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ABSTRACT

The aim of this study was to compare three modésaioing on VQpeak in obese/overweight men. Accordingly,
thirty obese/overweight men were divided into thgemups, high intensity interval training (HIT; n8}, continuous
training (CON; n=10) and resistance training (RE$;10). The training was performed three time peekéor 12
weeks. The HIT group performed 6-X01 min intervals at 85-95% maximal heart rate, eauerval separated by

1 min active recovery. The continuous group exettiontinuously at 60-70% maximal heart rate. Tésigtance
training group performed three exercises for uppedy, two exercises for lower body and one exeiftisérunk
that performed with 70-80% 1RM. Body weight and Bighificantly decreased in all groups. After 12eke, peak
oxygen uptake significantly increased in all gro@$T:10%, CON: 8% and RES: 7.4%)(all<0.001). When the
improvement of Vépeak adjusted on basis of weight changes, the nuexiand minimum net increase observed in
RES and HIT groups, respectively. There was naifgignt difference among groups. The results shothed all
three types of trainings could be effective in iay@ment of Vgpeak, weight loss and BMI in obese/overweight
men.
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INTRODUCTION

Low peak oxygen uptake, lack of exercise and ovigteare risk factors for cardiovascular, hyperiensand
diabetes diseases [1-2]. MBax is the strongest independent mortality prediatoong risk factors established in
healthy people and those with cardiovascular des¢a/]. It's shown that obesity is associated Wdth aerobic
fitness [5, 6]. Previous studies reported thatafgiven BMI, subcutaneous and visceral fat massldevndividuals
with high cardiorespiratory fithess have lower rbetli risk compared with individuals with low caeodéspiratory
fitness [1-3]. Also, high cardiorespiratory fitneissrelated to lower prevalence of diseases andaaibe mortality
[1, 3, 7]. It is suggested that treatment of melialdiseases should target aerobic capacity impreré rather than
weight loss [6]. Hence, Vinax improvement is necessary to reduce cardiovaseamd other chronic diseases in
obese/overweight men [1]. Regular physical actiistan effective strategy for improving cardioreafory fitness
[3]. The ACSM recommended intensities between 485% VOmax for improving cardiorespiratory fitness [8].
Also, most of previous studies of exercise on,M@x regarded moderate intensity continuous traiasghe best
strategy for cardiorespiratory fithess improvemgnt10]. Continues training caused increase of;iéx [7-11],
improvement of heart and endothelial functions ¢flhancement of capillary density [11], decreasesting heart
rate, increase of fat metabolism [10] and incredsritochondrial biogenesis markers [10-12]. Desflitese helpful
effects, continuous training involved high volumbigh often is unpleasant and tedious as well as tionsuming.
Since lack of time is the most important barrierparticipate in physical activities [13], low volenHIT may
represent an alternative to continues trainingyiproving aerobic fitness.

Several groups have recently used HIT to develogiagespiratory fithess. The HIT alternates periotflhigh with
periods at low intensities [11]. These programslanevolume and time efficient [13]. Some of thedies showed
that high intensity interval training results irrdimvascular and metabolic adaptations similarrtd/ar even more
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than traditional continuous training. Most studiesre employed all-out repeated Wingate cycling wé¢gth may
not be tolerable by obese/overweight individualsif4, 15]. On the other hand, some studies usedrtgaprotocols
with lower intensities and long duration (2 to 4nuie) [2, 6, 7] that prolonged duration of higheimsity periods
may intolerable by obese individuals. Accordingotor knowledge, only limited studies investigateseffof very
low volume protocols on Vénax.

Resistance training is another type of training chhnaturally differs from two aforementioned traigs. This
training type does not involve body weight beaffimiglong times. Also, it is not as high intensarasrval training.
Resistance training increase resting energy cdbtincrease of muscle mass. Schjerve et al. reghointt resistance
training induced numerous physiological adaptatisunsh as improve of V&nax, promote in vascular endothelial
function and increase of mitochondrial biogeneserkars, which some of them were similar to contimiand
interval training [8].

Therefore, the present study examined effect @ftldifferent training programs (traditional endweriow volume
high intensity interval and resistance training)\dD,peak in obese/overweight men. We also comparedtefts
these programs to highlight the most effective applied training method to promote cardiorespinataralth.

MATERIALS AND METHODS

Subjects

A total of 30 healthy obese/overweight men took jpathe study. The subjects were randomized to (E 10),
CON (n= 10) and RES (n= 10) groups. Participantalirof the groups signed a written informed corndenm.
They completed a medical history questionnaire. 3tuely was approved by the Islamic Azad Univerkitiics
Committee. Inclusion criteria were included: 1) esatry: physical activity level less than 2 sessipar week, 2)
BMI between 25 to 32 kg/fn3) not having hypertension, cardiovascular asgiratory diseases, 4) lack of history
of metabolic and hormonal diseases, 5) no smokimdj & no taking any medicine. All measurements were
performed before (pre) and after (48 hours aftst feining session) 12 weeks intervention. Thigjexsis in all
groups performed training programs 3 times per Wweek2 weeks. The physical characteristics ofgtigjects are
presented in Table 1.

Study design

Anthropometric measurements

The height and weight of each subject was measamddrecorded in nearest 0.1 m and 1 cm, respegtfseta,
Germany). The BMI was calculated by dividing wei¢kd) by square of height (m).

Familiarization

Since subjects were inactive, should first be gatifiar with training protocols. A week before begntervention,
subjects made several familiarization visits to [Hi#ratory to accustomed with the testing procesland training
devices. During the first visit, subjects undereugsion of a sport physiologist performed an imcemtal test to
exhaustion on a treadmill. Also, the participatiafseach group were accustomed with your trainingtqeols.
During the second visit, Vfpeak test was performed 72 hours before starttefiantion.

VO peak test

Because many subjects cannot get to the actugbleteau, the term V4peak was used. At baseline and after 12
weeks intervention, each subject completed a pssigre maximal exercise test using Mercury laboratareadmill
(h/p/cosmos mercury med, Germany) and online gdlection system (power cube, Ganshorn, Germany) to
determine VQ@peak. Subjects warmed up for 10 min with voluntspged (3-6 km/h) and incline (0-5 percent).
Then, a face mask was placed on mouth and nosaehfEcs. After warm up, treadmill incline and speegle set on
zero and 5.3 km/h (3.3 mi/h), respectively. Aftestfminute, the incline increased 2 percent perutd until subject
reach to VQpeak criteria. During the test, heart rate contiralprecorded using a heart rate monitor (PolaB®RS
Finland). A plateau of V@despite increased workload, a respiratory exchaate >1.05, an HR greater than or
equal to age-predicted maximum and volitional estian were used as criteria for reaching thep&ak.

Training protocols

Warm-up and cool-down

Before each exercise protocol, subjects were wamunpednder a similar program. The warm up periodlites a 5
minutes walking or jogging on a treadmill at 50%Mid,peak. The exercise session was terminated by an 3awi
intensity jogging as cool-down period.
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High intensity intermittent training (HIT)

Exercise training in HIT group was treadmill walggior running three times per week (Saturday, Mondayl
Wednesday) for 12 weeks. Each training sessionistaas60 s running at 85 — 95% of maximal head falowed
by 60 s walking or jogging at 55 — 60% maximal heate (HRmax) for recovery. Subjects finished Bigh-
intensity intervals during the first week, eightdrvals during the second week, 10 intervals duthweythird to
eighth weeks and 12 intervals on the final four kee€&€ach session lasted about 20-24 minutes.

Continues training

Continues training protocol comprised continueadmill walking/running at 55 — 70 % HRmax for 3@5 min.
subjects performed 30 min walking/running at 550-% HRmax during the first two weeks. Over the 1&:ks
period, then, intensity and duration of training&acreased to 70 % HRmax and 45 min, respectively

Resistance training

The resistance training program was designed oihdbis of baseline 1RM in each exercise. The tngimcluded
exercises to load major muscle groups performé&@at 80 % 1RM three times per week for 45-50 minggssion.
Subjects performed six multi joint exercises corsgdi three exercises for upper body (bench pretssalaull,
military press); two exercise for lower body (krexdension, leg press) and one exercise for trunin@h). In the
first two week, training intensity was corresporgito 70% of 1RM. Then, resistance was increasesbbyn every
4 weeks. Finally, the intensity reached 80% of 1RMlast 4 weeks. Subjects performed four sets df28-
repetitions. The rest interval between sets wase@Onds.

Statistical analysis

All data is presented as medn SD. Before using parametric tests, the assumputiorormality was verified using
the Shapiro — Wilk test. The two — way ANOVA waddo assess group-time interaction (3x2) with loetsveen
group factor (HIT, RES, CON) and one within grogetbr (pre vs. post-test). The Bonferroni post-test was
used to determine differences between groups. fRignce level was set akR.05. Data were analyzed by SPSS
16 software.

RESULTS

Subject characteristics

The data presented in Tablel is indicated thatetlgeups did not differ significantly in any of pameters at
baseline. No significant differences between thgemips were indicated homogeneity of groups. NaiSaant
group — time interaction was observed in weightdpweight was decreased by 7.9% (p < 0.01), 4.9% (Qp02)
and 2.9% (p < 0.05) in HIT, CON, and RES groupspeetively (Figure 1), but no significant differescbetween
three groups were observed. BMI was decreased 4y 124 and 1 kg/fmin HIT, CON, and RES groups,
respectively, But no significant differences betw#ge groups was observed.

Table 1 Baseline characteristics of groups
Values are means * SD.
Characteristics Group
HIT CON RES F P

Age 30.8+8.9| 30+6.1 29+10 | 1.43] 0.25
Height 176.2+75| 1794 +5.1| 1758+6.2| 1.31| 0.28
Body mass 92.5+11 | 95.4+18.3| 90.2+13.8| 0.70 | 0.55
BMI 29.7+15| 295+43| 29+27 | 042] 0.73
VO,peak (L.mirt) 3.2+0.6 3.3+0.7 3.0+04 | 0.77| 051
VOzpeak (ml. kg. Min™) | 33.9+3.8] 35811 | 33.7+4.5[ 157 0.21

VO, peak

VO,peak (L.mint) was significantly increased in CON (p < 0.003) &ES (p < 0.029) groups with no significant
differences between groups (Table 2). In HIT grdupyever, VQpeak (L.mirt) remain unchanged. There was no
significant group — time interaction for \j@eak.

Relative Vgpeak (ml. kg. min®) was significantly increased in three trainingups (all p < 0.001) (Figure 1).
There was no significant group — time interactionrélative VQpeak. No significant differences were found
between groups. When \{feak changes corrected base on weight loss, nebise of V@peak in RES group (4.8
%) was higher than two other groups (1.8 and 3i2 4T and CON groups, respectively).
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Table 2 data for three groups before and after traiing
Values are means +SD.
. groups
Variables HIT CONTIN RESIS
. Before after before after Before after
Body mass(kg) 925+11] 852+11.3 | 954+183] 90.7+15.T | 90.2+13.8| 87.4+12.2
BMI(kg/m?) 20.7+15[ 273+19 [ 295+43] 28x34 29+27 | 28121
VO,peak (L.min") 32+0.6| 32%0.6 3.3+07 35+0.8 3004 | 31+03
VO,peak (ml. kg. Min™) [ 33.9+3.8] 37.2+37 | 358+11 [388+109 | 33.7+45][ 36.3+4.6

Significantly differences between before and afténing within groups*( P <0.05," P<0.002)

60 -

P <0.0001 P <0.0001 P <0.0001
50 -

40 -

30 -

@ pre

O post
20 -

VO, peak (ml.kgt.min't)

10 +

HIT CON RES

Figure 1 VO,peak (ml.kg™. min™) before and after HIT, CONTI and RESIS. No signifcant differences between groups
DISCUSSION

The main findings of Present study are that both @ontinuous endurance training and the resisténaieing
improved VQpeak. Additionally, 12 weeks training in three gossignificantly reduced weight and BMI.

Since aerobic capacity reflects a continuum betwesaith and cardiovascular-induced mortality [7isiimportant

to design effective training programs for improvik@,peak in obese/overweight people. Studies showed tha
intensity and duration of exercise affected cardsmular effects of training [4]. Our study is origle few studies
that investigate effects of three types of diffeéreaining on VQpeak in obese/ overweight subjects.

In the present study, \Wpeak (L.min'") significantly increased in both the continuoud agsistance training groups,
without any significant differences between groupewever, VQpeak (L.min") did not significantly changed in
HIT group. Since body weight significantly decredge all groups, therefore absolute M@ak (L.min') could not
reflect real variation of aerobic fithess. Thereforelative VQpeak (ml.kg.min™) was used to show variations.
Relative VQPeak significantly increased in all groups, butsignificant difference was found between groups.
When VQPeak changes corrected based on weight changetheret were no significant differences between
groups. Net increase of ieak in RES group was more than that in two othengs. The results of present study
confirm results of previous studies [1,2,6,10,1§,i8porting significant improvements in \jeak after a variety
of continuous, interval, resistance and combinedigtance and interval) trainings with no signfficdifference
between trainings. Although all three training medecreased Vgpeak, mechanisms increasing ¥®ak may
different in each training group. Traditional cantous training is the training which performed wittoderate
intensity and long duration. It has been suggestatimproving V@max in response to continuous training is due
to peripheral adaptations (muscle capability togexyuptake), while interval training increases,d@x with both
central and peripheral (hemodynamic) adaptatiohds Isuggested that continuous training mainly ioved
VO,max by peripheral adaptations (capillary densitg anteriovenous oxygen difference) [11]. Severaligts
showed that continuous training improves muscledatie capacity through increasing activity of atide
enzymes such as cytochrome C oxidase and its s8ld0i12] as well as mitochondrial biogenesisdextsuch as
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PGC-k [10]. Since muscle oxidative capacity is one @& tleterminants of Vénax, so the increase of \jeak in
CON group could contribute to increase of musclie@ive capacity.

It has been reported that intermittent trainingifigreases of cardiac output, capillary density arntériovenous
oxygen difference improves \W@ax [11]. Also, the intensity of intermittent traig could be another possible
mechanism for improvement of (eak in HIT group. High intensity interval trainistresses type Il muscle fibers
[20, 21] leading to increase of activity of oxidatienzymes [20, 21], mitochondrial biogenesis fectspecially
PGC-X [12], oxidative capacity [1, 12] and cross secdsiloarea [22] of them. Since these fibers approx@yat
constitute fifty percent of fibers within musclesmost people, this could be regarded as a meahaoismprove
VOypeak in response to interval training. Some evidesuggests that capacity of heart pumping (strokenve) is
the main limiting factor of V@nax [14]. It has been shown that interval trainingrease stroke volume and
improves vascular flow mediated dilatation [22].

Resistance training used in the present study decluarge multi joint exercises. Because of invajMiarge muscle
mass, these exercises exert remarkable stressdiorespiratory system that in part explains inseeaf VQpeak

of RES group in the present study. Although undiegynechanisms of this adaptive response are noplaely
understood, some possible mechanisms could benteeséor increases of Vpeak in response to resistance
training. Some of studies reported that resistararing increases lean body mass [24], muscle rmagscapillary
density [18] that all of which could help increasasVO,peak. It is reported that resistance training inptb
endothelial function [24], which also probably iease blood delivering to muscles that could leaéhtprove
VO,peak. Local ischemia during resistance training isonsiderable stimulus for improve aerobic metabul
Resistance training, with restriction of blood floimduces local hypoxia in active muscles [8]. ®iere, local
Ischemia can also be considered as a possible misohéor increase of Vépeak after resistance training.

Another finding of present study was significanduetion of body weight and BMI in three groups.h&tgh no
significant difference was found between groupduotion in weighs and BMI in HIT group was morerihather
two groups. This finding is consistent with thediimgs by Trapp et al. [25], who reported that higfensity interval
training decreased body weight substantially. R&atale effect of high intensity intermittent traigion weight loss
and body composition could be contributes to tHeang factors. It has been demonstrated that lirgbnsity
intermittent training does exert great load on krand leg musculature that increases fat consumi2ig].

CONCLUSION

Present study showed that high intensity intermittéraditional continuous and resistance trainingprove
cardiorespiratory fitness in obese/overweight melowever, Resistance training compared to intervadl a
traditional continues training created more improeat in VQpeak in obese/overweight men. In addition, all
training modes decreased body weight and BMI. Harekigh intensity intermittent training results gneater
weight loss in obese/overweight men than contirmmekresistance training.
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