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ABSTRACT

The aim of this study was the effect of 12 weellsirance and resistance training on C -
reactive protein in obese children. For this purpdss obese children (BMI> 28, age= 11-13
year old) were voluntarily participated in this gyt Obese children were randomly divided into
two groups: experimental (n= 8), and control (n= &lood sample were taken in two stages
(before and after completion of 12 weeks) as well214 hours after fasting. Serum was kept at
-80°c until C-reactive protein analysis. Experinmangroups received 12 weeks endurance and
resistance trainings (3 sessions per week). Intgnsi the resistant training was based on
previously maximum repeated exercises. Intensithe&Endurance training was based on the
maximum heart rate (HR,) estimated by: 226 age (at 13' week heart rate increased up to
80% - 85% of HRa.y. Results showed that 12 weeks endurance andaeséstraining caused to
significant decrease of the C-reactive protein Iepmdy fat mass, and body mass index in
experimental group compared to the control grougQ(@5). It is suggested that regular
participation in endurance and resistance trainipgpgram can be associated with decreased
future cardiovascular risk inthe obese childrenyad| as it is a goalfor behavior change in both
prevention and treatment of childhood obesity.

Keywords: training, C-reactive protein, body fat mass, ebesidren.

INTRODUCTION

Increasing prevalence of obesity in children andlegtents is particularly alarming [12].
Children who are obese tend to become obese a@iiese children and adults face health and
psychological challenges related to their obesidsngared with their leaner counterparts [28].
There are many possible etiologies of obesity asthpose tissue playing a significant, complex
role in the physiology of fuel metabolism and honaaegulation. The development of obesity
represents a pathophysiologic increase in fat nrasghich multiple metabolic pathways are
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deranged [7]. Excessive body fat evolves from ameminteraction of physiologic, metabolic,
behavior, and social factors [11]. There is a cldisd& between obesity and increased
cardiovascular risk (CVR) [1, 2, 9, 20, 21, and 4¢hildren and adolescent.

The correlation of circulating C- reactive prote(CRP), inflammatory cytokines and
complications of obesity has been studied in olmbgddren with mixed results. Analysis of the
database from the National Health and Nutrition rixetion Survey showed that BMI is the
best predictor of elevated CRP in children,crossihgges, genders and ethnic groups[24].1t was
observed that higher adiposity indicates higher GREIs in children. A strong relation between
elevated CRP levels and cardiovascular risk factbbsinogen, and HDL has been noted,
suggesting a role for inflammation throughout lifethe development of atherosclerosis and
cardiovascular disease [28].

Lack of physical activity is a significant contriioun to obesity [11].Obesity treatment has
increasingly focused on the therapeutic qualitids egercise [23]. Some evidence has
demonstrated the association between regular jpatiien in physical activity and physical
fitness which benefits in physical and mental heahcluding reduction in cardiovascular risk
[1, 4, 16, and 22] as well as body fat mass(BFM)[19].

The results of some researches demonstrated rguautacipation in exercise training program
causes the lower levels of CRP [10]. On the otlamidhsome studies reported no change in CRP
[3, 8, 17, and 29] after completion of an exerdssning program in obese children and
adolescent.

Studies have often in failed to provide adequatermation regarding important elements of the
exercise program for obese children and adolesigit as: volume of training [1, 8, and 10]
intensity and monitor of training [1, 10] as wels aerity of exercise [3].In some studies
intensity, volume, and duration of training werd gadually and progressively increased [8, 29,
and 15].

Data on the effect of endurance and resistanceingabn health obese children are limited. We
evaluated exercise training program variables &ed tlesign endurance and resistance training
program based on it. On the basis of latter werinel® the volume, intensity, duration,
monitoring of intensity and verity of exercises atd. Given the negative short- and long-term
impact of obesity on children, careful attentioowld be paid to the unique health issues of this
“at-risk” population with both prevention and eaiyervention strategies [11].

We designed endurance and resistance training grogvith performance ability at school.

Intensity, duration and volume of endurance andstasce training were gradually and

progressively increased on the basis of childrderdace, supervised and encouraged by
physical education teacher. Therefore the purpdsthis study was the effect of 12 weeks

(3days/week) endurance and resistance training-aedctive protein in obese children without

dietary intervention.

MATERIALSAND METHODS

This study was semi- experimental. One of the |lechiools (Taleb- Amoli) locating in Amol
city, Iran was randomly selected for the study. FHeeght and the weight of 430 students
(age=11-13 years) were measured with a Seca 22iB92RPlamburg, Germany), body mass
index (BMI) was calculated as weight in kilogranigided by height in square meters (kgjm
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[15]. Body fat mass was analyzed by Body Compasifioalyzer (Inbody220) Then, 16 healthy
students with BMI>28 voluntarily participated inethstudy. The students did not have any
previous exercise, and participation in any welgh$ programs (at least during last 3 month), as
well as have not any history of cardiovascular akge diabetes, and other medical problems.
Besides, the subjects did not smoke, and use adycat®n. Obesity was defined according to
the suggestion of Cole and co-authors [27].

After collecting blood sample, were realized witlire first week prior to the commencement of
the 12 week’s exercise training program, then olodsldren were randomly divided into two
experimental(n=8), and control(n=8) groups. Befmaining, the obesity students’ parents were
invited to get all information about the study @odyive their consent. The obese children were
requested to avoid doing any exercise other thauines the study.

Blood sampling

For assessment of biochemical index, blood sampére gathered in two stages (before, and
after 12 week’s endurance and resistance traigagyell as 12-14 hours after fasting. The obese
children did not do any exercise for 48 hours befibie first blood sampling. 48 hours after last
training session, the blood samples gathering peamental and control groups were repeated.
The centrifuged blood serum was kept at °80until analysis. CRP levels were measured by
mean of ELISA kits. After collecting the blood sdegthe exercise training program variables
were evaluated and on the basis of it the endurandeesistance training program was designed

Method of endurance and resistance Training

Intensity of the resistant training was based oavipusly maximum repeated exercises.
Endurance training intensity was based on the maxirheart rate (HR.x ) estimated by: 220
age. These trainings started with 50% to 60% of.5Rn the first 2 weeks of the program to
ensure that participants developed a sense of ssicmed positive self-esteem early in the
program [17].Then intensity of endurance trainingreased by 5% every 2 weeks and as a result
at 12" week heart rate (HR) increased up to 80% - 85%R).x During the endurance training
sessions, HR continuously was measured with HR too(Polar, RS100th cardio running). For
every session the target HR zone was defined bgiphlyeducation teacher. Also by help of
target zone alarm subjects can be sure that tkeicises have correct intensity. When the target
zone of heart rate limits is activated, the wristt . sounds an alarm when there are above or
below their limits. The subjects were instructad tbe use of the polar watches during the
exercise training session.

The training intensity, volume, and duration weradyally and progressively increased on the
basis of children tolerance throughout the coufdbe 12 weeks training. This helped to ensure
that all subjects in the experimental group reat@eequate physiological overload benefits.

Volume of resistance training estimated by numlats>gepetitionxweight of the subjects. For
the first two weeks running time was 10 min, anenthvas increased by 2min weekly, thus at
12"week the running time reached 30min. In first fageks, the time for claiming up and down
the stair was 6min (2setsx3min=6min), for the sdcéour weeks one min to each set
(2setsx4min=8min) and for the last four weeks oweenset(3setsx4min=12min) were added.

Statistical analysis

Frequencies, means, and standard deviations wierdatad for each variable. The Independent-
sample T test was used for definition of differendeetween both control and experimental
groups, whereas differences between pre- and g@osing were assessed using the Pair- Sample
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T test. The level of significance was set at p< %ibthe statistics was performed using SF
version 11/00 software.

RESULTS

In this study we demonstrated that 12 weeks regrduranceand resistance training decrei
the significance of the body fat mass (BFM), bodgsmindex (BMI) and CRPin experimer
obese children group. BFM, BMI and CRP before dtet he endurance and resistance trai
program are shown in Tables 1.Theree no baseline difference between the experimenth
control groups for any of the measured descriptavgable (Table 1

Tablel. BFM, BMI and CRP datain the experimental (n=8) and control (n=8) groups beforeand after 12 weeks
endurance and resistancetraining

Experimental group Control grouj
Before After Before After
Weight(kg) | 69.88+3.01] 72+3.7 *[] 73.82+5.3| 79.57+8.4
BMI(kg/m?) 28.85+ 1 27.63+1.1* | 29.77+ .81 | 30.45+ 2.0
BFM(kg) 29.8+4.2 | 26.93+ 3.08%] | 31.72+ 2.89| 33.27+ 5.0
CRP (u/g/ml)| 4.96 +.3 4.66+.29%) 5.05+ .24 5.12+.1¢

Data were presented as the meant SD.
* P<.05 before training vs after training in experéental group by Paire- Sample T Tes
+ p<.05 before training vs after training in contrgroup byPaired-Sample T Te«
) p<.05 after training in experimental group vs aftesining in control group by Independe sample T Test.

Variable

H Before training

H After training

Column

Experimental  Control group
group

Figure 1. CRP datain the experimental (n=8) and control (n=8) groups beforeand after 12 weeks endurance and
resistance training

Effect of endurance and resistance training on BBMIl and CRI

As shown in table 1, BFM (29.85 + 4.2vs 26.93+ 183 BMI (28.85 + 1 vs 27.63 + 1.01 kg?)
and CRP (4.96 = .3 vs 4.66 +.29 p/g/ml) (figurevig¢re decreasesignificantly after completiol
of the endurance and resistance training in exmerat group, while in control group BF
(31.72 +2.89 vs 33.27 + 5.06 kg), BMI(29.77 + .84 80.45 +2.08 kg/?) were increased
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significantly, and CRP concentration (5.05 £ .246vE2 +.16 p/g/ml) was no significant change
in control group

It was demonstrated that BFM (26.93+ 3.8 vs 33.5/06 kg), weight (72.0% 3.7 vs 79.57+ 8.4)
,BMI (27.63 £ 1.01 vs 30.45 +2.08 kg/m2), and CRI66 = .29 vs 5.12 + .16 p/g/ml)were
significantly decreased in the experimental groompared to control group after 12 weeks
endurance and resistance trainings.

DISCUSSION

The study involved 16 obese children with BMI>2§)/(k2), and age from 11 to 13 years. The
subjects were randomly divided into two groups:eskpental group (n=8) and control group
(n=8), without dietary intervention.

The problem of childhood obesity is acceleratingbtighout the world [5].Long-term health
complications in overweight children after 40 ye&whow-up include significantly increased
rates of cardiovascular diseases and digestivagbsebut also increased mortality [5].

Obese children of all ages have evidence of a lmgeg chronic inflammatory state. In this
sense, even the very youngest obese children ddiffert from obese adults. In some cases, the
degree of inflammation, as measured by circulafgte-phase reactants and cytokidls
Acute- phase reactants are serum proteins thatdserduring inflammation and are keys to
restoring homeostasis. The most commonly measungte-aphase reactant is CRP, which plays
a dominant role in amplifying the inflammatory respe[24]. Enhanced levels of CRP can be
used as a marker of inflammation [28].CRP secrétedhe liver in response to a variety of
inflammatory cytokines, increases rapidly in resgmto trauma, inflammation, and infection and
decreases just as rapidly with the resolution efdbndition, thus the measurement of CRP can
be used to monitor inflammatory states [28]. CRB &gro-inflammatory effect and has been
well established as a risk factor for cardiovascdisease, hypertension and stroke[25].

CRP is reported to be a stronger predictor of camlicular events than low- density

lipoproteinand has been utilized extensively assk marker in epidemiological research[13].

There is evidence that decreased physical aciwigssociated with obesity, whereas physically
active children may have lower risks of chronicedises than physically inactive children [18].

Aerobic exercise has been reported to be associatedower risk of cardiovascular mortality.
Cardiovascular disease often has its origins itdbbod and because several risk factors for
cardiovascular disease progress from childhooditdttzood, understanding the distribution and
implications of risk factors such as hs-CRP amdnlgleen is of considerable interest [29

The benefits of increased physical activity andefds are significant in obesity prevention and
treatment. A meta- analysis of exercise treatmehtsbese children aged 4-17 has shown that
exercise treatment decreased percent body fataseothildren [23].

How exercise training reduces inflammation and segges CRP levels is not well defined. It is
likely that exercise training reduces CRP both diyeby reducing cytokine production in fat,
muscle, and mononuclear cells and indirectly byraasing insulin sensitivity, improving
endothelial function, and reducing body weight [Bhe Young Jae et al showed that lifestyle
modification emphasizing regular exercise trainsignificantly decreased hs-CRP, also they
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showed that Nicklas et al and Marcell et al rembrtieat exercise training did not have a
significant effect on hs-CRP[ 26].

Data regard the effect of endurance and resistaaiteng on obese children is limited. The main
finding of this study was that after 12 weeks eaduae and resistance training BFM, BMI, and
CRP concentrations in experimental group were Bagmtly reduced. The results are in

agreement with previous study showing regular p@dtion in exercise training program,

decrease the concentration of CRP in obese childnehadolescent [10]. On the other hand,
some studies reported no change in CRP [3, 8,9 7ar&l] after completion of exercise training
program in obese children and adolescent.

Difference in the results research may be due gafiitient intensity, volume, duration of the
training or unsupervised physical education teacher

We designed endurance and resistance training grogvith performance ability at school.
Intensity, duration and volume of concurrent tnagnivere gradually and progressively increased
on the basis of children tolerance, supervisedesmtduraged by physical education teacher.

The current study has some limitations, the sarsipke may have been too small, the effects of
age, growth, maturation, attention, and season@ti@ans on the dependent variables were not
assessed and dietary monitoring. Despite thestalions, shown that BFM, BMI and CRP were

significant decreased after completion enduranckrasistance training in experimental group,

while none achieved in control group.

CONCLUSION

It was demonstrated that regular participation mdurance and resistance training program
caused to significant decrease of the C-reactiegepr levels, body fat mass, and body mass
index in experimental group compared to the corgroup (p<%?5) as well as can be associated
with decreased future cardiovascular risk in theese children.Regular participation in
endurance and resistance training program is afgo&élehavior change in both prevention and
treatment of childhood obesity.
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