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Abstract. The optimal weight training intensity to improve body composition in
overweight men is unclear. The purpose of this study was to determine the effect of 12
weeks of high intensity versus moderate intensity weight training of equal work output
on body composition in overweight men (BMI = 25-29.9 kg/m’). Twenty sedentary men
(age: 27+0.5 year; Body weight: 84+ 143 kg, BMI: 28.23+1.11 kg/m) were
randomized in two equal groups (n = 10): 1) moderate intensity exercise (MI; Ssets*6reps
[60% (1RM-Irepetition maximum)]; and 2) high intensity exercise (HI; Ssets*6reps
[85% IRM]). The weight training program was performed 3d.w . Relative body fat (%
BF) was assessed by a skin-fold caliper. Significant differences between and within the
groups were analyzed using a two-way split-plot analysis of variance (ANOVA).
Statistical significance was accepted at p<0.05. The two-way ANOVA showed
statistically significant differences between HI and MI groups, therefore, the Scheffe
Post-Hoc Test showed that there was a significant decrease (p<0.05) in the relative
body fat (BF) (D = 27%), percent of body fat (%BF) (22%), BMI (D = 9.34%), and
body weight (BW) (D = 6.51%) in the HI group during the course of the study than in
the MI group Also, comparison of means between the pre/post test showed statistically
significant decreases in skinfold thickness (HI = 45%, p = 0.001; MI = 25%, p = 0.02),
percent of body fat (HI = 41%, p = 0.001; MI = 23%, p = 0.04), BMI (HI = 21.5%,
p=0.001; MI=137% p=0.03), and body weight (HI=21.58%, p=0.001;
MI = 13.82%, p = 0.01) after participation in a 12-week weight training program. It is
concluded that 12 weeks of HI weight training may be more effective in improving body
composition than MI weight training in overweight young men with physical
characteristics similar to the ones found in the present study.
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1. INTRODUCTION

Body composition refers to the constituents of your body-lean mass, fat mass and
water, and is not only important for athletes, since an athlete's performance is partially
influenced by the proportion of his fat-free mass (FFM) and fat mass (FM), but also for
individuals of all ages, gender and ethnic groups. According to the ACSM position on the
matter (2001), obesity has been shown to be associated with heart disease (Shaper et al.,
1997; Willett, et al., 1985), diabetes (Lew & Garfinkel, 1979; Colditz et al., 1990), cancer
(Garfinkel, 1986; Giovannucci et al., 1995), heyperlipidemia (Ashley et al., 1974;
Hershcopf et al., 1982), and hypertension (Flegal et al., 1998).

In order to maintain one's ideal body weight, the energy consumed needs to equal the
energy output, and when these are equal, one is said to have an energy balance. In order
to gain or lose weight, each side of the equation needs to be adjusted. Exercise appears to
play a critical role in body weight control management (Kraemer et al., 1993, Marra et
al., 2005). It's important to consider the duration, intensity, and type of exercise that
should be recommended for weight loss.

It has been shown that aerobic exercise can be an important component of weight loss
intervention (Tremblay et al., 1994; Aggel-Leijssen et al., 2002), and, therefore, com-
monly included as part of a comprehensive weight loss management program. However,
there is a controversy over whether high intensity exercise or low intensity exercise is
more important for stimulating a decrease in the body fat content.

Girandola et al. (1979) and Swenson & Conlee (1979) reported that the percent of fat
decreases more from low intensity (LI) than high intensity (HI) aerobic exercise. How-
ever, other studies have reported no differences on %BF between LI and HI aerobic exer-
cise in overweight sedentary women (Duncan et al., 1991; Jakici¢ et al., 2003). Van Ag-
gel-Leijssen et al. (2002) also reported no %BF differences between LI (40% VO2max)
and HI (70% VO2max) exercise after 12 weeks in obese men. Nevertheless, Bryner et al.
(1997), and Tremblay et al. (1994) reported that relative body fat decreases more in
young overweight women in the case of HI rather than LI aerobic exercise.

Although most research studies have examined the effect of endurance exercise on
weight loss, weight training has recently become an important component of a successful
weight loss program by helping to preserve FFM and maximizing fat loss (Ballor et al.,
1988; Geliebter et al., 1997; Osterberg & Melby, 2000). Gettman and Pollock (1981)
summarized the effects of five weight training and six circuit weight training studies on
changes in body composition. The studies showed a mean decrease in body weight of 0.12
kg, increase in lean body mass of 1.5 kg, and a decrease in fat mass of 1.7 kg. Campbell et
al. (1995) reported that resting metabolic rate and energy intake required to maintain body
weight significantly increased in older adults following 12 weeks of strength training.

Recently, the effects of excess post-exercise oxygen consumption (EPOC) on weight
management have appeared (Osterberg et al., 2000). Because the body continues to ex-
pend energy after exercise, EPOC plays a supplemental role in an exercise program in
weight management. Holtom et al. (1999) have shown that a high-intensity, intermittent-
type of training has a more pronounced effect on EPOC. Also, it appears that resistance
training produces grater EPOC responses than aerobic exercise (Burleson et al. 1998).
Unfortunately; because of conflicting studies, the impact of resistance exercise intensity
on body fat stores in overweight men is still unclear. Thus, the purpose of this study was
to determine the effect of HI and moderate intensity (MI) weight training, of equal work
output, on body composition in overweight young men.
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2. METHODS
Subjects

Twenty overweight men (age: 2720.5 years; body weight: 84+1.43 kg; BMI:
28.23+1.11 kg/m?®), who did not participate in any organized exercise, were recruited to
participate in a 12-week weight training program. Following a detailed explanation of the
tests and training programs involved, the subjects signed a human subject's informed con-
sent form before participating in this study and completed a medical history questionnaire
in which they were screened for any possible injury or illness. Also, they were requested
not to change their eating patterns during the study. Then subjects were divided into two
groups: 1) the High intensity exercise group (HI), 2) and the Moderate intensity exercise
group (MI).

Exercise Training Protocol

Both groups performed the same volume of weight training program 3 d.w™' for 12
weeks. The training intensities were different and included High Intensity (HI; 5 sets * 6
repetitions with 85% 1RM) and Moderate Intensity (MI; 5 sets * 6 repetitions with 60%
1RM) groups. The exercises included the Bench Press, Military Press, Arm Curl, Latis-
simus Pull, Leg Press, and Leg Curl that were performed with the Nautilus and The
Universal Gym machines (Table.1).

Table 1. Weight Training Program

Exercise High Intensity training group  |Moderate Intensity training group
Bench Press 5%6 (85% 1RM), 3-minuteq 5*%6 (60% 1RM), 3-minute
Military Press 5*%6 (85% 1RM), 3-minute 5*%6 (60% 1RM), 3-minute
Arm Curl 5*6 (85% 1RM), 3-minute 5*%6 (60% 1RM), 3-minute
Latissimus Pull 5*%6 (85% 1RM), 3-minute 5*%6 (60% 1RM), 3-minute
Leg Press 5*%6 (85% 1RM), 3-minute 5*%6 (60% 1RM), 3-minute
Leg Curl 5*6 (85% 1RM), 3-minute 5*%6 (60% 1RM), 3-minute

9 Sets*Repetitions (Resistance), Rest between Sets

Subjects were required to warm up prior to each training session. The warm-up
consisted of 4 minutes of low intensity on a cycle ergometer, followed by a 3 minutes of
static stretching; they then performed 1 set of 8 repetitions and 1 set of 5 repetitions at 30
and 40% of their estimated 1RM respectively. The warm-up procedure was held constant
throughout all the testing sessions. All of the pre tests (skinfold, IRM in BP, MP, AC,
Lat P, LP, and LC) were conducted one week before the initiation of the training period.
In these sessions, after a 5-minute warm-up, 3-5 1RM attempts were performed with 4
minutes of rest between each attempt. After each repetition, the weight was increased by
2.5-10 kg for each repetition until failure; the final weight lifted was the 1RM (Cot-
terrman, 2005), then 85% and 60% of 1RM was selected for the loads used in this study,
respectively for the HI and MI groups. The same procedure was completed for the IRM
testing on the bench press, military press, arm curls, latissimus pull, leg curl and leg press
exercise on each type of equipment, with only one test performed in each session.
(Sharkely, 1990). After six weeks of training, the subjects' 1RM loads were measured
again in order to determine their loads for remaining period (the next six weeks).



96 R. RAHIMI

Anthropometry

Height (to the nearest cm) and weight (to the nearest 0.1 kg) were recorded with the
subjects dressed in exercise clothes and without shoes. Skinfold measurements (to the
nearest mm) were obtained form three sites (chest, abdomen, and front thigh) on the right
side of the body by the same investigator using a skinfold caliper. The percent of body fat
was calculated using a Baun & Raven nomogram (Sharkely, 1990). Standing height and
weight was used to calculate the BMI (kg/m®).

Statistical analysis

Descriptive statistics were calculated as the mean and standard deviations (mean =+
SD). The data were analyzed using a 2*2 ANOVA (group vs. pre/post test measurement)
for repeated measures using the Statistical Software (SPSS 12.0, Chicago, IL, USA). The
differences detected by the ANOVA were located with Scheffe post hoc tests. All of the
tests were two tailed, and an alpha level of p<0.05 was regarded as statistically
significant (Table 2).

3. RESULTS

Table 2. Shows the physical characteristics of the HI and MI groups, both before and
after a 12-week weight training program. There were no statistically significant differ-
ences between the HI and MI groups in the pre-test. The two-way split-plot showed
statistically significant decreases in skinfold thickness (HI = 45%, P = 0.001; MI = 25%,
P=0.02), percent of body fat (HI=41%, P=0.001; MI=23%, P=0.04), BMI
(HI=21.5%, P <0.001; MI =13.7%, P =0.03), and body weight (HI = 21.58%, P = 0.001;
MI = 13.82%, P =0.01) after participation in a 12-week weight training program (Figure
1,2,3,4).

Table 2. Mean values (£SD) for physical measures of the High Intensity and Moderate
Intensity groups before and after a 12-week weight training program

Measurement High Intensity group (HIn=10) | Moderate Intensity group (MIn = 10)
Pre Post Pre Post

Age (yrs) 27 £0.8 — 27 £ 0.3 -

Height (cm) 171.6 £4.32 - 173.5 £2.95 —
Weight (kg) 84.8 £ 0.78 66.5 £ 2.87%*£ 83.2 £2.09 71.7 + 1.889£
BMI(Kg/m?) 28.18 £+ 0.96 22.12 £ 1.46*%£ | 28.28 +1.26 244 £ 1.679£
¥ Skinfolds = Chest

+ Abdomen + Thigh 87.5 £2.99 48.1 £2.1 *£ 89.3 +3.26 66.55 £ 3.49£
Body fat (%) 255 £ 1.3 14.8 £ 0.3 *£ 25 £ 1.5 19.2 £ 1.69£

* Significant difference between Pre and Post Test in HI (P< 0.05).
9| Significant difference between Pre and Post Test in MI (P< 0.05).
£ Significant difference between HI and MI groups (P< 0.05).

Also, comparison of means between groups showed that there were significant
differences between the groups regarding change in percent of body fat, sum of skinfold,
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BMI, and body weight, and the results of the HI group were better than for the MI group;
therefore, the Scheffe Post Hoc test was used for a pair-wise comparison of the programs,
and showed that there was a significant decrease (P <0.05) in the relative body fat
(D =27%), percent of body fat (22%), BMI (D = 9.34%), and body weight (D = 6.51%)
in the HI group during the course of the study, than for the MI group.
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Fig. 1. BMI changes as a result of training. Fig. 2. Body weight changes as a result of training.
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Fig. 3. % Body Fat changes Fig. 4. Sum Skinfold changes
as a result of training. as a result of training.

4. DISCUSSON

Obesity is a major public health problem in the developed world, and there is
evidence that it is rapidly becoming a problem in the developing world. Obesity is a risk
factor for diabetes, coronary artery daises, hypertension, gallstones, gout, and osteoarthri-
tis, as well as cancer of the breast, colon, and prostate. Thus, it is important to develop
programs that improve the prevention and treatment of obesity. Therefore, the purpose of
this study was to compare the effects of high-intensity (HI) and moderate-intensity (MI)
weight training on the body composition of overweight men.

The results showed that both groups showed significant decreases in BF, %BF, BMI,
and BW after a 12-week weight training program. There were also significant differences
between the groups after the course of the study and subjects that participated in HI train-
ing program showed significant decreases in BF, %BF, BMI, and BW in relation to the
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MI group. These results are in accordance with previous studies (Campbell et al., 1995;
Gettman and Pollock, 1981; Osterberg et al., 2000), showing that a resistance exercise
program can significantly decrease BW, BF, and %BF.

As we know, exercise training increases the ability to use both fat and carbohydrates,
with fat oxidation being predominant at low and moderate exercise intensity, and
carbohydrate utilization being the dominant fuel for high intensity exercise. Brooks and
Mercier (1994) have reviewed exercise macronutrient utilization based on the interaction
between exercise intensity-induced responses and exercise-induced adaptations. They de-
scribe the crossover point as the power output at which energy derived from carbohy-
drates predominates over energy derived from lipids, with further increases in exercise
intensity producing incremental increases in carbohydrate utilization and concomitant de-
creases in fat oxidation. During high intensity exercise, the carbohydrate-related adapta-
tions in the trained individual allow the utilization of large amounts of glucose needed for
high power output. After exercise training, the same amount of submaximal work can be
performed with a greater contribution of fat oxidation to meet the energy requirement
(Gollnick, 1985).

Therefore, the results of this study may be related to this physiological principle, as
the results have shown that HI training results in a greater improvement in body composi-
tion than the MI training protocol. Although the energy expenditure was not measured,
based on previous studies it was concluded that these results can partially be related to
greater carbohydrates being depleted in high intensity — rather than moderate intensity -
weight training programs.

Although few studies have focused on the impact of both high intensity and moderate
intensity resistance training on body composition, there are many studies that have ad-
dressed the impact of HI and MI aerobic training on body composition. For example, the
results obtained by Phelan et al. (1997) were similar to those obtained in this study,
which examined the effects of low and high-intensity exercise of similar total energy out-
put on energy expenditure during and after exercise and on substrate oxidation in eight
eumenorrheic active females. They found that, as expected, carbohydrate oxidation was
significantly greater for the high intensity protocol (75% VO2max) than for the low
intensity (50% VO2max) activity. Total fat oxidation (exercise plus a 3-h recovery) was
greater during the low intensity exercise treatment. However, the calculated fat oxidation
was 23.8% higher 3h after the cessation of HI compared to LI exercise. Other recent stud-
ies provide further evidence that acute glycogen-depleting exercise enhances fat oxida-
tion during recovery (Melby et al., 1993; Osterberg & Melby, 2000).

Bryner et al. (1997) ran a 15-week investigation with subjects (women aged 18 to 34)
engaging in exercise four times a week. The study was designed to compare continuous
running aerobic exercise at low intensity (heart rate around 132 beats/min) and high
intensity (heart rate around 163 beats/min), with sessions lasting approximately 40 to 45
minutes for both groups. The authors found that under the high-intensity aerobic exercise
the percent of body fat dropped from 27 + 7.0 to 22 + 4.0% (p < 0.05), while in the low-
intensity group the reduction of 22 + 6 to 21 + 6% was not significant (p > 0.05). The au-
thors concluded that the high-intensity physical exercise resulted in a significant percent
of fat reduction even with no caloric restriction. Results obtained by Bryner et al. (1997)
were similar to those in this study, in which the group engaging in high intensity weight
training (85% 1RM) had a significant percent of fat reduction.
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Haweley (1998) stated that low intensity exercises strongly stimulate lipolysis from
peripheral adiposities, while the rate of fat oxidation is highest during moderate activities.
We also observed that HI weight training had a greater statistically significant decrease in
BF, %BF, BMI, BW than the MI training.

It is well recognized that during weightlifting exercise, phosphocreatine and skeletal
muscle glycogen are the major sources of fuel for ATP synthesis. However, there remains
the possibility that during the rest periods between sets and during the post-exercise
recovery period fat may contribute to energy needs (Melby & Hill, 1999). Melby et al.
(1993) found the RQ to be lower 15 h following a strenuous bout of weightlifting, which
likely reflects greater fat oxidation at this point. Also, the results of my study support
these principles and may be related to EPOC after acute weight training. It has been
shown that during EPOC the body continues to expend energy not only to restore the de-
pleted carbohydrates, but also to restore creatine phosphate, ATP, and the re-oxygenation
of blood, restoration circulatory hormone, decrease in body temperature, return to normal
ventilation and heart rate. Therefore, the result is a large energy requirement after exer-
cise needed to restore the body systems to normal (Burleson et al., 1988). Thus, it appears
that fat oxidation is enhanced during recovery from resistance exercise as well as after
other types of high intensity exercise. This serves to spare available carbohydrates for
glycogen resynthesis.

5. CONCLUSION

As could be expected, both training regimens HI (85% 1RM) and MI (60% 1RM)
weight training had a significant effect on body composition. This should be account for
as support to use weight lifting programs in weight management protocols. However, this
study showed that high intensity weight training disturbs the body's to homeostasis to a
greater degree than moderate intensity training, which results in a more pronounced
greater EPOC response. It has been shown that a greater EPOC resulted a large amounts
of energy requirement after exercise in order to restore the body's systems to normal
(Osterberg & Melby, 2000). In conclusion, it appears that 12 weeks of HI weight training
is more effective in increasing fat loss than MI weight training in overweight young men.
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EFEKTI UMERENO-INTENZIVNOG VEZBANJA NA TELESNI
SASTAV GOJAZNIH MUSKARACA

Rahman Rahimi

Optimalni intenzitet vezbanja koji utice na poboljsanje telesnog sastava kod gojaznih
musSkaraca jos uvek nije utvrden. Cilj ove studije je bio da se utvrdi efikasnost 12-to nedeljnog
intenzivnog, odnosno umerenog vezbanja jednakog radnog opterecenja i njegovog uticaja na
telesni sastav gojaznih ljudi (BMI = 25-29.9 kg/m’). Dvadeset sedeéih ljudi je podeljeno u dve
Jjednake grupe (starosti 27 +0.5 godina, tezine: 84 +1.43kg; BMI: 28.23 +1.11 kg/m®) i to
(n =10): 1) grupa koja je umerno vezbala (MI; 5 setova po 6 ponavijanja — 60% od IRM) i 2) i
grupa koja je intenzivno vezbala (HI; 5 setova po 6 ponavijanja — 85% od 1RM). Izvodeno je tri
treninga u nedelji. Relativna masnoca tela je merena kaliperom za merenje nabora koZe. Znacajne
razlike izmedu i unutar grupa su analizirane dvosmernom split analizom varijanse (ANOVA).
Statisticka znacajnost je prihvaéena na nivou p < 0.05. Dvosmerna ANOVA je pokazala statisticki
znacajne razlike izmedu HI i MI grupa, pa je stoga Sheffe Post-Hoc test pokazao znacajno
smanjenje (p<0.05 kod relativne masnoce tela (BF) (D = 27%), postotka masnoce (%BF) (22%),
BNI (D = 9.34%) i tezine tela (BW) (D = 6.51%9 kod HI grupe tokom istrazivanja u odnosu na MI
grupu. Takode, poredenje sredina pre i post testova je pokazalo znacajno smanjenje u debljini
koznog nabora, (HI = 45%, p = 0.001; MI = 25%, p = 0.02), postotka masnoce tela (HI = 41%,
p=0.001; MI=23%, p=0.04), BMI (HI = 21.5%, p = 0.001; MI = 13.7%, p = 0.03) i teZine tela
(HI = 21.58%, p=0.001; MI = 13.82%, p = 0.01) nakon uces¢a u 12-to nedeljnom programu
vezbanja. Zakljuceno je da 12-to nedeljno intenzivno vezbanje moze biti efektivnije nego umereno
vezbanje u poboljsanju telesnog sastava kod mladih gojaznih muSkaraca sa slicnim fizickim
karakteristikama..

Kljucne reci: gojaznost, snazno vezbanje, telesni sastav.



