biospace Ltd., South 
Korea) while participants were dressed in short-
sleeved cotton shirts and cotton shorts. The 
bio-impedance analyzer uses impedance and 
reactance values by segment and at multiple 
frequencies; it has high accuracy with a high 
correlation coefficient of 0.98 with DEXA, the 
standard equipment for body composition anal-
ysis.33

Statistical analysis

Statistical analysis was performed using Statisti-
cal Packaged for Social Science (SPSS) version 
21.0 (IBM Corp., Armonk, NY, USA). All data 
were expressed as mean±standard deviation. 
Normality of distribution of all outcome vari-
ables was verified using a Kolmogorov-Smirnov 
test. A mixed-design analysis (“2 group” × “2 
time”) of variance was used to analyzing the 
effects of combined and aerobic training on 
each continuous dependent variable. Partial eta-
squared (η2) was caculated as measures of effect 
size ES: partial Eta squared of the interaction). 
The ES was classified as follows: small <0.05, 
medium 0.06-0.13, and large >0.14.34 The level 
of statistical significance was set at P<0.05.

Results

The results of the d-ROM and BAP levels are 
shown in Table I. The d-ROM levels of the com-

increased by 10% every 4 weeks. Training inten-
sity was monitored by a wireless heart rate sys-
tem (Bodypro M100, Du-sung Technology Co., 
Korea).

A one repetition maximum (1-RM) test was 
conducted to establish the intensity of resistance 
exercise at 0 week, 4 weeks and 8 weeks.29 The 
1-RM was performed for a total of 3 sets with a 
reasonable rest interval between sets of 1 min and 
30 secs.20 Combined exercise resistance training 
sessions consisted of 60 mins beginning with a 
warm-up of 5 mins of walking at an exercise in-
tensity of 30 ~ 40% of the particpant’s HRR on 
a treadmill and 5 mins of stretching followed by 
40 mins of resistance training consisting of chest 
presses, shoulder presses, lat pull-downs, leg 
curls, leg extensions, leg presses, and dead lifts. 
The sessions ended with a cool-down of 5 mins of 
walking at a training intensity of 30 ~ 40% HRR 
and 5 min of stretching. Resistance training was 
performed at 50% (initially) of 1-RM for 3 sets of 
12 repetitions at 90 second intervals for each ex-
ercise. Training intensity began at the initial 50% 
and was increased by 10% every 4 weeks. The 
aerobic training group followed the same aerobic 
training regimen as the combined training group 
did.

Blood analysis

The subjects refrained from eating food and 
drinking alcohol for 12 hours before being tested 
and avoided physical activity or exercise on the 
day of the assessment. Blood samples were col-
lected from a finger-tip capillary at rest. The d-
ROM test was conducted with plasma using the 
international scientific community certified oxi-
dative stress analyzing system (FRAS 4 Evolvo, 
H & D Co., Italy) according to the instructions in 
the manual.30 The d-ROM levels were measured 
in U.CARR., where 1 U.CARR. corresponded 
to 0.08 mg/dL hydrogen peroxide. Based on the 
manufacturer’s instructions, values were classi-
fied as follows: very high oxidative stress, above 
500 U.CARR; high oxidative stress, from 401 to 
500 U.CARR; slight oxidative stress, from 321 
to 340 U.CARR; borderline stress, from 301 
to 320 U.CARR; and normal, from 250 to 300 
U.CARR. Plasma BAP levels were measured 
using a free radical electric evaluator (FRAS 4 
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combined training group at 0 week and 12 
weeks were 2271.82±195.60 µmol/L and 
2453.27±198.67 µmol/L, and those of the aero-
bic training group at 0 week and 12 weeks were 
2375.70±204.96 µmol/L and 2493.65±164.29 
µmol/L, respectively. The BAP levels showed 
no interaction effect and showed the main effect 
by time (F=19.494, P<0.05).

The results of glucose and TG levels are 

bined training group at 0 week and 12 weeks 
were 283.55±18.89 U.CARR and 296.55±47.67 
U.CARR, and of the aerobic training group 
at 0 week and 12 weeks were 239.30±30.27 
U.CARR and 230.60±25.30 U.CARR, respec-
tively. The d-ROM levels showed an interac-
tion effect between group and time (F=4.501, 
P<0.05) and showed the main effect by group 
(F=40.465, P<0.05). The BAP levels of the 

Table I.—�Comparison of d-ROM and BAP levels between combined and aerobic exercise (mean±SD).
Variables Group Before After Significant level (P) F ES

d-ROM 
(U.Carr.)

CE 283.55±18.89 296.55±47.67 Group: 0.001*
Time: 0.676

GroupxTime: 0.040*

40.465
0.177
4.501

0.053
0.004
0.101

AE 239.30±30.27 230.60±25.30

BAP  
(µmol/L)

CE 2271.82±195.60 2453.27±198.67 Group: 0.146
Time: 0.001*

GroupxTime: 0.335

2.200
19.494

0.877

0.052
0.328
0.021

AE 2375.70±204.96 2493.65±164.29

ES was classified as follows: small <0.05; medium 0.06-0.13; large >0.14.
ES: effect size; CE: combined exercise; AE: aerobic exercise; d-ROM: derivatives of reactive oxygen metabolites; BAP: biological antioxidant 
potential.
*P<0.05.

Table II.—�Comparison of glucose and triglyceride levels between combined and aerobic exercise (mean±SD).
Variables Group Before After Significant level (P) F ES

Glucose 
(mmol/L)

CE 91.82±10.36 91.18±5.10 Group: 0.010*
Time: 0.375

GroupxTime: 0.596

7.277
0.806
0.286

0.007
0.054
0.020

AE 91.80±5.29 89.30±3.92

Triglyceride 
(mmol/L)

CE 115.82±16.58 113.95±14.68 Group: 0.754
Time: 0.001*

GroupxTime: 0.001*

0.100
49.113

113.424

0.015
0.311
0.044

AE 2375.70±204.96 2493.65±164.29

ES was classified as follows: small <0.05; medium 0.06-0.13; large >0.14.
ES: effect size; CE: combined exercise; AE: aerobic exercise.
*P<0.05.

Table III.—�Comparison of body-composition between combined and aerobic exercise (mean±SD).
Variables Group Before After Significant level (p) F ES

Body weight 
(kg)

CE 67.32±2.87 67.62±3.37 Group: 0.010*
Time: 0.375

GroupxTime: 0.596

7.277
0.806
0.286

0.115
0.043
0.184

AE 71.40±6.23 70.60±6.86

Lean mass 
(kg)

CE 32.60±1.83 33.71±1.85 Group: 0.754
Time: 0.001*

GroupxTime: 0.001*

0.100
49.113

113.424

0.003
0.561
0.754

AE 33.51±2.51 33.27±2.52

Fat% 
(%)

CE 14.28±3.99 13.23±3.81 Group: 0.818
Time: 0.001*

GroupxTime: 0.085

0.054
52.904

3.114

0.001
0.569
0.072

AE 14.32±2.96 13.68±2.60

WHR CE 0.79±.03 0.78±.03 Group: 0.009
Time: 0.001*

GroupxTime: 0.001*

7.574
101.793

25.832

0.159
0.718
0.392

AE 0.81±.03 0.81±.03

ES was classified as follows: small <0.05; medium 0.06-0.13; large >0.14.
ES: effect size; CE: combined exercise; AE: aerobic exercise; WHR: waist to hip ratio.
*P<0.05.
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resistance training during 6 months is effective 
in reducing ROS in the elderly.19 However, this 
study confirmed that BAP levels were increased 
by resistance training while ROS levels were 
unchanged. This can be attributed to either dif-
ferences in subjects or the limited number of 
training sessions.

Limitations of the study

This study has the limitation of defining change 
in oxidative stress by reviewing change in d-
ROM and BAP levels. Therefore, in future stud-
ies, to clearly demonstrate the effects of training 
type on oxidative stress, it will be necessary to 
analyze the concentration of GPX, SDO or malo-
ndialdehyde to better test the effects of exercise 
form on active oxygen species.

In addition, this study examined the effects of 
aerobic and resistance training on glucose and TG 
levels. After 12 weeks, both groups of trainees 
showed no difference in glucose, but the levels of 
triglyceride of the aerobic training group showed 
significant decreases compared with those of the 
combined training group. Previous studies have 
shown that prolonged aerobic training is effective 
in reducing TG,36, 37 and other studies have re-
ported that 12 weeks of combined aerobic-resis-
tance training was effective in reducing TG.33, 38 
Body fat reduction is associated with a decrease 
in triglycerides. During this study, both combined 
and aeorobic training were shown to be effective 
in decreasing body fat mass, and In this study, 
the long-term combined training significantly in-
creased lean mass. This is consistent with previ-
ous studies and is a result of the combined train-
ing being beneficial to the improvement of body 
composition.30, 35 A decrease in body fat mass 
seems to have a positive effect on triglyceride re-
duction. That this study revealed differences in 
glucose levels between the aerobic and resistance 
training groups is thought to be due to the partici-
pants being physically healthy people.

Conclusions

To summarize, combined aerobic-resistance train-
ing during 12 weeks was effective in increasing 
lean mass, BAP levels, and reducing WHR and 

shown in Table II. The glucose levels showed no 
interaction effect, and showed the main effect by 
time (F=19.494, P<0.05). Additionally, the TG 
levels showed no interaction effect and exhibited 
the main effect by time (F=18.093, P<0.05).

The results for body composition are shown 
in Table III. The body weight and fat percent-
age showed no interaction effect, but showed 
the main effect by time (respectively, F=7.277, 
P<0.05; F=52.904, P<0.05). The interaction 
effects between group and time for lean mass 
were significant (F=113.424, P<0.05) and with-
in the main effect of time (F=49.113, P<0.05), 
while the WHR showed the interaction effect 
between group and time (F=25.832, P<0.05) 
and the main effect by group (F=101.793, 
P<0.05).

Discussion

ROS have a chemical affinity for reacting with 
cells and causing structural and functional cel-
lular changes and cell membrane damage. They 
promote aging and can become the cause of 
various diseases.4-8 However, the human body 
normally minimizes the damage caused by ROS 
that activate antioxidant enzymes. In this regard, 
several studies have reported that antioxidant 
enzymes such as glutathione peroxidase (GPX), 
superoxide dismutase (SOD), and catalase in-
crease with excessive ROS production due to 
exercise.17-19, 21 In particular, researchers have 
observed that the activity of antioxidant enzyme 
was clearly increased at 60 minutes postexer-
cise while was no change at pre-exercise.13, 35 In 
a study of acute exercise, protein carbonyls val-
ues were greater 24 hours after squatting than 
after cycling.18

Aim of our study was to investigate the ef-
fects of long-term training types on d-ROM and 
BAP levels. We found that d-ROM levels after 
12 weeks were significantly lowered by aerobic 
training in comparison to combined aerobic-
resistance training. Meanwhile, the BAP levels 
after 12 weeks were significantly increased by 
both types of training. Several studies have re-
ported that prolonged aerobic training is effec-
tive in reducing ROS, which is consistent with 
our study.4, 21 Other studies have reported that 
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detection of oxygen-centred radicals in human serum follow-
ing exhaustive exercise. Eur J Appl Physiol Occup Physiol 
1998;77:498–502. 
17.  Michailidis Y, Jamurtas AZ, Nikolaidis MG, Fatouros IG, 
Koutedakis Y, Papassotiriou I, et al. Sampling time is crucial 
for measurement of aerobic exercise-induced oxidative stress. 
Med Sci Sports Exerc 2007;39:1107–13. 
18.  Bloomer RJ, Goldfarb AH, Wideman L, McKenzie MJ, 
Consitt LA. Effects of acute aerobic and anaerobic exercise 
on blood markers of oxidative stress. J Strength Cond Res 
2005;19:276–85.
19.  Vincent KR, Vincent HK, Braith RW, Lennon SL, 
Lowenthal DT. Resistance exercise training attenuates ex-
ercise-induced lipid peroxidation in the elderly. Eur J Appl 
Physiol 2002;87:416–23. 
20.  Bank W, Chance B. An oxidative defect in metabolic 
myopathies: diagnosis by noninvasive tissue oximetry. Ann 
Neurol 1994;36:830–7. 
21.  Roque FR, Briones AM, García-Redondo AB, Galán M, 
Martínez-Revelles S, Avendaño MS, et al. Aerobic exercise 
reduces oxidative stress and improves vascular changes of 
small mesenteric and coronary arteries in hypertension. Br J 
Pharmacol 2013;168:686–703. 
22.  Cavalcante EF, Ribeiro AS, do Nascimento MA, Silva 
AM, Tomeleri CM, Nabuco HC, et al. Effects of Different 
Resistance Training Frequencies on Fat in Overweight/Obese 
Older Women. Int J Sports Med 2018;39:527–34. 
23.  Tan S, Wang J, Cao L, Guo Z, Wang Y. Positive effect of 
exercise training at maximal fat oxidation intensity on body 
composition and lipid metabolism in overweight middle-
aged women. Clin Physiol Funct Imaging 2016;36:225–30. 
24.  Kim HJ, Lee HJ, So B, Son JS, Yoon D, Song W. Ef-
fect of aerobic training and resistance training on circulating 
irisin level and their association with change of body compo-
sition in overweight/obese adults: a pilot study. Physiol Res 
2016;65:271–9.
25. Bruce RA. Multi-stage treadmill test of submaximal and 
maximal exercise. Exercise testing and training of apparently 
healthy individuals: a handbook for physicians. AHA Journals 
1972. P. 32-4.
26.  Lucía A, Rabadán M, Hoyos J, Hernández-Capilla M, 
Pérez M, San Juan AF, et al. Frequency of the VO2max pla-
teau phenomenon in world-class cyclists. Int J Sports Med 
2006;27:984–92. 
27.  Ferguson B. ACSM’s Guidelines for Exercise Testing and 
Prescription 9th Ed. J Can Chiropr Assoc 2014;58(3):328.
28.  Fox SM 3rd, Naughton JP, Haskell WL. Physical activity 
and the prevention of coronary heart disease. Ann Clin Res 
1971;3:404–32.
29.  Brzycki M. Strength testing-predicting a one-rep max from 
reps-to-fatigue. J Phys Educ Recreat Dance 1993;64:88–90. 
30.  Fang YZ, Yang S, Wu G. Free radicals, antioxidants, and 
nutrition. Nutrition 2002;18:872–9. 
31.  Miyazaki T, Takagi K, Mine M, Yamasaki N, Tsuchiya 
T, Matsumoto K, et al. Video-assisted thoracic surgery at-
tenuates perioperative oxidative stress response in lung 
cancer patients: a preliminary study. Acta Med Nagasaki 
2014;59:19–25.
32.  Kim CG, Patrick WC, Lee JS. Influence of post-exercise 
muscle cooling on oxidative stress, antioxidants, and lactate 
levels. Gazz Med Ital 2017;176:85–91.
33.  Lee JS, Kim CG, Seo TB, Kim HG, Yoon SJ. Effects of 
8-week combined training on body composition, isokinetic 
strength, and cardiovascular disease risk factors in older 
women. Aging Clin Exp Res 2015;27:179–86. 

TG levels. Furthermore, aerobic training during 
12 weeks was effective in reducing free radicals 
by decreasing d-ROM and TG levels and increas-
ing BAP levels, showing that aerobic training 
provides more benefits to the antioxidant system.
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