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oxygen metabolites, biological antioxidant potential
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The purpose of this study was to examine the effect of starup circuit ex-
ercise program on derivatives reactive oxygen metaholite (d-ROM) and
biological antioxidant potential (BAP) levels and physical fitness of ado-
lescents with intellectual disabilities, and to sugesst exercise programs
to promote the health and physical development of such adolescents.
Twelve students with intellectual disabilities were divided into two
groups; circuit exercise group (CE group: n=6; age, 14.83+0.98 years;
height, 163.83+5.78 cm; body mass, 67.08 +3.32 kg; %Fat, 25.68+2.42),
control group (CON group: n=6; age: 15.00+0.63 years; height,
162.33+4.41 cm; body mass, 67.50+ 3.62 kg; %Fat, 26.96+ 2.06). The CE
group performed the CE program 4 times a week over a 12-week period.
The CON group maintained their activities of daily living. The following

INTRODUCTION

People with intellectual disabilities have lower-than-average in-
tellectual levels, and in particular, adolescents with intellectual dis-
abilities have higher risks for cardiovascular disease and obesity that
lead to type 2 diabetes mellitus via hypoactivity (Sherrill, 2004;
Takeuchi, 1994). They have slower walking speed because of their
inability to control balance, coordination well, and perform physi-
cal activities efficiently with their weakened muscular strength, en-
durance, agility, and motor reaction (Pitetti et al., 1993).

Furthermore, people with intellectual disabilities tend to have
high levels of reactive oxygen species (ROS) due to hypoactivity.
More than 95% of ingested oxygen in the human body is com-

were measured before and after intervention: physical fitness by before
and after the completion of the training programm, and were measured
and blood samples were assessed. The results of the study indicate
that the 12-week CE program increased significantly physical fitness
(P<0.05). Furthermore, This study proved that the CE program improved
physical fitness, and reduced the d-ROM levels, and increased the BAP
levels of the adolescents with intellectual disabilities. Therefore, it may
enhance the health and physical development of adolescents boys with
intellectual disabilities.
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bined with electrons produced from the energy metabolism of
cells and reduced to water, but 2%-3% of oxygen is reduced in-
completely and generates free radicals (Alessio, 1993; Halliwell
and Gutteridge, 2007). Excessive physical activity causes forma-
tion of free radicals that leads to increases in oxidative stress and,
finally, to negative effects (Griger et al., 2005; Oter et al., 2005).
However, the human body deals with ROS through its antioxi-
dant capacity, which can be increased by regular physical activity
(Jenkins et al., 1984; Miyazaki et al., 2001). Adolescents with in-
tellectual disabilities lack physical activity, which not only incon-
venience daily life but also confers potential health risks with the
reduced physical fitness. Therefore, it is important for such ado-
lescents to work out regularly to improve their performance in ac-
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tivities in daily life and general health.

Generally, regular aerobic exercise has positive effects on body
composition; similarly, resistance exercise also improves body
composition by improving oxidative energy metabolic capability
(American College of Sports Medicine, 2009). Advanced research
studies on exercise, which investigated the effects of aerobic exer-
cise on ROS and antioxidant capacity (Ashton et al., 1998;
Bloomer and Goldfarb, 2004; Sureda et al., 2009) and the effects
of resistance exercise on oxidative stress levels and antioxidant ca-
pacity (Close et al., 2004; Groussard et al., 2003; Ramel et al.,
2004), demonstrated the positive effects of aerobic and anaerobic
exercises on ROS levels and antioxidant capacity. However, the
subjects of these studies were people without disabilities, and data
from research studies on the effects of regular exercise on ROS and
antioxidant capacity in adolescents with intellectual disabilities
are not sufficient to be conclusive.

When designing an exercise program for adolescents with in-
tellectual disabilities, findings from studies on the effects of regu-
lar exercise on ROS, antioxidant capacity, and physical fitness
should be considered. Adolescents with intellectual disabilities
have weakened body coordination and movement ability as results
from their inability to smoothly control muscle groups in each
body part (Dixon-Ibarra et al., 2013), and they are easily distract-
ed, making their attention span short. Therefore, continuous an-
aerobic exercise may be undesirable. A new exercise program
should be developed for adolescents with intellectual disabilities
that could enhance their body balance and that involves frequent
changes in body movement to prevent them from being bored,
with consideration of their features rather than just repeating sim-
ple exercises. Circuit exercise (CE) may a good starter program for
children population who are overweight or obese because it in-
cludes only short bouts of cardiovascular components (2 min in
length) coupled with strength training (Davis et al., 2011).

Thus, this study aimed to investigate an CE program for the
health improvement and growth development of adolescents with
intellectual disabilities by examining the effects of complex exer-
cise program on physical fitness, derivatives reactive oxygen me-
tabolite (d-ROM) level, and biological antioxidant potential
(BAP) levels with consideration of the features of adolescents with
intellectual disabilities.

MATERIALS AND METHODS

Participants
Twelve adolescents boys with intellectual disabilities between
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14 and 16 years old who were from Incheon city participated in
the study. The participants were judged to have class 1, 2, or 3 in-
tellectual disabilities, and could be rehabilitated in society and
profession by education. The participants were randomly classified
into CE group (n=06; age, 14.83+0.98 years; height, 163.83 +
5.78 cm; body mass, 67.08+3.32 kg; %Fat, 25.68+2.42), and
control group (n=06; age: 15.00+0.63 years; height, 162.33+4.41
cm; body mass, 67.50+3.62 kg; %Fat, 26.96+ 2.06). This study
was approved by the Department of Sports Sciences, University of
Gachon, and complied with the requirements for human experi-
mentation. After medical screening to rule out any conditions that
might have precluded their participation, all the subjects provided

written informed consent.

Study design

To examine the effects of CE program on d-ROM, BAP levels
and physical fitness, we conducted the participants in the exercise
group to exercise 4 times per week for 12 weeks. The height (cm),
body mass (kg), and body fat percent (%) were measured before
and after the completion of the exercise program using an auto-
matic height/weight measurement system (BSM340, Biospace
Co., Seoul, Korea). The physical fitness were measured and resting
blood samples were obtained before and after the completion of
the exercise program.

CE program

The CE program was conducted for 40 min per session, 4 times
every 12 weeks. The components of the exercise program are de-
tailed in Table 1. The total exercise program consists of warming
up for 5 min, exercising for 3045 min, and cooling down for 5
min. The participants mainly did stretching for warm-up and
cool-down, and used tools such as an elastic band and medicine
ball in exercises for fitness development.

All exercises were fully explained and previously demonstrated
by the researcher and instructor, and participants were asked to try
them during a few minutes before strating the first session of the
CE. The researcher and instructor gave positive feedback to moti-
vate intellectual disabilities in chieving it (Badami et al., 2011).

Physical fitness

The physical fitness were measured before and after the comple-
tion of the exercise program. A basic fitness measurement system
(THP2, Nurytec Co., Seoul, Korea) was used to assess the health-
related fitness, and muscular strength (grip and back strengths),
and measure muscular endurance (sit-up) and flexibility (sit and
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Table 1. The circuit exercise program

Level 1: Weeks 1-4 (35 min)
5-min warm-up; stretching
25-min 4 circuits: each consisted of three strength exercise (elastic-band
exercise and medicine ball exercise) and two cardiovascular exercises
(side-step, jumping jack) (each 30 sec)
5-min cooling-down: stretching
Exercise intensity:
Elastic band (yellow, 0.7-1 kg)
Medicine ball (1 kg)
Side-step, jumping jack (RPE, 9-11)

Level 2: Weeks 5-8 (40 min)
5-min warm-up; stretching
30-min 5 circuits: each consisted of three strength exercise (elastic-band
exercise and medicine ball exercise) and two cardiovascular exercises
(side-step, jumping jack) (each 1 min)
5-min cooling-down; stretching
Exercise intensity:
Elastic band (yellow, 0.7-1 kg)
Medicine ball (2 kg)
Side-step, jumping jack (RPE, 11-13)

Level 3: Weeks 9-12 (45 min)
5-min warm-up; stretching
35-min 6 circuits: each consisted of three strength exercise (elastic-band
exercise and medicine ball exercise) and two cardiovascular exercises
(side-step, jumping jack) (each 1 min)
5-min cooling-down; stretching
Exercise intensity:
Elastic band (red, 0.9-1.6 kg)
Medicine ball (2 kg)
Side-step, jumping jack (RPE, 13-15)

reach). To measure grip strength, the participants were trained to
squeeze a dynamometer as hard as they could; measurement was
performed twice for each hand, recording the higher value. In case
of back strength, they were trained to pull utmost only with waist
force while holding bars, with their backs straightened; measure-
ment was performed twice, recording the higher value. For the
sit-up measurements, beginning with a lying position, the partic-
ipants were trained to lift their upper body up to the angle of a
sensor, holding the position for 1 min to allow the sensor to record
the movement and then the total number of sit-ups made. In the
sit-and-reach measurement, the subject stretched the upper body
and hands forward, seating with the feet stretched, soles fixed to
the measurement stand, with one hand on the other hand. Mea-
surement was performed twice, with the higher mark recorded.
The grip and back strength were calculated by the relative value
considering body mass. The body fat percent were measured be-
fore and after the completion of the exercise program using an au-
tomatic height/body mass measurement system (BSM340). All
the measurements were conducted after the participants had suffi-
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cient training on the exercises.

Analysis of d-ROM and BAP levels

The blood samples were collected 7 days before and 3 days after
completion exercise program. The participants remained in a
hunger state for 8 hr and were forbidden to engage in extreme
sports until blood sampling from the fingertip capillary. The
d-ROM and BAP levels tests were used to assess oxidative stress
and antioxidant capacity levels (Kim and Lee, 2013; Tamaki et
al., 2008), using the International Scientific Community-certified
oxidative stress analysis system (FRAS Evolvo, H&D stl, Parma,
Italy). Measurement of the d-ROM levels were based on the abili-
ty of transition metals to catalyze, in the presence of peroxides, the
formation of free radicals, which are trapped by an alchilamine.
The d-ROM levels were expressed as CARR U. It has been estab-
lished that 1 CARR U corresponds to 0.08-mg/dL hydrogen per-
oxide (Komatsu et al., 2006; Tamaki et al., 2008). From the ma-
nugacturer’s instructions, the following classigication was made:
very high oxidative stress, above 500 CARR U; high oxidative
stress, from 401 to 500 CARR U; middle oxidative stress, from
341 to 400 CARR U; slight oxidative stress, from 321 to 340
CARR U; border-line, from 301 to 320 CARR U; and normal,
from 250 to 300 CARR U. The BAP levels were expressed as
pmol/L. The manufacturer’s instruction shows the following clas-
sigication: optimum range, from 2,201 to 4,000 pmol/L; border
line, from 2,001 to 2,200 pmol/L; moderate shortage from 1,801
to 2,000 pmol/L; shortage, from 1,601 to 1,800 pmol/L; severe
shortage, from 1,401 to 1,600 pmol/L; and very severe shortage,
less than 1,400 pmol/L.

Statistical analysis

A statistical analysis was performed using the IBM SPSS Statis-
tics ver. 21.0 (IBM Co., Armonk, NY, USA), and mean and stan-
dard deviations were calculated as descriptive statistics. Two-way
analysis of variance by repeated measure was used to analyze the
differences between groups and time. Effect sizes were determined
by the formula: (meanl-mean2)/pooled standard deviation for the
differences in variables between groups. Statistical significance was
set at a=0.05.

RESULTS

Changes in d-ROM and BAP levels after 12-week CE program
The changes in d-ROM and BAP levles after 12-week CE pro-
gram were detailed in Table 2.
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Table 2. The changes in d-ROM and BAP levels after the 12-week exercise program

Circuit exercise (n=6) Control (n=6) Pvalue Effect size
Variable
Pre Post Pre Post Time?  Group” LLui? Time?  Group” e
x group x group
d-ROMs (CARRU) ~ 370.83+48.65 319.67+43.16 389.17+37.92 392.00+43.32 0067  0.069 0.046 029% 02% 0.342

BAP (umol/L) 2,300.83+241.94 2413.83+289.19

2,20533+213.13  2,145.00+182.99 0202 0318  0.006 0157 0100  0.545

Values are presented as mean + standard deviation.

d-ROM, derivatives reactive oxygen metabolite; BAP, biological antioxidant potential.

“Pre vs. Post. "'Circuit exercise vs. control.

Table 3. The changes in physical fitness after the 12-week exercise program

Circuit exercise (n=6) CON (n=6) P-value Effect size
riable Pre Post Pre Post Time?  Group” 12 Time?  Group’ LI
x group xgroup
Left grip strength (kg/BM) 017+£009  021+0.10 019+006  0.18+0.07 0930 0018 0.007 0.001 0.441 0529
Right grip strength (kg/BM) 0.18+087  0.23+0.09 0.19+005  0.19+0.06 0.723 0.016 0.009 0.013 0.457 0512
Back strength (kg/BM) 028+.012  037+0.18 028+.007 026+0.05 0.457 0.055 0.006 0.056 0.320 0548
Sit-up (count) 11674535 1467+6.09 13.00£6.23 1317538 0.980 0.001 0.002 0.000 0670 0619
Sitand reach (cm) -070£488  2.88+4.82 530+7.18  507+576 0233 0.051 0.030 0.139 0.330 0.390
%Fat (%) 2568+242  2527+1.95 2697+206 27.18+2.22 0.228 0.428 0.026 0.142 0.064 0.407

Values are presented as mean + standard deviation.
BM, body mass.
Pre vs. Post. "Circuit exercise vs. control.

The d-ROM and BAP levels were interaction effect between
groups and times (respectively, P <0.05). The d-ROM levels sig-
nificantly decreased after 12 weeks, and decreased more signifi-
cantly in the CE group than in the control group (respectively,
P <0.05). The BAP levels increased after completion of the exer-
cise program in the CE group (P <0.05). These results mean that
12-week CE program had positive effects on oxidative stress and
antioxidant capacity.

Changes in physical fitness after 12-week CE program

The changes in physical fitness after 12-week CE program were
detailed in Table 3.

Among the physical fitness factors, right-left grip strength,
back strength, muscular endurance, and flexibility, %fat were in-
teraction effect between groups and times (respectively, P < 0.05).
In particular, right-left grip strength, back strength, muscular en-
durance, and flexibility more significantly increased in the CE
group than in the control group (respectively, P <0.05), and %fat
significantly decreased in the CE group than in the control group.

DISCUSSION

People with intellectual disabilities have more difficulty per-
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forming intense physical activities without faltering than people
without disabilities; thus, they have a greater tendency to be sed-
entary (Rimmer et al., 2004). The weakened body coordination
and movement ability in adolescents with intellectual disabilities
result from their inability to smoothly control muscle groups in
each body part (Dixon-Ibarra et al., 2013). In this study, the phys-
ical fitness of the CE group significantly improved after the 12-
week CE program in terms of right-left grip strength, back
strength, muscular endurance, and flexibility. This result indicates
that the CE program conducted in this study induced improve-
ment in muscular strength by stimulating different kinds of mus-
cle groups through medicine ball exercises and improvement in
coordination through strength and cardiovascular exercises. A de-
cline in physical balance ability occurs owing to muscle weakness,
proprioceptive function deficiency, and decrease in range of mo-
tion (Magee, 1992; Priplata et al., 2006; Wolfson et al., 1995).
Many advanced studies reported that exercise using tools such as
swiss balls and elastic bands stimulates proprioceptive function,
improves movement sensation function, and effectively facilitates
neuromuscular control (Carmeli et al., 2003; Lord et al., 1991;
Marshall and Murphy, 2005). In addition, the CE programes in
this study decreased the body fat. Most adolescents with intellec-
tual disabilities are less movement. For this reason, the pro-
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nounced increase in body fat (Bertoli et al., 2006; Yamaki, 2005),
and the adolescents with intellectual disability who are over-
weight or obese also present an elevated number of obesity-related
secondary conditions such as high blood pressure, high blood cho-
lesterol, diabetes, fatigue 10 compared to peers of a healthy
weight (Rimmer et al., 2010). These results are consistent with
studies which examine the effect of body fat following CE in
Down syndrome (Rosety-Rodriguez et al., 2013).

Meanwhile, ROS has high reactivity and a short life compared
with stable oxygen in the air; thus, it can facilitate the onset of
many diseases by impairing biogenic substances during hypergen-
esis. When the oxydative stress levels exceeds that of the antioxi-
dative system, it confers a negative effect on the human body
(Groger et al., 2005; Oter et al., 2005). However, advanced stud-
ies demonstrated that continuous physical activities increase
adaptability that suppress accumulation of oxidative stress and
decrease the active oxygen level in the blood by improving the
oxidative defense of the body (Satoshi et al., 1989). In the present
study, the d-ROM levels significantly decreased after 12-week CE
group compared with that in the control group. This result is
concurrent with those of advanced studies that reported improve-
ment of cardiorespiratory function and oxydative stress levels in
children who participated in an 8-week exercise program (Onur et
al., 2011) and decreased oxidative stress in individuals who partic-
ipated in regular exercise (Aoi and Sakuma, 2011). The previous
studies reported that physical activities such as exercise could in-
duce positive changes in active oxygen level (Aoi and Sakuma,
2011; Onur et al., 2011). Also, in the present study, the BAP lev-
els significantly increased after 12-week CE group compared with
that in the control group. In this regard, advanced research studies
on exercise, which investigated the effects of aerobic exercise on
ROS and antioxidant capacity (Ashton et al., 1998; Bloomer and
Goldfarb, 2004; Sureda et al., 2009) and the effects of resistance
exercise on oxidative stress levels and antioxidant capacity (Close
et al., 2004; Groussard et al., 2003; Ramel et al., 2004). CE pro-
gram in this study included the resistance and aerobic exercise.
For this reason, it is considered that the similar result with the
previous studies indicated.

In conclusion, this study proved that the CE program improved
physical fitness, and reduced the d-ROM levels, and increased the
BAP levels of the adolescents with intellectual disabilities. There-
fore, it may enhance the health and physical development of ado-
lescents boys with intellectual disabilities.
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